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Theme: Problems of mathematical
statistics. Primary processing of
statistical data. Statistical estimates
of distribution parameters.
Statistical evaluation methods in
International trade
PART 1. Primary processing of
statistical data



MATHEMATICAL STATISTICS

THE OBJECTIVE OF THIS COURSE is
TO INTRODUCE

A MATHEMATICAL STATISTICS
TO STUDENTS
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MATHEMATICAL STATISTICS

MS Is the study of statistics with a
mathematical standpoint using methods of
probability theory.

MS deals with an information from data. In
practice, data contain some randomness
(cnyyauHocme) and uncertainty
(HeonpederneHHOCMb).
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MATHEMATICAL STATISTICS

The basic objects of MS
are called
A POPULATION and A SAMPLE
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MATHEMATICAL STATISTICS

The basic objects of MS
are called

A POPULA

ION and A SAMPLE

(reHepanbHa (BMOOpKa)
CYKYMNHICTb)
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POPULATION
(reHepanbHa CYKYMHICTb)

A population is a space of all elements

(data) obtaining In a particular
experiment.

A population size (N) is a number of all
elements In this population.
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POPULATION

(reHepanbHa CYKYMHICTb)

A population I1s a space of all elements
(data) obtaining In a particular experiment.

A population size (N) iIs a number of all
elements in this population.

We can consider any set of things having
the same property in a certain sense, e.g.,
every article of a certain production process
or all students of our university.
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POPULATION

Sometimes a population size can be very
large, even practically infinite and then
we take its subset (sample) and work up

data of this sample. After this we conclude
the results for a population with the help of

the Interval estimations for the numerical
characteristics.
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SAMPLE (Bnbopka)

In order not to check the total population about the
considered property, data are collected only from a
subset, from a so-called sample of size n (n < N). We
talk about a random choice if every element of the
population has the same chance of being chosen.

A sample of size n from a finite population of size N is a
sample selected such that each possible sample of size
n has the same probabillity of being selected.

For example, a sample is a group of students.
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Descriptive Statistics

A random variable X can be characterized by its distribution function, by its
parameters, where the distribution function itself is determined completely
by the properties of the population. These are unknown at the beginning of
a statistical investigation, so we want to collect as much information as
possible with the help of samples.

Usually we do not restrict our investigation to one sample but we apply
more samples (with same size n if it is possible, for practical reasons).

The elements of a sample are chosen randomly, so the realizations take
their values randomly, i.e., the first value of the first sample is usually
different from the first value of the second sample. Consequently, the first
value of a sample is a random variable itself denoted by X;.

Analogously, we can introduce the random variables X5, X3,..., X,; for
the second, third,..., n-th sample values, and they are called sample
variables. Together, they form the random vector X = (X1’ Xz, XS’---’ Xn)
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Example

Sampling Variability

Population \saili'e/

Sample , Sample

Sample
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24 &
My

Example

Population

&\&ﬁjﬁsa

Sample (every 37)
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Let X be a random variable, then
X =(Xq, X5, X3,..., Xy) is a population and

X = (X11 X9, X300 X)) is a sample.

To describe the properties of a
population (if a population has a large

Size) we use a sample.
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MATHEMATICAL STATISTICS

» studies data obtaining In a particular
experiment,

* works up them,

statistical parameters (or numerical
characteristics),

» defines a type of a distribution law for data.
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Inference

Example

Population
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Generalize
conclusions from
the sample to the

population

Select a sample
from the
population
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Example

Population

Sample




Who do vou

want to
generalize to

THEORETICAL
POPULATION

How Can vou get access
tothem?

SAMPLING

STUDY FRAME

POPULATION
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Inference Process

Estimates
& tests

Population

Sample
statistic

(X)
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If n<30 (asmallvalue), we construct a
discrete statistical series from the given
sample (in this case we take separate

values).

If n Is a large value (n>30 ), we construct
a continuous statistical series (in this
case we make intervals for values).
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STATISTICAL SERIES

1. Discrete statistical series ( n < 30)

2. Continuous statistical series ( n>30)

Discrete  Continuous

[Data Data
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Discrete statistical series

STATISTICAL SERIES

DISCRETE & CONTINUOUS
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DISCRETE STATISTICAL SERIES
(n < 30)

Let we have a sample of the population
X = (X1, X0, X3,..0y Xy )

For example, 10, 5, 15, 7, 20.
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DISCRETE STATISTIC SERIES
For example, 10, 5, 15, 7, 20.

If we write this sample Iin the form of
Increasing sequence or decreasing
sequence, then we obtain a discrete

statistic series.
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DISCRETE STATISTIC SERIES
For example, 10, 5, 15, 7, 20.

An increasing seqguence Is a segquence of
elements from the smallest to the greatest.

An decreasing sequence Is a sequence of
elements from the greatest to the smallest.
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DISCRETE STATISTIC SERIES

For example, 10, 5, 15, 7, 20.

An Increasing seguence IS a

sequence of elements from the smallest
to the greatesit.

For example, 5, 7, 10, 15, 20 (increasing
sequence).
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DISCRETE STATISTICAL SERIES

For example, 10, 5, 15, 7, 20.

An decreasing sequence IS a

sequence of elements from the greatest
to the smallest.

For example, 20, 15, 10, 7, 5 (decreasing
sequence).
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DISCRETE STATISTICAL SERIES

If some values of a random variable are
repeated, then a statistic series Is written
In the form of the table, where we write the
values of a random variable X; and their
frequencies m; .

A frequency mM; Is called a number of
occurrences of particular values of a
random variable.
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DISCRETE STATISTICAL SERIES

If some values of a random variable are repeated,
then a statistic series is written in the form of the
table, where we write the values of a random
variable X; and their frequencies M; .

mi m]_ m2 mk
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DISCRETE STATISTICAL SERIES

K
n — Z m (n is sample size)
1=1
Xi | X1 | X2 Xk
m. | Mg My My

PhD Misiura le.lu. (aoueHT 31



DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,
5,7,10,10,15,5,7,10,15,15,7,20,15,10,10,7.
Task. Make a statistic series of this sample.
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DISCRETE STATISTICAL SERIES
(Nn<30)

For example, we have a sample 10,15,20,10,
5,7,10,10,15,5,7,10,15,15,7,20,15,10,10,7.
Task. Make a statistic series of this sample.

X1:5
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5
m1:2
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2:7
m=2 m,
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2:7
m=2 m,=4
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2:7 X3:10
m=2 m,=4 ms
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2:7 X3:10
m1:2 m2:4 m3:7
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2 :7 X3:10 X4 :15
m1:2 m2:4 m3:7
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2 :7 X3:10 X4 :15
m1:2 m2:4 m3:7 m4:5
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2 :7 X3:1O X4 :15
m=2 my,=4 my=7 My=3
X5:20

PhD Misiura le.lu. (aoueHT
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

X1:5 X2 :7 X3:10 X4 :15
m1:2 m2:4 m3:7 m4:5
X =20 Mg =2
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DISCRETE STATISTICAL SERIES

For example, we have a sample 10,15,20,10,5,7,
10,10,15,5,7,10,15,15,7,20,15,10,10,7.

Task. Make a statistic series of this
sample.

