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Abstract

:

The article deals with the issue of developing a cyber-physical system of a psychological profile of a specialist in professions of the ‘man-nature’ type in the formation of specialists for sustainable development. The proposed cyber-physical system of psychophysiological support of professional self-realization in professions of the ‘man-nature’ type is presented in the form of a hierarchical structure, the upper level of which reflects the vision of the customer (client) and contains the necessary properties and their significance coefficients, and the lower level is a set of characteristics that affect the corresponding properties as well as the corresponding weight values. The cyber-physical system makes it possible to clearly represent the psychophysiological profile of a specialist when working on building a standard of a specialist using the method of expert assessments. This system also allows you to easily automate the process of creating a reference model of a specialist for professions of the ‘man-nature’ type and will provide estimates of the significance of each of the obtained characteristics. The novelty of the cyber-physical system lies in the integration of points of view on the professional self-realization of a specialist on the part of the customer and on the part of psychologists. The significance of the upper-level elements comes from experts (customers) for each profile, while the weights of the relationship between characteristics and a certain quality are constant regardless of the specialty and can be obtained from expert psychologists in advance. Based on the analysis of a formalized description of available psychodiagnostic techniques, a generalized model of psychodiagnostic techniques and a structural model of a set of psychodiagnostic techniques have been developed. This approach differs from the known ones in a formalized representation, as well as taking into account the vector of resources necessary for the implementation of the technique. The proposed approach made it possible for the first time to formulate the problem of choosing a set of psychodiagnostic techniques as an optimization problem. The developed complex of algorithms, containing all the characteristics of cybernetic systems, is controllable and consists of a set of subsystems that act as mechanisms for the restoration and implementation of self-preserving reactions. That is, this complex of algorithms is effective, which is characterized by a certain set of parameters. Hence, the key role of the system of transmission and processing of information in training specialists for sustainable development becomes clear, and the importance of intellectualization of management processes is explained.
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1. Introduction


Socio-economic transformations that take place in society are constantly changing the requirements for the personality of a modern specialist. The ability to be the subject of his professional development and independently find solutions to socially and professionally significant problems in a changing reality is becoming increasingly important for him. In addition to professional knowledge and skills, specialists today must also have special abilities, skills, and personality qualities that provide flexibility and dynamism of professional behavior, creativity in professional activities, independence in the search for and processing new information, and gaining professional experience. Of particular importance is the acquisition of the ability to make adequate decisions in ‘non-standard» situations, in conditions of time pressure, as well as the development of optimal interaction skills with participants in the production process in joint professional activities. That is why specialists in professions such as the ‘man-nature’ type need the special attention of scientists. This is due, in addition to the enormous social significance of such professions, which is inherent in them, also to the fact that they are naturally closely integrated into professions of all other types. For example, a filmmaker, an actor (creative professions), a foreman, a workshop manager (‘man-engineering’), an environmental worker (‘man-nature’), a chief accountant, a director of a publishing house (‘man-sign’), etc., in addition to their main type of professions, they also refer to professions of the ‘man-man’ type.



The work features and requirements for specialists in these professions have undergone significant changes over the past 5 years due to the introduction of the concept of sustainable development in Ukraine. A thorough morphological analysis of the concept of ‘sustainable development’ was carried out in the works of V. Bogolyubov ([1], pp. 28–37), L. Melnyk [2], Yu. Skyba ([3], pp. 95–104) and other researchers [4,5]. At the same time, as can be concluded from the studies of foreign experts D. Wortman [6], D. Tilbury [7], R. McKeown [8], R. Anderson [9], and Ukrainian researchers A.I. Pometun [10], O.Ye. Vysotska [11], V.R. Ilchenko [12], V.Ya. Shvets [13], I.O. Soloshyn [14], S.D. Rudyshyn [15], there is a significant contradiction in the training of specialists of different professions related to the ‘man-nature’ type: on the one hand, socio-economic changes occurring in society cause increased requirements for such specialists, their activity and responsibility in relation to their own professional and personal development; on the other hand, the training of these specialists is mostly formal, to a large extent. The analysis of literary sources [16,17,18,19,20] shows that most modern definitions of training specialists for sustainable development and education for sustainable development are contextual, formulated in the form of too-broad judgments, and they often lack the generic affiliation of the concept. Psychological-empirical study of the problem by a number of authors [21,22,23,24,25] made it possible to consider professional self-realization as an ability for self-change and as ‘self-movement’ of a specialist in the space of a profession; as a psychological readiness for constant work on oneself, an active search for opportunities for development; as a human ability, according to L.O. Kalmykova [26], ‘to rethink one’s own essence’, to create oneself and, finally, to achieve the desired effect; as the ability of a person to transform himself-through self-education, self-development, the interiorization of values and norms, etc.–into a full-fledged member of the community of professionals to obtain the outstanding achievements in the profession. In addition, the movement of the individual in the professional space and his achievement of the peak of professional self-realization is determined, according to the study by E.F. Zeyer [27,28] and E.E. Symanyuk [29], by three meaning-making factors: age-related psychological changes, continuing professional education and the development and transformation of leading activities. These three factors concentrate in themselves both socio-economic conditions and the individual’s own mental (socio-professional) activity, which, according to K. Whitaker [30], is the ‘tool’ of the profession. However, an analysis of the psychological, pedagogical, and specialized literature indicates that the problem of the formation of the psychophysiological standard of the profession of the ‘man-nature’ type is not sufficiently reflected in educational research. In this regard, the need for integration of numerous but quite heterogeneous, mixed studies related to various aspects of the formation of modern professionals of ‘man-nature’ type becomes apparent. There is a need to combine purely psychological and psychophysiological aspects of this problem. It is also necessary to develop a holistic system of psychophysiological support for all stages of becoming professionals of this type in training specialists for sustainable development. According to the problem posed, the aim of the study was to develop a cyber-physical system of psychophysiological support for becoming a specialist in professions of the ‘man-nature’ type in the formation of specialists for sustainable development.




