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Itis shown that the problem of the adequacy of psychological testing methods, which
are varieties of "projective techniques”, is far from being universally recognized. To
solve this problem, we used an empirical method based on collecting of statistics
of respondents’ answers, as well as a method of analyzing this statistics by means
of representing permutations through functions taking values in Galois fields. Based
on experimental data, it is shown that the distribution of respondents’ answers
to a test in which they are asked to rank pictures in accordance with their own
preferences is not homogeneous. Experimental data show that there are answer
options that are statistically most common. An interpretation of testing is proposed
in which passing the test is considered as “connecting” an external additional layer
to the neural network formed by the respondent’s brain. In accordance with this
interpretation, the most frequently occurring answer options can be considered
as the basis for the formation of classification characteristics. It is shown that
during using tests of this type it is advisable to take into account the code distances
between the answer of a particular respondent and the codes corresponding to the
most frequently occurring sequences. The possibilities of generating psychological
tests directly based on experimental data and images generated by neural networks
are discussed.

KEYWORDS

psychological testing, symmetric groups, Jungian philosophy, Galois fields,
archetypes, projective technique

1 Introduction

Currently, the issue of diagnosing the psychological state of various social groups is
becoming increasingly urgent (1-3), which is associated, among other things, with the need
to determine the reaction of society to various stimuli of both a subjective and objective nature
(4, 5). Moreover, the issue of creating valid tools for diagnosing psychophysiological state that
could be used on a massive scale is becoming more and more important, and Big Data is
actively used here (6, 7). One of the possible options here is associated with the use of
aromatherapy methods (8, 9), which are becoming increasingly popular, including due to the
growing interest in ancient Eastern practices such as Feng Shui (10, 11). One of the options
for using aromatherapy for this purpose was considered in our reports (12, 13).
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Carrying out mass psychological and psychophysiological
diagnostics of society is obviously significantly simplified through
the use of modern digital technologies (14, 15). Psychological testing
can be carried out online, and its results are processed automatically
(16, 17), and a wide variety of source material can be used here
(18, 19).

These facts are well known, but they can be looked at from a
slightly different point of view.

Namely, the creation of a psychological test was and is an act of
creativity of a professional psychologist. As a rule, it is based on some
concept, put forward from a hypothesis. Next, the test itself is created,
the use of which in practice is ensured by an appropriate verification
procedure, which makes it possible to verify, among other things,
reliability and representativeness of the test.

The current level of use of digital resources allows, however, to
pose the question differently.

There is a set of certain data that can potentially carry information
about the psychological state of users. There is no need to prove that
all information (photos, texts, etc.) posted by users of online social
networks in the public domain contains information about the
identity of the author, which, with the proper approach, can
be decrypted and used, including for diagnostics of society.

This approach is actually used in practice for various purposes
(20, 21).

This paper proves that digital technologies make it possible to
significantly transform the methodology for constructing
psychological tests, and for this purpose a variety of objects that carry
information reflecting the personality of the respondent (in particular,
images) can be used.

Specifically, we demonstrate that it is possible to implement a
testing methodology even when the rules for interpreting the results
obtained are not known in advance. We argue that they can
be obtained directly as a result of processing the correspondent set of
experimental data.

2 Methods
2.1 Experimental procedure

A set of images (visual stimuli) presented in Table 1 is used in this
report. The images were obtained using a tool (23) (neural network),
which is publicly available. The table also shows Jung’s archetypes that
correspond to these visual stimuli.

Respondents were asked to rank these images according to their
individual preferences. This approach corresponds to the methodology
for constructing many classical psychological tests, in particular, the
Luscher test (24), the Szondi test (25), as well as the psychogeometric
test by Susan Dellinger (26).

Specifically, respondents were given the following instructions:
arrange the pictures in the following sequence:

Picture 1 is the most attractive for you.

Picture 2 is the most unattractive for you.

Picture 3 is less attractive to you.

Picture 4 is less unattractive for you.

The respondents were 106 students studying in the following areas
of training: “Psychology,” “Psychology of professional activity” (60%)
and “Nuclear power plants: design, operation and engineering” (40%).
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Of these, 71 respondents are girls (67%), 35 respondents are boys
(33%). The set is representative.

Further, the results obtained were subjected to statistical
processing using the theory of group representations based on abstract
algebra methods.

2.2 Methodology for statistical processing
of experimental data

This technique is based on the representation of symmetric groups
through functions that take values in Galois fields.