Xi 5 | /7| 10 | 15 | 20

m| 2|4 7 | 5| 2
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DISCRETE STATISTICAL SERIES

Task. Make a statistic series of this

sample.
X /| 10 | 15 | 20
m; 4 4 5 2

S

The sample sizeis n=m, =2+4+7+5+2=20

1=1
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Ul
N
frequency m: and the sample size mn is

. where the ratio of the

The ratio w, =

called relative frequency and

K
2 W =1
1=1
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EXAMPLE

15

20

Sum

20

5
Nn=>m=2+4+7+5+2=20

1=1
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EXAMPLE

4 10 15 20 | Sum
4 V4 5 2 20
m 2
Wl — —1 — = 0,1
n 20
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EXAMPLE

5 ! 10 15 20 | Sum
2 4 / ) 2 20
0,1
m
Wl — —1 — — 0,1
n
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EXAMPLE

5 I 10 15 | 20 | Sum
2 4 7 5 2 20
0,1
m
Wy =—2=—=0,2
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EXAMPLE

5 I 10 15 20 | Sum
2 4 14 5 2 20
0,1 | 0,2
W2 — — — 0’2
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EXAMPLE

5 I 10 15 20

Sum

2 4 / 5 2

20

0,1 | 0,2
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EXAMPLE

5 7 10 15 20 | Sum
2 4 7 5 2 20
0,1 | 0,2 | 0,35
m 5
W, =—=—=0,25
n 20
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EXAMPLE

5 7 10 15 20 | Sum
2 4 7 5 2 20
01| 0,2 | 0,35 | 0,25
m
W5 — —5 = = 0,1
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EXAMPLE

5 7 10 15 20 | Sum
2 4 7 5 2 20
01 0,2 [035]0,25| 0,1
m
W5 — —5 = = 0,1
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EXAMPLE

5 I 10 15 20 | Sum
2 4 7 5 2 20
0102 035|025 | 0,1 1
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DISCRETE STATISTICAL SERIES

If the values Xj and W; are represented as the
coordinates of the points, then we get a graphical
representation which Is called a distribution

polygon.
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A distribution polygon
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The distribution polygon

S 7 10 15 20 | Sum
2 4 / o 2 20
0,1 02 035|025 ]| 0,1 1

W, A

0,35+ .

0,1;: )

02+

0|{ -t . ?

:::g:;i!;ozze:é..elab Xy
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0,4

0,35

0,3

0,25

0,2

0,15

0,1

0,05

Distribution polygon

The distribution polygon

/

10 15
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Empirical distribution function

Adding the relative frequencies, we get the cumulative
frequency

F=w +W, +...+ W

(i=1,2,...k)
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A cumulative function

It IS denoted and calculated as
mcum

cum |
Fom(X <x, )= ——=w™"
n
A
“'f
—
e
E n 5| X3 X
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EXAMPLE

2%

nNs 3

5 I 10 15 20 | Sum
2 4 7 5 2 20
0102 035|025 | 0,1 1
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EXAMPLE

. | 5 | 7 | 10 | 15 | 20 | Sum
m | 2 | 4 | 7 | 5 | 2 | 20
w; | 0,1 | 0,2 |0,35]0,25| 0,1 1

F
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EXAMPLE

x. | 5 | 7 | 10 [ 15 | 20 | Sum
m | 2 | 4 | 7 | 5 | 2 | 20
W; 0,1 02 10,3510,25| 0,1 1

H 0,1
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EXAMPLE

X; 5 7 10 | 15 | 20 | Sum
m | 2 4 7 5 2 20
wi | 01 | 02 1035|025| 0,1 | 1

H 0,1 | 0,3
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EXAMPLE

X; 5 7 10 | 15 | 20 | Sum
m | 2 4 7 5 2 20
wi | 01 | 02 1035|025| 0,1 | 1

H 01 | 0,3 | 0,65
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EXAMPLE

X; 5 7 10 | 15 | 20 | Sum
m | 2 4 7 5 2 20
wi | 01 | 02 1035|025| 0,1 | 1

H 01| 0,3 |0,65| 0,9
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EXAMPLE

X; 5 7 10 | 15 | 20 | Sum
m | 2 4 7 5 2 20
wi | 01 | 02 1035|025| 0,1 | 1

H 01| 03 |065| 09 | 1
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The cumulative function

L

1 |
%3 T
o5 -
03+
S
0 F 3 N A5 20
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

After summarizing and analyzing the data of the
sample, we can calculate the following
parameters (the numerical characteristics):
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Mircrapen €.10.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICYS)
OF A SAMPLE
1. The sample mean of a discrete statistical series is

1 K - k
Xs = — 2 Xim, or Xs = D XiW;
Ni—1 i=1

PhD Misiura le.lu. (aoueHT
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 035|025/ 01| 1
'K 0/ 01|03 ]065| 09| 1

XiWi
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 035|025/ 01| 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 0,5
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4 | 3,5

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4 | 35 | 3,75

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1
XiWi | 05 | 1,4 | 35 |375| 2
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4 | 35 |3,75| 2 |11,15

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE
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X | 5 | 7 | 10 | 15 | 20 | Sum

- m | 2 | 4 | 7 |5 | 2 | 20

- w; [ 01 ]02]035[025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4 | 35 |3,75| 2 |11,15
X, =1115
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 1,4 | 35 |3,75| 2 |11,15

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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DISCRETE STATISTICAL SERIES (N < 30)

STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
2. The sample variance of a discrete statistical series is

K 2

SZ=Y(x —x ) -w; o
i—1

S; Zi(xi)z W, _(X_s)2 =X—s2_(x_s)2
i—1

PhD Misiura le.lu. (aoueHT
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xizwi
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
X:“W: | 2,5

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
Xi“W: | 2,5 | 9,8
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Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
Xi“W: | 2,5 | 9,8 | 35

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |56,25

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1
XiWi | 05 | 14 | 35 |375| 2 |11,15
x‘w;| 25 | 9.8 | 35 |56,25| 40

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xi“wi | 25 | 9,8 | 35 [56,25| 40 |143,55

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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0000
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355

PhD Misiura le.lu. (aoueHT

Mictopa E.1O.)

mxm‘mx ‘

0
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355

52 = x2 —(x; | =14355-1115? =

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)

|l
mxm‘mx ‘
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355

S =14355-1115% =19,2275

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

|l
mxm‘mx ‘

(o {e]
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
3. The sample root-mean-square deviation of a

discrete statistical series is

PhD Misiura le.lu. (aoueHT 93
Mictopa €.10.)



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

SZ=14355-1115% =19,2275

S, =+/S2 = /10,2275 = 4,4

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

3*. The corrected root-mean-square deviation of a
discrete statistical series is

N 2
S, . = + S
Cor n—l X

PhD Misiura le.lu. (aoueHT 95
Mictopa €.10.)



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355

S, —F —J19 2275 = 4,4

\/ -19,2275 =

S,

or

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xi“wi | 25 | 9,8 | 35 [56,25| 40 |143,55

S, =ﬁ J19 2275 = 4,4

\/ -19,2275=4,5

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)

|l
mxm‘mx ‘
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STATISTICAL PARAMETERS (DSS)
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

4. The median |Me may not be a uniquely
determined point. The median of a sample is

PhD Misiura le.lu. (aoueHT 98
Micaypea € HO.)



