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ABSTRACT

Context. The research is devoted to solving the relevant scientific and applied problem of a background determining and identi-
fying of the compatibility of HMI subjects based on irrational part of their interaction with HMI object(s). The object of research is
a process of determining the compatibility of HMI subjects based on their perception subjectivization of HMI object. The subject of
research are methods and means of artificial neural networks, computational intelligence, mathematical modeling, as well as com-
puter programming. Objective. The goal of the work is the development of a HMI subjects’ compatibility determining method, based
on their perception subjectivization of interaction object.

Method. A method for determining the compatibility of subjects of HMI has been developed, which is based on the analysis of
subject’s polyfactor portraits of perception subjectivization of the object(s) of this interaction, and ensures the possibility of solving
the declared scientific and applied problem. The peculiarity of the developed method consists in the application (in the scope of solv-
ing the declared problem) of polyfactor portraits representing the perception’s subjectivization of the object(s) of HMI — by the sub-
jects of the same interaction, in order to identify the degree/level of compatibility of these subjects specifically in the context of the
prism of subjectivization features of their personalized perception of the object(s) (or processes) within the framework of their joint
and common HMI. The proposed method is based on the appropriate models, developed and presented in scope of this work, as well
as on a specialized algorithm that provides the possibility of automation and software/computer modeling of researched processes.

Results. A basic mathematical model, a specialized algorithm, as well as a software model, have been developed and presented
in scope of this research. Additionally, a practical approbation of the developed method has been carried out on the example of solv-
ing a relevant specific practical applied problem of identifying potentially interchangeable subjects of the researched HMI team,
which confirms the effectiveness and efficiency of developed method in the context of solving relevant practical applied problems.

Conclusions. A method for determining the compatibility of HMI subjects based on their polyfactor portraits of interaction ob-
jects’ perception subjectivization has been developed, which provides the possibility of solving the relevant scientific and applied
problem of determining and identifying the compatibility of HMI subjects, and provides possibility(-ies) for identifying the compati-
bility of HMI subjects precisely on the basis of their polyfactor portraits of perception subjectivization of the object(s) of this interac-
tion, thereby ensuring the improvement of the qualitative and efficiency indicators of HMI teams due to the possibility of identifying,
selecting and joining subjects with a common subjective vision and perception of the object(s) and/or processes of their joint HMI.

KEYWORDS: HMI, subjects’ compatibility, polyfactor portrait, perception subjectivization.

ABBREVIATIONS NOMENCLATURE
A-THI is an agreeableness team homogeneity index; nfc
Al is an artificial intelligence; [z Ferky = lj is a mandatory condition that ensures
C-THI is a conscientiousness team homogeneity in- k=1
dex; the integrity of the polyfactor portrait of any subject;

CHBO is a chaotic heap-based optimizer; ASbyijr pyrq) 18 @ difference in values between the p-th
E-THI is an extraversion team homogeneity index;
FFM is a five-factor model,;

GAMS is a general algebraic modeling system;
HBO is a heap-based optimizer;

subject and the g-th subject in their perception subjectivi-
zation of the i-th object of researched HMI,
O,(ASb[i][p][q] eCRT) is a result of the range function

HMI is a human-machine interaction; (of determining the HMI subjects’ compatibility levels),
IT is an information technology; representing 0-level compatibility (i.e., incompatibility) of
N-THI is a neuroticism team homogeneity index; the investigated/comparable HMI subjects, as the differ-
O-THI is an openness team homogeneity index; ence between polyfactor portraits’ values of the investi-
SDLC is a software development life cycle; gated/comparable subjects ASByij pltal doesn’t meet the

TFA is a team formation algorithm;

. e compatibility criterion CRT at all;
THI is a team homogeneity index.

CRT is a compatibility criterion variable (which can
be represented, for example, by the absolute value of
permissible threshold of the difference in values of the
impact factors’ share of presence between the polyfactor
portraits of two investigated/comparable subjects);
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false,(ASb[i][p][q] 2 CRT) is a logical result “false”
of the FempbtlL (Sbyiy; oy Sbyijgqys CRT ) function, condi-

tion for achieving which is the discrepancy in the magni-
tude of the difference in values of the investi-
gated/comparable subjects’ polyfactor portraits (i.e.,
ASByijrpyrq7) to the declared compatibility criterion CRT.

FCrky is a share of presence of the k-th impact factor

(relatively to all declared/pre-defined impact factors) in
the polyfactor portrait of current investigated subject;
chpthD(Sb[i][p],Sb[i][q],CRT) is a range function

of determining the compatibility level (i.e., gradation de-
gree of this compatibility) of HMI subjects based on their
polyfactor portraits of perception subjectivization of HMI
object;

FempbtiL (Sbyiy; o). Sbyiyrq)» CRT ) is  logical function

of determining compatibility between the p-th subject and
the g-th subject (of the researched HMI) based on their
polyfactor portraits of perception subjectivization of the
i-th object (of the same researched HMI);

j is a simple counter for enumerating all subjects of
the researched HMI,

k is a simple counter for enumerating all defined pre-
declared impact factors;

ndr is a total number/amount of the declared distribu-
tion segments of the compatibility criterion, represented
by corresponding ranges of possible values of the differ-
ences between the polyfactor portraits’ values of the in-
vestigated/comparable HMI subjects;

nfc is a total number of pre-declared impact factors;

nsb is a total number/amount of subjects within the
investigated HMI;

PbVI[l],(ASb[l][p][q] e CRT = I_Dd[“_], Dd[lH]J) 1S a

PbVI;; result (with sequential number “1” from the list

of declared possible results) of the range function (of de-
termining the HMI subjects’ compatibility levels), in
which the difference between polyfactor portraits’ values
of the investigated/comparable subjects ASb[i][p][q] cor-

responds to the declared segment of the compatibility
criterion CRT, represented by the range of values
|Ddpy3: Ddyg | (With sequential number “17 from the list
oy is a
— is an upper limit

of possible declared value ranges), where Dd

lower limit of the range, while Dd,,,,,

of the range;
PBVIingr . (ASByi) pirq € CRT =[Ddngrt 13 Djnarty )
isa PbVlpygr) result (with sequential number “ndr” from

the list of declared possible results) of the range function
(of determining the HMI subjects’ compatibility levels),
in which the difference between polyfactor portraits’ val-
ues of the investigated/comparable subjects ASDyjjrpirq]

corresponds to the declared segment of the compatibility
criterion CRT, represented by the range of values
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lDd[ner]; Ddnarn ]J (with sequential number “ndr” from

the list of possible declared value ranges), where
Dd[ndrL] — is @ lower limit of the range, while DdpgrH