The choice of this particular methodology is conditioned by the
following considerations. We proceed from the assumption that the
classification of answers to any tests should provide for the possibility
of small deviations from the sequence that can be regarded as
“reference;” i.e., knowingly belonging to a certain classification
feature. Such deviations can be most easily observed when considering
a test, the answers to which correspond to the binary logic (yes or no).
In this case, a set of answers to a test can be put in correspondence to
a sequence of binary symbols. For such sequences, a coding distance
(Hemming distance) is defined: the coding distance between two
sequences is equal to the number of mismatched binary symbols.

Sequences of this kind can also be used as images recognized by
neural networks of the most common types. Neural networks, as it is
known, interpret sequences, the coded distance between which is less
than a given one, as identical. This principle of pattern recognition
corresponds to the approach used: close (in the sense of coding
distance) sequences are interpreted as corresponding to the same
result. It is convenient to characterize quantitatively the number of
images that are interpreted as reference images (more precisely,
corresponding to a certain classification feature) using the analogy
between neural networks and error-correcting codes.

One of the best known codes of this type is the Hemming code (7,4).
It contains 7 binary symbols, 3 of which are additional (allowing to
correct an error). Correction of one error means that the set containing
27=128 sequences is projected to the set containing 2*=16 variants.

It can be seen that the consideration of close (in the sense of
coding distance) variants really allows us to identify sequences that
meet the classification features, without using any hypotheses.

However, the notion of coding distance, which is quite natural for
the case of sequences of binary symbols, requires a significant
clarification when we move to the use of permutation tests. In this
case, two test results should be interpreted as close when they differ
by a given number of transpositions (permutations of set elements).

In order to quantitatively identify the test results that meet the
above proximity criterion, it is reasonable to use Galois fields, which
can be used to represent symmetric groups—groups of permutations
of a set containing a finite number of elements.

The next methods of representing elements of symmetric groups
are most common: representation through cycles, as well as
representation through matrices (27, 28). In particular, the symmetric
group Sy, which corresponds to the permutations of the images
presented in Figure 1, also corresponds to the symmetry group of the
tetrahedron, which is represented by 3 by 3 matrices (28). This
circumstance is a reflection of the general provisions of the theory of
algebras. In particular, it is known that the group Sy can be represented
using a system of four vectors whose sum is equal to zero.
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TABLE 1 Visual stimuli corresponding to different types of activities (experimental example of a test that meets “projective techniques,” built using
images generated by a neural network «GitHub Copilot» 22).

Type of activity Archetype according to Jung Visual stimu
1. ‘World-creating activity - maturity (transfer of The Self
experience, culture, creation of a favorable The Creator
environment, including social). The Seeker
Thoughtful
2. Cognitive activity The Thinker
The Seeker
Sage
3. Communication activities The Jester
The Seeker
The Thinker
The Ruler
4. Creative activity (spiritualizing and creative) The Seeker
activity The Mage
The Creator

However, for the purposes of this work the most convenient
method is representation of symmetric groups through functions
whose arguments and values are elements of Galois fields.

Indeed, let us consider the next form of permutation

1 2...N
[ ) w
n np ... NN

Where N = p —1, p is a prime number.
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For such a case, each integer can be assigned to some non-zero
element of the Galois field GF ( p).

0" o or=2

o o"

(2)
9"

The mutual correspondence between Equations 1, 2 is as follows.
Each number m standing in a certain place of the first or second line
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FIGURE 1
Distribution of test results by sequence numbers.

in Equation 1 is assigned an element " standing in the same place
in table (Equation 2). Due to this, instead of tracking the displacements
of numbers 1,..., N, we can track the displacements of the degrees of
the primitive element &. The advantages of this approach are that
together permutations of the classical type (Equation 1) can
be considered as a function of one variable whose arguments and
values lie in the Galois field under consideration. This function of one
variable is exhaustively defined by table (Equation 2). Thus, the
description of permutations is reduced to the analysis of functions
taking values in Galois fields.

We emphasize that the degrees of the primitive element 6 exhaust
all non-zero elements of the field GF ( p), since the next expression is
valid for such a field

X =xP =1 (3)

where x is an arbitrary non-zero element of the field GF ( p).
The function of one variable specified by table (Equation 2) can
be represented in explicit form using the results of Equations 29 and 30.