STATISTICAL PARAMETERS (DSS)
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 1,2, 3,4,5,7,8,9,10. Me=?

For example, 2, 3, 4,5, 7, 8, 9, 10. My =7

PhD Misiura le.lu. (aoueHT 99
Mircrapen €.10.)



STATISTICAL PARAMETERS (DSS)
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 1, 2, 3, 4,5,7,8,9,10. Me=95

For example, 2, 3,4,5,7,8,9,10. Mo=—=06

PhD Misiura le.lu. (aoueHT 100
Mircrapen €.10.)



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum

mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X

XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x
(X1, if k=2m+1

Me =7 Me =1 Xma ¥ Xn 61 _om

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
- m; | 2 | 4 | 7 | 5 | 2 | 2

. w; | 01 |02 |035|025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

55 —'f:f’jr:?‘ A0 10 (g 1Qj0 0 lO 45 1§ 1515 1S 20 20
M, =10

Me

B 10”0:40
B

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

n=20

gveZn

P



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

5. The mode is the data value that occurs with
greatest frequency. It is denoted by |\/|0 , l.e.

[ A
M 0o — Xi mi = MaX
\I<i<k J

PhD Misiura le.lu. (aoueHT 103
Mircrapen €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 2,2,5,7,9,9,9,10,10,11,12,18.

PhD Misiura le.lu. (aoueHT 104
Micaypea € HO.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 2,2,5,7,9,9,9,10,10,11,12,18.
This sample has one mode!

M, =9

\1<i<k y,

PhD Misiura le.lu. (aoueHT 105
Mircrapen €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 3,5,8,10,12,16.

PhD Misiura le.lu. (aoueHT 106
Micaypea € HO.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 3,5,8,10,12,16.
This sample has no mode!

\1<i<k y,

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 2,3,4,4,4,5,5,7,7,7,9.

PhD Misiura le.lu. (aoueHT 108
Micaypea € HO.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
For example, 2,3,4,4,4,5,5,7,7,7,9.
This sample has two modes!

Mo(l) =4 MO(Z) =7

\1<i<k y,

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE

B 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; [ 01 ]02]035[025| 01 | 1
'K 0/ 01|03 ]065| 09| 1
XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
Xi“Wi | 2,5 | 9,8 | 35 |56,25| 40 [14355=X5
M, =?

M, =X ( m, = maxj

1<i<k

PhD Misiura le.lu. (aoueHT

Miapa € J0.)
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EXAMPLE

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

X | 5 | 7 | 10 | 15 | 20 | Sum
- m | 2 | 4 | 7 |5 | 2 | 20
- w; | 01|02 |035/025| 01 | 1
'K 0/ 01|03 ]065| 09| 1

XiWi | 05 | 14 | 35 |375| 2 |11,15
xw;,| 25 | 9.8 | 35 |5625| 40 |14355
M_ =10

mxm‘mx ‘



The

PhD Misiura le.lu. (aoueHT

Mictopa €.10.)

Istribution polygon and the mode Mo
5 7 | 10 | 15 | 20 | Sum
2 4 7 5 2 | 20
01|02 /035(025| 0,1 | 1

\Ni. A\
Mo
0'35-: P
0195: 0
02T
0'{ -t 14 &
:g: :4:0: 54.:5“”220 A

112



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
6. Range

R = Xmax ~ Xmin

PhD Misiura le.lu. (aoueHT 113
Mircrapen €.10.)



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

R = Xmax ~ Xmin

PhD Misiura le.lu. (aoueHT

Miapa € J0.)
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EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

I:\):Xmax — Xmin = 20—

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



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

R = Xpax — Xmin =20—5=

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



EXAMPLE

X | 5 | 7 | 10 | 15 | 20 | Sum
mi | 2 | 4 | 7 | 5 | 2 | 2

- w; | 01|02 |035]025| 01 | 1

'K 0/ 01|03 ]065| 09| 1

XWi | 05 | 1,4 | 35 |375| 2 |11,15=X
XW;,| 25 | 98 | 35 |56,25| 40 [14355/=x

R = Xmax — Xmin =20—-5=15

PhD Misiura le.lu. (aoueHT

Miapa € J0.)



Continuous statistical series

STATISTICAL SERIES

DISCRETE & CONTINUOUS

PhD Misiura le.lu. (aoueHT 118



CONTINUOUS STATISTICAL SERIES

It IS not suitable to use a discrete statistic series if

n is very large.

Let's consider an interval, which contains the n
data X; (1=1,2,..., n) of the sample, and divide it
iInto k subintervals, so-called classes or class
Intervals.

PhD Misiura le.lu. (aoueHT 119
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

A number of subintervals k is defined by Sturges’

formula:

log,n +1 =1+ 3.322gn

We round off k to an integer.

PhD Misiura le.lu. (aoueHT 120
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

A number of subintervals k is defined by Sturges’

formula:

k =1+3.322-Ign

We round off k to an integer.

PhD Misiura le.lu. (aoueHT 121
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES (n > 30)

For example, Iif n=100, then the number of

subintervals Kk Is

k=1+3,322-1g100=1+3,322-2 =7,644

PhD Misiura le.lu. (aoueHT 122
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

For example, Iif n=100, then the number of

subintervals Kk Is

k=1+3,322-1g100=1+3,322-2=7,644

We round off k to the integer and get k=8.

PhD Misiura le.lu. (aoueHT 123
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

Usually 5-10 classes are selected with equal
length h, and their boundaries are called class

boundaries.

k k

h — R _ Xmax ~ Xmin

PhD Misiura le.lu. (aoueHT 124
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

The endpoints of the total interval are not uniquely defined,;
In general, we choose them approximately symmetrically
with respect to the smallest and largest value of the
sample, and class boundaries should be different from any

sample value.

PhD Misiura le.lu. (aoueHT 125
Mircrapen €.10.)



CONTINUOUS STATISTICAL SERIES

[Xi K| +1)

[X15%2)

[X2;%3)

[Xi ! Xi+1)

[Xk—1: Xk )

m;

My

m,

m;

my

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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CONTINUOUS STATISTICAL SERIES

[Xi5Xis1) | DX X)) | [X15X2) [Xi5 Xi11) [Xk_13Xk)
m m m, m My
> m; =n

1=1
PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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CONTINUOUS STATISTICAL SERIES

[XiiXiig) | [XoXo) [[X05%2) [Xi: Xi41) [Xk—15 Xk )
m m m, m My
Xi X1 X2 Xi Xi

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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CONTINUOUS STATISTICAL SERIES

[XiiXiq) [[X0Xo) [[XiXo) | | [Xi %i40) [Xk_1) Xk)
m; m m, m; My
Xi X X5 Xi X
KT Xy
Xi = ;
h = Xitg — X
PhD Misiura le.lu. (aoueHT 129

Micapa € 40.)



