Hayunsiit sxypaan Kyol'AY, Nel189(05), 2023 rox 1

YAK 303.4:519.2

5.2.2. MaTemaTudeckue,

CTATUCTUYECKHUE ¥ MHCTPYMEHTAJIbHBIEC METO IbI
SKOHOMUKH ((hU3UKO-MaTEMATUICCKUEC HAYKH,
SKOHOMHYECKUE HAYKH)

IMPOBEPKA COI'VIACUA C BETA-
PACIIPEJEJIEHUEM METOJ0OM
MOMEHTOB

OpnoB Anekcanap MBanoBuu

J.3.H., 1.T.H., K.(.-M.H., mpoeccop

PUHI] SPIN-kon: 4342-4994

prof-orlov@mail.ru

Mockosckuii 20cydapcmeeHHbIl MEXHUYeCKUll
yuusepcumem um. H.3. baymana, Poccus, 105005,
Mocksa, 2-a baymanckas yn., 5

ITpoBepka coryiacus OMbBITHOTO PacHpeesieHuUs C
TEOPETUYCCKUM - OJTHA U3 OCHOBHBIX 3aJa4
MPUKIIATHON MAaTEMaTUYECKON CTATUCTUKH.
[IpoBepsitoT, MOXKHO JIM B KauecTBe (PyHKIUH
pacripezieNnieHus DJIEMEHTOB BBIOOPKH PaccMaTpUBATh
KOHKPETHOE TEOPETHUUECKOE pacIpeesieHHe WIn
pacmpeneneHie U3 Toro Wid HHOTO MapaMeTpUdecKoro
cemeiicTBa. [IpuMep - mpoBepka HOPMaIBHOCTH (B
KayecTBE MapaMEeTPHUUECKOro CeMeHCTBa
paccMaTpHuBaeTCsl CeMEMCTBO HOPMAIbHBIX
pacnpenenenuii). Hactosmas cTaTes nocBsiieHa
MIPOBEpPKE COTJIacusi ¢ ceMeicTBOM Oera-
pacnpeneneHuil. AHaAIN3UPYeM MECTO
paccMaTpuBaeMoi TIOCTAaHOBKH 3a/1a4H B
MHOr000pa3uu COBPEMEHHBIX CTATUCTHIECKUX
MeTonoB. KpaTko 00cyx/1aeM OCHOBHBIE ATAITbI
Ppa3BUTHS IPUKIIATHON CTATUCTUKH: ONUcaTeIbHAas (10
1900 r.), mapamerpuueckast (1900 - 1933),
HermapaMerpuueckas cratuctuka (1933 - 1979),
CTaTUCTHKA HEYUCITOBBIX MaHHBIX (¢ 1979 1.). Peun
UJICT O TiepeTHeM Kpae (pOHTa HAYIHBIX
rccnenoBanuid. "B TeTy" ocTaeTcs psin
TEOPETUIECKUX 3a7a4 MPEIbIIYIINX TAMOB, a IPH
aHAIIN3€ KOHKPETHBIX CTATHCTUYECKUX TaHHBIX
HCTIONB3YIOT METOBI BCEX YeThIpex 3TamnoB. [IpoBepka
coryacus ¢ Oera-pacripeneieHueM OTHOCHTCS K
TapaMeTPUIECKON CTATUCTHUKE, HO OCTaBaIach He
HM3y4YEHHOH 10 HAacTOsIEero BpeMeHnu. Kak onuH u3
ITOJIXO/IOB K PEIICHHIO STOU 3a7a9u TpejiaraeM
HCTIONB30BaTh METOJl MOMEHTOB. [ ipoBepKn
cornacus ¢ Oera-pacnpeeeHHeM HCIIOIb3yeM TPETHA
LIEHTpaJbHBIA MOMEHT. Ero olieHnBaeM Kak
HETOCPEICTBEHHO IO BEIOOPKE, TaK U C IIOMOIIBI0
BEIPXCHUS Yepe3 MapaMeTphl OeTa-pacipeieieHus, B
KOTOPOM BMECTO HEM3BECTHBIX TEOPETUUECKUX
3HAYCHUH TOJICTABJICHBI X BEIOOPOYHEIC OIICHKH, B UX
KadeCcTBE UCIIONb3YeM OIICHKH METO/1a MOMEHTOB. [Ipu
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Good-of-fit testing of the experimental distribution
with the theoretical one is one of the main tasks of
applied mathematical statistics. It is checked whether it
is possible to consider a specific theoretical
distribution or a distribution from one or another
parametric family as a distribution function of the
elements of the sample. An example is a test of
normality (the family of normal distributions is
considered as a parametric family). This article is
devoted to good-of-fit testing with the family of beta
distributions. Let us analyze the place of the problem
statement under consideration in the variety of modern
statistical methods. We briefly discuss the main stages
in the development of applied statistics: descriptive
(before 1900), parametric (1900 - 1933), non-
parametric statistics (1933 - 1979), statistics of non-
numerical data (since 1979). This is at the forefront of
scientific research. "In the rear" remains a number of
theoretical problems of the previous stages, and in the
analysis of specific statistical data, methods of all four
stages are used. Testing for goodness-of-fit with the
beta distribution is related to parametric statistics, but
has remained unexplored to date. As one of the
approaches to solving this problem, we propose to use
the method of moments. To goodness-of-fit testing
with the beta distribution, we use the third central
moment. We estimate it both directly from the sample
and using an expression through the parameters of the
beta distribution, in which instead of unknown
theoretical values their sample estimates are
substituted, and we use the estimates of the method of
moments as them. If the fit hypothesis is true, the
difference between the indicated values is
asymptotically normal with expectation 0. To
goodness-of-fit testing with the beta distribution, we
also suggest using the skewness coefficient. The
results of calculations based on real data are carried
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CTIPaBENIMBOCTH THITOTE3bI COTTIacusl pa3sHOCTh
YKa3aHHBIX BEIWYMH SBIISIETCS AaCHMITOTUIECKH
HOpMaJIbHOU ¢ MaTeMaTHuecKkuM oxxuganueM 0. J{s
TIPOBEPKH COTracus ¢ 6eTa-pacrnpeaereHueM
TIpe/iIaraeM TaKk)Ke UCIIONb30BaTh KOAQPUIIEHT
acummerpuu. [IpoBeneHs! pe3ynbpTaThl pacyeToB 110
peanbHBIM AaHHBIM. CPOpMYITUPOBaH psij
HepeleHHbIX 3a7a4. Tak, Ha OCHOBe
ACHMITOTHYECKOTO pacnpeneneHus Kodppuunuenra
ACHMMETPUHU MOXKHO ITPOBEPATH HENapaMeTPUIECKYIO
THIIOTE3y CHMMETPHH (PYHKIIUH pacipeesieHHs C
LeNbIo OOHapy)KeHHst P eKTa B CBI3aHHBIX
BBIOOpKaX. ACHMITOTHYECKUE JTUCIIEPCHN
paccMaTpuBaeMbIX CTATUCTUK MOT'YT OBITh HalICHBI
METOJIOM JINHEeapU3aliu

