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Abstract

:

The main feature of Industry 5.0 is “personalization”, linked not only to provide customers with personalized products, but also, in our opinion, to ensure personalization in labor relations with employees, since it increases human value through human–machine collaboration. The human capital quality determines a significant contribution not only to the labor productivity growth, but also to extend a social communication, loyalty and employees’ trust. The study proposes the new methodological approach for corporate human capital assessment and management (CHCM) over new conditions of digital transformation. The CHCM uses methods of system analysis and synthesis, expert assessments, descriptive statistical analysis and survey. The novelty of CHCM is that, firstly, it reflects all the essential features and properties of human capital under emergence of new professions; secondly, it combines and comprehensively uses both quantitative and qualitative methods for human capital assessment, reflecting the subjective and objective aspects of human capital measurement; thirdly, it allows to create warranted management decisions about individual trajectories of professional development of employees, ensuring the continuous growth of individual, corporate and social wealth. It is proved experimentally that the implementation of individual trajectories for employees’ professional development provides 2–3 years’ perspective on companies’ performance growth.
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1. Introduction


Development of digital technologies, Internet of Things, big data and big data analytics, as well as artificial intelligence have led to a new phase of economic development—an intellectual economy. This economy is based on the use of intelligence as the main factor of social and economic activity. As shown in (Autor et al. 2020), on changes in the labor market in the period 1984–2005, employment is growing in two areas—in the area of simple and low-paid tasks and, conversely, in the area of complex tasks and those requiring non-standard thinking. In the area of routine manual labor, employment is declining. The reason for this is that it is unprofitable to automate cheap and simple work, and it is almost impossible to automate creative work. It is more profitable to entrust automatic and robotic systems to a rather expensive but easily automated intellectual routine. That is, specialists with average skills are under the threat of digitalization.



The development of science and innovation expands the field that will be robotized and automated. In the intellectual economy, two poles may emerge: mass standardized products and services with an emphasis on automatic solutions, and customized goods and services with an emphasis on communication and solving non-standard problems. Most jobs will grow in the field of customized solutions, although some of those will develop and maintain automatic systems. For potential employees, this means choosing one of the following decision strategies: They are to develop creativity and communication or to extend their knowledge and skills in information technology and data processing methods, or to use both of these strategies in a balanced way.



The existing conditions of technological development inevitably change the labor nature and its conditions. The employee’s portrait is becoming more and more multifaceted due to the expansion of various human activities, including activities in the digital space. Therefore, development of approaches, methods and techniques for modeling, assessing and managing human capital (HC) as the most important resource of the companies is relevant, both socially and economically.



Thus, the company will ensure a strong relationship between financial capital and HC, on the one hand, and economic growth and development, on the other. Whether timely and reasonable investments will facilitate corporate HC management and predetermine an economic growth and development of a corporate—this investigation is aimed at solving this issue.



The research hypothesis is two interrelated and complementary points:




	
Firstly, the objective needs to make changes and adjustments to the corporate HC assessment methodology. These changes are due to the digital transformation of the economy and new requirements for the employees’ competencies in terms of their knowledge and skills;



	
Secondly, the formation of a complex of individual management decisions directed on employees’ development based on a new approach for corporate HC assessment contributing to the growth of private (resource) and general (system) indicators of the company’s efficiency. The set of management decisions will facilitate the growth of individual, corporate and social wealth.








The purpose of the research is to develop the corporate human capital management (CHCM) methodology based on the new methodology for human capital assessment in a company and the scheme for design individual trajectories for employees’ professional development. Implementation of this methodology would improve the HC quality, increase the company efficiency and contribute to social wealth. The main steps of the research are in the following fields:




	
Study state-of the-art trends and features of new professions and approaches for employees’ professional development;



	
Define the modern interpretation of the concept of “human capital”, suggest a HC typology, critically analyze existing methods for HC assessment in a company;



	
Develop a new methodology for corporate human capital management, including a module for its assessment and a module for support managerial decisions on individual trajectories for employees’ professional development;



	
Draw up a cognitive diagram for identification human capital factors influencing companies’ efficiency;



	
Test the proposed methodology on the oil-producing company data and prove its social and economic efficiencies.