2. Materials and Methods


The results presented in the article are based on experimental studies conducted at the V. Chornovil Institute for Sustainable Development (V.Chornovil ISTD) Lviv Polytechnic National University and the laboratory of psychophysiology and occupational health of the State Institution Sanitary and Epidemiological Station on the Lviv Railway of the Ministry of Health of Ukraine. A total of 55 people took part in these studies (40 environmental engineers, former graduates from the V. Chornovil ISTD, and 15 students of the same higher education institution). A total of 546 psychophysiological studies and 789 empirical studies were conducted using the methods described below.



A total of 40 environmental engineers, former graduates from the V. Chernovil ISTD, and 15 students of the same higher education institution were involved in psychophysiological research according to three groups of methods: methods for assessing professionally important psychophysiological qualities-they determine the readiness of the body for emergency action in conditions of monotonously acting factors, reliability of the body in a state of fatigue, attention switching speed, emotional stability, visual and auditory memory. These methods make it possible to determine sensorimotor reactions; methods for assessing the functional state (by means of which you can study the characteristics and psycho-emotional state of the body; methods for studying personality and psycho-emotional state) they assess the functional state of the organism: hemodynamic parameters, condition of the cardiovascular system, fatigue of the visual analyzer, state of long-term and short-term memory, reaction to a moving object, state of the nervous system. The study results are presented below.



Also, the participants of the experiment (55 people) were also involved in empirical research using the psychophysiological complex Tolerance, which allows evaluating 10 psychophysiological qualities (this computer system allows you to significantly speed up the testing procedure and preparation of conclusions on professional suitability; it enables to carry out a systematic multi-level examination of operators, to standardize the examination procedure, to objectify test results, to minimize errors and bias in personnel). In addition, the empirical studies were conducted with the help of the Filter technical complex with a set of techniques for assessing professionally important psychophysiological qualities and a functional state; by means of personal computers with a set of necessary techniques for studying personality characteristics and the psychoemotional state of the experimental subjects (MMPI, Raven, Shmishek-Leonhard, Spilberger-Khanin, Lusher). The study results are presented below.



The second stage of the work was the selection of groups of environmental engineers, master’s students with relatively high (group A) and relatively low (group B) levels of professional success. Representatives of these groups are typical for the majority of workers/students in this profession by age, professional experience, educational background. Testing was carried out by 21 indicators. To determine the cognitive potential CP (psychophysiological professional suitability), we used methods for assessing 12 professionally important psychophysiological qualities: readiness for emergency actions (REA), reaction to a moving object (RMO), sensorimotor reactions, strength of the nervous system (SNS) mobility of the nervous processes (MNP) attention stability, switching attention, emotional stability, logical thinking, visual memory, long-term memory, and operative memory (short-term memory). To determine the biological age (BA), methods of assessing the functional state were used: the Genchi coefficient, systolic pressure, diastolic pressure, pulse, tilt, the Romberg stance, height, weight.



Professional success (Ekho) was determined by a 10-point system according to other non-psychophysiological criteria, such as learning success (training rating), the absence of accidents, shortcomings in work, violations of labor discipline, the number of vouchers issued, and tourists sent on vacation, etc., the presence of awards or prizes, innovation proposals, initiatives, competence, responsibility, exemplary attitude to their duties, etc.



The practical significance of the study results lies in the wide possibility of their practical use in order to increase the efficiency of professional development of specialists of the ‘man-nature’ type professions in training specialists for sustainable development in the Baltic Sea region.



The scientific novelty of the work lies in the fact that for the first time, theoretical and methodological principles have been developed for constructing a standard of a profession of the ‘man-nature’ type.




3. Results


The cyber-physical system consists of indicators and four interrelated stages: (1) standardization and weighing; (2) identification of problems and inconsistencies; (3) analysis of effects; and (4) feedback and improvement.



Stage I Standardization and weighing involve comparing the most significant indicators of the four-component structure of the personality model to assess the professional suitability of a specialist.



An integrated approach to assessing the professional suitability of a specialist involves, on the one hand, the study of the profession for which the selection is made, and on the other hand, a psychological study of the personality of the applicants. Therefore, it is advisable to use the method of two profiles as the basis for algorithms and procedures for constructing a standard of a professional worker [31].