CONTINUOUS STATISTICAL SERIES

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

m;

20

50

60

40

30

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

20

50

60

40

30

S|
n=>m =20+50+60+40+30=200

1I=1

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

20

50

60

40

30

200

S|
n=>m =20+50+60+40+30=200

1I=1

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
m; 20 50 60 40 30 200
Xi

W = Xj T Xj11
=

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi ; Xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
m; 20 50 60 40 30 200
Xi 150
100+ 200 300
X| = =——=150

2

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi ; Xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
m; 20 50 60 40 30 200
Xi 150
100+ 200 300
X| = =——=150

2

2

h=200-100=100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi ; Xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
m; 20 50 60 40 30 200
Xi 150
100+ 200 300
X| = =——=150

2

2

h=300-200=100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250

200+ 300 500
X5 = =——=250

2

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[XisXi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350

300+400 700
Xg = =——=2350

2

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[XisXi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450

400+500 900
Xq = =——=450

2

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xis Xiz1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550

500+600 1100
X5 = = =550

2

2

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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Ul
N
frequency m: and the sample size mn is

. where the ratio of the

The ratio w, =

called relative frequency and

K
2 W =1
1=1
PhD Misiura le.lu. (aoueHT 141

Micapa € 40.)



EXAMPLE (CSS)

[XiXi11) | 200-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi

Wy =£=O,1

200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)



EXAMPLE (CSS)

[Xi;Xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
20 50 60 40 30 200
150 250 350 450 550
0,1
Wy = 0 _ 0,25
200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25

W3 :@20,3

200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3

W, = 4—0 =0,2

200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

P

62(8



EXAMPLE (CSS)

[XiXi11) | 200-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2

Wi :E:OJB

200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi ; Xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum
20 50 60 40 30 200
150 250 350 450 550
0,1 0,25 0,3 0,2 0,15
Wg = S0 _ 015
200

PhD Misiura le.lu. (aoueHT

Micapa € 40.)



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W; 0,1 0,25 0,3 0,2 0,15 1

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

P
S
000



Empirical distribution function

Adding the relative frequencies, we get the cumulative
frequency

F=w +W, +...+ W

(i=1,2,...k)

PhD Misiura le.lu. (aoueHT 149
Mircrapen €.10.)



A cumulative function

It IS denoted and calculated as

h L e X

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

H

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

Ko

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

e
U107
NN



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

_Fi 0| 01

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

e
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

e
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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CONTINUOUS STATISTICAL SERIES

A graphical representation of a continuous
statistical series is called a histogram of relative

frequencies.

W.
Here —L is the height of the corresponding

rectangle on the interval [X| X, 1) .
» N+

PhD Misiura le.lu. (aoueHT 158
Mictopa €.10.)



CONTINUOUS STATISTICAL SERIES (n=>30 )

A graphical representation of a continuous statistical

series Is called a histogram of relative frequencies.

A

Wi
h

PhD Misiura le.lu. (aoueHT 159
Mictopa €.10.)



THE ASSUMPTION ABOUT THE DISTRIBUTION LAW
(THE HYPOTHESIS)

Let’'s consider the basic distribution laws:
a) the uniform distribution

PhD Misiura le.lu. (aoueHT 160
Mircrapen €.10.)






THE ASSUMPTION ABOUT THE DISTRIBUTION LAW
(THE HYPOTHESIS)

Let’'s consider the basic distribution laws:
Cc) the exponential distribution

PhD Misiura le.lu. (aoueHT 162
Mircrapen €.10.)



EXAMPLE (CSS)

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

- w; /h

w_ 91 _ O 5001

h  200-100 100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi11) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

W: /h | 0,001

w, 0,25

—2 =2""-0,0025

h 100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xis Xiz1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

F ol o1 0,35 0,65 0,85 1

wi/h | 0001 | 00025

w, 0,3

—3 =2 -0,003
h 100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[XiXi11) | 200-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

F 0| o1 0,35 0,65 0,85 1

W; /h | 0001 | 0,0025 | 0,003

w, 0,2

—= = =0,002
h 100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

P



EXAMPLE (CSS)

[Xi;Xi11) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

F 0| o1 0,35 0,65 0,85 1

W; /h | 0,001 | 0,0025 | 0,003 | 0,002

w: 015

— =" -0,0015

h 100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi11) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Wi /h | 0001 | 00025 | 0003 | 0002 | 00015

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

P



EXAMPLE (CSS)

_Wllh

150

250

350

450

550

0,001

0,0025

0,003

0,002

0,0015

w; /h

0,0035

0,003
0,0025 -
0,002 -
0,0015 -
0,001

0,0005 -

150

250

350

430

§5C

!/

X

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICYS)
OF A SAMPLE
1. The sample mean of a continuous statistical series is

Xg me wa

|—1 1=1
0 Xi T Xj11
=
2
PhD Misiura le.lu. (aoueHT 170

Mictopa €.10.)



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

ERY

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X W |15

X -Wy; =150-0,1=15

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X W |15

X5 - Wy =250-0,25=62,5

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

HH
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ww



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X! W 15 62,5

X3 - Wz =350-0,3=105

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X! W 15 62,5 105

Xy - W, =450-0,2 =90

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X! W 15 62,5 105 90

Xs - Ws =550-015=825

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1

X W 15 62,5 105 90 825 | 355

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 =X—S

X =355

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)

OF A SAMPLE
2. The sample variance of a continuous statistical series IS
K
2 P
Sx :Z(Xi_xs) Wi >
1=1
2 &2 (—)2 2 (—)2
Sy :Z(Xl) Wi —\Xs ) =X —\Xg
|=
PhD Misiura le.lu. (aoueHT 179

Mictopa €.10.)



EXAMPLE (CSS)

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
20 50 60 40 30 200
150 250 350 450 550
0,1 0,25 0,3 0,2 0,15 1
Xi - W, 15 62,5 105 90 82,5 355 =X—S

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 =X—S

(X)*-w: | 2250

(x;)? - Wy =150-15 = 2250

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE (CSS)

[Xi5Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m. 20 50 60 40 30 200

Xi 150 250 350 450 550

W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 =X—S
(X')?-wi | 2250 | 15625

(x5 ) - w, = 250- 62,5 =15625

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

P



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 =X—S

(X')*-wi | 2250 | 15625 | 36750

(x5)? - Wy =350-105 = 36750

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

P



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m. 20 50 60 40 30 200

Xi 150 250 350 450 550

W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 =X—S
(x] )2 -Wi | 2250 | 15625 | 36750 | 40500

(X} ) - w, = 450-90 = 40500

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
_Xi' - W 15 62,5 105 90 82,5 355 :X—S

(XY -w; | 2250 | 15625 | 36750 | 40500 | 45375

(Xt ) - Wg =550-82,5 = 45375

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

20 50 60 40 30 200

150 250 350 450 550

0,1 0,25 0,3 0,2 0,15 1
Xi-W; | 15 625 | 105 90 825 | 355 =X

2250 15625 36750 40500 45375 | 140500= X§

— 5
X2 =>(x ) - w; =140500
=1
PhD Misiura le.lu. (aoueHT
Mircxapen E HO.)
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EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

20 50 60 40 30 200

150 250 350 450 550

0,1 0,25 0,3 0,2 0,15 1
Xi-W; | 15 625 | 105 90 825 | 355 =X

2250 15625 36750 40500 45375 | 140500= Xg

= x2 — (x| =140500— (355)? =

PhD Misiura le.lu. (aoueHT

18
Mimyapa € 40.) 18
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
X -w; | 15 62,5 105 90 825 | 355 =X
(X')%-wi | 2250 | 15625 | 36750 | 40500 | 45375 | 140500= x—g
.