In this paper, we develop and apply the CHCM methodology according to the following structure. In Section 2, we review the current state of the use and features of human capital in different levels of economy, highlighting the existing gap between required new competencies, knowledge, skills and health potential, jointly forming the HC concept of employees’ over economic digital transformation, and ability of existing methods and models to correctly identify corporate human capital, taking into account all these features. In addition, this section summarizes the existing classifications of human capital, and points out strengths and weaknesses of existing methods for human capital assessment at the corporate level. In Section 3, we detail the proposed CHCM methodology. In Section 4, we apply the developed CHCM methodology using data collected in a company from the oil sector. Finally, in Section 5, we set out the conclusions and future work.




2. Literature Review: Human Capital Features and Its Assessment over Digital Transformation of Economy


2.1. Future Key Competencies of Employees in Digital Economy


Over the past few decades, there have been significant changes in all spheres of human activity. There are globalization processes, changes in consumer preferences and modernization of management models. Data, information and knowledge have become the main management object in the fourth industrial revolution. The labor nature changes and new challenges appear under the digitalization of business processes, and it transforms employees’ tasks. This, on the one hand, changes professions, contributes to the new ones and leads to the eradication of retired professions, but, on the other hand, it causes unemployment.



In this new paradigm, professionals would have specific skills, often referred to as 21st century skills. They would allow specialists to work more efficiently, move between industries and be in demand at the same time. There are various approaches to identifying the key competencies that are most in demand in the near future. Let us consider some of them.



1. The Ministry of Economic Development of the Russian Federation determines the digital economy key competencies concept (Ministry of Economic Development of Russia 2020). Digital economy key competencies are competencies that provide an employee to solve a given task or achieve a given result under global digitalization of social and business processes. There are the following:




	
Communication and cooperation in the digital environment is the ability of an employee to find out various digital tools to interact with others and achieve his goals;



	
Self-development under uncertainty reflects a person’s ability to self-study, to set educational tasks for solving problems and to choose tools to solve appeared problems, including digital tools;



	
Creative thinking is the ability to generate new ideas, rebuild known techniques to decide problems, and to generate alternative decisions options and new, more efficient algorithms;



	
Information and data management characterizes the ability to search for information necessary for decide emerging problems using digital tools;



	
Critical thinking over digital environment assumes the ability to assess information, its reliability, and to build logical conclusions based on input information and data.








2. The World Bank’s World Development Report “Digital Dividends” identifies three main groups of skills that are most in demand in the digital economy (World Bank Group 2016):




	
Cognitive skills combine mathematical and cognitive skills such as logical and creative thinking, problem solving, memory and quick thinking;



	
Social and behavioral skills associated with the ability and willingness to gain new experience, make decisions, carry out interpersonal communications, make compromises if necessary, and also reflect such personal characteristics as conscientiousness and emotional stability;



	
Technical skills focused on the professional component, imply knowledge of specific methods, the ability to work with mechanisms and tools, as well as others acquired in the training course and skills required to work in a specific conditions.








3. The World Economic Forum describes ten key skills for effective employment in the fourth industrial revolution. This list includes customer focus, critical thinking, complex problem solving, decision making rate, creativity, the ability to work with people, coordination and interaction skills, the ability to coordinate and negotiate, emotional intelligence and cognitive flexibility (Whiting 2020).



4. DigComp (the European Digital Competence Framework offers a tool to improve citizen’s digital competence) developed a digital competence model, which includes (Carretero et al. 2017): problem solving, communication and cooperation competence, competence in information and data, competence of digital content creation and security competence.



5. Burning Glass (Burning Glass Technologies delivers job market analytics that empower employers, workers and educators to make data-driven decisions) conducted a labor market analysis and built a model for the fundamental skills of the digital economy (Markow et al. 2018). In this model, key skills are combined into four blocks:




	
Human Skills characterize analytical skills, including critical thinking, creativity, willingness to communicate and cooperation;



	
Domain Knowledge includes knowledge in the sphere of economics, marketing, research and product development, public relations and human resource management, including talent development;



	
Digital Building Block Skills combine skills in software development, data analysis and information security;



	
Business Enabler Skills include decision making, project management, visualization and data transfer.








The detailing of specific competencies within the selected blocks is continuously refined based on real-time analysis using artificial intelligence technologies of hundreds of millions of jobs and real career moving.