Kurouessie cnoBa: CTATUCTUYECKUE METO/IbI,
BETA-PACIIPEJEJIEHUE, METOJ4 MOMEHTOB,
IIPOBEPKA COI'JIACHS, TPETHIA
LIEHTPAJIbHBIA MOMEHT, KOS®OUITAEHT
ACUMMETPUUA
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out. A number of unsolved problems are formulated.
Thus, on the basis of the asymptotic distribution of the
skewness, one can test the nonparametric hypothesis of
the symmetry of the distribution function in order to
detect the effect in paired samples. The asymptotic
variances of the considered statistics can be found by
the linearization method

Keywords: STATISTICAL METHODS, BETA
DISTRIBUTION, METHODS OF MOMENTS,
GOODNESS-OF-FIT TESTING, THIRD CENTRAL
MOMENT, ASYMMETRY COEFFICIENT

Introduction

One of the main tasks of applied mathematical statistics is to check the
agreement between the experimental distribution and the theoretical one. A
statistical hypothesis is tested that a specific theoretical distribution or a
distribution from one or another parametric family can be considered as a
distribution of sample elements. The normality test hypothesis is widely known,
in which the family of normal distributions is considered as a parametric family.
This article discusses testing for goodness-of-fit with a family of beta
distributions. First, it is necessary to discuss the place of the considered
formulation of the problem in the variety of modern statistical methods, and for
this it is necessary to give an idea of the main stages in the development of

applied statistics.

Stages of development of applied statistics

http://ej.kubagro.ru/2023/05/pdf/11.pdf



http://ej.kubagro.ru/2023/05/pdf/11.pdf
http://dx.doi.org/10.21515/1990-4665-189-011

Hayunsiit sxypaan Kyol'AY, Nel189(05), 2023 rox 3

What is Applied Statistics? We put the following meaning into this term:
"Applied statistics is the science of how to process data™ [1, 2]. The basics of the
scientific apparatus of this science are presented in the handbook [3].

