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ANALYSIS OF MULTIDIMENSIONAL PROBABILISTIC PROCESSES 
IN PSYCHOLOGICAL EXPERIMENTS

G.Yu. Kobzarev, M.G. Kobzareva
 
Summary. In carrying out experimental psychological research you may come across  multidimensional probability 

distributions, meanwhile you may observe  significant correlation links  between  components of these distributions.  
At the same time, a hypothesis about the existence of functional dependences between the random variables under 
study can be naturally expressed.  The proposed method is illustrated by examples of determining the dependencies 
between the level of anxiety( AP) and ( AR ) and existential personal characteristics (self-distancing - SD, sub-scale 
F -  Freedom, subscale V - responsibility, self-transcendence - ST). 

It is shown that the increase in anxiety indicators is accompanied by a decrease in personal existential 
characteristics..Quantitative data are provided.

Keywords: anxiety, correlation, , existence ,  experiments, matrix, matrix analysis, statistics measurements, 
probability, psychology, regression analysis, stress, testing.

Currently, one of the main methods of research-
ing social processes and the state of society are 
methods of interviews and testing.  Test results in 
cases where several parameters are studied can be 
considered as a multifactorial or multidimensional 
random process.  In this case, significant correla-
tions can be observed between the investigated 
quantities.  An important task is the case when 
the correlation links are a signal of the presence 
in the multidimensional random process of some 
functional dependencies between the investigated 
quantities.  Regression analysis allows to reveal 
the presence of functional dependencies between 
the observed random variables.  Next, we will 
consider the range of issues related to the problem 
of so-called anxiety, which is currently given great 
importance, since it is one of the most important 
indicators of the state of society.  The tendency 
of anxiety growth and excess of a certain level 
of anxiety during mass testing may indicate not 
only social unhappiness, the possibility of mass 
actions, but also the emergence of mental illnesses, 
neuroses, etc. The term anxiety (English Anxiety) 
in accordance with [1] means condition of mental  
uniseness araising from fear or solisitude.  The phe-
nomenon of anxiety as a characteristic state of the 
psyche was first studied by Freud at the beginning 
of the twentieth century [2].  These studies were 
developed in the works of K. Horney [3].  

Recently, he was studied in detail by the English 
psychologist Cameron [4].  All of them noted the 
effects of anxiety on the behavior and mental func-
tions of the individual.  It should also be noted that 
the extreme form of anxiety or stress was studied 
in detail in G. Selye's works [5].

      The current stage in the development of psy-
chology as a science is associated with the creation 
and development of existential psychology [6, 8, 
9], which has formed a new approach in studying 
the psychological characteristics of the individual 
and the interaction of the individual with the sur-
rounding world.  As the results of [7] show, anxiety 
has a significant effect on these characteristics.

1. Basic representations of existential 
psychology
One of the creators of existential psychology is 

V. Frankl [8].  The desire to search for and realize 
the meaning of his life by the person V. Frankl 
considers as an innate motivational tendency in-
herent in all people and is the main driver of the 
behavior and development of the individual.  The 
absence of meaning gives rise to a state in man that 
Franklin calls an existential vacuum.  The meaning 
is accessible to any person, regardless of gender, 
age, intelligence, religious beliefs, etc.

     Let us dwell on the definition of terms [6].  
Existentialism means focusing on the conditions 
of existence of the individual;  This emphasis on 
human being in the form in which it manifests be-
comes.  The word "existence" (English existence) 
came from the root of ex-sistere, meaning literally 
"stand out, appear".  Traditionally, in Western 
culture, "existence" is opposed to "entities", the 
latter emphasizes principles, truth, logical laws, 
etc., which are supposed to be located above any 
given existence.  Trying to divide reality into 
separate parts and formulate abstract laws of each 
of these parts, Western science became more and 
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Suplement № 1  The analysis of multidimensional  
probabilistic processes in psychological experiments

№№ 

testing 

AR 

 Points 

AP 

Points 

Anx.on 

Eysenk 
SD ST F V 

1 31 40 6 32 85 59 66 

2 33 43 8 32 69 45 47 

3 35 55 4 38 78 63 62 

4 36 40 3 27 78 44 60 

5 37 44 12 37 78 51 53 

6 37 40 4 36 78 55 63 

7 37 39 8 29 70 40 51 

8 38 52 6 29 69 45 43 

9 39 44 11 25 66 37 50 

10 40 55 11 33 66 41 43 

11 40 49 9 32 57 47 57 

12 42 47 5 16 58 31 52 

13 42 47 4 31 78 49 52 

14 42 53 7 29 56 41 53 

15 47 51 9 34 61 47 53 

16 49 46 8 22 57 44 53 

17 50 51 14 26 68 42 54 

18 51 49 14 35 72 45 46 

19 52 61 16 22 58 28 31 

20 55 59 14 20 47 29 36 

21 56 52 13 28 57 36 51 

22 58 59 18 35 58 41 40 

23 58 58 14 24 68 54 49 

24 59 55 12 24 56 35 44 

25 60 56 16 19 62 34 22 
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more "essential" in nature;  Mathematics is the 
basic, pure form of this essential approach.  In 
psychology, attempts to examine human being in 
terms of forces, drives, conditioned reflexes, and 
so on.  Illustrate the essential approach.  Existential 
psychology, in contrast to the preceding psycho-
logical theories, places particular emphasis on the 
relations and information interaction of a person 
with the surrounding reality and introduces certain 
quantitative indicators of this interaction.  Analysis 
of the fundamental motivations of human existence 
[9], as they are called in contemporary existential 
analysis, puts the individual before questions about 
the relation to the four fundamental structures: 