6. The target competency model—2025 compiled on the research results “Russia 2025. From Personnel to Talents” conducted by BCG, has three levels of the competencies/skills hierarchy (cognitive, socio-behavioral and informational), which are then detailed to the level of specific competencies (Boutenko et al. 2017):




	
A group of cognitive skills/competencies combines self-development and involves learning, perception of criticism and feedback, curiosity, organization (organization of their activities and resource management), management skills (prioritization, setting goals and objectives, team building, motivation and delegation), as well as solving non-standard tasks and adaptability;



	
A group of socio-behavioral skills includes interpersonal and communication skills, as well as intercultural interaction skills;



	
A group of digital skills integrates information management and systems design.








7. The Atlas of New Professions (Agency for Strategic Initiatives 2015) highlighted the following super-professional skills that are in demand in the future: multilingualism and multiculturalism, cross-industry communication skills, customer focus, the ability to manage projects and processes, work under high uncertainty and rapid task conditions change, creativity, work in a team, programming and management of complex automated systems, work with artificial intelligence, systems thinking, lean manufacturing skills, ecological thinking, attention management, critical thinking, awareness, emotional intelligence, work with consumer changing queries.



8. Analysis and generalization of various models were carried out by ECOPSY Consulting Company. They constructed the model included ten clusters of the most demanded competencies of the “specialist of the future” (Bezruchko et al. 2018): interaction and cooperation; analytical thinking and problem solving; innovation and creativity; learnability and open thinking; digital knowledge and skills; awareness and self-control; interdisciplinary and intercultural interaction; ethics and social responsibility; performance management; focus on results achievement. Study (Morrar et al. 2017) notes that along with technological innovation in Industry 4.0, social innovation should also be implemented.



In the period of the fourth industrial revolution and digital transformation, Industry 5.0 provides a vision for companies and industries that goes beyond the categories of efficiency and productivity as the only goals, but enhances the role and contribution of industry to society. The Industry 5.0 vision places employees’ wellbeing at the center of the production process and uses new technologies to create prosperity beyond jobs and growth while respecting the planet’s production constraints. This concept complements the existing Industry 4.0 approach, specifically placing research and innovation at the service of the transition to a sustainable, people-centered and sustainable industry. In this paradigm, industry can play an active role in solving society’s problems, including resource conservation, climate change and social stability.



The main feature of Industry 5.0 is “personalization”, linked not only with providing customers with personalized products, but also, in our opinion, to ensure personalization in labor relations with employees, since it increases human value through human–machine collaboration. Therefore, the role of human and social capital under Industry 5.0 are increased and it should be appropriately taken into account in the Knowledge Society.




2.2. Concepts of “Human Potential” and “Human Capital” as Assessment Objects


A review of the main challenges associated with HC (Kuzminov et al. 2018) made it possible to formulate a number of key conclusions that are fundamental for understanding what measures are needed to improve its quality and contribution to economic growth and development. Changes in three sectors should provide a breakthrough development:




	
Education, which is assigned a leading role in the HC formation;



	
Health care system is to provide a life expectancy at birth exceeding 80 years;



	
Social support system intended for reducing poverty and improving the life quality of older age population groups.








National capital, along with natural, material and physical capital, includes human capital. In a wide understanding HC is considered as intensive productive factor in the economy, society and family, which includes a part of labor resources, knowledge and intelligence, tools of human labor, one’s environment and labor activity. In a narrow understanding, human capital unites intelligence, health, quality and productive work and life quality.



The origins concept of HC goes back to the work of A. Smith in the 18th century. He emphasized the importance of “acquired and useful abilities of all residents or members of society” (Smith 1776), while the individual bears the costs of obtaining such abilities, after their acquisition they turn into “capital embodied and realized in his personality”. When analyzing surplus value, K. Marx divided capital into constant and variable, while he noted that only variable capital creates surplus value (Marx et al. 1960). The practical implications of the idea of interpreting the abilities of individuals as a kind of capital, i.e., asset did not gain widespread acceptance until the 1960s, when economists began to incorporate this concept into their research. This breakthrough partly reflected the view that the concept of HC can explain the high difference between an increase in a country’s output and an increase in the traditional inputs (land, labor and capital) used in its production. The category of “human capital” was introduced by T. Schultz (1971) in the late 1960s. Later, G. Becker’s theory of HC received a powerful impetus for development; in particular, it became the basis for the Human Development concept (Becker 1966, 1976).



There are many definitions of HC used in the scientific literature, but most of them focus on the economic return on investment in HC. As the economy becomes more and more knowledge-intensive and globalized, the economic role of HC as a guarantee of an individual’s competitiveness and the success of a country’s economy as a whole becomes more important than ever before. However, investment in HC also provides also non-economic benefits, such as better health, higher personal well-being and stronger social cohesion. These broad benefits are viewed by many authors as important benefits like higher wages and economic growth.



