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Abstract
At the present stage of technical development all complex systems of industrial production and 
particularly the coal industry require automating of entire process including the work of mining and 
transport equipment, which can not be done without a detailed mathematical description of specific 
phenomena characterizing the specific production.
Therefore, for the first time to solve the problem of complex technology management, multifactorial 
systems, it is suggested to use non-parametric statistics, which was not reflected in the national 
literature. Nevertheless, such mathematical approaches allow to perform correct forecast of the 
phenomena in question beyond the available experimental data  with sufficient accuracy to solve 
the most practical problems, especially in those cases where the amount of data is relatively small.
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At present, coal industry enterprises are equipped 

with automated lines and installations, modern tech-
nological systems and sites, flexible manufacturing 
systems are being introduced. All this facilitate a 
solution to two interrelated problems: output of better 
products and improving the safety of the production 
process. Health, as a system of special knowledge, is 
intended as a means of ensuring the safety of tech-
nological processes and production. [1] Ukrainian                
scientists constantly pay attention to the improvement 
of safety management system of various companies 
[3-6]. One of the main ways of assessing of technolo-
gy-related risk at the enterprises of higher risk, coal in 
particular, is a study of the level of possible injuries.

Chemical and mining production, military                            
science, major planning of processes and phenome-   
na – all they use mathematical statistics methods 
of  high level, based on the theory of distributions, 
and, above all, normal and quasi-normal distribu-
tions. However, it is evident that as the complexity 
of character of processes under consideration, i.e., by 
stimulated use of other skew distributions, Student 
or Kolmogorov in particular, to describe the array of 
experimental data or  their samples, traditional statis-
tical methods are insufficient for this, and even with 
their full compliance to the solution of a number of 
mining electrical engineering problems [2], their use 
for forecast of the ergonomics systems, such as coal 
industry enterprises , they do not allow to give correct 
assessment of the phenomenon under consideration 
and forecast the system behavior in the conditions 
different from those under consideration.

In order to properly understand the idea of   non-
parametric statistics (the term was first used by Wol-
fowitz, 1942), one should get acquainted with the ide-
as of parametric statistics. So initially one should be 
familiar with the concept of statistical significance of 
criterion based on the distribution of certain statistics. 
In short, if you know the distribution of the observed 
variable, you can predict how in repeated samples of 
equal volume will “behave” used statistics – i.e. how 
it will be distributed. Let us suppose, for example, 
there are 100 random samples from a single popu-
lation by 100 adults each. We calculate the average 
height (age or employment period) of subjects in each 
sample, i.e., we build the sample mean. Then distri-
bution of sample means can be well approximated 
by a normal distribution (more precisely, t- Student’s 
distribution with 99 degrees of freedom). Now im-
agine that there randomly removed one more sample 
of the inhabitants of a city where, according to your 
ideas, there live people with above-average height. If 
the average height of people in the sample falls into

the top 95% of the t distribution critical region, it can 
be reasonable to conclude that the inhabitants of the 
city, in fact, on average, higher (than in the general 
population), i.e. it is really a city of tall people.  

The question is: “Are most variables have a nor-
mal distribution? In this example, we used the fact 
that the repeated samples of equal volume mean va- 
lues (human height) will be t-distribution (with a cer-
tain mean and variance). However, this is true only 
if the variable (height) has a normal distribution, i.e., 
that people of a certain distribution of growth is nor-
mally distributed (Fig.1) 

Figure 1. Comparison of the distribution laws

One of the factors limiting the application of crite-
ria based on the assumption of normality is the sam-
ple size. As long as the sample is large enough (for 
example, 100 or more observations), we can assume 
that the sampling distribution is normal, even if you 
are not sure that the distribution of the variable in the 
population is normal. However, if the sample is small, 
these criteria should be used only if there is certain-
ty that the variable is indeed a normal distribution. 
However, there is no way to test this hypothesis on a 
small sample.

Using criteria based on the assumption of nor-
mality, moreover, limited by scale measurements. 
Such statistical methods as t-test, regression and so 
on, suggest that the original data are continuous.                      
However, there are situations where data are rather 
ranked (measured on an ordinal scale) than measured 
accurately.

