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INTRODUCTION
With the development of the theory and methodol-

ogy of physical education in pre-school age, inevitably 
develops tools for scientific research. Approbates and 
introduces new technologies, including for diagnos-
tics through the methods of mathematical statistics. „D 
iscusses diagnostic specifications , appraisal system, 
discisses the statistical average or norm is a more 
accurate indicator, which reflects the states and changes 
in biological systems - subject of researches in sport, 
physical education , medicine and other s cientific areas“  
(Glushkova (Глушкова), Glushkov (Глушков), Handji-
yska (Ханджийска), & (Radeva) Радева, 2007).  

More and more researches on man and his body are 
based on the principle of holism and on the multidimen-

sional statistical analysis. This is because of the consid-
eration, that every studied child in any sample contains 
more than one side to monitor on. That`s the situation 
with the study of phenomena and processes, that in-
tegrate the activities of several organs and systems, 
each through a set of indicators for different qualities 
and abilities influences in different grade on the result 
of their activities. With such nature are the majority of 
studies related to the motor activity of the child and the 
behavior of his body in physical education. Similar situ-
ation occurs, for example, in using multiple regression, 
when all variables are considered incidental. By this 
method, as it is known from statistics, is studied the rela-
tionship between dependent variables from one side and 
a set of independent variables from the other. With the 
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other multidimensional statistical methods all random 
variables all random variables are analyzed at the same 
time, using one random vector having multidimensional 
distribution. We will show later, that some multidimen-
sional methods / as hypothesis testing for means / appear 
summaries, corresponding to one-dimensional methods, 
when the others / as the assignment of a random vector 
to one of the populations, as is our case / have no ana-
logue in the one-dimensional analysis.

In the past, and still, the statistical analysis of 
more than one variable was reduced to the examination 
of each variable individually. Such an approach is 
limited, because the conclusions of the relative sets 
of variables can not normally be obtained from the 
conclusions deriving from each variable independently, 
because of the influence of contamination. With such 
options for getting more conclusions provide methods 
of multidimesional statistical analysis. Of course, the 
disadvantage of their use is associated with much more 
complicated processing, which is greatly facilitated by 
the use of EIP.

In support of the said, here we will take a look at 
the wide range of applications of some / unimplemented 
so far in our country / methods of the multidimensional 
statistical analysis in researches in physical education in 
preschool age. It is about the stepper discriminant analy-
sis, which includs part of Heteling`s method for testing 
hypotheses (for the vector means and for the equality 
of two vectors means). Advantages and reasons for the 
consideration and application of this method are clari-
fied in details above.

In this context, we aim to study and apply the point-
ed method of multidimensional statistics for solving the 
following tasks:

•	the individual integral levels of development of 
children;

•	for identification of cases of premature devel-
opment;

•	for identification of children with limited de-
velopment;

•	for determination the rates of development / 
children of different age-gender. For this purpose it was 
necessary to classify the children depending on their 
physical results of the relevant k-populations.

In principle, the classification is procedure of as-
signment of the particular child to one of the popula-
tions W1 /I gr./, W2 /II gr./, Wk /III gr. /, based on the 
measurement of parameters X1,...Xp. In our case we have 
three populations of children who will be classified by 
the level of their individual development, not based on 
age, as they are grouped in kindergarden.

Our task was to establish the real belonging of the 
children to populations W1, W2, W3, depending on the 
individual level of their development.

On stepwise discriminant analysis we subjected the 
individual results of 233 children, on indicators that ap-
pear shortened test battery with high informativeness as 
follows:

For classification the children, based on their motor 

skills:
•	speed   /running 40 m. from high start/;
•	explosive power of the lower limbs /long jump 

from place/;
•	explosive power of arms /throwing a heavy ball 

- 1 kg in a way “from top”/;
•	dynamic power /number of squats for 20 sec./;
•	speed-strength qualities and accuracy of the 

power and dimensional orientation /throwing a small 
solid ball -150 gr. – at a goal/;

•	aerobic endurance /running until refuse /;stre-
ngth endurance of the body /occipital-leg seat, till a 
refusal-number/.