— is an upper limit of the range, respectively;
Shyig j] is a polyfactor portrait of the perception sub-

jectivization of the i-th object by the j-th subject of the
researched HMI;
Sb[i][p]{Fc[k]} is a value of the share of presence of

the k-the impact factor in the perception subjectivization
of the i-th object by the p-th subject of researched HMI,
Sb[i][q]{FC[k]} is a value of the share of presence of

the k-th impact factor in the perception subjectivization of
the i-th object by the g-th subject of the researched HMI,

true,(ASb[i][p][q] e CRT) is a logical result “true” of

the FempbtlL (Sbyjj; py. Sbyijgqys CRT ) function, the man-

datory condition for achieving which is the correspon-
dence of the magnitude of the difference in values of the
investigated/comparable subjects’ polyfactor portraits
(i.e., ASbyijpjrqy) — to the declared criterion CRT.

INTRODUCTION

Present IT market is saturated with an extraordinary
variety of manifestations of HMI, which, in fact, represent
any relations and activities between users (i.e., living peo-
ple/humans) and software/hardware products (i.e., ma-
chines). At the same time, the complexity and scale of
many modern IT projects require users to have an appro-
priate level of proficiency in both special/professional and
technical qualifications, as well as a wide range of other
properties and characteristics variety. At the same time,
one of the key aspects of the quality of HMI is, among
other things, the quality of interaction not only of each
individual subject (user) with the object (software and/or
hardware complex, robotic system, software product, etc.)
of this interaction, but also the interaction of these sub-
jects (users, living people/humans) directly with each
other, ensuring the proper level of teamwork, and multi-
plication (under met conditions of coordinated and effec-
tive work) of the individual personal efforts (of each sepa-
rate team member) — by all those team members.

For this purpose, there are appropriate existing spe-
cialized methods, models, approaches, and solutions that
enable team formation. For example, in a recent study [1]
authors confirm the contemporary relevance of the topic
of team building nowadays, and an attempt is made by
them to develop a coherent theoretical construct that
would enable researching, in particular, the issues of the
team building effectiveness. At the same time, authors of
study [2] confirm the relevance of software development
teams’ staffing problem based on the selection of poten-
tial candidates, as well as the need to find and apply
mechanisms for automating the solution of this problem.
Meanwhile, authors of study [3] confirm importance of
consideration and taking into account the sociometric
analysis of individuals (with different skill sets) for the
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formation of relevant sociotechnical teams, based on us-
age of relevant mathematical optimization approaches. In
addition, the paper [4] considers, among other things, the
issues related to managing of already formed teams, and
presents the main approaches (as well as their key fea-
tures) for carrying out this activity, which additionally
emphasizes the importance of taking this factor into ac-
count and consideration when forming HMI teams.

Thus, the problem of team formation, both in the con-
text of HMI as well as in general, continues remaining
relevant and actual nowadays, which is also caused by the
emergence of appropriate new/modern challenges. At the
same time, determining and identifying the compatibility
level(s) of HMI subjects is one of the effective ways to
solve this problem, which confirms actuality of current
research. Therefore, the object of research — is a process
of determining the compatibility of HMI subjects based
on their perception subjectivization of HMI object. While
the subject of research are methods and means of artifi-
cial neural networks, computational intelligence, mathe-
matical modeling, as well as computer programming. The
purpose of the work is to develop a method for determin-
ing the compatibility of HMI subjects based on their poly-
factor portraits of perception subjectivization of the ob-
ject(s) of interaction, which will ensure the possibility to
resolve the declared scientific and applied problem of a
background determining and identifying of the compati-
bility of HMI subjects based on irrational part of their
interaction with HMI object(s).

1 PROBLEM STATEMENT

Let us consider the formalization of the problem of
studying the qualitative indicators of HMI as a problem of
multiparameter polyfunctional dependence. In this case,
the input variables of the problem are sets of parameters
and functions that represent a particular, corresponding,
area of the researched HMI. While, the output variables of
the problem are the corresponding qualitative indicators
of the researched HMI. At the same time, one of the most
relevant areas of HMI nowadays — is, actually, its irra-
tional component, the key fundamental forming basis of
which consists, mainly, in the perception subjectivization
of the object of interaction — by the subjects of this inter-
action. Continuing this hypothesis, let us consider a set of
previously agreed and declared impact factors that di-
rectly form a polyfactor portrait(s) of the perception sub-
jectivization of HMI object by each of HMI subjects:

Sbriyr ) = Fepu ) (1)

However, such an interpretation takes into account
only “vertical” relations (between HMI object and each
individual HMI subject), without taking into account the
relevant “horizontal” ones — between the subjects them-
selves, in the context of their perception subjectivization
of their common HMI object. Thus, this leads to the emer-
gence of a relevant scientific and applied problem of
background definition and identification of the compati-
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bility of HMI subjects based on the irrational component
of their interaction with the HMI object(s), to the solution
of which, in fact, this study has been devoted, and a spe-
cialized method was developed within its framework.