A typical example is given by the group of data: 
the first position is occupied by a group with maxi-
mum number of workers of particular specialty, the 
second position is occupied by a group with a maxi-
mum number of workers among the remaining groups 
(among the groups, from which the first group is re-
moved), etc. Knowing the ratings and the workers of 
one of the groups more than the number of workers of
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other one, but how much more it is impossible to say. 
Imagine you have 5 groups: A, B, C, D, E, which are 
located on the first 5 places. Let this month we had 
the following setup: A, B, C, D, E, and in the previous 
month: D, E, A, B, C. The question is, have there hap-
pened significant changes in the rankings of groups? 
In this situation, obviously, we can not use the t-test 
to compare these two sets of data, and go to specific 
probabilistic calculations (and any statistical test con-
tains a probabilistic calculation!). We may suppose: 
what’s the likelihood that the difference in the two ar-
rangements of groups is caused by accidental causes, 
or this difference is too large and can not be explained 
by mere chance. In these arguments, we use only the 
grades or permutation of groups and do not use the 
specific form of the visitors number distribution.

Essentially, for each parametric criterion there is 
at least one nonparametric alternative.

In general, these procedures fall into one of these 
ca- tegories:

 - criteria of differences for independent samples;
- criteria for dependent samples differences;
 - assessment of the degree of dependence between 

variables.
In general, the approach to statistical criteria in 

the analysis of data has to be pragmatic and not to 
be loaded by unnecessary theoretical arguments. With 
access to the computer system of STATISTICA, you 
can easily apply several criteria to the data. Knowing 
about some problems of the methods you will select 
the right decision by simple experimentation. Deve- 
lopment of the plot is quite natural: if it is necessary 
to compare the values of two variables, one should 
use the t-test. However, it should be mentioned that 
the test is based on the assumption of normality and 
equality of variances in each group. Exemption from 
these assumptions leads to a non-parametric tests, 
which are particularly useful for small samples.

Further, there are two situations related to the ini-
tial data: dependent and independent samples, which 
use the t-test for dependent and independent samples, 
respectively.

Development of the t-test leads to the analysis of 
variance, which is used when the number of com-
parison groups is greater than two. The correspond-
ing deve- lopment of the non-parametric procedures 
leads to non-parametric analysis of variance, howe- 
ver, significantly poorer than the classical analysis of 
variance.

To evaluate the dependence, or the degree of the 
connection closeness, one calculates the Pearson cor-
relation coefficient. Strictly speaking, its application 
has limitations, such as those associated with the type 

of scale, in which the data is measured and the non-
linearity function, that is why as an alternatively there 
also may be used non-parametric, or so-called rank 
correlation coefficient, for example, for ranked data. 
If the data are measured in nominal scale, they are of 
course presented in contingency tables that use the 
chi-square test of Pearson with different variations 
and adjustments for accuracy.

So, in essence, there are only a few types of crite-
ria and procedures that one needs to know and to be 
able to use depending on the specific data. It is neces-
sary to determine what criteria should be applied in a 
particular situation.

Nonparametric methods are most appropriate 
when the sample size is small. If a lot of data (eg, n> 
100), often it does not make sense to use nonparamet-
ric statistics.

If the sample size is very small (for example, n 
= 10 or less), than the levels of significance for non-
parametric tests, which use the normal approximation 
can be regarded only as rough estimates.

Differences between independent groups
If there are two samples (eg, men and women), 

which should be compared with respect to a mean 
value, for example, medium-pressure or the num-
ber of leukocytes in the blood, one can use the t-test 
for independent samples. Nonparametric alterna-
tives to this test are the criterion of Val’d-Volfovits, 
Mann-Whitney [7th test and two-sample Kolmogor-
ov-Smirnov criterion.]

Differences between dependent groups
If you want to compare two variables relating to 

the same sample, e.g., medical records of the same 
patients before and after medication, there is usually 
used a t-test for dependent samples.

Alternative non-parametric tests are the sign test 
and Wilcoxon test.

If we consider more than two variables related to 
the same sample, it is commonly used analysis of var-
iance (ANOVA) with repeated measurements.

In order to evaluate the dependence between two 
variables, there usually calculated the Pearson cor-
relation coefficient. Nonparametric counterparts of 
Pearson correlation coefficient are Spearman’s rank 
correlation coefficient R, Kendall  statistics, Gamma 
coefficient.

The coefficient of rank correlation (rank correla-
tion coefficients’) estimates the amount of depend-
ence between the variables measured in ordinal scale, 
i.e., between ordinal variables.

A transparent method of building a pair of corre-
lation coefficients of the generalized correlation co-
efficient is suggested by Daniels (Daniels NE 1948, 
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Biometrika, v. 35, p. 416-417).