Following these works (Equation 3), we define a logical 5-function as

1

6(x,x,-)=1—(x—xi)p_ (4)
By virtue of Equation 4, for this function we have
0,x # x;
O(xx;)= 5
( 7xl) {I,XZXI‘ (5)

Using logical 8-functions (Equation 5), a function of one variable
specified by table (Equation 2), can be represented as an explicit
algebraic expression.

=" F(m)s(x0") ©

Where x,, = 6", and the values F ( x,, ) are specified by the truth
table (Equation 2).

Formula Equation 7 allows us to represent permutations that are
elements of the symmetric group S, | by polynomial functions of a
variable x taking values in the field GF ( p).

Indeed, for the field GF’ ( p)
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(yix)p=ypixp (7)

This formula follows from the fact that all intermediate binomial
coefficients in the formula (y + x)p during calculations in the field
GF (p) are equal to zero, since they contain the multiplier p, and in
this field px = O(p) for any x.

Besides,

yp—xp:(y—x)(yp_l+yp_2x+...+yxp_2+xp_1) (8)
From Equations 7, 8 it follows that (30).
(y—x)p_lzy"H+yp*2x+.‘.+yxp72+xp*1 9)

Substituting Equation 9 into Equation 4 and further into
Equation 6, we obtain

m=p-2 m=p-2
F(x)=(1=x"7) 3 Flam)= X x"On (10)
m=0 m=0
Where
m=p=2 L \Pl-m
On=Y F(xk)(e ) 11)
m=0

Thus, permutations of the type under consideration can be
represented by polynomials over Galois fields, concrete examples of
which are given by relations (Equations 10 and 11).

Next, in the Galois field GF ( p) one can construct the following
orthogonal sequences (31, 32).

Wi =(1,9’”,92’”,63’”,...,9("’2)’”) (12)

Where m = 0,1,...,(p - 2)
Respectively, the j-th element of the m-th sequence is expressed
by the formula

Wi = gim (13)

Sequences (Equation 12) are orthogonal in the following sense

(14)

2

=T =Lkt +ky =0(mod(p—1))
(), (/) _ JP i P
g‘) hCC { 0,k1 + k2 # 0(mod(p —1))

Property (Equation 14) can be proven using expression
(Equation 13) as follows. Let us consider the sum of the products of
elements of two sequences wy, and wy, at each other.

Jj=p-2 Jj=p-2

Wl({/‘)wl({{')= 3 ohig
- j=0

(15)

<
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If the condition is met
ky + ko $O(mod(p—1)), (16)

then

i=p-2 , . . j=p-2 0 (D) (k+ky)
EE e I
s ! _

~
~

This Expression (Equation 17) uses the formula for geometric
progression. If condition (Equation 16) is not satisfied, then
Equation 15 sums up p — 1 units, which proves Equation 14.

From Equation 15 it follows that the coeflicients Oy, represents the
components of the Fourier-Galois spectrum of functions F(x,, )
(31, 32).

On = F[F () ]() (18)
where 7 is the number of the sequence from the set (Equation 12)
conjugated to the sequence with number m, and the conjugation is
understood in the sense of Equation 14, i.e,m+m = O(mod(p - 1))
It is important that the specific type of functions F(xy),
corresponding to the permutations, leads to equality

m=p-2
> F(xm)=0 (19)
m=0

(The sum of all non-zero elements of the Galois field is equal
to zero.)

Thus, the elements of any group S, | can be represented by
polynomials over the Galois field GF(p). The advantage of this
representation over the matrix one is its compact form, and the advantage
over the representation of permutations through cycles is its ease of use.

The representation of the group S4 which is used in this work for
statistical processing of the results of testing is formed according to
the method described above, in particular, using formulas
(Equations 18 and 19).

3 Results
3.1 Experimental results

Figure 1 shows a histogram reflecting the results of the experiment.
Specifically, it shows the probability P() of the respondent’s answer
with number 7. The value P(n)is obtained as the ratio of the frequency
of occurrence of an answer with a number 7 to the total number of
answers. Each of the respondents arranged the pictures presented in
Figure 1 in a sequence that corresponded to his own preferences. This
choice can be put in correspondence with a certain permutation, i.e., a
certain element of the symmetric group Sy4. The elements of this group
are numbered in accordance with methodology discussed in Section 3.2.

Figure 2 shows a histogram of the distribution of test results
taking into account the gender factor. The probabilities A » (), where
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index 1 corresponds to men and index 2 to women, were defined as
the ratio of the frequency of occurrence of an answer with a number
n to the total number of answers provided by male and female
respondents, respectively.