2 REVIEW OF THE LITERATURE

The There are numerous methods, models, and means
designed to form HMI teams, taking into account: the
subject area of this interaction, organizational features,
functional purpose, or any other components. In particu-
lar, research [5] proposes two improved swarm-based
algorithms (providing faster convergence to the local
minimum) for solving the team formation problem, the
first of which uses a single crossover operator to improve
the performance of the standard HBO algorithm, while
the second one — uses the CHBO algorithm. The study [6]
is devoted to investigation of team formation problems
using Al, in particular, — in the context of the issue of
justification the choice of certain/specific already
formed/created teams, using the TFA. While the author of
another research [7] proposed a combinatorial optimiza-
tion approach by solving the graph coloring problem
based on the use of the integer-programming-model in the
GAMS environment, in order to solve (among other
things) a team formation problems. The authors of study
[8] reviewed and analyzed existing and well-known mod-
els/methods of team formation (which depend, among
other things, on the characteristics, attributes, and person-
alities of team members), and identified the most common
characteristics of team formation and computational
methods used for this purpose. At the same time, within
the scope of the study [9] authors investigate the issue of
expanding (or replenishing) already formed teams (taking
into account the three-component configuration of factors,
namely: tasks performed by the team, existing team
members, and new candidates for team members), using
artificial neural networks and taking into account the
aforementioned three-component configuration of factors
for simultaneous modeling of the interaction between: the
team task(s), team members, and candidates for team
members. The study [10] represents the authors’ research
in the context of analyzing team formation methods based
on two dimensions (namely: conflict management and
team effectiveness), finalized in results according to
which, in particular, skill-based methods are more likely
to create effective teams, but not necessarily less conflict-
ual, while random methods show less conflictual teams
that are, at the same time, more effective.

At the same time, authors of the research [11] investi-
gate the problem of forming IT project teams, solved by
applying a genetic algorithm, which allows finding a local
extremum that will be optimal in the current project con-
ditions for solving a multi-criteria problem (in particular,
making a decision on the choice between: the presence of
technical competencies of applicants; the ability to work
in a team; and the presence of empathy — as a property of
feeling empathy to the problems of other subjects of in-
teraction), and also reduce the subjective component in
the process of making project decisions, which, in turn,
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will increase the probability of successful completion of
IT projects within conditions of uncertainty and dynamic
changes. Along with this, results of research [12] confirm
the positive effect of using task analysis as a tool for se-
lecting candidates that best fit a specific task role of al-
ready formed software development team in order to op-
timize their skills for the appropriate available roles and,
therefore, contribute to the overall success of formed
teams. While the research [13] is devoted to the study and
formalization of the characteristics necessary for the for-
mation of effective teams, precisely in the context of the
currently relevant and widely used Agile software devel-
opment methodology, the study identified six component
characteristics, namely: knowledge, skills, abilities, atti-
tude, experience and personality, as well as another im-
portant characteristic which, as it appeared in the process
of research, affects the composite characteristics, — and it
is, actually, the characteristic of the project itself.

Thus, there are a number of existing methods, models,
and means dedicated to forming teams of subjects in vari-
ous areas, including the areas of IT projects and HMI.
Each of the existing solutions is, undoubtedly, effective in
its thematic area of specialization. However, a feature
(and some drawback/disadvantage) of existing solutions is
that, although they take into account a significant part of
various factors affecting the formation of teams of the
subjects, they completely ignore one extremely important
factor of influence, namely: the factor of subjectivization
of the perception of object(s) of this interaction (i.e., a
“machine”, or in general case — a software-hardware
complex, a software product, etc.) — by the subjects of this
interaction (candidates for acceptance into the formed
teams). In other words, in the context of the HMI-specific
area: it is going about the perception of the object (i.e.,
“machine”) of this interaction — by the subjects (i.e., “hu-
man”) of this interaction. In turn, taking into ac-
count/consideration this factor (of the HMI object’s per-
ception subjectivization) significantly affects the effec-
tiveness of this interaction, as it provides the possibility of
identification and achievement of a common vision of the
interaction object — by each of the subjects of this interac-
tion, providing the synergy achievement for all relevant
components and participants of this interaction.

As a result, a relevant scientific and applied problem
arises, which consists in determining and identifying the
compatibility level(s) of HMI subjects (based on their
polyfactor portraits of interaction objects’ perception sub-
jectivization), the solution of which is possible by devel-
oping an appropriate method (which is, actually, pre-
sented in scope of current research) allowing to take into
account/consideration this important factor of HMI ob-
jects’ perception subjectivization.

3 MATERIALS AND METHODS
The development of the declared method for determin-
ing the compatibility of HMI subjects (based on their
polyfactor portraits of interaction objects’ perception sub-
jectivization) involves the phased development of all its
components, namely: 1) development of a basic mathe-
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matical model for determining the compatibility of HMI
subjects; 2) development of a specialized algorithm for
determining the compatibility of HMI subjects; 3) devel-
opment of a software model for determining the compati-
bility of HMI subjects; 4) approbation of the developed
method on the example of solving a relevant practical
applied problem.

However, the basic and fundamental stage of develop-
ing the declared method — is the identification of a way(s)
for obtaining needed polyfactor portraits (of the interac-
tion objects’ perception subjectivization — by the relevant
existing subjects of this interaction), because they act as
the main input data for the functioning of the declared
method (of HMI subjects’ compatibility determining
based on their polyfactor portraits of interaction objects’
perception subjectivization) as well as for all relevant
method’s components, i.e.: the corresponding models
(mathematical and software), as well as the specialized
algorithm. Thus, the main source of obtaining a polyfactor
portraits of HMI subjects — is the method described in
research [14], the essence of which is to determine the
weighting coefficients of the shares of influence of each
of the previously declared (pre-defined) impact factors
onto the perception subjectivization of the interaction
object by the interaction subjects, which provides the pos-
sibility =~ of obtaining the corresponding (per-
sonal/individual, for each of the subjects) polyfactor por-
traits of these subjects. So later, these subjects’ polyfactor
portraits could be processed by the proposed method, de-
clared and developed in current research, in order to de-
termine the compatibility level(s) for these subjects.

Development of a basic mathematical model for de-
termining the compatibility of HMI subjects is the first
stage of implementing the declared method. The main
function of this component of the declared method — is
formalizing the representation of the researched processes
of determining the compatibility of HMI subjects, as well
as providing possibilities for further mathematical (and
later — software) modeling of these processes.