The used stepwise discriminant analysis is a par-
ticular case of multiple-discriminant / qualifying / meth-
ods. Processing of the empirical material was made of 
EIM, as the individual results of all 233 children were 
“mixed”, regardless of calendar age and gender, and are 
sorted only by the level of development, specifying the 
belonging of every child to one of the three populations

The classification under consideration refers to 
cases of multidimensional populations with known 
parameters, as the technology of application of the 
specific analysis and its possibilities for studying 
processes and phenomena in the pedagogic practice of 
physical education will be discussed below.

In this case, the empirical material of multimodal 
research of the children we subjected to the pointed sta-
tistical analysis in order to examine variables related to 
the P-dimensional vector of the observed case X=(X1,... 
Xp) to one K-population of Wi, objects that have a multi-
dimensional normal distribution N( mi

рх1, рхр ), where 
mi= (mi1....,mip) ; i=1,…, К.

As far as X is used for the realization of the random 
vector X=(X1...,Xp)‘ for distribution of K - population, 
till now were being used all the variables X1...,Xp. 
However, for practice it is often necessary to produce 
such a subset of these variables, by which can be built 
the best distribution in the population /analogous to 
the stepwise regression, in which is defined a subset of 
independent variables representing the best image, by 
which we are able to predict the dependent variable Y in 
the best way/ and which method we apply in our study.

For this purpose, in the regression analysis can 
be used F-statistics built on the basis of the private 
correlation. In the discriminative analysis, F-statistics, 
used for selection of variables, is based on the criteria 
of the one-factor dispersive analysis. In these cases, F 
- statistics is called the F-including variables, failed to 
join in the searched subset, and F-removable (exceptive) 
variables.

Actually, the logic of stepwise analysis comes down 
to the fact that at the beginning determines the variable, 
to which the mean value in K-population is very differ-
ent. This spacing is called distance of Mahalanobis /d2/. 
For each variable, the difference is measured by the help 
of F-statistics of the one-factor dispersive analysis and 
electes /includes/ that variable, that corresponds to the 
biggest value of F. At each step the procedure considers 
the conditional distribution of each variable/not includ-
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ed in the subset/ under defined included variables. From 
the non-included variables is defined that, for which as 
we said, the means  values   are varied in the conditional 
distribution in K-population. The process ends when 
none of the other variables does not bring a significant 
contribution to the distribution of the population. As 
with the stepwise regression, we previously select the 
allowable minimum of F-inclusions, corresponding at 
the maximum to the grade d/the standard value is equal 
to 4.0/ and minimum F-exceptions/the standard value is 
equal to 3.9/, in which the minimum of the F-divisions 
has to be less than the minimum of F-inclusions. Spe-
cial contribution to the stepwise discriminant analysis 
has Mahalanobis, who back in 1936 offered a formula 
for measuring distances between two or more popula-
tions, expressed by d2=(x1-x2)

2, where d is the distance 
of Mahalanobis, x1- x2 - distances of populations from 
one another.  For this purpose are located the values   of 
the coefficients d1...,dp, and are selected such d1...,dp, at 
which x1 and x2 would be maximally away from one an-
other, as regards the dispersion z2, i.e. determined are 
such d1...,dp, that maximize the distance d2. Follows 
statistical processing of the empirical material electroni-
cally and presenting the results in tabular form. Thus, in 
the tables are reported the results of the classification of 
children by motor skills and mental development. Pre-
sented are the results obtained in calculating the indi-
vidual distance of each of the 233 tested children to each 
of the populations W1, W2, W3

RESULTS AND DISCUSSION
The results show that regarding to the motor skills 

of the 45 studied children at 3-4 years of age in the first 
group of the kindergarden, 6 children belong rather to 
the II-nd gr., than to I-st, although the calendar age matches 
I-st gr. This contingent is not small at all and represents 
13.3% of the children, characterized by a high degree of 

development of motor skills. For them, physical educa-
tion in kindergarten has no developing character.

The motor abilities, as personal feature of children, 
are a condition for an effective performance of various 
in nature physical activities. Their research is related to 
studying the nature of their development, for species and 
their diagnostics etc.

The problem of motor skills is one of the leading 
theoretical and practical issues in the development of 
children in physical education. Typical of the motor abil-
ities is their ensemble character, explained by that there 
is a an objective correlation between the different types 
of activities. Namely the different activities and diverse 
operations in the same activity are a prerequisite for the 
ensemble nature of the abilities.