It can be seen that the distribution of answers by number differs
significantly from homogeneous. There are pronounced peak values.
The interpretation of this result below is given on the basis of Jung’s
theory of archetypes.

Figure 3 shows a distribution similar to that shown in Figure 1,
but with taking into account an error factor.

Namely, by analogy with the Hamming distance, widely used in
noise-correcting coding (33, 34), it is also possible to introduce a
“distance” between the answer on the test used in this work.

Indeed, any of the choices made by the respondent can
be represented as a permutation (1) or, since the top line is fixed, in
the form of a sequence (nl,nz,ng,n4) of numbers from 1 to 4, where
none of the numbers #; is repeated.

The distance between two such sequences can be defined as the
number of transpositions (two numbers »; and 7; change places)
required for passing of one sequence into another.

Figure 3 shows the distribution obtained as follows. Each
respondent’s answer was associated not only with the sequence that
corresponded to his answer, but also with sequences spaced from it by
a unit code distance (one transposition).

Figure 4 shows a distribution similar to that shown in Figure 3,
but taken into account the gender factor.

It can be seen that the maximum values in Figures 1, 3 correspond
to the same numbers; such similarity can be seen for Figures 2, 4 too.

Note that the problem of numbering of elements of a group Sy is
nontrivial. Let us consider how it can be solved using functions of one
variable that take values in Galois field. Looking ahead somewhat,
we also note that this approach not only allows for the numbering of
substitutions, but also creates the prerequisites for further
improvement of the methodology proposed in this work.

3.2 Numbering of elements of group S,
using the representation through functions
in Galois field GF(5)

Let us consider, using the methodology presented in Section 2.2,
a specific type of polynomials corresponding to the elements of the
group Ss. In accordance with this methodology, this group

0,2
P(n)
0,16 1
J/
0,12
2
/
0,08 X
o LGl s Bl 11
0123456 7 8 91011121314151617181920212223
n
FIGURE 2
Distribution of test results by sequence numbers, taking into account
gender; 1—boys, 2—girls.
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0,07
Pn
()0,06

0,05

0,04
0,03
0,02
0,01 ‘
0
6 8

0o 2 4 10 12 14 16 18 20 22
n

FIGURE 3
Distribution of test results by sequence numbers, taking into account
the single error factor.

0,08
PO o 07 4
0,06 L/ 4
0,05 ¥
0,04
0,03
0,02
s [
0
0 2 4 6 8 10 12 14 16 18 20 22
n
FIGURE 4

Distribution of test results by sequence numbers, taking into account
the single error factor and gender factor; 1—boys, 2—girls.

corresponds to the field GF (5). Elements of this field can be selected
as follows: GF(S) =-2,-1,0,1,2.

A primitive element can be selected as follows: @ = 2. Then the
original sequence, which includes powers of the primitive element,
takes the form

(¢°.0',6%.6°)=(1.2.-1,-2) (20)

Note that a similar correspondence can be established for other fields,
eg., GF(I 1) =-5,...,—1,0,1,...,5. However, the use of such fields leads
to very cumbersome computations. In addition, in order to achieve the
goals outlined in the introduction (mass coverage of the population by
testing), it makes sense to concentrate on using tests that use a relatively
small number of pictures (the simplicity of the test provides an
opportunity for its wider dissemination). Accordingly; it makes sense to
make the test as simple as possible for the user. From this point of view,
the choice of the GF(5) field seems justified, including because the degrees
of a primitive element are represented in a very simple form (Equation 20).

Orthogonal sequences (Equation 12) for the case under
consideration take the form

wo =(LLLL,) (1)

w =(1,2,-1,-2,) (22)
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w2 =(1>_1’1>_1’) (23)

wy=(1,-2,-12) (24)

In accordance with Equation 14, the conjugate sequence of wy is a
sequence w3 (and vice versa). Sequences wy and w» are self-adjoint.

Applying formulas for orthogonal sequences (Equations 21-24),
we find that permutations from the group under consideration can
be represented by polynomials of the following form over
the field GF (5)

F(x) =ax+ a2x2 + a3x3 (25)

Where

~a=F(x0)=2F (x) = F (x2) +2F (x3)=(Fw3)  (26)
—ay=F(x0)=F(x1)+F(x2)=F(x3)=(Fw2)  (27)

—a3=F(x0)+2F (1)~ F(x2)=2F (x3)=(Fm)  (28)

The spectral component aq is equal to zero due to Equation 19.

