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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 
A-THI is an agreeableness team homogeneity index;  
AI is an artificial intelligence;  
C-THI is a conscientiousness team homogeneity in-

dex;  
CHBO is a chaotic heap-based optimizer;  
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;  
HMI is a human-machine interaction;  
IT is an information technology;  
N-THI is a neuroticism team homogeneity index;  
O-THI is an openness team homogeneity index;  
SDLC is a software development life cycle;  
TFA is a team formation algorithm;  
THI is a team homogeneity index.  
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kFc  is a mandatory condition that ensures 

the integrity of the polyfactor portrait of any subject;  

]][][[ qpiSb  is a difference in values between the p-th 

subject and the q-th subject in their perception subjectivi-
zation of the i-th object of researched HMI;  

 CRTSb qpi  ]][][[,0  is a result of the range function 

(of determining the HMI subjects’ compatibility levels), 
representing 0-level compatibility (i.e., incompatibility) of 
the investigated/comparable HMI subjects, as the differ-
ence between polyfactor portraits’ values of the investi-
gated/comparable subjects ]][][[ qpiSb  doesn’t meet the 

compatibility criterion CRT at all;  
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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 CRTSbfalse qpi  ]][][[,  is a logical result “false” 

of the  CRTSbSbFcmpbtlL qipi ,, ]][[]][[  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., 

]][][[ qpiSb ) to the declared compatibility criterion CRT.  

][kFc  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;  

 CRTSbSbFcmpbtlD qipi ,, ]][[]][[  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;  

 CRTSbSbFcmpbtlL qipi ,, ]][[]][[  is a logical function 

of determining compatibility between the p-th subject and 
the q-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;  
  ]1[]1[]][][[]1[ ;, HLqpi DdDdCRTSbPbVl   is a 

]1[PbVl  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 ]][][[ qpiSb  cor-

responds to the declared segment of the compatibility 
criterion CRT, represented by the range of values 
 ]1[]1[ ; HL DdDd  (with sequential number “1” from the list 

of possible declared value ranges), where 
]1[ LDd  – is a 

lower limit of the range, while 
]1[ HDd  – is an upper limit 

of the range;  
  ][][]][][[][ ;, ndrHndrLqpindr DdDdCRTSbPbVl 

 is a ][ndrPbVl  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 ]][][[ qpiSb  

corresponds to the declared segment of the compatibility 
criterion CRT, represented by the range of values 

 ][][ ; ndrHndrL DdDd  (with sequential number “ndr” from 

the list of possible declared value ranges), where 

][ndrLDd  – is a lower limit of the range, while ][ndrHDd  

– is an upper limit of the range, respectively;  

]][[ jiSb  is a polyfactor portrait of the perception sub-

jectivization of the i-th object by the j-th subject of the 
researched HMI;  

 ][]][[ kpi FcSb  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;  

 ][]][[ kqi FcSb  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 q-th subject of the researched HMI;  

 CRTSbtrue qpi  ]][][[,  is a logical result “true” of 

the  CRTSbSbFcmpbtlL qipi ,, ]][[]][[  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., ]][][[ qpiSb ) – 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:  

 
 ][]][[ kji FcSb  . (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-

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 AI, 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-

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):  
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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:  
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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):  
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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:  
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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-

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

 

 
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 

libraries, including their specialization in modern AI 
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.  

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).  

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 1.1Х to 1.2Х 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 1.2Х to 1.3Х 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 1.3Х to 1.5Х 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 1.5Х to 1.9Х of 

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.  

 

 
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 
the developed method (of HMI subjects’ compatibility 
determining based on their polyfactor portraits of interac-
tion objects’ perception subjectivization) in the context of 
solving the considered practical applied problem of iden-

tifying potentially interchangeable subjects of the re-
searched HMI team.  

While, Figure 6 below represents the final result of 
solving the declared practical applied problem of identify-
ing potentially interchangeable subjects of the researched 
HMI team. 

 

 
Figure 5 – Results of subjects’ compatibility determining of the researched HMI team.  

 

 
 

Figure 6 – Identified potentially interchangeable subjects 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 

(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-

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 
HMI.  

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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AНОТАЦІЯ 

Актуальність. Дослідження присвячено вирішенню актуальної науково-прикладної проблеми фонового визначення та 
ідентифікації сумісності суб’єктів людино-машинної взаємодії (ЛМВ) на основі ірраціональної компоненти їх взаємодії з 
об’єктом(ами) ЛМВ. Об’єктом дослідження є процес визначення сумісності суб’єктів ЛМВ на основі суб’єктивізації 
сприйняття ними об’єкта ЛМВ. Предметом дослідження є методи та засоби штучних нейронних мереж, обчислювального 
інтелекту, математичного моделювання, а також комп’ютерного програмування.  

Мета роботи – розроблення методу визначення сумісності суб’єктів ЛМВ, що базується на суб’єктивізації сприйняття 
ними об’єкта ЛМВ.  

Метод. Розроблено метод визначення сумісності суб’єктів ЛМВ, який ґрунтується на аналізі їх поліфакторних портретів 
суб’єктивізації сприйняття об’єкта(ів) цієї взаємодії, та забезпечує можливість вирішення вищезадекларованої науково-
прикладної задачі. Особливість розробленого методу полягає у застосуванні (у рамках вирішення заявленої проблеми) по-
ліфакторних портретів, що репрезентують суб’єктивізацію сприйняття об’єкта(ів) ЛМВ – суб’єктами цієї ж взаємодії, з ме-
тою виявлення ступеня/рівня сумісності цих суб’єктів саме в контексті призми суб’єктиваційних особливостей їх персоніфі-
кованого сприйняття об’єкта(ів) (або процесів) в рамках їх спільної ЛМВ. Запропонований метод базується на відповідних 
моделях, розроблених і представлених у рамках даної роботи, а також на спеціалізованому алгоритмі, що забезпечує мож-
ливість автоматизації та подальшого програмно-комп’ютерного моделювання досліджуваних процесів.  

Результати. В рамках цього дослідження: розроблено та представлено базову математичну модель, спеціалізований ал-
горитм, а також програмну модель задекларованого методу. Додатково, проведено практичну апробацію розробленого ме-
тоду на прикладі розв’язання релевантної прикладної практичної задачі визначення потенційно взаємозамінних суб’єктів 
досліджуваного колективу ЛМВ, що підтверджує дієвість та ефективність розробленого методу в контексті вирішення поді-
бних та пов’язаних релевантних прикладних практичних задач.  

Висновки. Розроблено метод визначення сумісності суб’єктів ЛМВ за їх поліфакторними портретами суб’єктивізації 
сприйняття об’єктів ЛМВ, який забезпечує можливість вирішення релевантної актуальної науково-прикладної задачі визна-
чення та ідентифікації сумісності суб’єктів ЛМВ, а також надає можливість ідентифікувати сумісність суб’єктів ЛМВ саме 
на основі їх поліфакторних портретів суб’єктивізації сприйняття об’єкта(ів) цієї взаємодії, забезпечуючи, тим самим, під-
вищення якісних і ефективних показників команд ЛМВ саме за рахунок можливості виявлення, відбору та об’єднання 
суб’єктів (людей) із спільним суб’єктивним баченням і сприйняттям об’єкта(ів) та/або процесів їх спільної взаємодії.  

КЛЮЧОВІ СЛОВА: людино-машинна взаємодія, сумісність суб’єктів, поліфакторний портрет, суб’єктивізація сприй-
няття.  
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