SZ =140500—(355)° =14475

PhD Misiura le.lu. (aoueHT

Miapa € J0.)

P



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
X W |15 625 | 105 90 825 | 355 =X

(x)?-w | 2250 | 15625 | 36750 | 40500 | 45375 | 140500=X¢

SZ =14475

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

P



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
3. The sample root-mean-square deviation of a

continuous statistical series is

PhD Misiura le.lu. (aoueHT 190
Mictopa €.10.)



EXAMPLE (CSS)

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

[Xi:Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m; 20 50 60 40 30 200

Xi 150 250 350 450 550

W 0,1 0,25 0,3 0,2 0,15 1
X W |15 625 | 105 90 825 | 355 =X
(X')%-wi | 2250 | 15625 | 36750 | 40500 | 45375 | 140500= x—f

|
Se =14475 S, =/14475 =

e o
(i



EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
X -w; | 15 625 | 105 90 825 | 355 =X

(x)?-w | 2250 | 15625 | 36750 | 40500 | 45375 | 140500=X¢

S2=14475 S, =+14475=120,31

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

3*. The corrected root-mean-square deviation of a
continuous statistical series is

N 2
S = . S
COr n—l X

PhD Misiura le.lu. (aoueHT 193
Mictopa €.10.)




EXAMPLE (CSS)

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m. 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
X -w; | 15 625 | 105 90 825 | 355 =X

(x)?-w | 2250 | 15625 | 36750 | 40500 | 45375 | 140500=X¢

SZ =14475 S, = \/n-Sf =J 290 14475 =
n-1 20
PhD Misiura le.lu. (aoueHT

Micxape €.10.)
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EXAMPLE (CSS)

PhD Misiura le.lu. (aoueHT

Miapa € J0.)

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m; 20 50 60 40 30 200

Xi 150 250 350 450 550

W 0,1 0,25 0,3 0,2 0,15 1
X -w; | 15 62,5 105 90 825 | 355 =X
(X')%-wi | 2250 | 15625 | 36750 | 40500 | 45375 | 140500= x—f

.
S, = \/”- 2 =J 290 14475 -120,61
n-1 200-1

e o



STATISTICAL PARAMETERS (CSS)
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

4. The median

cumy .,
M = xi + 0.5-F*"(x;) "

o (i) = F7 ()

)>0.5,F*"(x.)< 0.5

where  F“"(x.,
N=X,1—X%

PhD Misiura le.lu. (aoueHT 196
Mictopa €.10.)



EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval. It’s the interval with F5_4 >0,5

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

e o



EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval. It’s the interval with |, >0,5
Fi-l—l = 0,65

PhD Misiura le.lu. (aoueHT

Micapa € 40.)

e o



EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval. It’s the interval with F , > 0,5

Fi-l—l = 0,65

X. =300

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the lower limit of the median interval: Xi — 300

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

[Xi;Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m 20 50 60 40 30 200
Xi 150 250 350 450 550
Wi 0,1 0,25 0,3 0,2 0,15 1

'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval. It’s the interval with F , > 0,5

X: =300

Fi-l—l = 0,65

F. =0,35

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (css) — Me=?

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m. 20 50 60 40 30 200
Xi 150 250 350 450 550

Wi 0,1 0,25 0,3 0,2 0,15 1
'F o] o1 0,35 0,65 0,85 1

Let’s find the median interval. It’s the interval with Fi+1 >05

X: =300

Fi-l—l = 0,65

R =0,35

h=200-100=100

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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PhD Misiura le.lu. (aoueHT

Micapa € 40.)

EXAMPLE (CsS)  Me=7?

[Xi5Xi41) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum

m; 20 50 60 40 30 200

Xi 150 250 350 450 550

Wi 0,1 0,25 0,3 0,2 0,15 1
'F o] o1 0,35 0,65 0,85 1
=300 F, =065 F=03 h=200-100=100

M =300+ 0202 100
0.65-0.35

NN
D



PhD Misiura le.lu. (aoueHT

Micapa € 40.)

_9
EXAMPLE (Ccss)  Me=:
[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
Xi 150 250 350 450 550
W 0,1 0,25 0,3 0,2 0,15 1
'F o] o1 0,35 0,65 0,85 1
=300 F,=065 F=03 h=200-100=100
M. =300+ i 0'3355 .100=300+ % :100=300+50=350

205



Mo =7
STATISTICAL PARAMETERS (CSS)
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
- m,, —m
5. The mode s M, =X + Mg " Mo-1 h

2ml\/l0 - mMO—l - m|\/|0+1

where X; Is the lower limit of the modal class (interval);m.,Is
the frequency of the modal class;m, _, IS the frequency of the
class preceding the modal interval; m, , Is the frequency of
the class following the modal interval; h is the length of the

modal interval

PhD Misiura le.lu. (aoueHT
Mictopa €.10.) 206



EXAMPLE (CSS)

Mo="7

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

m;

20

50

60

40

30

200

Let’s find the modal interval

PhD Misiura le.lu. (aoueHT

Miapa € J0.)
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EXAMPLE (CSS)

Mo="7

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

m;

20

50

60

40

30

200

The modal interval will be the interval 300-400

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (CSS)

Mo="7

[Xi K| +1)

100-200

200-300

300-400

400-500

500-600

Sum

m;

20

50

60

40

30

200

The modal interval will be the interval 300-400

mMO

=60

PhD Misiura le.lu. (aoueHT

Micapa € 40.)
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EXAMPLE (css) MO =7

[Xi;xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum

m; 20 50 60 40 30 200

The modal interval will be the interval 300-400
my,, =60
Mo

mMO_l — 50

PhD Misiura le.lu. (aoueHT 210
Mircrapen €.10.)



EXAMPLE (CSS)

Mo="7

[Xi;Xi+1) | 100-200 | 200-300 | 300-400 | 400-500 | 500-600 | Sum
m; 20 50 60 40 30 200
The modal interval will be the interval 300-400
My, =60 Mg, +1 =40
mM 0_1 — 50
PhD Misiura le.lu. (qoueHT 211

Micapa € 40.)



EXAMPLE (css) IMO=7

[Xi;xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum

m; 20 50 60 40 30 200

The modal interval will be the interval 300-400

mMO:6O mMO+1:4O

My,-1 = 50 x; =300

PhD Misiura le.lu. (aoueHT 212
Mircrapen €.10.)