The generalized correlation coefficient is deter-
mined by the formula:

 (1)

where аij = a(Xi Xj), bij = b(Yi, Yj) —are some func-
tions of pairs of observations of X and Y, respectively, 
the sum is taken over all pairs i, j.

Note that when aij = Xj - Xi, bij = Ij- Yi. We get 
the usual Pearson correlation coefficient. If the varia-
bles are ranked, we are working with the rank. Let us               
order the Xi values in ascending order, that is build a 
variation number of these values. The order of value 
Xi in this series is called its rank and denoted Ri.

Then let’s arrange Yi values in ascending order. 
Number of Yii value in this series is called its rank 
and denoted Si.

Spearman’s rank correlation is calculated as gen-
eralized correlation coefficient with the replacement 
of observations by their ranks. Formally for the ge- 
neralized correlation coefficient it is necessary to put 
aij = Rj - Ri, bij = Sj – Si.

Kendall’s coefficient is calculated, if in the formu-
la for generalized coefficient to put the fij = 1 if Ri <Rj 
and fij = -1 at Ri> Rj. Values bij are given by similar 
relations with the replacement of ranks Rij grades Si 
observations Y. So, we can clearly see that the idea of 
correlations arises from the same source.

If there are more than two variables, there used 
Kendall’s concordance coefficient. For example, it is 
used to assess the consistency of the views of inde-
pendent experts (judges), for example, points gived 
to the same participants.

If there are two categorical variables, to assess the 
degree of dependence there used standard statistics 
and the relevant criteria for contingency tables: Chi-
square, phi-coefficient, Fisher’s exact test.

Classical statistics Pearson’s chi-square is remark-
able in that its distribution is approximated by the 
distribution of chi-square test, for which there are de-
tailed tables. Percentage points of distribution of chi-
square can be effectively calculated in STATISTICA 
system using probability calculator.

Property of chi-square test (accuracy of distribu-
tion approximation of chi-square) for 2 × 2 tables 
with small expected frequencies can be improved by 
reducing the absolute value of differences between 
expected and observed frequencies by 0.5 before 
squaring. This so-called Yates’ correction for continu-
ity for frequency tables 2 × 2, which is typically used

when the cells contain only few low frequencies and 
become less than 5 (or even less than 10).

If the sum of frequencies is small, it is better to use 
Fisher exact test instead of the chi-square test.

There are recommendations of Kokren for tables 
2 × 2: if the sum of all the frequencies in the table is 
less than 20, than it is necessary to use the Fisher’s 
exact test. If the sum of frequencies is greater than 40, 
it is possible to use the chi-square test with continuity 
correction.

However, these recommendations are not univer-
sal [7].

Since the data usually have cells with low fre-
quencies (2 and 3), to improve the accuracy of the 
chi-square test using Yates correction. Since we are 
interested in one-sided alternative, we divide the level 
of p = 0.0012 in half and get 0.0006.

It is not easy to give simple advice concerning the 
use of non-parametric procedures. Each nonparamet-
ric procedure in the module has its advantages and 
disadvantages. For example, two-sample Kolmogor-
ov-Smirnov test is sensitive not only to the difference 
in the position of two distributions, such as the differ-
ences in the average, but also sensitive to the form of 
distribution. Wilcoxon pairwise comparisons suggest 
that it is possible to rank the differences between the 
compared observations. If it is not, it is better to use 
a sign test. In general, if the result of this study is 
an important observation (for example, one answers 
the question - Does expensive and painful drug ther-
apy help people?), than it is always advisable to test 
non-parametric tests. Perhaps the results of testing 
(by various tests) will be different. In this case, we 
try to understand why different tests gave different 
results. On the other hand, nonparametric tests have 
less power than their parametric competitors, and if it 
is important to detect even weak effects (for example, 
when finding out whether a given food additive dan-
gerous to health) multiple tests should be conducted 
and test statistic should be carefully chosen.

When the samples are very large, then the sam-
ple means are subjected to the normal law, even if 
the original variable is not normal, or measured with 
an error. Thus, parametric methods, which are more 
sensitive (have a greater statistical power) are always 
suitable for large samples. Most significance tests of a 
lot of nonparametric statistics, are based on asymptot-
ic theory (large samples) so the appropriate tests are 
often not implemented, if the sample size is too small.

Thus, it follows from the above that the processing 
of sample sizes in hundreds of data typical for coal 
industry in Ukraine, methods of nonparametric statis-
tics are the most suitable.
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