In essence, two different research objects can be distinguished (United Nations 2016; United Nations Development Programme 2019): HC as a set of knowledge and skills (both associated with a specific workplace and with productive labor in general) and human potential, reflecting not only knowledge and skills, but others important aspects of individual potential like health, psychological state and adaptive capabilities (Figure 1). These characteristics, on the one hand, affect individual value as an employee and the prospects for investment return, and, on the other hand, they reflect the life quality of each particular individual.



Each of these elements contains specific indicators, twenty-one indicators in total. HC is defined as the weighted sum of these indicators and is used to compare regions and countries.




2.3. HC Types


There are many different approaches to systematization of HC. For the purpose of sustainable community development, authors (Roseland and Spiliotopoulou 2016) use the term “Community Capital” to include natural, physical, economic, human, social and cultural forms of capital. In the works of (Flores et al. 2020a, 2020b), human-oriented architecture and human-centric architecture model are proposed. In their paradigm HC (workforce) based on competence, human life cycle and environment scenario. The companies’ HC could include organizational (structural) capital (Youndt 2000), social and consumer capital (Edvinsson et al. 2007) as a component of intellectual capital in the form of skills and knowledge accumulated by the company, as well as nonphysical resource for creating added value (Samad 2020; Gratton and Ghoshal 2003). In (Armstrong 2008), great attention is given to the institutional components of a companies’ HC.



Broadly elements of HC can be classified according to the following features—subject used, performance form, structured elements, types and components, level of system, generational archetypes, accumulated potential (or human life cycle stages) and riskiness (Figure 2). Consideration of specific type of HC determines its properties, assessment methods and management tools.



Indeed, depending on the level of the system within which HC is considered (we distinguish the macro-level—the level of regions and countries; the micro-level—the level of specific companies; and the nano-level—the level of a specific person), characteristics and properties of the HC will vary.



When considering the system level of specific employees who form the total capital of the company, the following types of capital can be distinguished:




	
Health capital as a health potential that allows a person to use their skills and knowledge in a workspace;



	
Educational capital as a complex of skills and knowledge received in educating;



	
Professional capital as qualifications, general and special skills, working experience);



	
Intellectual capital reflects a person’s ability like creativity, ability to research and decide new challenges;



	
Cultural capital as mentality, upbringing, ethics, empathy;



	
Social capital as an ability to establish relationships with other persons in the workspace and external social institutions, to use social activities;



	
Organizational capital like motivation for different activities, responsibility, initiative, ability to set up goals, to achieve results;



	
Entrepreneurial capital reflects the ability of a person to form innovation as well as to commercialize their results under risk.








When considering system-level companies, we distinguish the following types of corporate HC:




	
Organizational (or structural) capital reflects the potential of the company, it is organizational structure, management rules and regulations, corporate culture;



	
Production capital is formed by a set of knowledge, skills and abilities of employees used to conduct production activities and solve current problems;



	
Social capital characterizes interpersonal interaction in the organization, is reflected in the norms, values, trust and social ties,



	
Market capital reflects relationships between company and its stakeholders, business reputation and the practice of resolving conflicts with stakeholders;



	
Intellectual (or innovative) capital includes the competence of employees, patents, know-how, developed software, licenses and other intellectual assets.








Having identified the main components of HC, its properties and features, one can proceed to the stage of its assessment. Considering the HC of specific employees, (Heckman and Kautz 2012; Robles 2012) provides a set of competences to be assessed: core competences and interaction competences. Core competences of a person reflect “support internal thinking and controlling before any interaction or engagement into an activity to the outer world” (Garashkina and Druzhinina 2020) and include the following:




	
Self-awareness is a person’s awareness of oneself as different from other people and the world. This is the perception of one’s own uniqueness and independence, wholeness. It includes the following components: a person’s understanding of their needs, desires, thoughts, emotions and motives, as well as an individual’s understanding of the specifics of their relationship with the world and themself. A well-known competence for this capacity is emotional intelligence, as this is the ability to control and discriminate the use of one’s emotional status. In other words, it is the ability to control self-emotions, i.e., stress or anxiety, and also to understand them in other individuals.



	
Cognitive functioning is the ability to understand the physical world through the processes of the mind, and it supports the capacity of learning of the person (Heckman and Kautz 2012). The best-known competence is Intelligent Quotient (IQ), which normally measures capacities like memory, math, reading/literacy, coordination and analytical thinking.