1) the surrounding world, 
2) life; 
3) himself as Person; and 
4) the broad horizon of the future and  Mean-

ing. 
In the process of development of the methodol-

ogy, theory and practice of existential psychology, 
it was established that these general conditions are 
based on the following indicators:

The degree of acceptance of reality, in the 
treatment of relations and values in the world, in 
respect of individuality (both one's own and oth-
ers), in accordance with the meaning and purpose 
of being - with what is now and what should be 

Psychology determin personal anxiety ( AP ) 
and reactiue anxiety ( AR )

2. Testing for determining the level  
of anxiety and existential indicators  
of an individual.
For the purposes of experimental psychological 

research, tests have been developed that make it 
possible to quantify the observed phenomena: the 
questionnaire "Scale of Existence A. Langle" [9], 
the scale of assessing the level of reactive and 
personal anxiety [10], self-assessment of mental 
states (according to Eysenck) [12] Test results 
are represented as arrays of multidimensional 
statistical data.  It should be specially noted that 
the probabilistic distributions obtained in most 
cases are non-Gaussian.  The results of testing are 
given in Table 1, see Supplement 1. The values 
of the Pearson correlation coefficients are given 
in Table 2.

 Table 2. Pearson correlation coefficients 
AR- SD -0,63 AP- SD -0,66 

AR - ST -0,65 AP - ST -0,57 

AR - F -0,59 AP - F -0,55 

AR- V -0,54 AP- V -0,51 

 

3. Mathematical methods of 
non-linear regression analysis and 
determination of the optimal averaging 
interval in the interval mean method. 
Regression analysis (RA), in contrast to the 

correlation and factor analysis, makes it possible 
to implement effective methods for processing and 
analyzing statistical data [13] and to reveal func-
tional dependencies between variables.  However, 
in cases where there are no reliable mathematical 
models for generating statistical data, and the data 
array itself is limited, for example, by a single im-
plementation (empirical ensemble), the regression 
function does not always adequately describe the 
actual dependence.  For classical RA, knowledge 
of the probability law of the distribution of ran-
dom variables or moments of this distribution is 
not required, since the analysis is based on the 
method of least squares /OLS/. With regard to the 
evaluation of the reliability of the results of PA, the 
construction of confidence intervals, the conditions 
for the non-biased estimates,  They usually can 
not be obtained without knowledge of the char-
acteristics of statistical data.  It is because of this 
that the RA empirical data is usually considered as 
some method of "fitting" the regression function to 
a given interval of the function change [13]. The 
consequence of this is that the regression function 
may not give a true extrapolation of the process 
outside this interval.

A new criterion for checking the adequacy of 
regression models was proposed in [14], also based 
on the method of least squares, which allows to 
advance in solving this problem without using the 
characteristics of statistical data.  We will consider 
time series, in view of the fact that statistics are 
often presented in the form of time series or reduc-
ible to it, the proposed criterion is also suitable for 
many other cases of RA. 
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Notations 
Capital Latin letters denote matrices. ·  

Lowercase latin letters denote column vectors.  · 
The operation of transposition of the matrix or col-
umn vector is denoted by the top dash, for example, 
A1 · The norm of the column vector is denoted by  
| A |  = a1 a = S ai

2 · The time function is denoted 
by the lower symbol t ---- ft · The inverse matrix 
is denoted by T-1.

                                                         
Basic relations 

Let the time function ft be given on the interval 
(α β) and be characterized by a set of its values   
f 1 f 2 ......... .fn or a column vector f and is the sum 
of a polynomial series of degree n and a random 
function ε (t), 

f t  = a0 + a 1t1 +  a2 t12 +an
2 + ε(ti) ,   (1)    

That is, each of its values can be written in the 
form where a I ( i = 1, 2 ... .. n ) are constant values, 
ε (t)  а random function with arbitrary probability 
characteristics that describes measurement errors 
or additive noises.  The only restriction imposed on 
it is a limited variance, which, as applied to noise 
processes, simply means a power limitation.  Under 
such conditions, the time series f t is also a random 
function, RA in its classical formulation should 
give an estimate of the coefficients  a I in   (1)

For ti ranging from 0 to m (1) is a system of 
linear equations, and we assume that n <m that is, 
the number of equations is greater than or equal 
to the number of parameters to be determined.  In 
the matrix form (1), we write as

f = T • a + ε, (2) 

where f, a, ε are column vectors.  And T is a matrix 
of size (n + 1) • m

  
Equation (2) can also be written in the form 

ε = f - T · a (3) 