In particular, expression (2) below represents the HMI
subjects’ polyfactor portraits (of the subjectivization of
their perception of the interaction object):

nfc
Shyiyj = {Fc[k],k =1, nfc,[kz_:1 Fepg = 1} |

(j =1,nsh)

2

At the same time, expression (3) below represents the
difference in values of the impact factors’ share of pres-
ence between the polyfactor portraits of two subjects
within the scope of same researched HMI:

Sy pigay (Sbrigp1- Sbri) )=
nfc o ;
- g|8b[i][p] {FC[k]}— Sb[i][q] {FC[k]}I,(k =1, nfc) 3

Thus, expression (4) below represents the logical
function of determining the compatibility of the investi-
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gated HMI subjects based on their polyfactor portraits (of
the HMI object’s perception subjectivization):

B false,(ASb[i][p][q] ¢ CRT

The introduced CRT compatibility criterion acts as a
dynamic parameter/variable that can change its values /
forms, depending on the needs of each individual task of
HMI subjects’ compatibility determining. In particular, in
addition to the already given above example of presenting
this criterion in the form of the absolute value of the per-
missible threshold (of the difference in values of the im-
pact factors’ share of presence between the polyfactor
portraits of two comparable subjects), it can also be pre-
sented, for example, in the form of a segmented distribu-
tion of the value range of this deviation/difference (be-
tween comparable subjects), which provides additional
possibility of differentiated analysis of the compatibility
level(s) of investigated/comparable subjects.

Expression (5) below represents the given example of
interpreting the CRT compatibility criterion as a seg-
mented distribution of the value ranges to provide a dif-
ferentiated analysis of the compatibility level(s) of inves-
tigated/comparable subjects of researched HMI:

Fempbti DSty py, Sty CRT) =

PbV'[lr(ASQi][p][q] eCRT =
PbVk. (AShiy g < CRT =

Ddyy1); Dy
Ddpy, 1; Ddpop
[2L]> =M[2H] (5)

PbV'[ndr]:(ASb[i][p][q] & CRT =Dt gty D )
0, (ASb[i][p][q] £CRT

Therefore, expressions (2)—(5) given above, in fact,
represent the developed basic mathematical model for
determining the compatibility of HMI subjects based on
their polyfactor portraits of interaction objects’ perception
subjectivization, which provides the possibility of both
representation formalization of the researched processes
(of HMI subjects’ compatibility determining) as well as
their further mathematical and computer/software model-
ing.

While the main feature of the developed basic mathe-
matical model (as a component of the declared HMI sub-
jects’ compatibility determining method, based on their
polyfactor portraits of interaction objects’ perception sub-
jectivization) — is its universality, which provides possi-
bilities of its further development, improvement, modifi-
cation, or usage beyond the limits of exclusively HMI
research area/field, but also, in particular, in the context of
any intersubjective interaction as a general concept re-
gardless of its applied and/or thematic binding or limita-
tions.

Development of a specialized algorithm (for determin-
ing the compatibility of HMI subjects) — is the second
stage of implementing the declared method (of HMI sub-
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jects’ compatibility determining), which provides possi-
bility of algorithmizing the researched processes (of HMI
subjects’ compatibility determining) in order to allow
their further coding (i.e., software/programming imple-
mentation).

In particular, Figure 1 below represents a flowchart of
the developed algorithm for determining the compatibility
of HMI subjects based on their polyfactor portraits of
perception subjectivization of the relevant interaction
object.

The main feature of the developed specialized algo-
rithm for determining the compatibility of HMI subjects
(based on their polyfactor portraits of interaction objects’
perception subjectivization) — is that it provides the possi-
bility of algorithmization of the researched processes (of
HMI subjects’ compatibility determining), and, therefore,
as a derivative step — the possibility of coding (i.e., soft-
ware/programming implementation), and, accordingly,
further computer/software modeling of these researched
processes, which is possible, besides that, including
thanks to the corresponding software model, presented
further in the text below.

Development of a software model for determining the
compatibility of HMI subjects — is the third stage of im-
plementing the declared method (of HMI interaction sub-
jects’ compatibility determining), which provides possi-
bility of computer/software modeling of the researched
processes of determining the compatibility of HMI sub-
jects based on their polyfactor portraits of perception sub-
jectivization of the relevant interaction object.

In particular, below, at Figure 2, a corresponding
graphical visualization of the proposed software model’s
structure is presented, which includes such basic compo-
nents as:

1) input data reading module (i.e., polyfactor portraits
of the subjects of researched HMI);

2) model’s parameter setting module (CRT compati-
bility criterion, its ranging, range boundaries, threshold
value(s), etc.);

3) data processing module;

4) data storage module;

5) results output/visualization module.

Each of the modules of the developed software model
represents exclusively a semantic separation of corre-
sponding component(s) of the complex process of HMI
subjects’ compatibility determining (based on their poly-
factor portraits of interaction objects’ perception subjec-
tivization), while functionally — absolutely all of these
modules are inseparably integrated within the framework
of one common, unified and indivisible software model
(for determining the compatibility of HMI subjects).

In turn, the proposed structure of the developed soft-
ware model (of HMI subjects’ compatibility determining)
can be practically implemented in any arbitrary way by
means of any known and/or existing architectures, tech-
nologies, platforms, programming languages, integrated
development environments, interfaces, etc.
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Obtaining input data — polyfactor
portraits of HMI subjects:

Sb[i][j]{Fe[k]}.(=[1..nsb].k=[1..nfc])

chcIaring the CRT compatibility crilcrion‘

|
—-< Overrun of all subjects: p=[1..nsb] )7

Ve
AN

Overrun of all subjects: g=[1..nsb] >7

‘co ndition not to

Tompare the subject
with itself

subjects: ASb[i][p][q]=0

Nullification of the difference in values between
polyfactor portraits of the p-th and the g-th

( Overrun of all impact factors: k=[1..nfc] >—
|

|f$Sb[iIlPIlCII +=| Sbli][p]{Fe[k]} - Sbi][q] {Fe[k]} ||
]

ICmp[i][p] [q] = FempbtILD( Sb[i][p]‘Sb[i][q]‘C'RT)l

Saving the results of determined
compatibility between the p-th

|

(

and the g-th subjects: Cmp[i][p][q]
|

Results output

Figure 1 — Flowchart of the developed algorithm for determining the compatibility of HMI subjects

Input data reading
module (i.e. subjects’
polyfactor portraits

of researched HMI)

Data

storage
module

Data processing
module

Parameter setting
module (C
compatibility

Pl criterion, range
boundaries,
threshold
value(s), ete.)