The integral profile of a professional worker may consist of various components, according to which professional selection is carried out (intellectual, psychological, psychophysiological, technological, social).



For each component, its own professional defining qualities (PDQs) are determined, their assessment is carried out, and applicants are diagnosed. The professiogram of a specialist of the ‘man-nature’ type profession can be described using a set of tuples:


     〈   d   q 1   1  ,  d   q 2   1  , … ,    d   q 1   1   〉    ,  〈   d   q 1   2  ,  d   q 2   2  , … ,    d  q u  2   〉    ,      〈   d   q 1   3  ,  d   q 2   3  , … ,    d   q a   3   〉    ,  〈   b   q 1    ,  b   q 2    , … ,    b   q k     〉    ,      〈   t   q 1    ,  t   q 2    , … ,    t   q n     〉    ,  〈   s   q 1    ,  s   q 2    , … ,    s   q m     〉    ,      〈   v   q 1    ,  v   q 2    , … ,    v   q r     〉    ,  〈   z   q 1    ,  z   q 2    , … ,    z   q s     〉    ,    



(1)




or by one aggregate tuple:


   〈     d   q 1   1  ,  d   q 2   1  , … ,  d   q 1   1  ,  d   q 1   2  ,  d   q 2   2  , … ,  d  q u  2  ,  d   q 1   3  ,  d   q 2   3  , … ,      b   q 1    ,  b   q 2    , … ,  b   q k    ,  t   q 1    ,  t   q 2    , … ,  t   q n    ,  s   q 1    ,  s   q 2    , … ,      v   q 1    ,  v   q 2    , … ,  v   q r    ,  z   q 1    ,  z   q 2    , … ,  z   q s             d   q a   3  ,      s   q m    ,        〉  ,  



(2)




where    D 1  =  {   d   q 1   1  ,  d   q 2   1  , … ,    d   q l   1   }      is a set of requirements imposed on a specialist in a profession of the ‘man-nature’ type in the field of knowledge;    D 2  =  {   d   q 1   2  ,  d   q 2   2  , … ,    d   q u   2   }      is a set of requirements imposed on a specialist in the field of specialized knowledge;    D 3  =  {   d   q 1   3  ,  d   q 2   3  , … ,    d   q a   3   }      is a set of requirements for intellectual qualities of a specialist;   B =  {   b   q 1    ,  b   q 2    , … ,    b   q k     }      is a set of requirements to a specialist to effectively perform the specified functions (psychophysiological requirements);   T =  {   t   q 1    ,  t   q 2    , … ,      t   q n     }    is a set of requirements to a specialist in the field of technical training;   S =  {   s   q 1    ,  s   q 2    , … ,    s   q m     }      is a set of requirements to a specialist in the field of social relations;   V =  {   v   q 1    ,  v   q 2    , … ,    v   q r     }      is a set of psychological qualities that a specialist must possess in order to effectively perform the specified functions;   Z =  {   z   q 1    ,  z   q 2    , … ,    z   q s     }      is a set of undesirable factors that impede one or another type of professional activities.



Stage II Identification of problems and inconsistencies.



Under real-life conditions, most often, only some of the listed components are subject to consideration. Most commonly, during professional selection, only medical and psychological selections are carried out in stages. Psychophysiological selection and control of professional knowledge are either not carried out at all or are carried out formally.



This division covers the largest set of characteristics that need to be diagnosed. It is the determination of this set of parameters that causes the most significant difficulties. While medical control and the assessment of professional knowledge have legal status, that is, on the basis of the data obtained, an official decision is possible, conducting psychological and psychophysiological selection de jure is not fixed. However, making the correct decision is possible only on the basis of the results of all four components of this process [32].



Currently, the four-component structure of the personality model is widely known [33]:




	
Social and professional orientation (inclinations, interests, relations, expectations, mindset, motives);



	
professional competence (professional knowledge, abilities, skills, qualifications);



	
professionally important qualities (psychological qualities of a personality that determine the productivity of activities-scope, quality, effectiveness, etc.);



	
professionally significant physiological qualities (reactivity, energetics, neurotism, extroversion, adaptive tracking, etc.).








The system-forming factor of the personality is their socio-professional orientation, which is characterized by a system of dominant needs and motives. The components of a professional direction are motives, value system, professional approach, and socio-professional status [34].



Professional competence is often understood as a set of professional knowledge and abilities, as well as ways to perform professional activities. The following main components are distinguished: social and legal competence, specific competence, personal competence, autocompetence, extreme professional competence [35].



In view of this, the specialist’s model can be represented in the form of a hierarchical structure (Figure 1), which makes it possible to decompose the qualities of a professional worker using individual characteristics [32].