Let us show that the values of the coefficients ¢;, expressions for
which are given by formulas (Equations 26-28), satisfied to quite
certain restrictions.

Let us consider the case of two sequential permutations, each of
which is represented by a polynomial (Equation 25). One should
substitute polynomial (Equation 25) corresponding to first
permutation into the similar polynomial

P (x) =bhx+ b2x2 + ng3 (29)

corresponding to the second permutation in order to obtain a
polynomial corresponding to the resulting one.
Substituting (Equation 25) into (Equation 29), we have

2
P (F(x)) =h (a1x+ a2x2 + a3x3)+ bz(alx + a2x2 + a3x3)

3 (30)
+b3 (alx + a2x2 + a3x3 )

The multiplier by side of this formula) can

be represented as

(right

2
(alx + agxz + a3x3) = a% +2a1a3 + 2arazx
(31)

2

+ (a3 + a12 )x2 + 2a1a2x3

where it is taken into account that for the case under
consideration x? 7' =1.
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TABLE 2 On the classification of representations of elements of group S, by polynomials over the field GF(5).

-2 -1 2 1 0 0 2 0 0
-2 1 -1 2 1 -1 2 2 1
-2 1 2 -1 2 0 0 0 0
-2 2 -1 1 2 -1 1 2 1
-2 2 1 -1 1 -2 -2 -2 -1
-1 -2 1 2 1 0 0 0 0
-1 -2 2 1 -2 2 1 -2 -1
-1 1 -2 2 -2 -1 -1 2 1
-1 1 2 -2 1 2 -2 -2 -1
-1 2 -2 1 -1 -1 -2 2 1
-1 2 1 -2 0 0 1 0 0
1 -2 -1 2 0 0 -1 0 0
1 -2 2 -1 1 1 2 2 1
1 -1 -2 2 -1 -2 2 -2 -1
1 -1 2 -2 2 1 1 2 1
1 2 -2 -1 2 -2 -1 -2 -1
1 2 -1 -2 -1 0 0 0 0
2 -2 -1 1 -1 2 2 -2 -1
2 -2 1 -1 -2 1 -1 2 1
2 -1 -2 1 =2 0 0 0 0
2 -1 1 -2 -1 1 -2 2 1
2 1 =2 -1 0 0 =2 0 0
2 1 -1 =2 2 2 -1 -2 -1

Further, since the polynomial (Equation 30) must be reduced to the
form (Equation 25) for any values of b;, the next condition must be satisfied

a% +2a1a3 =0 (32)

Table 2 shows all possible 24 combinations of values F(x; ) that
correspond to 4! possible substitutions. The values g; of, as well as the
values of ¢ja3 and a%, are also presented in the table. One can see that
these quantities are either both equal to zero or have the same sign. In
the latter case, ajaz =+2 and a% = 1. Taking into account relation
2% = —l(modS) , one can see that Equation 32 is satisfied for all
possible combinations.

Moreover, the combinations of values a; presented in Table 2
exhaust the entire set of situations when Equation 32 is satisfied.
Indeed, a% =1 for anyone ay # 0 in the field GF (5) Therefore, in
this case should be aja3 = +2, as Table 2 shows.

Therefore, combinations of values a; are classified as follows.

First subset: aja3 = 0, ap = 0 and there are 8 options in this case.
Four of them correspond to the case a; = 0, and in this case a3 takes
four possible values, and another four correspond to the reverse
situation a3 = 0 (a3 takes four possible values).
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Second subset: In this case @jaz = 2, and azcan take four arbitrary
values that uniquely determine the values @;. Each of these options
corresponds to two solutions to the equation a% —1=0, i.e, there are
also 8 options here.

The third subset also corresponds to 8 options given by the
relation @jaz = —2 and two solutions to the equation a% —-1=0.

Thus, Equation 32 really exhausts all possible combinations of g;
and gives rise to their classification from the point of view of
representing the elements of the group under consideration over the
field GF (5).