	
Interaction competencies allow you to interact with the external environment through results or actions. There are two main ways to do this: interacting with people and doing a job or task.



	
Interaction with people can be supported by the use of soft or social skills (Robles 2012). These skills enable a person to communicate, work and collaborate with others.



	
The work performance can be developed through the use of hard or technical skills (Zakovorotny et al. 2019), and most people should have some degree of skill by the time they move into a new position or role.



	
The stage of digital transformation of economic and production systems is pushing people to become interactive and actively support online interactions. This is reflected in digital skills (Mikhnenko 2021).








In (Latov and Tikhonova 2021), it is noted that HC is the main resource of the future post-industrial society and the knowledge economy. Professionals are viewed as a special social subject characterized by their small numbers and heterogeneity. In the work of (Karavay 2021), it is shown that the accumulated HC of professionals is higher than that of other non-physical workers, and they are characterized by a very strong differentiation in the quality of HC. To ensure sustainable economic growth and social development, all groups of factors—technologies, institutions, human capital—must develop in concert and, in a certain sense, be synchronized in their dynamics (Aganbegyan 2017; Orlova 2021a).



The choice of a particular side of HC determines its characteristic properties, methods of assessment and management.




2.4. Methods for Corporate HC Assessment and Management


The core element for construction the HC concept is the selection and justification of assessment methods. Depending on the consideration level and the subject used, there are many methods designed to assess HC in order to identify and manage it.



Considering the personnel assessment at the level of an employee in the Talent Management (TM) section of management, we note that methods aimed at obtaining feedback at work (Orlova 2016; Church et al. 2019) for the purpose of performance management have become widespread recently. For personnel assessment and development, the following stages are usually performed: assessment of the employee’s performance, potential assessment, career planning, training and career mentoring, personnel rotation and the study of competencies in behavior.



Scientific works about HC assessment and management at the company (corporate) level have a common goal—forming a sustainable human resource management (HRM) system. The challenge of career management within human resource development systems is also actively discussed in scientific works. It is proposed to use various factors to achieve greater efficiency (Steelman and Williams 2019; Zhang et al. 2019; Hernaus et al. 2019). Moreover, these factors are not independent, but often have close correlations (Alzyoud 2018; Hitka et al. 2019; Stokowski et al. 2018; Fang et al. 2018), which would complicate finding specific mechanisms for career-managing regular and continuous employees’ assessment to evaluate the degree of goal achievement (Dickmann and Cerdin 2014).



Analysis of scientific articles and monographs devoted to methods for assessing human capital at the corporate level revealed two groups of approaches that differ in the ways of assessing the contribution of human capital to the companies’ efficiency, as well as the systematic (not limited to the level of the company) category of human capital. They also differ from each other in the factors that determine human capital, the methods of their measurement and assessment, as well as the mechanisms of human capital impact on the companies’ performance. These are the following united groups of approaches:




	
Approaches and methods which are aimed at the cost measurement of the contribution of human resources to the achievement of the company’s goals. They assess the impact of human resources and human capital on general (system) indicators such as profit margins and profitability.



	
Approaches and methods which take into account the needs of employees, their protection and further development, and focus on assessing the impact and human capital on private (resource) indicators of the company’s performance, for example, labor productivity.








Some approaches to assessing HC at the corporate level are aimed at the cost measurement of the contribution of human resources to the achievement of the company’s goals. Findings from the point of view of strategic analysis, improvement of organizational culture of a company and connection with stakeholders and qualitative description of the relationship between corporate social responsibility and strategic HRM are given in (Jung and Takeuchi 2018). Many researches are focused on social capital of a company defined for a community or society as a whole (Barrena et al. 2011; Hasan et al. 2017; Lins et al. 2016). The mutual influence of the level of social capital present in society and corporations operating in that society is discussed in (Barrena et al. 2011; Hasan et al. 2017). The work of (Lins et al. 2016) discusses the role of social capital with particular emphasis on corporations, arguing that social capital contributes substantially to firm value. Before studying a firm’s intellectual capital in the form of investments in R&D and other intangible investments, it has been pointed out as an obvious necessity to safeguard the future livelihood of the firm.