The intermediate stage—theoretically contains the basic theoretical principles of the cyber-physical system:




	
Meaningfully, psychophysiological support of the professional development of a specialist is a system of successive measures aimed at the formation and development of a person’s professional orientation and competence, professionally important qualities, and psychophysiological properties in order to achieve a high individually possible professional level and to realize his personal potential in a certain professional activity;



	
The course of professional development of a specialist is determined by two groups of factors: external (socio-economic conditions, the content of educational, professional and professional activities, stimulation of career growth, vital events, etc.); internal (biopsychic characteristics, professional activity and motivation, the need for professional self-realization, professional crisis phenomena, etc.);



	
The main difficulties and negative phenomena that can hinder the process of professional development are the phenomena of crises of professional development, professional deformations, and ‘burnout’;



	
The subject matter of work in professions of the ‘man-nature’ type consists in the ability to infer cause-and-effect relationships, analytical thinking, the ability to predict and evaluate the changing factors of the abiotic environment and take into account anthropogenic factors, analysis of the ecosystem as a system (systematic thinking), rich imagination, thinking on feet (operative thinking), observation, endurance, persistence, responsibility, stability, distribution and voluntary switching of attention, visual-figurative, and visual memory;



	
Psychophysiological support of the professional development of a specialist should be based on the principles of scientific character, consistency and continuity, optimization, consistency, individualization, adequacy, focus on the maximum possible professional achievements; it can be carried out in four main directions: according to the stages of professional development, according to its components, according to a certain profession and according to the area of activities.








Stage III Analysis of effects.



A psychophysiological profile of a specialist for a profession of the ‘man-nature’ type can be described as follows:    〈   b 1  ,  b 2  , … ,    b l   〉      and    〈   c 1  ,  c 2  , … ,    c l   〉     —for the employer’s level;    〈   x 1  ,  x 2  , … ,    x k   〉      and    〈   g 1  ,  g 2  , … ,    g k   〉     —for the psychologist’s level.



In general, the specialist model will take the form:


  M =  〈  B , C , X ,  G 〉    .  



(3)




where   B =  {   b 1  ,  b 2  , … ,    b l   }      is a set of qualities that describe the psychophysiological profile of the specialist;   C =  {   c 1  ,  c 2  , … ,    c l   }      is a set of weighting factors of qualities;   X =  {   x 1  ,  x 2  , … ,    x k   }      are characteristics that describe the whole set B;   G =  {   g 1  ,  g 2  , … ,    g k   }      are corresponding characteristic weighting factors.



The given model makes it possible to demonstrate the psychophysiological profile of a professional worker when constructing a standard psychophysiological profile of a specialist of the ‘man-nature’ type using the method of expert assessments. It can be used to automate the process of creating a standard of specialty.



One of the main components of professionalization is the determination of the professional suitability of a person for future activities on the basis of his individual psychophysiological qualities. A person’s professional activity requires a combination of qualities specific to each individual specialty (intellectual, psychological, psychophysiological characteristics). Their identification, as stated earlier, is one of the greatest difficulties. If the standard is not built correctly, then all further efforts are in vain. Therefore, almost all known methods for solving problems of professional selection are associated with providing this preparatory stage.



In our study, all models, algorithms, and procedures are considered in relation to the psychological and psychophysiological components.



The input data for the appropriate creation of the nomenclature of qualities and the construction of a generalized psychophysiological profile of a specialist is:    { F }  =  {   f 1  ,  f 2  , … ,    f l   }      is a set of functions (specific professional tasks for a specialist of the ‘man-nature’ type), the execution of which is necessary for his successful work. For each function (task), a set of methods is formed for its performance,    {   R 1   }  =  {   r  11   ,  r  12   , … ,    r  1 p    }     ,    {   R 2   }  =  {   r  21   ,  r  22   , … ,    r  2 p    }     ,...,   {   R l   }  =  {   r  l 1   ,  r  l 2   , … ,    r  l p    }     .



Using these data as the base, a set of requirements is formed (preliminary), which must be met by a professional worker for the most efficient performance of duties in this specialty. Based on these sets of qualities, a special questionnaire is formed that covers all groups of qualities necessary to build a standard of the ‘man-nature’ type specialist of a particular specialty.



After this, a survey of experts is conducted    { E }  =  {   E 1  ,  E 2  , … ,    E k   }     , who are the most experienced specialists in a specific professional field of activities. Based on these data, the psychophysiological logical standard of a specialist is built (Figure 2).



The process of constructing a psychophysiological standard of a professional worker of the ‘man-nature’ type profession can be implemented using one of two methods [32], the choice of which depends on the required degree of research depth of complexes of interconnected groups of PDQ.



Due to the fact that the activities of a specialist in the ‘man-nature’ type profession are associated with increased risk and responsibility, it is, therefore, necessary to use a method that involves determining the complexes of interconnected PDQ groups.



Developing a model of the psychophysiological standard of the ‘man-nature’ type profession is based on the use of the method of expert assessments and factor analysis [36]. The purpose of factor analysis is to determine the relationships between variables (the ‘objective R-classification’) and the reduction in the number of variables needed to describe the data. Using factor analysis, it is possible to identify hidden variables that are responsible for the presence of linear statistical correlations between the observed variables.