EXAMPLE (css) IMO=7

[Xi;xi+1) 100-200 | 200-300 | 300-400 | 400-500 | 500-600 Sum

m; 20 50 60 40 30 200

mMO:6O mMO+1:4O

My,—1 =90 x =300

M, =300+ 00=50 olOO:3OO+EolOO:333
2-60-50-40 30

PhD Misiura le.lu. (aoueHT 213
Mircrapen €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
6. Range

R = Xmax ~ Xmin

PhD Misiura le.lu. (aoueHT 214
Mictopa €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)

OF A SAMPLE
/. The I-th initial moment satisfies the relation
K |
_ Z X; IM; K
v =X =15 =3 Xi W
n =1
PhD Misiura le.Iu. (qoLeHT 215

Mictopa €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

/. The I-th initial moment satisfies the relation

2 K 2
V1 = Xg VZZXSZZXiWi
=

_ K K
3 3 4 4
Va3 =Xg =) KW, Vi=X5 =X W

PhD Misiura le.lu. (aoueHT 216
Mictopa €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE
8. The |-th central moment satisfies the relation:

=X =X = E(Xi nX) i = ik1(Xi ~x)w,

PhD Misiura le.lu. (aoueHT 217
Mictopa €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)

OF A SAMPLE
8. The |-th central moment satisfies the relation:
k —\ 2 2
1y =0 ﬂzZZ(Xi—Xs)WiZszVz—Vl
k 1=1
3

H3 = Z(Xi _X_s) Wi = Vg —3VoVy +2v;

—\4
Hy = Z(Xi - Xs) Wi =V —4VVy + 6V v — 3V}

|:1 PhD Misiura le.lu. (aoueHT 218
Mictopa €.10.)



STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

9. Asymmetry shows a deviation of a value from its
central position on the left or on the right:

AS_&

o3
where SX

H3— the central moment of the 3-rd order;

S - the root-mean square deviation.
X

PhD Misiura le.lu. (aoueHT 219
Mictopa €.10.)



PhD Misiura le.lu. (aoueHT
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STATISTICAL PARAMETERS
(NUMERICAL CHARACTERISTICS)
OF A SAMPLE

10. Excess characterizes a deviation of a value from its
central position down or up:

where

H4 — the central moment of the 4-th order:

g - the root-mean square deviation.
X

PhD Misiura le.lu. (aoueHT 221
Mictopa €.10.)






11. Coefficient of variation is a ratio of a root-
mean-square deviation and a mathematical
expectation in percent:

V(X): S:X-lOO %
XS

Coefficient of variation gives a possibility to
compare a level of dispersion of values which
have different character.

PhD Misiura le.lu. (aoueHT 223
Mictopa €.10.)



HOMEWORK

[Xi K| +1)

10-15

15-20

20-25

25-30

30-35

15

20

35

25

PhD Misiura le.lu. (aoueHT
Mircrapen €.10.)
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PART 2
Statistical estimations of the
distribution parameters

225



ESTIMATIONS

Point and Interval Estimates

>

B A point estimate is a single value (statistic) used to estimate
a population value (parameter).

B A confidence interval is a range of values within which the
population parameter is expected to occur.

PhD Misiura le.lu. (aoueHT 226
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ESTIMATIONS
POINT ESTIMATES




! Point and Interval Estimates

= A point estimate Is a single number,

= a confidence interval provides additional
iInformation about variability

1

Lower I Upper
: Confidence
Confidence Point Estimate o
Limit Limit
* “Width of ’
confidence interval
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ESTIMATIONS
Point estimate VS Interval

estimate

Point e

X =

t\)

stimate Interval estimate

A

x U

~ O

2

X —Errop< p < X +Errop

Until now we didn’t specify what is
meant by error
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INTERVAL ESTIMATIONS

If the numerical characteristics of a sample
are known, then we can define the interval

characteristics for a population.

A confidence interval Is an Interval of
values bounded by confidence limits within
which the true value of a population
parameter Is stated to lie with a specified

probabillity.
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INTERVAL ESTIMATIONS

A confidence interval Is an Interval of
values bounded by confidence limits within
which the true value of a population
parameter Is stated to lie with a specified
probability.
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INTERVAL ESTIMATIONS

If the numerical characteristics of a sample
are known, then we can define the interval
characteristics for a population.

1. The confidence interval of
the population mean
X has a normal distribution with parameters
a and o°.
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INTERVAL ESTIMATIONS

1. The confidence iInterval of the

population mean
X has a normal distribution with parameters

a and 02 . 106 The Mormal Ol Stribwtion
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Mictopa €.10.)

233
x




INTERVAL ESTIMATIONS

1. The confidence Interval of the population
mean

P(| X —a\<g):2d>(§j
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INTERVAL ESTIMATIONS

1. The confidence Interval of the population
mean

O

P(| X —a\<g):2®(£)

PhD Misiura le.lu. (aoueHT 235
Mictopa €.10.)



INTERVAL ESTIMATIONS

1. The confidence Interval of the population
mean

P(| X —a\<g)=2c1>(fj

O

P( X —a|<ot)=2d(t)
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INTERVAL ESTIMATIONS

1. The confidence Interval of the population
mean

P( X —a|<ot)=2d(t)

a =X pop
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INTERVAL ESTIMATIONS

1. The confidence Interval of the population
mean

P( X —a|<ot)=2d(t)
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INTERVAL ESTIMATIONS

1. The confidence interval of the
population mean

>

Here “s Is the mean of a sample;
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INTERVAL ESTIMATIONS

1. The confidence interval of the

population mean
— Scor't N — Scor't

< Xe T
> n

/4

Here_“s Is the mean of a sample;
X pop !S the mean of a population;
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INTERVAL ESTIMATIONS

1. The confidence interval of the

population mean
— Scor°t N — Scor't

< Xe T
> n

/4

Here_“s Is the mean of a sample;
X pop IS the mean of a population;

Scor IS the corrected  root-mean-square
deviation of a sample;
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INTERVAL ESTIMATIONS

1. The confidence interval of the

population mean
— Scor°t N — Scor't

< Xe T
> n

/4

Here_“s is the mean of a sample;
X pop IS the mean of a population;
Scor IS the corrected  root-mean-square
deviation of a sample;
, isaparameterthat ¥ =2: CD(tj,)
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INTERVAL ESTIMATIONS

Here Sgor is the corrected root-mean-square
deviation of a sample.
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INTERVAL ESTIMATIONS

Here Sgor is the corrected root-mean-square

deviation of a sample.

We calculate the corrected root-mean-square

deviation

n 2
S... =.[—-S
CcOor n—l X
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INTERVAL ESTIMATIONS

L, isaparameterthat ¥ =2- CI)(ty)

Here ¥ isthe confidence probability (level);

a =1— y is the significance level.
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INTERVAL ESTIMATIONS

L, isaparameterthat ¥ =2- (I)(ty)

Here 7 Isthe confidence probability;

a =1— y is the confidence (significance) level.

The basic confidence probabilities are 95%, 99% and
99.9%.
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Definition
Confidence Level : 1 — a

The probability that the confidence interval
actually contains the population parameter.

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

95% : a=0.05 99% : a=0.01
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INTERVAL ESTIMATIONS

The basic confidence levels are 95%, 99% and 99.9%.

A confidence level Y statistics is a measure of the
reliability of a result.
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Confidence Level
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Confidence Level
950 or 999%

_ b

A A
Confidence Intervals
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» 99 9% confidence interval

-+ 99% confidence interval

= 95% confidence interval

A Standard

. error
Sample average
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INTERVAL ESTIMATIONS

The basic confidence levels are 95%, 99% and 99.9%.

A confidence level Y statistics is a measure of the
reliability of a result.