The analysis of methods of statistical data analysis carried out by us in
[4], [5, part 1] made it possible to single out the main stages in the development
of this scientific field. We believe that there are four such stages. Let's briefly
discuss their features.

Until the beginning of the twentieth century. - stage of descriptive
statistics. Typical methods of statistical analysis are the construction of tables,
the calculation of the arithmetic mean of measurement results, the restoration of
dependencies by the least squares method created by K. Gauss in 1794,
Descriptive statistics is not a single science, it is a set of separate algorithms.
Nevertheless, descriptive statistics allows solving a number of practical
problems, and its algorithms are still used today. Thus, the construction of tables
is the main intellectual apparatus used by Rosstat (the Federal State Statistics
Service of Russia).

Mathematical statistics as a single science was created at the beginning of
the 20th century. To describe statistical data, K. Pearson suggested using
distribution functions from the four-parameter family he introduced. The most
well-known subfamilies are normal, logarithmically normal, exponential,
gamma distributions, which are of interest to us in this article beta distributions.
An advanced mathematical theory of parameter estimation and hypothesis
testing has been developed for samples from parametric families. We call it
parametric statistics. She was at the forefront of the development of statistical
theory in 1900-1933. Note that the methods of parametric statistics were actively
used to solve practical problems. So, the first scientific journal on mathematical
statistics was called "Biometrics". By the middle of the twentieth century.
Numerous textbooks on probability theory and mathematical statistics were

prepared, the content of which is primarily parametric statistics. And at present,

http://ej.kubagro.ru/2023/05/pdf/11.pdf



http://ej.kubagro.ru/2023/05/pdf/11.pdf

Hayunsiit sxypaan Kyol'AY, Nel189(05), 2023 rox 4

the teaching and practical application of statistical methods is carried out
primarily on their basis.

However, parametric statistics have a fundamental drawback - the
distributions of real data, as a rule, are not normal and do not belong to any other
parametric distribution [6]. The works of the next stage in the development of
methods of statistical data analysis - nonparametric statistics (1933 - 1979) are
aimed at overcoming this shortcoming. As the beginning of this stage, we take
the moment of the appearance of the A.N. Kolmogorov to check the agreement
between the experimental distribution and the given theoretical one. In
nonparametric statistics, problems of statistical analysis of data with arbitrary
distributions are solved (for proving theorems, it may be necessary to require
only the continuity of distribution functions). To date, nonparametric methods
have been able to solve almost all problems of data analysis, considered in
parametric statistics. But the conclusions obtained are more justified, since
unrealistic assumptions are not made that the distributions of the results of
observations belong to one or another parametric family.

The elements of the samples at the considered stages of the development
of statistics are numbers or vectors, i.e. elements of linear spaces. With the
development of science and technology, samples from distributions on nonlinear
spaces began to play an increasingly important role. There was a statistics of
objects of non-numerical nature. This term was first introduced in 1979 (in
monograph [7] and article [8]). Its synonyms are used - statistics of non-
numerical data, non-numerical statistics [9, 10]. This is the fourth stage in the
development of statistical data analysis methods. It continues at the present time.
Some results of its development are summarized in [11, 12]. The fourth stage
also includes the statistical component of a new theoretical and applied area of
mathematics - systemic fuzzy interval mathematics [13 - 15].

As already noted, the methods of statistical data analysis obtained at the

previous stages continue to be actively and successfully used. In particular,
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judging by the common textbooks on probability theory and mathematical
statistics, the system of teaching applied statistics still corresponds to parametric
statistics, i.e. remains at the level of the middle of the twentieth century.
Naturally, the scientific and practical workers who have undergone such training
are simply not familiar with non-parametric and non-numerical statistics.

At the same time, we have to state that by no means all the scientific
problems of parametric statistics have been solved at the appropriate stage in the
development of statistical science. Thus, only relatively recently it has been
established that in many cases one-step estimates should be used instead of
maximum likelihood estimates [16]. Since parametric statistics is widely used, it
seems worthwhile to make efforts to solve the "missing™ problems, although the
cutting edge of scientific research has moved far ahead.