The method for constructing a profile model of the ‘man-nature’ type profession is described as follows [37]:



1. Forming a list of psychological and psychophysiological qualities. Each j-th expert records a number of properties (characteristics)    Ω i  =  (   ω  i 1   ,  ω  i 2   , … ,  ω  i  l i     )   , which, in his opinion, should cover all the necessary characteristics of a specialist of the ‘man-nature’ type profession. The sets    Ω 0  =   ∩  i = 1  k    Ω i     ,    Ω 0 1  =   ∪  i = 1  k    Ω i     ,    Ω 0  11   =  Ω 0 1  \  Ω 0    are formed and analyzed. It should be borne in mind that    Ω 0    is the set of necessary qualities (characteristics) and    Ω 0  11     is the set of the desired qualities.



2. Each of the experts Ej, (j = 1,2,... k) puts for each element of the set their coefficients of significance in the range from −3 to +3, forming the vector     a →  j  =  (   a  j 1   ,  a  j 2   , …  a  j N    )    from those considerations that will reveal along with the positive qualities that increase work efficiency, also negative ones that reduce the efficiency of the specialist.



3. Having been received from the experts, the estimates are normalized by the Formula (4):


    a ′   j i   =    a  j i       ∑  i = 1  N    a  j i       ,  



(4)




where   j = 1 , 2 , … k ,   i = 1 , 2 , … N   in order for the relationship     ∑  i = 1  N     a ′   j i   = 1 , j = 1 , 2 , … , k     to be fulfilled, as a result of which we obtain a matrix:


  E =  (      a ′   11   ,   a ′   12   , … ,   a ′   1 N         a ′   21   ,   a ′   22   , … ,   a ′   2 N       ......................       a ′   j 1   ,   a ′   j 2   , … ,   a ′   j N       ......................       a ′   k 1   ,   a ′   k 2   , … ,   a ′   k N      )   



(5)




where N is the number of psychological and psychophysiological qualities, and k is the number of experts.



4. After constructing the matrix E, the consistency of experts’ judgments is checked.



To assess the consistency, it is proposed to use simple and user-friendly criteria that take into account the opinions of experts:




	
The maximum ratio of half the scatter of indicators to the arithmetic mean:










   Δ i  =   max  j     β j   |    a ′   j i   −     a ′  i   ¯   |    2     a ′  i   ¯    ,   i l = 1 , 2 , … , k ,  



(6)




where βj is the coefficient of competence of the j-th expert;



	
Relative deviation of the arithmetic mean from the geometric mean:








   Δ  2 i   = 1 −    c  g i      c  h i     , i = 1 , 2 , … , k ,  



(7)




where chi-arithmetic mean; cgi the geometric mean value is calculated by the following Formula (8):


   c i  =     ∏  j = 1  k     a ′   j i    β j          ∑  j = 1  k    β j      = exp  (      ∑  j = 1  k    β j    ln   a ′   j i       ∑  j = 1  k    β j       )  .  



(8)







If the opinions of the experts are not agreed, there is a transition to paragraph 2. If they are not agreed a second time, it is recommended that the expert group be disbanded and re-created. The consistency of experts’ judgments is determined by the Formulas (5)–(8).



5. Using the Hadamard product of the matrix E by the matrix of expert competence coefficients for a certain group of qualities, we obtain the matrix:


E′ = E · D.



(9)




where matrix D is the matrix of expert competence coefficients formed from the following considerations. For each j-th expert who participates in the professional selection, a set of competence coefficients is formed:


   d j  =  {   d  j 1   ,  d  j 2   , … ,  d  j k   , … ,  d  j  h j     }   



(10)




where    d  j  h j      is the competence coefficient of the j-th expert in the hj-th group of psychological and psychophysiological qualities (characteristics).



The breakdown of these characteristics into specific groups is the same for all experts:


      b 1  …  b g   ︸    d  i 1         b j  …  b l   ︸    d  i k     …     b h  …  b N   ︸    d  i h      



(11)




where bj... bl is a group of psychological and psychophysiological qualities of the ‘man-nature’ type professions.



This division of competences is due to the assumption that the experts may not have the same competence in all professions of the ‘man-nature’ type.



6. Using factor analysis, namely, the principal-factor method [38], to highlight the key factors and cut off the least significant, we can leave only the qualities that are really significant for a given specialty (position).



Intermediate stage quantitative-empirical suggests that psychophysiological support of professional development should be based on the results of empirical research aimed at quantitative-empirical concretization of psychological and psychophysiological characteristics and factors of the professional development of a specialist in professions of this type; in particular, the developed methodological and practical aspects of such support are based on empirical results obtained during the study on the professional orientation, competence and motivation of specialists, their characterological, neurodynamic, temperamental and emotional properties, myokinetic abilities, peculiarities of thinking, imagination, attention, emotional sphere and self-regulation.



In this study, we aimed to select the best methods for diagnosing PDQ and build a psychophysiological standard of the ‘man-nature’ type profession, that is, to determine the necessary level of PDQ development and the boundaries of permissible deviations of the level of development of psychophysiological qualities in real profiles of an employee (RPE) or an applicant.