Next, let us consider the expression

3
(alx + a2x2 + a3x3) = (2a2a3x + (a12 + a?)x2 + 2a1a2x3)
) 3 (33)
(alx +axx” +azx ),

This expression was obtained taking into account Equations 31, 32.
One can see that the coefficient of the zero degree in this expression
is given by the following formula.x

2 )a2 +2a2a32 + 2a1202 = 3((112 + a32

co= (al + a32 )az =0 (34
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Direct verification can verify that this coefficient is also zero. It can
be seen that formulas (Equations 33 and 34) show that additional
constraints are indeed imposed on the coefficients g;.

Consequently, substitutions of the form (Equation 30) leave
unchanged the form of representation (Equation 25), in which the
coefficient at the zero degree of variable x is equal to zero.

The advantage of the classification under consideration is that
each element of the group can be characterized by a code combination
of the following form

(ursuzu3,us) (35)

Whereu; =-1,0,1;up =0,1;u3 =0,1;u4 = 0,1,
Variables are assigned values u; according to the
following algorithm.

Equality ay =0 is checking. If ap =0, then the variable u is
assigned the value 0. For this case, the equality @; = 0 is checked on
next step.

If a; =0, then the variable u, is assigned the value 0, and the
variables u3 and u4 are assigned values corresponding to the values of
the number a3 in binary representation and subjected to the

following transformation.

(150251,-152,-2-3) (36)

If a; # 0, then the variable u; is assigned the value 1, and the
variables 3 and u4 are assigned values corresponding to the value of
ar and also subjected to transformation (Equation 36). Those, in both
of these cases, the values of the variables u3 and u4 correspond to one
of the numbers from 0 to 3 in binary representation.

If ay # 0, the sign of the product ajas is checked. If ¢jaz > 0, then
the variable uy is assigned the value 1. If aja3 < 0, then the variable u
is assigned the value 2.

Next, the sign azis checked. If ap >0, then the variable uj is
assigned the value 1. If @y <0, then the variable u; is assigned the
value 0.

Variables u3 and uy4 are assigned values corresponding to the
values a3 in binary encoding and subjected to transformation
(Equation 36).

This allows you to calculate answer numbers using simple
software tools.

Note that a similar code sequence arises, for example, in the following
representation of the elements O} of the group under consideration

Oy =(12)" (123)" ((12),(34))" ((13).(24))"

(37)

Where n; =0,1;n =0,1,2;n3 =0,1;n4 =1,0

Representation Equation 37 corresponds to the compositional
series possessed by the group Sy; this series includes the alternating
group A4 and the quaternary Klein group V4 (Equation 35); it also
corresponds to the number of values that the variables #; in formula
(Equation 36) can take.

The transition to the decimal number system from entry
(Equation 1) is carried out according to the formula

n=8uy +4uy +2u3 +uy (38)
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The numbers given by Equation 38 were used to construct
Figures 1-3.

4 Discussion

The most important empirical result of the study is the very fact
of a sharply heterogeneous distribution of respondents’ answers
by number.

This means that there are certain types of structure of personal
preferences, and, consequently, some psychological types that can
be interpreted as dominant (at least as the most frequently occurring).

Specifically, from Figure 1 it follows that the most common
answer is number 9 (combination 4,132). The archetypes closest to
these respondents are the Seeker, the Creator, the Jester and the
Thinker (the sequence is important).

We can conclude that in the personality structure of such
respondents, a creative orientation prevails, the motive of self-
actualization, the motive of creating something new, original,
non-standard through self-development, personal growth, self-
search, personal and professional self-determination dominates.

Personal maturity, as well as communicative and cognitive
activities for such respondents are obviously in the second place.
There is every reason to assert that such people still occupy an
infantile position regarding themselves and their place in society.

It follows from Figure 2 that this answer option is most often
found among young people; for girls it remains at the second level.

Answer No. 5 (combination 4,123) is closest to such archetypes as
“The Creator” (his calling and greatest joy in life is creativity in all its
manifestations, and the need to spend most of his time on routine
matters turns into a tragedy for him) and “The Self,” then is the main
archetype, the archetype of the psychological structure and integrity
of the individual, reflecting the unity of the conscious and
unconscious, the unity of all parts.

Respondents who choose this sequence of pictures are
characterized, first of all, by the following features: focus on creation,
creativity, inspiration, avoidance of stereotyping and materiality
(personal development, self-understanding, acceptance of oneself,
mental and physical unity). In this combination, the creativity of the
respondents is inversely related to the need for affiliation (to
be accepted by society): creativity is not an external structure, but is
internal in nature.