The sections of parametric statistics that have not been worked out so far
include the statistical analysis of data with a beta distribution. In textbooks on
probability theory and mathematical statistics and related reference books, the
family of beta distributions is mentioned, some of its properties are indicated [17
- 19], however, a number of issues related to parameter estimation and
hypothesis testing on samples from distributions of this family remain
unresolved.

We have begun to develop a system of methods for statistical data
analysis, the distribution functions of which are included in the family of beta
distributions. We will use the concepts and notation introduced in [20], the
direct continuation of which is the present paper. In this article, we found
asymptotic distributions of beta distribution parameter estimates obtained by the
method of moments; in it, algorithms for point and interval estimation were
developed. Obviously, estimates by the method of moments can be reasonably
used only when the hypothesis is true: the sample elements are distributed
according to the beta distribution with some parameter values. These values are

unknown to us, we estimate them. But is this hypothesis really true? To answer
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this question, we consider in this article a method for testing agreement between
an empirical distribution and a theoretical beta distribution based on the use of
sample moments. First, we need to discuss the statement of the problem of

checking the agreement.

Methods for checking agreement with a parametric family

A fit test is a test of the statistical hypothesis that the distribution function
of the sample elements is included in the considered parametric family (although
the values of the distribution parameters themselves remain unknown).

By analogy with the formulation of the problems of checking the
homogeneity of two independent samples [21, 22], we can distinguish between
checking the agreement of characteristics and checking absolute agreement. Let
us discuss these settings using the example of checking the agreement with a
normal distribution.

Let us introduce the main object of study in mathematical statistics - the
sampleX;, X2, .., Xn, ie., (finite) sequence of independent identically
distributed random variables with distribution function F(x) = P(X < x), where X
is a random variable having the same distribution as the sample elements.

Consider the theoretical central moments of the random variable X order
2,3,4,ie.

M, = M[(X — M(X))*] = 0%, M3 = M[(X — M(X))?], (1)
M, = M[(X — M(X))*]

and the corresponding selective central moments

my = LY (X =X) = shmg = 1T (X -X) my = 1TL(-X) (D)
As is known [1 - 3], as the sample size tends to infinity, the sample central
moments converge (in probability) at the corresponding theoretical central
moments:

lim m; = M;(P),i = 2.3,4. 3
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In formula (3), the symbol (P) means that convergence in probability is
considered.
According to [19], the asymmetry coefficient of the random variable X is

called the quantity
Y1 = Y (4)

For a symmetric distribution (for example, if the distribution density is an even
function when the median of the distribution is chosen as the reference point)
with a finite third moment, the skewness is 0.
Kurtosis coefficient X is the value
y,="%-3. (5)
The sample coefficients of skewness and kurtosis are statistics obtained
by substituting sample central moments instead of theoretical ones into formulas
(4) and (5), i.e.
91="3 (6)

And

g2="3-3 (7)

respectively.
With an increase in the sample size, the coefficientsgsand g2 converge (if
the fourth moment of the random variable X is finite) to the theoretical skewness

and kurtosis coefficients:

lim g; =vj,j =12 (8)
(convergence in probability).

It is known that for any normal distribution, the skewness and kurtosis
coefficients are equal to 0. Naturally, the idea arises to use this information to
test the agreement with the family of normal distributions.

If the hypothesis that the theoretical skewness coefficient is equal to O is

rejected, then the distribution of the random variable X is not normal. The

http://ej.kubagro.ru/2023/05/pdf/11.pdf



http://ej.kubagro.ru/2023/05/pdf/11.pdf

Hayunsiit sxypaan Kyol'AY, Nel189(05), 2023 rox 8

converse is not true, since the theoretical skewness is 0 not only for normal
distributions, but for all symmetrical ones.

Similarly, if the hypothesis that the theoretical kurtosis is equal to O is
rejected, then the distribution of the random variable X is not normal. The
converse is not true, since the theoretical coefficient of kurtosis is 0 not only for
normal distributions, but also for many others.

The rules for testing these hypotheses are based on checking whether the
sample coefficients of skewness and kurtosis fall into the corresponding critical
regions. Detailed information on checking the agreement with a normal
distribution based on these coefficients is contained in the fundamental
monograph by L.N. Bolsheva and N.V. Smirnov "Tables of Mathematical
Statistics™ [23]. We consider this monograph to be the pinnacle of Russian
statistical science in the first two thirds of the 20th century.