A confidence level of 95 percent or 0.95 means that

there is a probabillity of at least 95 percent that the result
IS reliable.
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INTERVAL ESTIMATIONS

The parameter ty Is defined by Table 2 (it's

the table for Laplace cumulative distribution
function)
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X 0 1 2 3 4 S 6 7 38 9
0,0 0,0000 | 0,0040 | 0,0080 | 0,0120 | 0,0160 | 0,0199 | 0,0239 | 0,0279 | 0,0319 | 0,0359
0,1 | 0,0398 | 0,0438 | 0,0478 | 0,0517 | 0,0557 | 0,0596 | 0,0636 | 0,0675 | 0,0714 | 0,0754
0,2 0,0793 | 0,0832 | 0,0871 | 0,0910 | 0,0948 | 0,0987 | 0,1026 | 0,1064 | 0,1103 | 0,1141
0,3 |0,2179 | 0,1217 | 0,1255 | 0,1293 | 0,1331 | 0,1368 | 0,1406 | 0,1443 | 0,1480 | 0,1517
0,4 0,1554 | 0,1591 | 0,1628 | 0,1664 | 0,1700 | 0,1736 | 0,1772 | 0,1808 | 0,1844 | 0,1879
0,5 |0,1915 | 0,1950 | 0,1985 | 0,2019 | 0,2054 | 0,2088 | 0,2123 | 0,2157 | 0,2190 | 0,2224
0,6 | 0,2258 | 0,2291 | 0,2324 | 0,2356 | 0,2389 | 0,2422 | 0,2454 | 0,2486 | 0,2518 | 0,2549
0,7 0,2580 | 0,2612 | 0,2642 | 0,2673 | 0,2704 | 0,2734 | 0,2764 | 0,2794 | 0,2823 | 0,2852
0,8 | 0,2881 | 0,2910 | 0,2939 | 0,2967 | 0,2996 | 0,3023 | 0,3051 | 0,3078 | 0,3106 | 0,3133
0,9 0,3159 | 0,3186 | 0,3212 | 0,3238 | 0,3264 | 0,3289 | 0,3315 | 0,3340 | 0,3365 | 0,3389
1,0 |0,3413 | 0,3438 | 0,3461 | 0,3485 | 0,3508 | 0,3531 | 0,3554 | 0,3577 | 0,3599 | 0,3621
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X 0) 1 2 3 4 5 6 7 8 9
1,1 |0,3643 | 0,3665 | 0,3686 | 0,3708 | 0,3729 | 0,3749 | 0,3770 | 0,3790 | 0,3810 | 0,3830
1,2 | 0,3849 | 0,3869 | 0,3888 | 0,3906 | 0,3925 | 0,3944 | 0,3962 | 0,3980 | 0,3997 | 0,4015
1,3 |0,4032 | 0,1049 | 0,4066 | 0,4082 | 0,4099 | 0,4115 | 0,4131 | 0,4147 | 0,4162 | 0,4177
1,4 |0,4192 | 0,4207 | 0,4222 | 0,4236 | 0,4251 | 0,4265 | 0,4274 | 0,4292 | 0,4306 | 0,4319
1,5 |0,4332|0,4345 | 0,4357 | 0,4370 | 0,4382 | 0,4394 | 0,4406 | 0,4418 | 0,4430 | 0,4441
1,6 |0,4452 | 0,4463 | 0,4474 | 0,4484 | 0,4495 | 0,4505 | 0,4515 | 0,4525 | 0,4535 | 0,4545
1,7 |0,4554 | 0,4564 | 0,4573 | 0,4582 | 0,4591 | 0,4599 | 0,4608 | 0,4616 | 0,4625 | 0,4633
1,8 |0,4641 | 0,4648 | 0,4656 | 0,4664 | 0,4671 | 0,4678 | 0,4686 | 0,4693 | 0,4700 | 0,4706
1,9 |0,4713|0,4719 | 0,4726 | 0,4732 | 0,4738 | 0,4744 | 0,4750 | 0,4756 | 0,4762 | 0,4757
2,0 |0,4772|0,4778 | 0,4783 | 0,4788 | 0,4796 | 0,4798 | 0,4803 | 0,4808 | 0,482 | 0,4817

PhD-Mistrateto-{aoteHT 255

Mictopa €.10.)




X 0) 1 2 3 4 5 6 ! 8 9
2,1 |0,4821 | 0,4826 | 0,4830 | 0,4834 | 0,4838 | 0,4842 | 0,4846 | 0,4850 | 0,4854 | 0,4857
2,2 |0,4861 | 0,4864 | 0,4868 | 0,4871 | 0,4874 | 0,4878 | 0,4881 | 0,4884 | 0,4887 | 0,4890
2,3 |0,4893 | 0,4896 | 0,4898 | 0,4901 | 0,4903 | 0,4906 | 0,4909 | 0,4911 | 0,4913 | 0,4916
2.4 |0,4918 | 0,4920 | 0,4922 | 0,4924 | 0,4927 | 0,4929 | 0,4930 | 0,1932 | 0,4934 | 0,4936
2.5 |0,4938 | 0,4940 | 0,4941 | 0,4943 | 0,4945 | 0,4946 | 0,4948 | 0,4949 | 0,4951 | 0,4952
2,6 | 0,4953 | 0,4955 | 0,4956 | 0,4957 | 0,4958 | 0,4960 | 0,4961 | 0,4962 | 0,4963 | 0,4964
2.7 |0,4965 | 0,4966 | 0,4967 | 0,4968 | 0,4969 | 0,4970 | 0,4971 | 0,4972 | 0,4973 | 0,4973
2.8 |0,4974 | 0,4975 | 0,4976 | 0,4977 | 0,4977 | 0,4978 | 0,4979 | 0,4980 | 0,4980 | 0,4981
2,9 |0,4981 | 0,4982 | 0,4982 | 0,4983 | 0,4984 | 0,4984 | 0,4985 | 0,4985 | 0,4986 | 0,4986
3,0 |0,4986 | 0,4986 | 0,4987 | 0,4987 | 0,4988 | 0,4988 | 0,4988 | 0,4989 | 0,4989 | 0,4990
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X 0 1 2 3 4 3} 6 7 38 9
3,1 |0,4990 | 0,4990 | 0,4991 | 0,4991 | 0,4991 | 0,4992 | 0,4992 | 0,4992 | 0,4992 | 0,4993
3,2 | 0,4993 | 0,4993 | 0,4993 | 0,4994 | 0,4994 | 0,4994 | 0,4994 | 0,4994 | 0,4995 | 0,4995
3,3 | 0,4995 | 0,4995 | 0,4995 | 0,4996 | 0,4996 | 0,4996 | 0,4996 | 0,4996 | 0,4997 | 0,4997
3,4 | 0,4997 | 0,4997 | 0,4997 | 0,4997 | 0,4997 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998
3,5 |0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998
3,6 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4998 | 0,4999 | 0,4999 | 0,4999 | 0,4999
3,7 |0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999
3,8 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,4999 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000
3,9 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000 | 0,5000
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Confidence level value

95% 1.96

99% 2.58

99.9% 3.29]
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99%, extends -2.58 to 2.58

95%, extends -1.96 to 1.96

standard deviations from the mean
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INTERVAL ESTIMATIONS

Task 1. Arandom variable has
X, =12,57 SZ =5 n=25
Construct a confidence Interval of the

population mean with the confidence
orobability 95%.
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INTERVAL ESTIMATIONS

Task 1. Arandom variable has
X, =12,57 SZ =5 n=25
Construct a confidence Interval of the

population mean with the confidence
orobability 95%.