The frequency of occurrence of this answer option reaches one of its
peak values only among boys; for girls it remains at a background level.
This, however, does not mean that men are more creative. In this case,
Jung’s archetypal structures “anima / animus” are highlighted, where the
internal image of a woman in a man and vice versa are embodied in all
spheres of life in the context of productive / reproductive life.

Answer choice No. 2 (combination 1,432) suggests that such
respondents are characterized by the following features. The archetype
“The Self” dominates (as something that we feel, think, sense,
intuitively predict, something that is learned from experience and
creative activity). That is, the respondents see their self-realization
through creativity, spontaneity, insight, and intuition. The sphere of
contacts and cognition as such are less significant.

This answer option is statistically the most significant for boys (the
third most common value), but for girls it noticeably exceeds the
background values.
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The choice of answer No. 17 (combination 1,342) suggests that
such respondents have an expressed process of individuation -
conscious interaction with their inner center (mental core) or The Self.
This is the only one of the most common answers for which the
process of individualization is associated with communication and
interaction. Creativity and knowledge fade into the background. The
closest archetypes to this answer are the Self, the Jester, the Seeker, the
Thinker, and the Ruler.

This answer option is statistically the most significant for boys (the
third most common value), but for girls it noticeably exceeds the
background values.

For girls, the most common answer options are No. 3.

This option corresponds to the archetypes of the Jester, the Seeker,
the Thinker and the Ruler. This indicates that girls are more focused
on interaction and communication, i.e., they are focused on the
external plane, and the importance of external stimuli for self-
realization is manifested.

It is noteworthy that option No. 22, which is often found in girls,
is not found at all in boys, i.e., for this case, gender differences become
most pronounced.

This option corresponds to cognitive archetypes (the Thinker, the
Seeker, the Sage), which form the cognitive sphere of the individual. At an
unconscious level, girls are dominated by a gnostic orientation, that is,
towards the process of acquiring knowledge. Contrary to the existing
stereotype that women live by emotions, we see a completely opposite
picture, where reflection and cognitive abilities come to the fore.

Thus, the most common answer options make it possible to
identify two opposite tendencies among students. The first of them is
a focus on creativity and self-development, the second tendency is the
desire for oneself, one’s self. Moreover, only for options No. 9 and No.
5, communication and cognitive activity become psychological
conditions for the achievement of personally significant needs.

Of course, the interpretation presented above, in which archetypes
are used, is debatable, especially if we take into account that such tests
as the Luscher test and its analogues (24-26) have often been criticized
in the literature (36). We emphasize that such tests based on ranking
images are used quite actively (36), and in the psychological literature
they are united by the common term “projective techniques.”

It is appropriate to emphasize that the article cited above (36) was
written based on discussions held as part of a special organized
conferences “Conditions of using projection methods in psychological
diagnosis for court purposes,” which was held on 16-17 November
2012 in Lublin. As emphasized in (Equation 36), the Conference was
prompted by an initiative launched by the polish Sceptics Society under
the slogan “psychology is science, not witchcraft” to protest against the use
of projective techniques, which it saw as harmful and anachronistic, and
this the discussion spilled out onto the pages of Polish media in 2012.

Moreover, the authors of (36) claim that tests of the type under
consideration are, strictly speaking, not projective techniques. In their
opinion, these tests are not based on the Frank’s projective hypothesis
(22, 37), but on the belief—which cannot be explained rationally—
that there is a set of interdependencies between a person’s particular
preferences and the general characteristics of his personality.

The edge of this kind of criticism is also largely directed at the fact that
the development “projective techniques” is based on intuitive
considerations, and does not have a consistent methodological justification.

Based on the results obtained in present report, difficulties of this
kind, in our opinion, can be overcome in the following way.
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FIGURE 5

Equivalent diagram of the test procedure using “projective
techniques”; 1—neural network formed by the brain, 2 and 3—its
separate layers, 4—equivalent output layer responsible for testing,
5—external stimuli.

Experiments on ranking pictures based on preferences can
be represented by the following equivalent circuit (Figure 5). The
neural network formed by brain cells in such experiments is de facto
connected to another external additional layer of neurons. In the case
of four pictures, this layer, as follows from formula (35), contains three
binary neurons, and one neuron having three possible output states.

Let us recall that the “image” in the theory of neural networks is
often understood as a set of binary (or other) variables that is formed
at the inputs of the neurons of the first layer of the network (as well as
at the outputs of its last layer).