Results output/
visualization module

Figure 2 — The structure of the developed software model for determining the compatibility of HMI subjects

In particular, within the scope of current research, the
software implementation of the developed software model
(of HMI subjects’ compatibility determining) has been
carried out using the programming language Python 3.12
[15] and integrated development environment Thonny
4.1.4 [16, 17]. The choice of such specific particular soft-
ware configuration is due to a number of undeniable ad-
vantages, including, for example, such as: open access;
simplicity, efficiency and ease of use; low consumption
level of software and hardware resources; high popularity
among professionals, programmers, developers, students,
scientists and other enthusiasts; a wide range of existing
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libraries, including their specialization in modern Al
technologies; and many others.

Figure 3 below presents an example of the results ob-
tained by the programming implementation of the devel-
oped software model (of HMI subjects’ compatibility
determining, based on their polyfactor portraits of interac-
tion objects’ perception subjectivization).

Main feature of the developed software model (of
HMI subjects’ compatibility determining) — is the pres-
ence of a separate parameter setting module (for set-
ting/defining available model’s parameters, including, in
particular: the compatibility criterion CRT, its ranging,
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range boundaries, threshold value(s), etc), which provides
the possibilities for modeling the same set(s) of input data
(i.e., researched HMI subjects’ polyfactor portraits) with
completely different setting parameters, including the
aforementioned compatibility criterion CRT as the basic
one.

Shell *

»>» %Run HMI subjects comparison Method.p

<-high; - <-well;

LEGEND of subjects' compatibility lewels:

51 52 53 54 55 S€ 57 38 55
51 0.288 D0.312 0.466 0.222 0.310 0.264
52 0.388 0.472  0.452 0.42€
53 0.312 0.464 0.456 0.402 0.4¢8
54 0.466 0.472 0.484
S5 0.222° 10.452 0.45€ 0.452 0.3l
5¢ 0.310 0.402

57 0.264 0.426 0.4¢8

0.412
0.312

0.408

0.324 0.1%¢

812 = 0.25%
513 0 5 5 0 0.382
514 . 0 0.400

0.388
0.384
518 0.43¢
513 0.430

520 0.354

0.150 0.44¢

0.452

0.272
0.40€

0.412

In particular, the example results shown in Figure 3
demonstrate the practical application of the CRT compati-
bility criterion, set as a segmented distribution of the de-
viation value(s) range, which provides possibility of a
differentiated analysis of the investigated/comparable
HMI subjects’ compatibility level(s).

<-low; - <-semi; <-non-compatible; - <-incompatible.
511 512 513 514 515 51lé 518 519
0.436 0.430

520
0.3594

0.312
0.418  0.442
0.3%€¢ D.318 0.380
0.38¢ 0.388

0.316

0.258
0.468  0.38¢€

0.388 0.384

0.258 0.382

0.272

0.400
0.406

0.22e  0.446 0.44¢

Local Python 3 » Thonny's Python =

Figure 3 — An example of the results obtained by the programming implementation of the developed software model for determining
the compatibility of HMI subjects

Thus, during the experimental modeling (results of
which have been presented at Fig. 3 above) of the pro-
gramming implementation of the developed software
model, six main segmental classifiers of the researched
HMI subjects’ compatibility levels have been introduced,
namely:

1) a “highly compatible” subjects (when the calculated
difference in values between polyfactor portraits of com-
parable subjects does not exceed limit of 1.1X of the de-
clared value of compatibility criterion’s permissible
threshold);

2) a “well compatible” subjects (when the calculated
difference in values between polyfactor portraits of com-
parable subjects is in the range from 1.1X to 1.2X of the
declared value of compatibility criterion’s permissible
threshold);

3) a “low compatible” subjects (when the calculated
difference in values between polyfactor portraits of com-
parable subjects is in the range from 1.2X to 1.3X of the
declared value of compatibility criterion’s permissible
threshold);

4) a “semi compatible” subjects (when the calculated
difference in values between polyfactor portraits of com-
parable subjects is in the range from 1.3X to 1.5X of the
declared value of compatibility criterion’s permissible
threshold);

5) a “non-compatible” (or, in other works: “rather in-
compatible than compatible”) subjects (when the calcu-
lated difference in values between polyfactor portraits of
comparable subjects is in the range from 1.5X to 1.9X of
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the declared value of compatibility criterion’s permissible
threshold);

6) as well as a (fully/totally) “incompatible” subjects
(when the calculated difference in values between poly-
factor portraits of comparable subjects exceeds 1.9X-
times of the declared value of compatibility criterion’s
permissible threshold).

The corresponding range values can be adjusted both
heuristically (i.e., empirically) and depending on a spe-
cific tasks or needs, This property is provided for both the
developed basic mathematical model as well as the devel-
oped software model as the components of the declared
HMI subjects’ compatibility determining method based
on their polyfactor portraits of interaction objects’ percep-
tion subjectivization.

4 EXPERIMENTS

The experiment consists of obtaining the polyfactor
portraits for all researched subjects — participants of the
considered investigated HMI, based on input data related
to their perception subjectivization of relevant HMI ob-
ject.

After that, the obtained polyfactor portraits are cross-
compared with each other by means of the developed
mathematical model and specialized algorithm (intro-
duced and described in details in scope of previous chap-
ter).

And finally, at the last stage of the experiment, the ob-
tained compatibility results are presented in any arbitrary
(convenient) form of representation.
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5 RESULTS

The final stage of implementation of the declared
method (of HMI subjects’ compatibility determining
based on their polyfactor portraits of interaction objects’
perception subjectivization) — is its practical approbation
on the example of solving a specific experimental practi-
cal applied problem, which is, in the context of current
research, — the problem of identifying potentially inter-
changeable subjects of the researched HMI team, that has
been considered and resolved by means of the developed
method.