However, the question is what should be the bor-
derline of the multilateral multi-modal development to 
ensure the development of skills, and they could assist? 
To this question we extensively answered by the con-
ducted extensive multifaceted, multidimensional study, 
based on which we determined not only the structure of 
child development and the influence of each factor, but 
also the composition and its place in the hierarchy of 
the components. We determined the species and strength 
of relations and interdependencies between different as-
pects of child development, cause and effect relations, 
the boundaries of the development, defined are areas of 
the current and near development of children. Revealed 
are many laws of many other phenomena, such as the 
case for early and limited development of children etc.

Interesting are the opinions of various authors about 
the role of biological factors /biological structures/ for 
the development of capabilities as congenital and hered-
itary factors, that influence on the individual features of 
organs and systems /and their interaction at different lev-
els of management/. The individual nature, the complex 
of biologically inherited and acquired characteristics are 

Table 1. Classification of children by motor skills and mental development
                   ____________________________________________________________________________________________

GROUP                         Mean                                Symbol                     Simbol
                     coordinates                            or cases                  for mean

___________________________________________________________________________________________
   I group                  2.07     0.41                                   F                             1
 II Group                  0.41   -0.55                                   S                             2
III group                 -1.01     0.17                                   T                             3  

___________________________________________________________________________________________

GROUP  І.    
___________________________________________________________________________________________

 Case       X        Y           Case    X        Y           Case    X        Y           Case     X       Y           Case       X        Y 

  1          3,22    1,66          11    2,01    1,21          21   1,92   -1,79         31     2,08   -0,56           41     0,24      0,29
  2          2,35    1,13          12    0,97    0,52          22   2,15     0,49        32     3,14   -0,14           42     1,95      0,21
  3          3,52    2,87          13    2,56   -0,01          23   2,69    1,50         33     1,54    2,08           43     2,28     -0,03
  4          1,35    0,10          14    3,39    1,41          24   2,06    -0,63        34     2,28   -2,67           44     1,99      0,67

                   5          0,93    0,61          15    1,96    0,08          25   2,26     0,00        36     1,93    0,79 
  7          2,26    0,04          17    1,27    0,46          27   0,66     1,64        37     1,94   -0,32
  8          1,88    0,11          18    1,77    0,82          28   1,88     1,80        38     2,20    0,24
  9          2,09    2,01          19    1,51   -0,84          29   2,38     0,42        39     1,95   -0,04
10          2,30   -0,35          20    1,87    1,25          30   2,15     0,71        40     1,61   -0,06
___________________________________________________________________________________________  
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one of the conditions for the development of abilities. 
It’s about morphological and functional characteris-
tics and dynamics of their changes under the influence 
of physical activity, which is a prerequisite for devel-
opment, for their modifications and transformations. 
Namely the biological factor plays an active role in the 
development of capabilities by facilitating, accelerating 
or retarding the development of motor skills. Thus, any 
general or specific motor ability (as we said) is devel-
oped on the basis of specific basic points that are under-
lie for the motor abilities.

This way classifying children from II-nd group in the 
kindergarden /children 4-5 years old/ by level of devel-
opment of their motor abilities, of 70 examined cases, 
8 children - representing 11.43 %, belong to other, but 
not to their own population, as 5 of the children /7.1%/ 
belong by capability to the higher age III-rd group (i.e. 
are early developed children). Meanwhile, three of the 
children of II-nd group show results more similar to those 
of children in I-st group, than to II-nd group. The relative 
share of this contingent of retarded children is 4.3%.

The analysis of the results for III-rd group of the kin-
dergarden /5-6 years old children/ shows that the total 
number of studied cases n=117 children, 33 children /
representing 28.2%/ lag behind in their development and 
their results talk about not belonging to their own popu-
lation W3, but to W2. This result is markedly negative, 
considering the importance of the conditioning develop-
ment for the state of health of children, in such a crucial 
for the entire development of man age period.

At the end of the discriminant analysis was per-

formed a program control of the information, and then  
the results were subjected to the analysis.

To compare the two aspects of child development 
- physical and mental, we subjected the collected em-
pirical material /related to the mental development of 
the 233 studied children/ also to a discriminant analysis, 
regardless the gender.

Operations on the statistical analysis are identical. 
The obtained results show the individual distances of 
each of the studied children to the 3 populations. It is 
evident, that the children of first group from the total 
number - 45 studied children, 4 children with list num-
bers 19, 21, 34 and 41 show a significantly higher degree 
of mental development than their coevals, which puts 
them to the upper population W2,corresponding to sec-
ond calendar group. Early developed children represent 
8.89%. The tables show the individual distances of the 
children in each group /population/. This result repre-
sents the individual and the overall picture of the child 
development in preschool age.