The first step is the selection of methods for studying professionally important qualities of the ‘man-nature’ type profession, which would ensure adequate assessment with sufficient reliability [39]. To build the correct model, it was necessary to make a number of refinements and explanations. Thus, the general characteristics of the ‘man-nature’ type professions are as follows:




	
Means and objects of production of the ‘man-nature’ type profession are objects of living and abiotic nature, as well as anthropogenic and biological processes;



	
Main activities–study, research, analysis, design, extraction, cultivation, care, prevention;



	
The main requirements of the profession to the employee are: the ability to establish cause-and-effect relationships, analytical thinking, the ability to predict and assess the changing factors of the abiotic environment and take into account anthropogenic factors, analysis of the ecosystem as a system (systemic thinking), rich imagination, operational thinking, observation, endurance, persistency, responsibility, steadiness of mind, distribution and random switching of attention, visual-imagery, and visual memory;



	
Professional activities of various workers of the ‘man-nature’ type professions require the use of a wide range of knowledge and intellectual skills from automation of processes and knowledge of the technological cycle of production to knowledge of the laws of growth and development of living organisms and biotopes, at the same time, significant changes in the nature and content of the professions of the ‘man-nature’ group requires the development of rational methods for conducting career-oriented and vocational counseling work with school students, taking into account the specifics of these changes;



	
Objects of labor are: climatope, edaphotope, hydrotope, as well as biocoenoses of different taxonomic rank;



	
The tools of specialists of the ‘man-nature’ type professions are very diverse and heterogeneous. They can be classified as follows: hand tools and fixtures; mechanical tools and devices; machines with manual and automatic control; devices designed to detect signs that are not directly perceived by the senses.



	
The working conditions for specialists of this type of profession may be the most diverse: daytime work, shift working; night work, shift working; irregular (long) working hours; work with the predominance of static components in actions (prolonged stay in one working position: sitting, standing); work that requires movement;



	
For the professions of the ‘man-nature’ group, the preferred activities that have informational features are as follows: observation, control as gnostic actions (observation, measuring, inspection, examination by touch, taste test), solving operational and production tasks and other mental actions (planning, experimenting), processing of materials (processing, sorting, stacking, monitoring, measuring), control of mechanisms, machines, maintenance and care (for equipment, animals, plants), organization of a team and education of people;



	
Based on working conditions, for professions of the ‘man-nature’ type, the following occupational hazards can be identified: overheating/hypothermia of the body, exposure to chemicals or toxic substances, stress, and work in conditions of uncertainty.








Group A included 20 professionally successful workers, environmental engineers-graduates from the V. Chernovil ISTD, with indicators of professional success being from 8 to 10 points. In addition, five master’s students were in this group, with indicators of education quality being from 9 to 10 points.



Group B included 20 employees who have little work experience or just learning the profession of environmental engineer. They are graduates from the V. Chernovil ISTD whose activities success is beyond doubt by the same criteria, with indicators of professional success being from 0 to 4 points. This group also included 10 students, whose indicators of education quality are from 5 to 7 points.



We found the optimal level of PDQ development by constructing the averaged profiles of environmental engineers of both groups. The next step was to find common arithmetic means that meet the criteria of optimal psychophysiological readiness (OPR) for the profession of environmental engineer (Table 1).



Thus, optimal psychophysiological readiness OPR acquires a quantitative characteristic and allows us to compare profiles, real and standard, which makes it possible to determine the degree of applicants’ suitability (DAS), using the level of profile adequacy as criteria.



After statistical processing of test results, the following was found:




	
The coefficient of correlation of the readiness for emergency actions (REA) with professional success is 0.9.








Let us estimate the correlation density by calculating the Pearson correlation coefficient    r ¯    = 0.9, according to the Chaddock table. The coefficient of correlation of the readiness for emergency actions (REA) with professional success is very high. Considering    r  − 2     = 0.81, then REA is 81% dependent on professional success and 19% on other factors. For the significance level α = 0.05, we check the null hypothesis H0: r = 0 according to the competing hypothesis H1: r ≠ 0. We calculate the empirical value of the criterion:    T  e m p   =  r ¯      n − 2     1 −  r  − 2     = 0.9     55 − 2       1 − 0.9     = 16.365  .



For a given level of significance and the number of degrees of freedom k = 55 – 2 = 53 by using the table of critical points of Student’s distribution, we find that tkr = 1.96. Since Temp > tkr, we reject the null hypothesis H0 and conclude that the sample correlation coefficient is significant and random variables are correlated. We calculate the confidence interval for the general correlation coefficient:      r ¯  −  t  k r     1 −  r  − 2      n    ≤ r ≤  r ¯  +  t  k r     1 −  r  − 2      n        0.9 − 0.05 ≤ r ≤ 0.9 + 0.05    .



