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Abstract

The problems of social analytics and decision-making on the management of complex information and
economic structures are increasingly determined by human factors. The difficulty in regulating and recog-
nizing information is determined by the unpredictability of the effects of new technologies on the psycho-
physical characteristics of man as an element of society. Therefore, of particular relevance is study of ex-
isting approaches and development of new approaches to testing and drawing up a psychological profile
for socio-technical systems. The authors described the use of the Hartley information measure and the
LKLB process in psychological and educational testing. The diagram of socio-technical system concept
model and a description of its main elements are presented. One type of socio-technical systems are
man-machine systems. Authors put forward the hypothesis that every socio-technical system has a psy-
chological profile associated with the cognitive abilities and psychological compatibility of participants in
the system. This profile influences the decision-making process of the subject in the human-machine sys-
tem. The algorithm for conducting an experimental investigation of the hypothesis on the human-machine
system example was developed. The authors presented and explained the graphical results of the experi-
ment for four man-machine systems. The study confirmed that every socio-technical system in solving the
problem of decision-making has its psychological and educational profile. The psychological compatibility
of the moderator and the slave (tested, for example, the learner) affected this profile, in addition, there is
a «non-commutativity» of the results of the slave and the leader. In practice, you can use the psychological
and educational profile in forecasting the results of decision-making in the socio-technical system, in the
identification of the infringer of information security, in developing a model and interpreting the behavior
of the human subject-machine system.

Abstract

HpO6J’IeMbI COU,HaJ'IbHOﬁ AHAJIUTUKH W [NOPUHATHUA pel.LleHI/lﬁ o yhnpaBJIeHHUI  CJIOKHBIMHU
I/IHC])OpMaLLI/IOHHbIMI/I U 3KOHOMHUYECKUMH CTPYKTYypaMHU BCe 4Halle O6yCJIaBJ'Il/IBal-OTCH 4YyeJioBe4YeCKHMMU
Cl)aKTOpaMI/I. CJIOXKHOCTb B peryjiupoBaHul W paclio3HaBaHUU qu)opmaLu/m onpejaesideTca
HenpeacKasyeMOoCTbIO BOBAeﬁCTBHﬁ HOBBIX TEXHOJIOTMH Ha HCI/IXO(I)H3H‘{€CKI/IE 0CO6EHHOCTH 4YesIOBeKa
KakK 3JIeMeHTa couyMa. nOBTOMy 0C06yl-0 AKTYaJIbHOCTb npnoGpeTaeT HucciejoBaHve CylmecTBYINUX U
paspa60T1<a HOBBIX MOAXOAOB K TECTHUPOBAHWUIO U COCTABJIEHHWIO IICHUXOJIOTHYECKOI'o l'IpOCl)I/IJ'lH AJid
COLUMOTEXHHUYECKUX CUCTEM. B cTaTbe JAAHO OIMMCaHHUeEe MCIIO0JIb30BaAHHUA HH(l)OpMaU,HOHHOfI MepbI XapTJ'lI/I
u }IK}IB-npouecca B IICHMXOJIOTHYECKOM H o6pa30BaTean0M TEeCTUPOBAaHHUH. npeACTaBﬂeHa cxXeMa
KOHLLeHTyaJIbHOf/’I MoJenun COLLI/IOTEXHI/I‘{ECKOﬁ CHUCTEeMbI U ee ONMCaHbl OCHOBHbIE 3JieMeHThI. [loka3aHo,
4YTO OJHHUM M3 BUJOB CONMOTEXHHUYECKUX CUCTEM ABJIAIOTCA Y€/IOBEKO-MalllMHHbIE CUCTEMBbI. BbI,ClBI/IHyTa
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TunoTe3a, 4YTO Kax/Jad COLMOTEeXHH4YeCKad CUCTeMa HUMeeT CBOM TCHUXOJIOTUYECKU I l'IpO(i)l/IJ'Ib, TEeCHO
CBSI3aHHbIA C KOTHUTHUBHBIMH CIIOCOOHOCTSMM U IICHXOJIOTHYECKOH COBMECTHMOCTBIO y4aCTHHUKOB
CUCTEMBbI U OKa3bIBa}OLU,HI‘/'I BJIMAAHKWE Ha IpoLecCc NPpUHATUA peLLleHl/Iﬁ B HeH. Paspa60TaH AJITOPUTM
npoBeleHUA 3KCIIEePpHUMEHTAJIbHOI0O HCC/ieJOBaHUA BbI,ClBPIHyTOﬁ FUNoTe3bl Ha NpHMepe 4YeJ0BeKO-
MallMHHOW CUCTEMBI. HpI/IBeAeHbl rpac])nquKHe pe3ysibTaThbl 3KCIIepUMeEHTa AJi YeTbIpex 4eJ0BEeKO-
MalllMHHBIX CHUCTEM. PeBy}IbTaTbl IpoBEeIEHHOI0 HCCJIeA0OBAaHHUA MNOATBEPAHJIH, YTO Kax/Jaad
COLMOTEXHUYECKasdA CUCTeMa IIPU pellleHHUH 3aja4U NIPUHATHUA peLL[eHI/lﬁ UMeeT CBOM ICUXOJIOTUYECKUH U
06p330BaTeJlebIl>’I l'lpO(l)I/lf[b, Ha KOTOprﬁ BJIMAET ICUXOJIOTMYeCKasd COBMeCTHMOCTb BeaAyllero
(Mo,uepaTopa) U BeJOoMOro (TECTI/IpyeMOI‘O, HanpuMmep, o6yqa101.ueroca) 4yeJIoOBeKa, KpoMe TOro uMmeeTt
MeCTO «HEKOMMYTAaTHBHOCTb» pPE3yJbTATOB BE€AOMOIo U BeAYIIEro. Ha IMMpaKTHUKe, Hpe,ELJ'IO)KeHHHﬁ
noaxoa K TeCTUPOBAHHUIO MOXKET ObITh MCIIOJIb30BaH IIpy MPOrHO3UPOBAHUU PE3YJIbTATOB NPUHATUA