Thus, the results of this practical approbation of the
developed method — (as relevant) also, in details, and as
clearly as possible, demonstrate the results of the entire
research in general, and are presented within the scope of
this particular section of the research.

A resolution of the declared practical applied problem
has been performed/implemented in two basic stages, the
first (or “initialization”) of which is receiving/obtaining

and visualization of input information/data (i.e., subjects’
polyfactor portraits of the researched team of investigated
HMI), while the second (or “finalization™) stage is, in
fact, the search, analysis, and identification (by means of
the developed method of HMI subjects’ compatibility
determining based on their polyfactor portraits of interac-
tion objects’ perception subjectivization) of potentially
interchangeable subjects of the researched HMI team. In
other words, the essence of this problem boils down to the
fact that for each subject (of the researched HMI team) it
is necessary to identify another subject (from the same
researched HMI team), the compatibility of which is
maximal among all other subjects — members of the re-
searched HMI team.

In particular, below, at Figure 4, a graphical interpre-
tation of the input data is presented — that is, the polyfac-
tor portraits of all subjects — members of the researched
HMI team.

O Factor] M Factor2 O Factor3 [J Factor4d M FactorS O Factor6 B Factor7 O Factor8 M Factor9
: 1 I | | |
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Figure 4 — A graphical interpretation of the input data— the polyfactor portraits of all subjects - members of the researched HMI team
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Figure 5 below demonstrates the results of applying tifying potentially interchangeable subjects of the re-
the developed method (of HMI subjects’ compatibility  searched HMI team.
determining based on their polyfactor portraits of interac- While, Figure 6 below represents the final result of
tion objects’ perception subjectivization) in the context of  solving the declared practical applied problem of identify-
solving the considered practical applied problem of iden-  ing potentially interchangeable subjects of the researched
HMI team.

Shell =

>>»> %Run ;:ra::i:‘ali:as k res :l;:fi:r.jnetl‘.: d ap probation.py

LEGEND of subjects' compatibility levels: [ <-high; [ <-ve11; DN <-low; [ <-semi; <-non-conpatible; [ <-incompatible.
5g 51 52 53 54 55 5€ 58 53 510 511 512 513 514 515 521 522 523 524 525 527 528

20.52

0.4€
0.51 0.47 0.43

L4

Local Python 3 = Thenny's Pythen =

Figure 5 — Results of subjects’ compatibility determining of the researched HMI team.
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Thus, by means of the developed method (of HMI
subjects’ compatibility determining based on their poly-
factor portraits of interaction objects’ perception subjec-
tivization) — the relevant practical applied problem of
identifying potentially interchangeable subjects of the
researched HMI team has been successfully resolved.

In turn, the resolution of this specific applied problem
opens the way to solving a number of derived subprob-
lems, one of which is, in particular, the identification of
subjects (of researched HMI team) that act as the most
“universal donor subjects”, characterized by a high degree
of compatibility level(s) with other subjects — members of
the same researched HMI team. For example, based on
the results presented above in Figure 6, such subjects are:

— subject 2, which can act as a potentially inter-
changeable donor for subjects 11, 25 and 28;

— subject 14, which can act as a potentially inter-
changeable donor for subjects 17, 18 and 23;

— subject 23, which can act as a potentially inter-
changeable donor for subjects 2, 14 and 22;

— subject 24, which can act as a potentially inter-
changeable donor for subjects 4, 6, and 8.

As well as a whole batch of other relevant derived
practical applied problems, the solution of which is pro-
vided by the method developed and represented in scope
this research: i.e., HMI subjects’ compatibility determin-
ing method, based on their polyfactor portraits of interac-
tion objects’ perception subjectivization.

6 DISCUSSION

In particular, the research [18] investigates the issues
of quantitative analysis of the efficiency and productivity
of systems where the main functional elements are living
people/human, in particular, the graphical analysis of the
nonlinear functional relationship between team productiv-
ity and team size, in the context of which the problem of
human compatibility (in teams) is being studied as well. It
has been determined that the area of functional depend-
ence of team productivity on its size — has more diffuse
characteristics, and this fact is, actually, caused by the
problem of human compatibility (of the researched team’s
members). In addition, a curve model of the low human
compatibility mode is presented, when each new team
member contributes to the advancement of the project to
some extent due to his experience, new knowledge and
skills, but with lower productivity, since this new team
member, in addition to increasing the time spent on inter-
nal contacts, — is also somehow incompatible with other
team members. Also, the model of building a project team
is presented, where the average productivity of people
(i.e., team members) increases or decreases with the addi-
tion of each new team member, depending on how com-
patible the newcomer is with the rest of already existing
team members.

In scope of research [19], a relevant framework is de-
veloped that attempts to integrate human and machine
performance metrics during interaction in such a way as
to provide a robust, human-compatible system that re-
quires the participation of three main functional elements
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(which form a relevant three-component interaction
model) in interaction based on: engineering design (i.e.,
product life cycle software developers), operating systems
developers (including users and managers), and system
design architects.

The research [20] is devoted to the investigation of the
quantitative assessment of the abstract concept of team
homogeneity and the measurement of its impact on soft-
ware quality and team productivity, which is implemented
on the basis of a specially developed metric called the
THI, built on the basis of a six-step process of calculating
the THI of a software development team, and the obtained
research results, actually, confirm a direct relationship
between the quality of the results of intersubjective inter-
action and the corresponding indicator of the proposed
THI. At same time, the research [21] represents a study in
context of issue of the influence of social and human fac-
tors in the field of software development, which provides
the possibility of quantifying the abstract concept of team
homogeneity based on the FFM, namely: O-THI, C-THI,
E-THI, A-THI and N-THI. The impact of these five indi-
cators is assessed by conducting experiments in academic
and industrial environments for three different phases of
SDLC, i.e.: analysis and design, implementation, and test-
ing. And the obtained results, actually, indicate and con-
firm that those proposed and introduced five indicators
(i.e., O-THI, C-THI, E-THI, A-THI and N-THI) can be
used to help both managers and scientists to create a pro-
ductive team(s) that, in turn, can create the higher-quality
software.