	
The coefficient of correlation of the reaction to a moving object (RMO) with professional success is 0.7. The confidence interval for the general correlation coefficient:   0.7 − 0.13 ≤ r ≤ 0.7 + 0.13  ;



	
The coefficient of sensorimotor reactions correlation with professional success is 0.9. The confidence interval for the general correlation coefficient:   0.9 − 0.05 ≤ r ≤ 0.9 + 0.05  ;



	
The coefficient of the strength of nervous system (SNS) correlation with professional success is 0.6. The confidence interval for the general correlation coefficient:   0.6 − 0.17 ≤ r ≤ 0.6 + 0.17  ;



	
The coefficient of the mobility of nervous processes (MNP) correlation with professional success is 0.6. The confidence interval for the general correlation coefficient:   0.6 − 0.17 ≤ r ≤ 0.6 + 0.17  ;



	
The coefficient of the emotional stability (robustness) and switching attention (refocusing) correlation with professional success is 0.9. The confidence interval for the general correlation coefficient:   0.9 − 0.05 ≤ r ≤ 0.9 + 0.05  ;



	
The coefficient of logical thinking correlation with professional success is 0.77. The confidence interval for the general correlation coefficient:   0.77 − 0.11 ≤ r ≤ 0.77 + 0.11  ;



	
The coefficient of visual memory correlation with professional success is 0.6. The confidence interval for the general correlation coefficient:   0.6 − 0.17 ≤ r ≤ 0.6 + 0.17  ;



	
The coefficient of long-term memory correlation with professional success is 0.3. The confidence interval for the general correlation coefficient:   0.3 − 0.2 ≤ r ≤ 0.3 + 0.2  ;



	
The coefficient of short-term (operative) memory correlation with professional success is 0.2. The selective correlation coefficient is insignificant and random values are uncorrelated.






Comparison of several profiles allows us to see the excess of the optimal level of PDQ development in DAS over the requirements of OPR, which also, in some cases, is a signal that the employee has ‘outgrown’ his profession, which means that his interest in work and the level of motivation are reduced, and this in certain situations lead to a malfunction.



A differential diagnostic scale has been developed for assessing the results of psychophysiological examinations using a standardized indicator that divides the normal distribution of PDQ measurements into 10 points on a one-dimensional ranking scale from the lowest value equal to 1 point to the highest one, which is 10 points (each point is a certain part in % of a representative sample of the examined environmental engineers. The ‘raw’ indicator obtained during the examination is translated into normalized scores, which makes it possible to compare the results of the examination of various groups of workers–to develop uniform criteria for assessing optimal readiness for a profession.



Based on the data obtained, a histogram of factor values of the performance efficacy of environmental engineers was constructed, where, in addition to factor values, the possibility of mastering the profession of the environmental engineer was taken into account.



Thus, professional defining qualities (PDQ) for environmental engineers can be considered: psychomotor qualities (readiness for emergency action (REA)), neurodynamic qualities (sensorimotor reactions), and sensory-perceptual qualities (emotional stability and switching of attention). The least pronounced is the dependence of professional success on the mnemonic qualities of environmental engineers of the two groups.



No reliable relationship has been established: between professional success and biological age as well as age from birth certificate; between cognitive potential and biological and age from a birth certificate. This can be explained by compensation for the deterioration of physiological and psychophysiological indicators with age due to the high level of professionalism and motivation of the employee. The correlation coefficient of professional success (Ekho) and calculated cognitive potential (CP) is 0.87.



The results of psychophysiological examinations indicate that the construction of the psychophysiological standard of the profession with sufficient probability predicts the success and reliability of the work of employees and makes it possible to identify contraindications to professional activities.



Obviously, the value (see Formula (6)) should be small (with satisfactory consistency of the expert judgments) for sufficiently significant indicators. Testing this ratio on the experimental results showed that the Δi value increases sharply for insignificant indicators. As a result, we obtain a series of significance coefficients of qualities {X} that determine the standard of a professional worker’s profile.



The flowchart of the method for constructing the psychophysiological standard of the ‘man-nature’ type profession is presented in Figure 3.



Using the matrix of expert competence coefficients for certain groups of qualities allows improving the quality of the constructed standard model. In addition, the use of factor analysis makes it possible to identify hidden relationships between qualities, which will allow us to monitor complexes of interrelated PDQ groups in the diagnosis of the ‘man-nature’ type profession to increase the reliability of the results of the professional selection procedure.



Thus, the formalization of the structure of professional selection makes it possible to more clearly represent and formulate requirements for the basic models and procedures used at various stages of professional selection.



Stage IV Feedback and improvement provides a list of key activities aimed at developing and further practical use of the cyber-physical system: determination of the general content, components, and factors of professional development of the specialist; as well as the need for continuous research aimed at tracking changes in psychological and psychophysiological aspects of professional activity in professions of the ‘man-nature’ type, appropriate consideration of these changes in the activities, obtaining information on the effectiveness of activities to improve them and train professionals for sustainable development.



The developed cyber-physical system contains all the characteristics of cybernetic systems-it is controllable, consists of a complex of subsystems that act as mechanisms for working out and implementing self-preserving reactions. That is, it is effective, characterized by a certain set of parameters. This explains the key role of the system of transmission and processing of information in training specialists for sustainable development, as well as the importance of intellectualization of management processes.