peLLleHHﬁ B CO].II/IOTEXHI/I‘{ECKOﬁ CUCTeMe U MHTeplipeTalluyu NoBeAeHHA Cy6'beKTOB.

Introduction

The development of software and the ubiquitous use of human-com-
puter automated systems for managing key business processes are
inextricably linked with the constant processing of large data sets and
issuance of management decisions based on them. The decision-mak-
ing process can be formalized through fuzzy logic [1] and often re-
quires the participation of the decision maker (DM). The type of deci-
sion taken depends on the intuition of the decision-maker, experience,
knowledge and qualifications, as well as limited in time and resourc-
es, which in turn affects the probability of making erroneous deci-
sions [2]. Recognition of information and making decisions on its ba-
sis plays a key role in psychology, psychology of education,
psychophysiology, psychophysics, intuition studies [3], living intellect
[4], in the theory and practice of quantum informatics, quantum logic,
quantum, biological and neuro- computing [5 + 10], in the study of the
“quantum” properties of the brain [11], quantum intelligence, quan-
tum sociophysics, quantum learning with reinforcement [12-18]. The
works of recent years increasingly show the correctness of A.N. Kolm-
ogorov, R.Hartley, K.Shannon and other researchers who drew atten-
tion to some limitations of the “classical” theory of information, which
leads, among other things, to the current problems of the uncomple-
mentarity of social and computer-technical networks, as well as CCD
paradoxes and problems of information security [19].

In this paper, a sociotechnical human-machine system based on the
principle of “Man-Man-Machine” was chosen as the object of research.
The study topic is the process of human decision making in a given
socio-technical system. The scientific novelty of the work consists in
analyzing the psychological profile of the human machine system
with the help of the LKLB-process (information anomaly) according
to the Hartley-Shannon-Church-Turing model [20].

Goal of research

The aim of the work is to demonstrate the possibilities of a new test-
ing method for determining the psychological and educational profile
of a person, based on the recently discovered LCLB process [20] and
its comparison with the Hartley model.

The main goal of the work is demonstration of a new testing method
for determining the psychological and educational profile of a person,
based on the recently discovered LCLB process [20] and its compari-
son with the Hartley model. To achieve this goal, a research hypothe-
sis was formulated that each socio-technical system has its own psy-
chological profile, closely related to the cognitive abilities and
psychological compatibility of participants in the system and influ-
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encing the decision-making process in it. To test the research hypoth-

esis, the following tasks were solved:

1. Identification of structural elements of the socio-technical sys-
tem;

2. Determination of the measure of the amount of information in
the socio-technical system;

3. Setting the task for the socio-technical system “Human-Human
Machine (Pseudo-random number generator-GPRS)” and the
definition of the conditions for experimental research;

4. Comparison of the results of solving the problem posed to the
socio-technical system “Man-Man-Machine” with the Hartley
model.

A certain psychological and educational profile, in practice, can be

used in forecasting the results of decision making in the socio-techni-

cal system, as well as in the identification of the infringer of informa-
tion security (IB) [21], in developing his model and interpreting the

behavior [22, 23].