Surprising are the results for 4-5 years old children 
from second group of kindergarden, where from the total 
number 71 studied children, only 47 of them /66.2%/ by 
level of mental development belong to their population. 
The remaining 24 children are distributed as follows: 13 
children /representing 18.3%/ are characterized by very 
high mental development, corresponding to the children 
from III-rd gr., but also 11 children /representing 15.5%/ 
show results much weaker than their peers, who rather 
correspond to those from I-st gr. than to II-nd gr. There-
fore, there is a great diversity in development of chil-

Table 2. Values   of the distance of children considering development of motor abilities 
of W1, W2, W3 (d

2 of Mahalanobis (Group І.)

  Case             W1      W2                 W3        Case             W1                   W2                        W3

  1 3,9   0,742            8,8    0,032       14,7   0,187          24         3,5   0,887         0,0  0,094           11,1  0,020
  2 2,2   0,089          12,4    0,078      11,9    0,089         25      0,8   0,992       11,0  0,006            13,9  0,001 
  3 0,8   0,994          11,4    0,005      14,6    0,001          26      0,7   1,000       18,1  0,000            20,9  0,000
  4 2,5   1,000          24,1    0,000       8,8     0,000              27      5,3   0,366         4,9  0,451              6,7  0,182
  5 5,3   0,399            6,7    0,204        5,3     0,397          28      6,6   0,214 2,5  0,614            5,0   0,172
  6 5,9   1,000          27,9    0,000      30,4    0,000              29      5,3   0,238         3,0  0,739            10,0  0,032
  7 5,3   0,218          19,8    0,024      21,3    0,013         30      0,7   1,000       16,6  0,000           20,8  0,000
  8 0,9   0,964            7,9    0,030       11,1    0,006              31      0,8   1,000       17,7  0,000           21,6  0,000
  9 0,2   0,992          10,4    0,006      12,6    0,002         32      0,7   1,000       17,5  0,000           20,8  0,000
10 3,9   0,736            8,6    0,069        6,5    0,195              33      3,6   0,795         6,5  0,179           10,1  0,026
11 0,7   0,994          11,5    0,005         4,5    0,001              34        1,6   1,000       21,8  0,060           23,6  0,000
12 0,2   0,872          13,0    0,079      14,0    0,048          35      1,4   1,000       17,2  0,000           19,8  0,000
13 0,5   0,982            9,0    0,014       11,2    0,005         36      2,2   0,996       13,6  0,003           16,5  0,001
14 5,4   1,000          27,7    0,000       31,0    0,000         37      0,6   0,990       10,2  0,008           13,5  0,002
15 5,2   1,000          28,1    0,000       29,9    0,000         38      1,1   0,980       10,8  0,011           14,5  0,001
16 1,2   1,000          20,1    0,000       21,6    0,000         39      2,6   0,999       16,3  0,001           23,0  0,000
17 6,1   1,040          23,3    0,000      21,0    0,000          40      8,1   0,147         5,2  0,625             7,2  0,228
18 1,8   1,000          21,6    0,000       24,0    0,000          41      3,2   0,428         2,9  0,491             6,5  0,082 
18 2,9   1,000          24,7    0,000       25,0    0,000         42      3,8   0,579         4,6  0,382             9,2  0,039
20 1,5   1,000          18,6    0,000       21,3    0,000         43      6,0   1,000       39,0  0,000           39,7  0,000
21 1,1   1,000          16,8    0,000       21,4    0,000         44      0,3   0,993       10,7  0,005           13,8  0,001
22 3,5   0,887            6,3    0,680         7,5    0,297         45      0,5   0,987         8,8  0,016           12,6  0,003
23          11,8   0,043            6,1    0,660         7,9    0,297
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dren. Reassuring is the fact that 18.3% of them feature 
with a high degree of prematurity /giftedness/. These re-
sults raise the question of the appropriateness of the age 
grouping of children in kindergarden, which is evident 
from the results /for only 66.2% of children, pedagogical 
and teaching activity are relevant to the mental abilities 
of children, for the remaining 33.8% - are inadequate/.