While, the research [22] presents a method of remote
selection of candidates for a team, based on socionic
analysis of their content in a social networks, where a key
role is assigned to the psychological compatibility of the
interaction between the members of the formed team(s),
assessing, first of all, the “soft skills” of the candidates
(which include: high communication skills, language
skills, cognitive or emotional empathy, leadership traits),
using Jung’s basis with the help of four pairs of dichoto-
mous signs, which (with a high probability) determine the
psyche of a person and, on this basis, assess its ability to
be involved in performing a certain type(s) of work, pro-
posing an algorithm for using visual and verbal methods
for forming teams, assessing their cohesion and determin-
ing the optimal leader.

At the same time, the advantage of the developed
method of HMI subjects’ compatibility determining based
on their polyfactor portraits of interaction objects’ percep-
tion subjectivization, presented within the scope of cur-
rent research, — is that, unlike existing approaches and
solutions, the proposed method provides the possibility of
processing polyfactor portraits of perception subjectiviza-
tion of the HMI object by each of the subjects of this in-
teraction, which makes it possible to determine the com-
patibility of subjects precisely according to the key crite-
rion of their affinity in subjective vision and perception of
the object of their joint interaction, thereby ensuring the
possibility of identifying subjects with a common vision
of the object of interaction, and, accordingly, increasing
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the level of efficiency of their interaction due to, pre-
cisely, this common vision and mutual understanding, as
well as minimizing any destructive components/effects
caused by differences in this vision of the object(s) or the
processes of their joint interaction.

Therefore, based on the results of performed research,
the scientific novelty and practical significance of the
research have been formulated and given below. Scien-
tific novelty of the obtained research results — for the first
time, a method of determining the HMI subjects’ com-
patibility based on their polyfactor portraits of interaction
objects’ perception subjectivization has been developed,
which makes it possible to identify the compatibility of
HMI subjects precisely on the basis of their polyfactor
portraits of perception subjectivization of the object(s) of
interaction, thereby ensuring an improvement in the quali-
tative and efficiency indicators of HMI teams due to the
possibility of identifying, selecting and joining subjects
with a common subjective vision and perception of the
object(s) and processes of their joint HMI. Practical sig-
nificance of the obtained research results — a software
model (of determining the compatibility of HMI subjects
based on their polyfactor portraits of interaction objects’
perception subjectivization) has been developed, as well
as its programming implementation (using the Python
programming language), which provides the possibility(-
ies) of computer/software modeling of the researched
processes of HMI subjects’ compatibility determining
based on their polyfactor portraits of interaction objects’
perception subjectivization; a practical approbation of the
developed method (of determining the compatibility of
HMI subjects based on their polyfactor portraits of inter-
action objects’ perception subjectivization) has been car-
ried out on the example of solving a relevant practical
applied problem of identifying potentially interchangeable
subjects of the researched HMI team, which provides op-
portunities for solving a whole batch of other relevant
derived practical applied problems in the context of HMI-
subjects’ compatibility based on their personal subjectivi-
zation of the perception (i.e., understanding, vision) of
relevant HMI-object(s).

CONCLUSIONS

The relevant scientific and applied problem of a back-
ground determining and identifying of the compatibility
of HMI subjects based on irrational part of their interac-
tion with HMI object(s), ensuring the improvement of the
qualitative and efficiency indicators of HMI teams due to
the possibility of identifying, selecting and joining sub-
jects with a common (e.g.: “close”, or similar) subjective
vision and perception of the object(s) and/or processes of
their joint HMI.

The scientific novelty of obtained results consists in
the following: for the first time, a method of determining
the HMI subjects’ compatibility based on their polyfactor
portraits of interaction objects’ perception subjectiviza-
tion has been developed, which makes it possible to iden-
tify the compatibility of HMI subjects precisely on the
basis of their polyfactor portraits of perception subjectivi-
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zation of the object(s) of interaction, thereby ensuring an
improvement in the qualitative and efficiency indicators
of HMI teams due to the possibility of identifying, select-
ing and joining subjects with a common subjective vision
and perception of the object(s) and processes of their joint
HML

The practical significance of obtained results con-
sists in the following: a software model (of determining
the compatibility of HMI subjects based on their polyfac-
tor portraits of interaction objects’ perception subjectivi-
zation) has been developed, as well as its programming
implementation (using the Python programming lan-
guage), which provides the possibility(-ies) of com-
puter/software modeling of the researched processes of
HMI subjects’ compatibility determining based on their
polyfactor portraits of interaction objects’ perception sub-
jectivization; a practical approbation of the developed
method (of determining the compatibility of HMI subjects
based on their polyfactor portraits of interaction objects’
perception subjectivization) has been carried out on the
example of solving a relevant practical applied problem of
identifying potentially interchangeable subjects of the
researched HMI team, which provides opportunities for
solving a whole batch of other relevant derived practical
applied problems in the context of HMI-subjects’ com-
patibility based on their personal subjectivization of the
perception (i.e., understanding, vision) of relevant HMI-
object(s).