In accordance with the least squares, it is neces-
sary to minimize the norm of the column vector ε.  
As a function of a, that is, to determine the column 
vector corresponding to its minimum value.  The 
expression for the norm follows from (3):

| ε |2 = (f - T • a) 1 • (f - T • a) =| f - T • a |2  (4)
Calculating the derivative (4) with respect to 

a, equating it to zero and satisfying  Simple trans-
formations, we obtain the final expression for the 
coefficients of the polynomial regression function 
(1) from the values of the readings of the random 
function f. 

a = ( T1 • T )-1 •   T1 •   f (5 )       

The relatively simple form (5) does not mean 
a simple realization of the computational proce-
dures embedded in it, since they are related to the 
calculation of inverse higher order matrices [15].  
Next, we consider the criterion that we called the 
"adequacy criterion", which allows us to choose 
the degree of the polynomial (1), which "best" 
describes the data of the array.  This criterion is 
formulated as follows.  We form a "truncated" array 
of input data or a truncated reference vector having 
k components.  It can be obtained in many cases by 
simply dropping some number r of the last terms, 
then k = m-r.  Moreover, in (2) the index r is sim-
ply replaced by the index k, which is introduced, 
respectively, in other notation.  The solution (5) for 
the truncated data array has the form

Ak = (T1
k • Tk) -1 • Tr

1 • fk (6)

In accordance with (6), regression polynomials 
/ vector columns ak /  are calculated for a number 
of values of n .. with n = 1 there corresponds a 
linear regression function, n = 2 quadratic, etc. 
Obviously, each pair of values n and  K corresponds 
to its own estimate of the column vector a, and 
then extrapolate the resulting regression functions 
to the range of values k + r ... and compare the 
behavior of the regression functions calculated for 
the full and truncated data sets. For this purpose 
we introduce for each n a new function equal to 
the difference between fm ...  .. and fk ... and nor-
malized with respect to  (5) is a vector column of 
values composed of the normalized deviations of 
the regression functions of a given degree n for the 
total and truncated values of fm., Which is called 
the linear error function. (5)

Δ f n = (f m - f k) | f m (7) 

The criterion of adequacy by which the degree 
of the regression function can be chosen is the 
value of the norm of the function 

| δ fn | = (δ fn) 1 (δ fn) (8) 
The polynomial characterized by the smallest 

value |  Δ f n |, gives the best estimate of the regres-
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sion function and is the "least deviating polyno-
mial" [9], chosen by the criterion of least squares.  
Note that as a "linear" criterion, the maximum 
value of the module of the linear error function 

Max |  Δ f n | (9)

In most cases, the results obtained on the basis 
of (8) and (9) coincide.

Examples of application of the adequacy 
criterion 

To illustrate the results obtained above, let us 
consider the calculation of regression functions 
from the data array given in Table 3.These data 
represent the sum of the values of an unknown 
deterministic function and a random Gaussian pro-
cess with unit variance.  The results obtained in the 
section made it possible to determine the optimal 
value of the interval in the interval mean method, 
which depends, in particular, on the variance of the 
initial data. Regression functions were calculated 
using OLS using formulas (5) and (6) using stand-
ard Window XP programs for calculating trends.  
Since in this case a random function is described 
by a Gaussian distribution, to determine the degree 
of a polynomial, one can use the Foresight criterion 
[16], which gives a significant value of the degree 
of the polynomial equal to 3. We note that the 
data allow us to determine the optimal averaging 
interval for the interval mean method.

4. Functional dependencies of the 
existential characteristics of the 
individual,  obtained by the method of 
interval average
Table 4 shows the results of processing data of 

table 1 using the method of interval average                                                                                                            
 * * *

The above data suggest that with high anxiety 
all existential characteristics: self-distancing, 
self-transcendence, freedom and responsibility 
are reduced.  This can be explained by the fact 
that with high anxiety a person can not be open 
to the world, open to life, free in his choice, to 
bring himself into life.  Real life passes by, but a 
person can not even see it, do not realize, he can 
not look at himself from outside and understand 
what he is, he remains a stranger to himself.  Man 
is in an existential vacuum, he does not understand 
the meaning of his existence.  High (personal and 
situational) anxiety has a disorganizing effect on 
the person as a whole.  The person is on the verge 
of a neurotic conflict, and the neurotic is not able 
to adequately perceive his actions, his access to his 
ego is compromised. He is not able to take respon-
sibility for his life and live it fulfilled, because of 
this he has an elevated,  And stiffness, which we 
also revealed in the result of this study 

 

 

ti 1 2 4 6 8 10 12 14 16 18 

fi - 2.34 5,50 5.96 4,50 6,45 7.39 6.67 5.72 7.95 
ti 20 22 24 26 28 30 32 34 36 38 
fi 5.93 7.35 6.11 6.67 9.67 7.35 9.99 10.31 12.03 13.5 

 

 Table 3

Table 4. Interval Estimates 

№ Interval AR AP SD ST F V 

1 35,5 44 32,5 75,6 50,25 55,6 

2 42,6 49 28 62,4 42,1 51,6 

3 55,8 55,5 25,9 50,7 38,22 41,4 
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