Homework 1. Find confidence Iintervals

with the confidence probability 99% and
99,9%.
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INTERVAL ESTIMATIONS
X =12,57 S2 =5 n=25
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INTERVAL ESTIMATIONS
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INTERVAL ESTIMATIONS
X =12,57 S2 =5 n=25

n 2 25
S. = [— .82 .5=./5.2083~2.28
=of \/n—l X J25—1 v

95% =2-Oft, )
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INTERVAL ESTIMATIONS
X =12,57 S2 =5 n=25

n 2 25
S. = [— .82 .5=./5.2083~2.28
=of \/n—l X J25—1 v

95% =2-Oft, )

0,95=2-0(t, )
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INTERVAL ESTIMATIONS
X =12,57 S2 =5 n=25

n 2 25
S. = [— .82 .5=./5.2083~2.28
=of \/n—l X \/25—1 v

95% =2-Oft, )
0,95=2-0t, )

/4
0,475= [t )
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X 0 1 2 3 4 ) 6 4 8 9
1,1 |0,3643 | 0,3665 | 0,3686 | 0,3708 | 0,3729 | 0,3749 | 0,3770 | 0,3790 | 0,3810 | 0,3830
1,2 |0,3849 | 0,3869 | 0,3888 | 0,3906 | 0,3925 | 0,3944 | 0,3962 | 0,3980 | 0,3997 | 0,4015
1,3 |0,4032 | 0,1049 | 0,4066 | 0,4082 | 0,4099 | 0,4115 | 0,4131 | 0,4147 | 0,4162 | 0,4177
1,4 |0,4192 | 0,4207 | 0,4222 | 0,4236 | 0,4251 | 0,4265 | 0,4274 | 0,4292 | 0,4306 | 0,4319
1,5 | 04332 |0,4345 | 0,4357 | 0,4370 | 0,4382 | 0,4394 | 0,4406 | 0,4418 | 0,4430 | 0,4441
1,6 | 04452 |0,4463 | 0,4474 | 0,4484 | 0,4495 | 0,4505 | 0,4515 | 0,4525 | 0,4535 | 0,4545
1,7 |0,4554 | 0,4564 | 0,4573 | 0,4582 | 0,4591 | 0,4599 | 0,4608 | 0,4616 | 0,4625 | 0,4633
1,8 | 0,4641 | 0,4648 | 0,4656 | 0,4664 | 0,4671 | 0,4678 | 0,4686 | 0,4693 | 0,4700 | 0,4706
1,9 |0,4713|0,4719 | 0,4726 | 0,4732 | 0,4738 | 0,4744 | 0,4750 | 0,4756 | 0,4762 | 0,4757
2,0 | 04772 |0,4778 | 0,4783 | 0,4788 | 0,4796 | 0,4798 | 0,4803 | 0,4808 | 0,482 | 0,4817
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(D(1’96) = q)(ty/) o Scor 'ty e Scor ’t;/
S pop > As
_ N N
t, =196 Vn Vn
2,28-196 — 2,28-1.96
1257 —— <X n <1257 +— :
J25 POP J25
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(D(1’96) = q)(ty/) o Scor 'ty e Scor °t7/
t, =196 CooUn PP n
2,28-196 — 2,28-196
1257 —— <X aan <1257 + = ’
J25 Pop J25
1167 <X oop < 13,46
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®(1,96)=Dlt,) — S

Y cor 'ty <Y — Sc:or °t7/
S pop
t, =196 Vn

2,28-196 — 2,28-196
! <X n <1257 +— :
J25 POP J25

11,67 <X op<13,46

12,57 —

X POP lies in the confidence interval (11,67;13,46)
with the confidence probability 95%.
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INTERVAL ESTIMATIONS

2. The confidence interval of the population root-mean-

sguare deviation

P(l Scor — pop‘<5) /4
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INTERVAL ESTIMATIONS

2. The confidence interval of the population root-mean-

sguare deviation

P(l Scor — pop‘<5) /4

q E
SCOI”
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INTERVAL ESTIMATIONS

2. The confidence interval of the population root-mean-

sguare deviation

P(l Scor — pop‘<5) 4

q= &
SCOI”
Scor =€ <Spop <Scor + €
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INTERVAL ESTIMATIONS

2. The confidence Interval of the population

root-mean-square deviation

Scor =€ <Spop <Scor T €
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INTERVAL ESTIMATIONS

2. The confidence Interval of the population

root-mean-square deviation

Scor =€ <Spop <Scor T €

= g
Scor (1— Scorj <S oop < SCO,.(1+ Scorj
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INTERVAL ESTIMATIONS

2. The confidence Interval of the population

root-mean-square deviation

Scor =€ <Spop <Scor T €

= g
Scor (1— Scorj <S oop < SCO,.(1+ Scorj
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INTERVAL ESTIMATIONS

2. The confidence interval of the population

root-mean-square deviation

Scor '(1_CI)<S pop < Scor '(1+Q) if <1
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INTERVAL ESTIMATIONS

2. The confidence interval of the population

root-mean-square deviation

Scor '(1_CI)<S pop< Scor '(1+Q) it q <1

0 <S pop< Scor '(1‘|' CI) if q>1
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INTERVAL ESTIMATIONS

2. The confidence interval of the population

root-mean-square deviation

Scor '(1_q)<8 pop < Scor '(1+ CI) if <1

0 <S pop< Scor '(1‘|' CI) if q>1

The parameter ( = CI(}/, n) IS defined by the table 3
with the confidence level 7 (95%, 99% and 99.99%)
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INTERVAL ESTIMATIONS

Values ¢ = (¥, n) (TABLE 3)

d &
0,95 0,99 0,999 0,95 0,99 0,999
5 1.37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
7 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,45 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 LS 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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INTERVAL ESTIMATIONS

Task 2. Arandom variable has
Scor — 2’82 n=50

Construct a confidence interval of the

population root-mean-square deviation
with the confidence probability 99%.
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INTERVAL ESTIMATIONS

Task 2. Arandom variable has
Scor — 2’82 n=50

Construct a confidence interval of the
population root-mean-square deviation
with the confidence probability 99%.

Homework 2. Find confidence Intervals
with the confidence probability 95% and
99,9%.
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q=0q(y, n)=0q(0,99;50)= 0,30

Values ¢ = (7, n) (TABLE 3)

i &

0,95 0,99 0,999 0,95 0,99 0,999
5 1.37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
i 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,45 60 0,188 0,269 0,38
13 052 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 | 153 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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Scor '(1_q)<S pop< Scor '(1"' CI)
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Scor '(1_q)<S pop< Scor '(1"' CI)

S, = 2,82
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Scor -(1—q)<S pop< Scor '(1"' CI)

S, = 2,82

2,82-(1-0,3)<S pyp< 2,82-(1+0,3)

PhD Misiura le.lu. (aoueHT
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Scor '(1_q)<S pop< Scor '(1"' CI)

S, = 2,82

2,82-(1-0,3)<S pyp< 2,82-(1+0,3)

1,974 <S 55p< 3,666

with the confidence probability 99%
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Thank You for your
time and attention!
Hope this
presentation was
educational and
helpful to you

©
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