Prospects for further research are potential devel-
opment(s) and improvement(s) of both the developed
method and its relevant component models (in particular —
the software model) in the context of researching the is-
sues of: HMI objects’ and processes’ perception subjec-
tivization, automation and intellectualization of HMI and
its components, as well as the formation, creation, replen-
ishment, or correction of teams (intersubjective associa-
tions, groups, joints, forms, environments, etc.), both in
the field/area of HMI as well as in other relevant and/or
related fields, in particular, such as: socionics, social en-
gineering, cybernetic psychology, and intersubjective
interaction in general.
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AHOTAIIA

AKTyanbHicTh. JloCTikeHHS! MPUCBSIYCHO BUPIIICHHIO aKTyallbHO! HAyKOBO-NIPUKIAAHOI MpobieMy pOHOBOTO BH3HAUCHHS Ta
izeHTUdiKanii cyMmicHOCTI cy0’€eKTiB moanHO-MammHHOI B3aemoxnii (JIMB) Ha ocHOBI ippauioHanbHOI KOMIIOHEHTH iX B3a€MOZIi 3
o6’ekrom(amu) JIMB. O6’€kTOM d0CJTIIKEHHS] € TpoleC BU3HAYCHHS CyMmicHOCTI cy0’ektiB JIMB Ha ocHOBiI cy0’ekTHBi3amii
cpuiHATTS HUMH 00’ ekTa JIMB. IIpenmeTom AocaiTsKeHHS € METOIU Ta 3aCOOM MITyYHHX HEHMPOHHHUX MEPEkK, OOUMCIIOBAIEHOTO
IHTEJIEKTY, MATEMaTHIHOTO MOJICIIIOBAHHS, & TAKOXK KOMIT IOTEPHOTO IIPOrpaMyBaHHSI.

Meta po6oTH — po3poOIEHHST METOly BU3HAUCHHs CyMicHOCTI cy0 ekTiB JIMB, mo 6a3yerscs Ha cy0’eKTHBI3anii COPHHHATTS
HuMu 06’ exra JIMB.

Metona. Po3poGiieHo MeTon BU3HaYeHHsI CyMiCHOCTI cy0’ektiB JIMB, sikuii IpyHTy€eThCs Ha aHAIi31 1X MOJi(GaKTOPHUX MOPTPETIB
cy0’extuBizanil copuiHATTS 06’ekTa(iB) i€l B3aemonii, Ta 3abe3neuye MOMIIMBICTh BHUPIIICHHS BHINE3aJCKIapOBAHOI HAYKOBO-
npukiaagHoi 3axadi. OcoGIuBiCTh PO3POOICHOr0 METOY MOJSATaE y 3acTOCYBaHHi (y paMKax BHUPIIICHHs 3asBJICHOI Mpo0iemMu) mo-
Ti(haKTOPHUX MOPTPETIB, II0 PEIPE3CHTYIOTh Cy0 eKTUBI3aIi0 CIpHHHATTA 00’ ekTa(iB) JIMB — cy0’ekramu mi€l x B3aeMonii, 3 Me-
TOIO BUSIBJIICHHSI CTYIICHS/PIBHA CYMICHOCTI ITUX Cy0’€KTIiB caMe B KOHTEKCTi MPU3MH Cy0’ eKTUBALiHUX 0COOIMBOCTEH X epcoHidi-
KOBaHOTO cIIpuiHATTS 06’ ekTa(iB) (abo mporeciB) B pamkax ix cminbpHoi JIMB. 3anpornonoBannit Metoxn 6a3y€ThCs HA BIAIIOBITHUX
MOJIEJIAX, PO3pOOJICHNX 1 IPEICTaBICHUX y paMKaX JaHoi poOOTH, a TaKOX Ha CHeNiali30BaHOMY aJTOPUTMI, IO 3a0e3redye MOX-
JIMBICTh aBTOMATHU3AaLii Ta MOJaJIbLIOTO IIPOrPaMHO-KOMII IOTEPHOTI0 MOJCIIOBAHHS JIOCIIDKYBaHHUX HPOILIECIB.

PesyabTaTi. B pamkax 11b0ro 1ociipKeHHS: po3po0IIeHO Ta IpeIcTaBlIeHo 6a30By MaTeMaTHYHY MOJEINb, Clielialli30BaHUH aj-
TOPHUTM, @ TAKOX MPOrPaMHY MOZEJb 3aJIeKIapOBaHOr0 MeToy. [loaTKOBO, IIPOBEICHO NMPAKTUYHY anpobauio po3poOsIeHOro Me-
TOJy Ha MPHUKIAAl po3B’si3aHHs pPeJIeBaHTHO! MPHUKJIAIHOI MPAKTUYHOI 33/1a4i BU3HAYCHHS MOTCHLIHHO B3a€MO3aMiHHUX CyO’€KTIiB
JOCHIKyBaHOTO KoleKTHBY JIMB, o miaTBepmKkye nieBicTh Ta €PeKTHBHICTh PO3POOICHOTO METOLY B KOHTEKCTI BHPIIICHHS MO~
OHMX Ta IOB’S3aHUX PEJICBAHTHUX MPHUKJIAAHUX PAKTHYHUX 3a71a4.

BucnoBkn. Po3po6iieHo MeTox Bu3Ha4eHHsI cyMicHOCTI cy0’extiB JIMB 3a ix momidakTopHHMHE mopTpeTaMu Cy0’€KTHBI3arlil
crpuitaarTs 06’ekriB JIMB, sikuii 3a6e3redye MOKIMBICTh BUPILICHHS PEJICBAHTHOI aKTyalbHOI HayKOBO-TIPHUKIIAHOI 3a/1a4i BU3HA-
YyeHHs Ta iaeHTudikaiii cymicHocTi cy0’ektiB JIMB, a Takox Hazae MOKIMBICTH iieHTH(IKYyBaTH CyMicHICTh cy0’ekTiB JIMB came
Ha OCHOBI 1X MONMi()aKTOPHUX MOPTPETIB CyO €KTHBI3AIll CIPUUHATTS 00’ €xTa(iB) mi€l B3aEMO/Iil, 3a0€3MEUYI0UM, TUM CAMUM, Mij-
BUIICHHS SKICHUX 1 e(eKTUBHUX IOKa3HUKIB komaHx JIMB came 3a paxyHOK MOMJIMBOCTI BHSIBIEHHS, BinOopy Ta 00’€IHaHHS
cy0’exTiB (J1r07€#) i3 CriibHUM Cy0’€KTHBHUM OaueHHsIM 1 cOpUHHATTSIM 00’ ekta(iB) Ta/abo mporecis iX CHiIbHOI B3aeMoil.

KJIFOUYOBI CJIOBA: nonuHO-MaIlInHEA B3aEMOJIs, CyMICHICTh Cy0’€KTiB, MOi(akTOpHHIA MOPTPET, Cy0’ €KTUBI3aLis CIPHIi-
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