We have discussed checking the agreement of characteristics. As already
noted, if the test results show that the characteristics are significantly different
from those that correspond to the normal distribution, then the hypothesis that
the sample is taken from the normal distribution should be rejected. However,
the absence of a significant difference does not allow us to conclude that the
distribution of sample elements is normal, since the same values of the
characteristics (in this case, the skewness and kurtosis coefficients) also have
many distributions that are not normal.

Therefore, let's move on to methods for checking absolute agreement.
Consider criteria that are consistent, i.e. any difference from normality will be
detected with a sufficiently large sample size. Consistent are analogues of the
Kolmogorov criteria and omega-square. In the original formulation, these
criteria are intended to test the agreement of the empirical distribution
(sometimes written - experimental distribution) with a fixed theoretical one.
When checking normality, the theoretical distribution is known only up to

parameters, therefore, in the analogs of the Kolmogorov tests and the omega-
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square, the theoretical distribution is replaced by a normal distribution, in which
the arithmetic mean of the sample elements is substituted for the mathematical
expectation, and the sample variance is substituted for the variance. The
asymptotic distributions of these analogs are found. They differ from the
distributions of the Kolmogorov and omega-square statistics. Critical values
differ many times [1 - 3]. A common mistake is that when checking the
agreement with a normal distribution, the critical values of the distributions of
the Kolmogorov and omega-square statistics are used, rather than the critical
values of their counterparts [24].

Other criteria are also used to test normality, in particular, the Shapiro-

Wilk test [25]. However, this criterion is not consistent.

Application to beta distribution
Third central momentMscan be estimated both directly from the sample
(see formula (2)), and using its expression in terms of the parameters of the beta
distribution, in which their sample estimates are substituted for the unknown
theoretical values. One can use the estimates of the method of moments [20].
Consider a random variable X, which has a beta distribution on the
interval (0; 1). For it, the probability distribution density is given by formula (1)
in [20]. It is known [17, p.146] that the third central moment of the random
variable X is expressed in terms of the parameters p and g of the beta
distribution as follows:
M, = 2p4(q9—p) (9)

T (p+a)3(p+a+1)(p+q+2)’

We will use the estimates of the method of moments of the parameters p and q
of the beta distribution

prX[F52-1) (10)

And

g+ @-DEER -1} (eleven)

s2

http://ej.kubagro.ru/2023/05/pdf/11.pdf



http://ej.kubagro.ru/2023/05/pdf/11.pdf

Hayunsiit sxypaan Kyol'AY, Nel189(05), 2023 rox 10

respectively [20]. Substituting these estimates into (9), we obtain an estimate of
the theoretical third central moment as a function of the sample arithmetic mean
and sample variance. This estimate has the form

Mj * 2p2a(ar—p) = f(X,52).(12)

(p*+q*)3(p*+q++1) (p*+q*+2)

There is no need to give here a rather complicated expression for the function f
in (12).
To test the hypothesis of goodness of fit with the beta distribution, you
can use a test based on statistics
Z =mz;— M; * (13)
If the sample elements are distributed according to the beta distribution, i.e. If
there is absolute agreement, then
lim Z = 0. (14)

n—oo

(convergence in probability). It can be shown that the statistics indicated in (13)
is asymptotically normal with mathematical expectation O and variance A/n, the
constant A can be found based on the linearization method, demonstrated in
detail in [20] when finding the asymptotic distribution of the estimates of the
method of moments p* and q * parameters p and q of the beta distribution. On
the basis of asymptotic normality, a criterion for testing the statistical hypothesis
of agreement with a family of beta distributions is constructed in a standard way.

To check the agreement with the beta distribution, one can use not only
the third central moment, but also other characteristics of the distribution. Thus,
it is known [18] that for the beta distribution, the skewness coefficient is as
follows:

_ 2(g—p)yptq+1 (15)

17 (p+q+2)Veg -
Statistics can be used to check for agreement with the beta distribution.

2@ pAe
W=ua (p*+q*+2)Vp*q* (16)

If the hypothesis of absolute agreement is true, the statistic W tends to O (in

probability) with an unlimited increase in the sample size. The statistic W is
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asymptotically normal with zero mean and variance B/n. As in the previous
case, the constant B can be found based on the linearization method described in
[20].

Let us pass to beta distributions on the interval [a, b] (see formulas (60)
and (61) in [20]. Let the sampley,v,,... v,.To check the agreement with the family
of beta distributions, let us pass to the sample, in the distribution of which the
parameters a and b are excluded, namely, to the samplex,, x,,.... X,,, Where
i=12,..,n a7

_ Yi—a _ Yi—a
h b-a’

X;

The elements of this sample have a beta distribution on the interval [0, 1] (see f-

lu (1) in [20]), and you can check the agreement with the family of beta

distributions using the above methods using the third central moment and the
skewness coefficient .