Materials and methods of research

As the main research methods in the performance of the
work we used: the method of description, system analysis, analogy
and generalization, elements of information theory and decision-
making. And also the results of the investigation of the information
anomaly (called the LCLB process) and the competition (in the higher
nervous activity of a person) of processes occurring according to the
Hartley-Shannon-Church-Turing model with quantum-like processes
arising under special conditions [25]. When checking the research
hypothesis, the socio-technical system “Human-Human Machine
(Pseudorandom Number Generator-GPRS)” was analyzed, data on the
decisions made by the person (element of the system) obtained in the
experiments described by the authors in [20, 25].

Theoretical analysis

Developing the views on socio-technical systems, their functions and
structure takes its origins from the studies of E. Trist and K. Bamforth
of the Tavistock Institute [26] and D. Helridzhel [27], according to
which the socio-technical system is a set of continuously interacting
with each other and the surrounding (means of automation, storage
and transmission of data and technological processes.) and social ele-
ments (the human factor - operators, decision-makers) (see Figure 1).
Consequently, any human-machine system can be classified as a so-
cio-technical system.
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Fig. 1. Conceptual model of the socio-technical system

Puc. 1. KoHyenTyanbHast MoJie/Ib COLUOTEXHUYECKOH CUCTEeMbI

In terms of managing and decision-making - it is a set of interrelated
elements whose behavior and knowledge contribute to the character-
istics of the whole system as a whole. The more information each
component of the system has, the less uncertainty in its solutions.

In the information theory, the basic model in the form of the Hartley
measure [24] is known, which is expressed by the following formu-
la1:

I=log N (1)

2
where N is the number of values, I is the amount of information (in
bits). The measure allows you to determine how many questions (in-
formation bits) will be required to determine one of the possible val-
ues. Figure 2 shows a graphical representation of the classical Hartley
model (direct line) for solving the situational problem of determining
the number and the information anomaly found during the empirical
tests (polyline).

This abnormal process (“LKLB process”) was first detected and ob-
served in certain cases (in the experiment with women). The “straight
line” of the Hartley model is a “tectological boundary” (in the sense of
A.A. Bogdanov). In order to explain the abnormality of the “polyline”
behavior, .V. Bashelkhanov, in [25], proposed a measure of informa-
tion for sociophysical (sociotechnical) systems, expressed by formu-
las 2 and 3:

1=->1,+>.1,=log,N
: ’ @)

where [- the amount of information required to solve the problem,

Zlci

z 1 7]

J - the sum of sources of productive (p) information, N - the
power of set of problem goals. Expressing the “two sums” through
the power (formula 3) we get:

HNci
[=log. ———
ogzl_[ijxN

J 3)

- the sum of sources of counterproductive (c) information,
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where the numerator is the product of the powers of the sets of
sources of counterproductive information, and the denominator
is the product of the powers of the sets of sources of productive
information.

-,
S

Fig. 2. Graphical representation of the information anomaly of the Hartley model.
The “straight line” - the Hartley model (“circles” - data for determining the number
of male men - Men), “polyline” through “points” (“LKLB process”) - data on the
number of females (Women: Nigina - Valeria). Characteristic absolute errors in
solving the situational problem are also indicated.

Puc. 2. 'paduyeckoe npejcraBieHne HHPOPMALMOHHON aHOMa/IUK MOZe/N
Xaptu. «[IpsiMast IuHUsA» - MoJiesib XapT/u («KPYKKHU» — JaHHbIe 110
oIpejie/IeHUIO YU CIa JIMLAMU MYXCKOTo 1oJia — Men), «/loMaHasi IMHUS» yepe3
«To4Ku» («JIKJIB-niporecc») — aHHbIE 110 ONpe/ie/IeHUI0 YUC/Ia JIMLaMu
skeHcKoro noJsia (Women: Huruna-Basiepust). Yka3aHbl Takke XapaKTepHble

a6 COJIIOTHBIE OLTUOKU NpU pelueHuun CHTyaL{HOHHOFI 3aJa4u.

We made a comparison of the results of the solution of the task posed

to the socio-technical system “Man-Man-Machine” with the Hartley

model. In the experiment, a random natural number was assigned

(using the Machine and the first person who will be the moderator of

the experiment), which the second person (the test person) had to

determine by a sequence of questions assigned to the first person.

Four models of the socio-technical system were compiled and used to

perform the research (see Table 1).