4. Discussion


The theoretical and empirical results obtained during the research provided an opportunity to formulate and substantiate the cyberphysical system of psychophysiological support for becoming a specialist in professions of the ‘man-nature’ type in the formation of specialists for sustainable development. A similar approach was first used by the authors. The works [39,40,41,42] are described as the automation of the decision-making process in the implementation of vocational guidance work. Professions of the ‘man-nature’ type make up a fairly large group. This includes professions that require significant theoretical training, and hence, higher and secondary specialized education (environmental engineer, agronomist, veterinarian, veterinary technologist, zootechnician, gardener, landscape architect, etc.), and professions that require practical skills, the foundations of which are laid, for example, in a vocational school (livestock breeder, tractor driver of general profile, master of machine milking). Thus, there is a need to study these professions, drawing up professiograms and using them in the organization of practical career guidance work. These professions need special attention because, firstly, they are common in agriculture, which is an important sector of the national economy. Secondly, there is a shortage of qualified professionals. Thirdly, the requirements for the psycho-physiological characteristics of workers are very important, and their decoding is of considerable interest for the practice of career guidance and vocational counseling of school youth [43,44,45].




5. Conclusions


According to the purpose of the study, the authors have integrated numerous, but rather heterogeneous, mixed studies related to various aspects of the formation of modern specialists of the ‘man-nature’ type. The authors have implemented a combination of purely psychological and psychophysiological aspects of this problem. An integral system of psychophysiological support has been developed for all stages of the formation of professionals of the ‘man-nature’ type to train specialists for sustainable development. The model built by the authors of the psychophysiological profile of a specialist is presented in the form of a hierarchical structure, the upper level of which reflects the employer’s vision and contains the necessary qualities and their significance coefficients. The lower level of the structure is a set of characteristics that affect the corresponding qualities and the corresponding weight values.



This model of a psychophysiological profile of a specialist in the ‘man-nature’ type profession allows you to visualize this profile when working on building a specialist’s standard using the method of expert assessment and allows you to easily automate the process of creating the standard model of a professional worker for the ‘man-nature’ type profession, as well as to obtain estimates of the significance of each of the professional characteristics. The novelty of the proposed cyberphysical system lies in the integration of points of view on the standard of a specialist on the part of customers (employers) and on the part of psychologists, in this case, the significance of the top-level elements comes from the expert customers for each profile of a professional worker, while the weights of the relationship between characteristics and certain qualities can be obtained from expert psychologists in advance. A comprehensive assessment of the professional characteristics of a specialist of the ‘man-nature’ type is formed using methods of hierarchy analysis, taking into account the significance (weights) of experts. Thus, the use of the cyberphysical system proposed by the authors for psychophysiological support of professional self-realization in professions of the ‘man-nature’ type in the formation of specialists for sustainable development will allow in the future to formalize the structure of professional selection. In the future, developing this approach will make it possible to more clearly represent and formulate the requirements for the basic models and procedures used at various stages of the professional selection of workers.
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Figure 1. A multi-level model of the psychological profile of a specialist. 
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Figure 2. The structure of the method for constructing a generalized psychophysiological profile of a specialist of the ‘man-nature’ type. 
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Figure 3. The method of constructing a psychophysiological standard of the ‘man-nature’ type specialist. 
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Table 1. Dependence of professional success on neurodynamic qualities of environmental engineers (fragment of the table).
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Belonging to the Study Group

	
Item No. of the Study Subject

	
Year of Birth

	
Age from Birth Certificate

	
Physiological Age

	
Rnp-1

	
Cnc

	
Cognitive

Potential

	
Professional Success

	
Cognitive

Potential






	
Group A

	
1

	
1984

	
35

	
32

	
8.6

	
121

	
200.00

	
10

	
8




	
2

	
1985

	
34

	
30

	
10.6

	
108

	
199.00

	
8

	
7




	
3

	
1985

	
34

	
31

	
12

	
71

	
239.00

	
7

	
6




	
4

	
1986

	
33

	
32

	
9.2

	
96

	
244.00

	
8

	
7




	
5

	
1984

	
35

	
32

	
2

	
92

	
198.00

	
10

	
8




	
21

	
1999

	
20

	
18

	
7.6

	
92

	
199.00

	
10

	
8




	
22

	
1999

	
20

	
19

	
14.6

	
83

	
196.00

	
8

	
7




	
23

	
1998

	
21

	
18

	
9.3

	
99

	
309.00

	
6

	
6




	
24

	
1999

	
20

	
18

	
14.2

	
89

	
201.00

	
9

	
8




	
25

	
1998

	
21

	
18

	
15

	
72

	
344.00

	
5

	
4




	
Group B

	
26

	
1989

	
30

	
32

	
18.1

	
74

	
305.00

	
5

	
4




	
27

	
1987

	
32

	
35

	
16.8

	
82

	
303.00

	
6

	
5




	
28

	
1990

	
29

	
32

	
13.1

	
102

	
212.00

	
8

	
7




	
29

	
1987

	
32

	
32

	
8.9

	
128

	
216.00

	
8

	
8




	
46

	
1999

	
20

	
22

	
9.9

	
89

	
211.00

	
8

	
7




	
47

	
1999

	
20

	
23

	
22.6

	
114

	
201.00

	
9

	
5




	
48

	
1998

	
21

	
23

	
7.6

	
122

	
198.00

	
10

	
9




	
49

	
1998

	
21

	
22

	
8.2

	
96

	
213.00

	
9

	
8




	
50

	
1999

	
20

	
23

	
18.1

	
86

	
324.00

	
6

	
4
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