Accordingly, according to the scheme in Figure 5, those complex
images that are formed in the base neural network (the respondent’s
brain) are actually projected onto the last (external) layer.

The most significant thing here is that the test result should also
be interpreted as an “image”” In particular, this means that not any
combination of variables in formula (35) makes sense, but only those
that dominate in obtained statistics.

This removes many of the objections reflected in publications such
as (36). Not every sequence of pictures (not every choice of the
respondent) is meaningful. This is a projection of a complex image
onto an extremely simplified one, and such a projection may also
contain “errors” Nevertheless, they can be interpreted as permissible
deviations from the basic ones, i.e., from those that are statistically
most common. The adequacy of this approach follows, among other
things, from a comparison of Figures 1, 3 and Figures 2, 4, the maxima
in which in most cases correspond to the same numbers.

In particular, in relation to the result shown in Figure 1, the
number of base images is 4. The number of images related to the
neighborhood of the base (one transposition) is 7 (six possible
transpositions + the base image itself). Therefore, the total number of
images that can be correlated with the base ones is 28, which covers
the set of possible combinations, 4! =24.

Consequently, tests of the type under consideration can
be interpreted, first of all, as classification ones. However, the choice
of images used is largely arbitrary.

To summarize, we can propose the following approach to
constructing tests related to “projective techniques.”
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TABLE 3 Calculation of correlation coefficients between the number of
answers at the i-th and j-th positions in the ranked list of respondents.

Picture 1 2 3 4 Confidence
No. level
1 1 -0.61 —-0.3 —0.23 p>0.05
2 —0.61 1 -03 —0.18 p>0.05
3 -027 | —031 1 —0.38 p>0.05
4 -024  —018 | —0.38 1 p>0.05

For intuitive or heuristic reasons, a set of pictures similar to those
presented in table is formed 1. Next, diagrams similar to those shown
in Figures 1, 2 are constructed. Provided that the result shows the
presence of pronounced maxima, then they are interpreted (possibly
using additional testing methods).

Testing is carried out using the correlation of a specific result with
basic images that correspond to the maxima on empirically
constructed diagrams.

At the end of this section, we emphasize that within the framework
of this work, the authors did not set themselves the task of proving the
adequacy of using this particular test in full (in any case, this task was by
no means the main one). We saw our task in developing new tools for
analyzing the statistics of respondents’ answers to questions that
demonstrate the identification of certain classification features that allow
for further interpretation. The pictures used were constructed from
heuristic considerations. Strictly speaking, other sets could have been
used for the task at hand.

However, in order to demonstrate the adequacy of the choice
made (which also serves as an additional confirmation of the results
obtained), calculations were performed using an additional
technique. Specifically, correlation coeflicients were calculated
between the numbers of answers on the i-th and j-th positions in the
respondents’ ranking list. The corresponding data are presented in
Table 3 (critical values for 100 or more respondents r=0.195, at
p>0.05).

It can be seen that the choice of archetypal images of respondents
is in inverse relation to each other, i.e., there is an inverse internal
consistency, which serves to confirm the adequacy of the choice of
pictures used for the proposed test.

5 Conclusion

Thus, the results of our experiments show that the distribution
of respondents’ answers to a test in which they are asked to rank
pictures according to the nature of their personal preferences is
clearly heterogeneous.

In this case, for quantitative processing of the results of experimental
measurements, it is convenient to use a technique based on representing
permutations by polynomials defined over a Galois field. Specifically, for
a test containing 4 pictures it is convenient to use the GF(5) field.

The results obtained and our proposed interpretation make it
possible to remove at least some of the objections to the use of
“projective techniques” in psychological testing. Our interpretation is
based on considering the test result as an additional (external) layer of
the neural network, formed when the test is “connected” to the neural
network formed by the human brain. In this case, the test result is
considered as a projection image, possibly containing “errors,” i.e.,
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deviations from basic projection images that correspond to the results
most often encountered in experiments.

The results obtained also allow us to propose the following
methodology for creating psychological tests based on experimental data.

It is based on the selection of sequences (permutations) that are
most often encountered in experiments. They are interpreted as basic
projection images used as classification features.

The correlation of the result of a specific test with the base images is
carried out according to the principle of the minimum code distance
(minimum number of transpositions) from a certain base image.

Calculating code distances between different permutations can
also be done by representing the permutations as polynomials over the
corresponding Galois field. In particular, when using a test that
includes six pictures, the Galois field GF(7) should be used.
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