The algorithm of the experiment included the following sequence of

steps:

1.  Selection of the socio-technical system;

2. Generation of PRNG of a random natural number;

3. Presenting the number to the moderator;

4. Determination of the value of the generated natural number by
the test, using a sequence of questions.

5. Determination of the time value and amount of information
spent to determine the correct value of the number.

6. Comparison of the obtained empirical data with the analytical
model of Hartley.

Tom 14 N° 2 (2018) ISSN 2411-1473 sitito.cs.msu.ru
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Table 1. Description of the experimental models of Man-Man-Machine

Ta6sinya 1. Onucanue sKcrepuMeHTaIbHBIX Mogesielt YesoBek-YesoBek -MalrHa

Ne Sociological Model Description
(Man-Man-Machine)
1 Nigina-Aisa-pseudo-random number generator Two social elements are women (a moderator tested: Nigina or Aisa) and a
technical element: a pseudo-random number generator.
Aisa-Nigina-pseudorandom number generator
2 Aza-male-pseudorandom number generator Two social elements are a man (moderator), a woman (tested: Isa) and a technical
element: a pseudo-random number generator.
3 Aise-woman-generator of pseudorandom numbers Two social elements - a woman (moderator), a woman (tested: Alexandra) and a
technical element: a pseudo-random number generator (PRNG).

Experimental part

The results of this experimental study for each socio-technical system
are shown in the graphical diagrams (Figures 3 - 5) where the loga-
rithms N on the base 2 are plotted at the x-axis and the amount of in-
formation for obtaining the correct answer is plotted at the y-axis
(the “ straight line “ Hartley model, “polyline” -experiment).

12345678 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
log N
X —HA -

(a)

12345678 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
log N

X —AH

()
Fig. 3. The amount of information spent to determine the number of the Nigina-Isa-
PRNG (a) system and the Aisa-Nigina- PRNG (b)
Puc. 3. KosnuectBo nHGopMaLuu 3aTpayeHHoe /JIs ONpe/ie/IeHuUs Yucia
cucremodt Hurnna-Aiza-I'TICY (a) u cucremoit Aiza-Huruna-I'TICH (6)
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012345678 9101112131415 1617 1819 20 21 2223 24 25 26 27 2829 30 31 32
log N

X — AB ——

Fig. 4. The amount of information spent in determining the number of the Aisa-Men-
PRNG system
Puc. 4. KomndectBo nHGOpMALNH, 3aTPad4eHHOE IIPH ONPEIEICHNN HCIIa CHCTEMOM
Aiiza-Men-I'TICH

——

012345678 910111213141516 17181920 21 2223 24 2526 27 28 293031 32
log N
X — apews pewennn ——

(a)
Fig. 5. The amount of information (a) and the time in seconds (b) spent for determining
the number of the Alexander-Women- PRNG system
Puc. 5. Kosmmuectso nudopmanuu (a) v BpeMs B ceKyH/jax (6) 3aTpayeHHOe J1s

onpejesieHUst yuca cucreMoit Asnekcanipa-Women-I'TICYH
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Fig. 5. The amount of information (a) and the time in seconds (b) spent for determining
the number of the Alexander-Women- PRNG system
Puc. 5. Kosmmuectso nudopmanmu (a) v BpeMs B ceKyH/jax (6) 3aTpayeHHoOe AJ1s

onpejesieHUst Yucia cucreMoit Asnekcanipa-Women-I'TICYH

When proposing his formula, R. Hartley stressed that he completely
excludes psychological factors. On our graphs-schemes, we clearly ob-
serve the factors excluded by Hartley. The actions of the latter are suf-
ficiently stable and non-trivial so as not to be a “statistical noise”, etc.
When comparing the data obtained experimentally with the Hartley
measure, it can be concluded that only in some cases the model of the
socio-technical system “Man-Man-Machine” is approximated to ana-
lytical values when making a decision, which indicates competition
(in higher human nervous activity) which occur according to the
Hartley-Shannon-Church-Turing model with quantum-like processes
arising under special conditions. The males in all the studied cases of
solving situational problems acted rationally, within the limits of ab-
solute error, according to the Hartley model. The females acted ratio-
nally (in certain intervals of the determined numbers) and intuitively
(according to Vasilyeva 1.V, the results are below the conditional “di-
rect Hartley” -if there are sources of productive information). In addi-
tion, in a significant number of cases, the behavior of the tested per-
son reflects the dominance of sources of counterproductive
information in the solution of the situational problem under condi-
tions such as stresses (results above the conditional “direct Hartley”)
- the detection of which is extremely important for ensuring security,
identifying psychological and educational compatibility, etc. in
man-machine systems.

Conclusion

From the study carried out by the authors it follows that each hu-
man-machine system has its own psychological and educational pro-
file allowing one to detect the cognitive and educational abilities of
the moderator, the slave (a person tested to identify the psychological
and educational profile). Psychological compatibility of the leader
(moderator) and the slave (tested, for example, learning) person. The
data of our studies show that there is a “noncommutativity” of the
results of the slave and the leader in the socio-technical system. The
“confusion” of the states of the slave and the leader is manifested in
rare cases - in cases of psychological and other compatibility. Thus, in
this paper, a new, simple enough method of psychological and educa-
tional testing based on the LKLB process is proposed.
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