The obtained results for children from III-rd age 
gr./population W3/, show that from the total number of 
studied cases -117, for 95 children /representing 81.2%/ 
their mental development corresponds to their own age 
population, but for 22 children, representing 18.8%, the 
mental development does not match, i.e. it`s lower than 
the requisite for the age.

However, there is no basis for comparison with up-
per age children population, therefore we determined 
only the individual distances /d2/ of Mahalanobis to III, 
II and I gr. The results show that from the children with 
lower mental development, which are 22, 19 belong to 
second group and 3 children - to I-st gr. These are highly 
lagging behind in development children, which are with 
limited opportunities. The comparative analysis between 
the physical and mental development of preschool chil-
dren shows that for children from first group there is a 
bigger disparity of motor skills 13.3% versus 8.9% for 
the mental development on the direction of early (pre-
emptive) development. In II-nd gr. trend is reversed - 
11.4% disparity of motor abilities of the calendar age 
of the children, of which 7.1% with early and 4.3% with 
lagging behind development. Related to the results for 
the mental development is observed extremely high 
share - 33.8% disparity of the typical for the age level, 
as the direction is predominantly to advanced develop-
ment - 18.3%. At 15.5% there is lagging behind develop-
ment /related to difficulties and fewer opportunities for 
studying/. For the children of III-rd gr., due to the lack of 
data from a higher age group, is possible identification 
of disparities in terms of their own populations W1, also 
in terms of W2, W3, but not in terms of the above age in-
dicators. High is the relative share of the lagging behind 
in development of mental processes children from III-rd 
gr. - 18.8%, which means that every fifth child in his 
mental development belongs more to the younger age 
group.

High is also the percent of children with lagging 
behind in their motor abilities - 18.2% /i.e. every fifth 

child/, but that motor abilities are the analytical equiva-
lent of the physical fitness of human, and it – for his 
state of health. Therefore is necessary a dramatic in-
crease of the organized and unorganized physical activ-
ity in kindergarden, as the first is product of teaching 
documentation in physical education and the second - of 
the objective and subjective conditions in kindergarden 
/presence of playgrounds, tools and supplies, a respon-
sible attitude of teacher to the physical development and 
health of children/ and other factors. In terms of physical 
fitness, as a result of the research have emerged 3 types 
of children:

•	children with average physical preparation, fit 
for a normal life and full physical education;

•	children with insufficient /low/ physical prepa-
ration, requiring special attention in physical education, 
even targeting to kinezitherapy;

•	children with high physical potential, signifi-
cantly outpacing in their biological development their 
peers.

 The three levels of physical fitness of children 
identify also three possibilities of physical education:

•	or the first type of children, the task of physical 
education is keeping good general physical condition;

•	for the second type of children - the develop-
ment is aimed at reaching the average level. The spe-
cial feature of this group is the low tolerance to physical 
impacts, which requires a differentiated approach and 
selection of adequate to their opportunities impacts /at a 
light regime of load/;

•	for the third type of children - their physical de-
velopment is intensified and the physical impacts should 
be higher. These children may be directed to the pre-
sports training, in order to fully unlock their abilities.

CONCLUSION
In conclusion, summarizing the results of the made 

discriminant analysis, we can formulate the following 
important conclusions:

1. Development of motor and mental abilities of 
preschool children correspond to the calendar age for 
88.1% of the children.

2. From the studied 233 children in 51 the develop-
ment is as towards “outrun”, but also towards “lagging 
behind”, which means that for most children the educa-
tional work in the kindergarten is inadequate.

Table 3. Rate of conformity of development of the motor abilities of children to their 
                              own and the other populations /W1, W2, W3/

   Age
groups

Grade of development

Children with development, 
corresponding to their 
calendar age (W (%)

Children with early 
development (%)

Children with limited 
development (%)

W1 
W2
W3

86,7
88,6
81,8

13,3
7,1

No basis for comparison

No basis for comparison
                   4,3

18,2

M. Glushkova et al.
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3. The high levels of discrepancy between biologi-
cal (mental and physical) development of the calendar 
age of children raises the question of changes in the or-
ganization of the activity in kindergardens, associated 
with group formation, based also on the capabilities of 
children.

4. Required is a permanent identification of the 
physical and mental capabilities of children to organize 
adequate to their abilities learning process, not only in 
physical education, but also in other subjects` activities.
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