To do this, it is necessary to pass from the sample moments calculated

from the sampley,v,,...v,, to the sampling momentsx,, X,,...X,. As indicated in

formula (63) of article [20],

X=T0s = LN (- X = 2 (R - 1) (18),

h n (b—a)?

Consider such a transition for a selective third central moment. It is easy to see
that

ms =13, (X - %)’ = = (GuL, i -v)?). (18)

Let us analyze the statistical data given in Table 1 of the article [20]. For
them, the boundaries of the interval are seta= 5, b = 135, then b - a = h = 130,
the sample arithmetic mean is 57.88, and the sample variance s2 is 663.00, the
sample standard deviation s = 25.75. Let's move on to a sample from the beta
distribution with values in (0; 1) according to (17). After such a transition, the
sample arithmetic mean becomes equal to 0.407, and the sample variance
becomes equal to 0.0392.

By direct calculation according to the table. 1 in [20], we find that the

sample third central moment for these data is 14927.91. When passing to a
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sample from the beta distribution on the interval (0, 1), in accordance with

formula (18), we obtain that

1492791 _ 1492791
37 1303 T 2197000

The estimates of the method of moments of parameters of the beta

= 0,006795 (19)

distribution are as follows: p* = 2.10, g* = 3.06 (see formulas (64) and (65) in
[20]). Let us find an estimate of the theoretical third central moment by the
formula (12)

M. % 2X2,10%3,06(3,06—2,10)
3 7 (2,10+3,06)3(2,10+3,06+1)(2,10+3,06+2)

=0,001879  (20)

As shown in [20], common recommendations are based on the fact that
the parameters of the beta distribution take the values p= 2 and q = 3. Let us

substitute these values into formula (9):

_ 2X2%3(3-2)
T (2+3)3(2+3+1)(2+3+2)

M; = 0,002286. (21)

In formulas (19), (20). (21) we observe the difference only in the third decimal
place.
Consider an estimate of the asymmetry coefficient. Direct calculation by

formula (6) gives

ms 1492791  14927,91
=== = = 0,8743. 22
91 =3 25,753 17073,86 ’ ( )

When using the values p = 2 and q = 3 of the parameters of the beta distribution

according to formula (15)

_ 2(3-2)VZ¥3+1 _ 2 _
1= v 7 0,2857. (23)

If we use the values of the parameter estimates p* = 2.10, q* = 3.06, then

according to formula (16) we obtain the asymmetry estimate

2(3,06—2,10)+/2,10+3,06+1 4,7653
x 2 o = = 0,2626. (24)
(2,10+3,06+2)+/2,10%3,06 18,150

g1

The right parts of formulas (23) and (24) give close values, but differ from the

value in the right part of (22). Table data. 1 in [20] correspond to a distribution

with positive skewness, which is noticeably larger than for the beta distribution.
As already noted, a significant difference between the data in Table. 1 in

[20] and a family of beta distributions, one could speak on the basis of the
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properties of the asymptotic distributions of the considered statistics (sample
third central moment and sample skewness). However, at present, the
parameters of the asymptotically normal distributions of these statistics remain
unknown.

The large scatter of possible values of the parameters of beta distributions
demonstrated in [20] (confidence intervals are very wide) gives reason to
believe that the statistics considered for checking the agreement - the sample
third central moment and the sample skewness coefficient - also have a wide
confidence interval, and therefore reject the hypothesis on agreement with the
data in Table. 1 with a family of beta distributions, there is no reason. From

what has been said, it is clear that further research is needed in this direction.

Conclusion

In this article, the problem of testing the points of agreement between an
experimental (sample) distribution and a family of beta distributions is posed
and partially solved. It is shown that there are still many unsolved problems in
the considered section of parametric statistics.

Some unsolved problems of nonparametric statistics are also revealed (the
modern idea of nonparametric statistics is disclosed in [29]). So, it is of interest
to check the symmetry of the distribution by the coefficient of asymmetry. Such
a setting does not imply a normal distribution of the elements of the sample,
from which the well-known methods start (see, for example, [23]). A successful
solution of the problem under consideration can find application in the statistical
analysis of coupled samples, give a new criterion for the homogeneity of
coupled samples, supplementing the previously developed ones, in particular,
those obtained in [30].
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