The HC assessment system makes it possible to identify the relationship between the characteristics of human resources, such as skills, competencies and behavior, and the value created for shareholders and, in a broader sense, for the company’s stakeholders. Such system is based on accounting, which distinguishes between two main streams of HC assessment: one associated with labor accounting, and the other with management accounting. Although both of them pursue the same ontological goal of visualizing and measuring the contribution of the labor force, the former proposes a metric for reporting the value of human assets in financial reporting, the latter for determining indicators for making managerial decisions on mobilizing and managing human resources in order to increase their contribution into company cost.



Other concepts and approaches additionally take into account the employees’ interests, their protection and further development and focus on assessing the impact of HC (and intellectual capital as its part) on company performance (Servaes and Tamayo 2017). Special indicators are applied to measure the degree of sustainability of HRM and additionally include the measurement of favorable conditions for the development of human capital (or human potential). The indicator-based toolkit allows to formulate recommendations for HC expanding and improving. At the same time, the control process consists in establishing the relationship between strategic objectives, operations and indicators related to HC as the main component of the company’s capital (Osranek and Zink 2014). A more complete understanding of strategy implementation requires the integration of ideas from the company level (micro-approach) to the level of individual employees (nano-approach) (Guthrie and Murthy 2009). The nano-approach is based on methods of psychological measurement and focuses on understanding the thoughts, feelings and actions of people. The micro-approach is related to sociology and economics. It aims to study organizations and markets.



Most management research studies the phenomena and processes associated with HC, focusing on one systemic level of analysis (employee level, company level and region or country level). However, in recent years, researchers have developed a more sophisticated understanding of phenomena using a “multilevel lens” that helps in understanding the context of human behavior and highlighting the various consequences affecting the levels of social organizations (Hitt et al. 2007; Verma and Dewe 2008).



Regardless of the system level at which HC is considered, there are the costs, or investment method, the method for investments return assessment; and benchmarking, or the comparative method, which is based on comparing the HC of different workers, companies, regions or countries.



The most widespread is the investment method (Schultz 1971; Becker 1966, 1976; Hickman and Olney 2009). HC is identified and measured like intangible assets. The initial cost includes the costs associated with the determination of a person as a capital unit:




	
Reproductive costs associated with the birth and upbringing of children, their education in the field of general knowledge;



	
Expenses for maintaining physical and psychological health (clinical examination, labor protection, insurance);



	
Cost for recruiting and personnel adapting;



	
Costs associated with additional vocational education (professional retraining and/or advanced training programs);



	
Other corporate costs associated with the harmonious inclusion of a person in the sphere of companies’ concerns.








Sometimes the initial cost includes only recruiting costs, retraining costs, cost for advanced training and cost for labor protection. The residual value of HC is defined as the initial or replacement value minus depreciation. Physical deterioration is understood as the loss of health, natural and acquired skills, and obsolescence occurs due to the age characteristics of a person or due to the obsolescence of knowledge in the context of technological changes or the withering away of professions. Depreciation costs are estimated taking into account the number of years during which this employee bring income to the company, or the period of time when professional qualities are still valuable. The costs associated with hiring and adapting personnel are defined as a single long-term investment, and all subsequent investments are similar to the cost of repairing fixed assets. If the employee who is invested leaves, this is considered as a direct loss of the company.



The method for future income assessment or investment efficiency method evaluates the company income, which will be obtained through additional employees’ experience and qualifications. At the level of an individual employee, these incomes are defined as the ratio of the cumulative annual incremental wage in total value of direct costs and lost opportunities cost. Enterprise-level revenues are estimated as the expected revenue growth from additional HC expenditures. Investments are divided into single (direct) and indirect investments in the form of lost profits from the distraction of workers from their main activities. The lost profit in the cost structure can be significant values associated with a decrease in the workers’ productivity, the marriage due to insufficient qualifications or other reasons.



The limits of applicability, advantages and disadvantages of the listed methods are summarized in Table 1. Thus, the cost method, despite its relative simplicity, does not give a complete and real assessment of HC. Some types of costs are difficult to estimate (for example, the costs associated with the acquisition of experience and special skills). The income method despite its versatility and assessment of prospects, which is important for making managerial decisions, is quite difficult to calculate. The comparative method, despite its realism, does not always form acceptable results for making management decisions, since the results strongly depend on the comparison object.



We generally characterize the expected positive effect from HC investments of a company, associated with the following results:




	
Growth of economic and social efficiency of a company and other additional competitive advantages;



	
Development of individual HC—personal career, intellectual, innovative achievements of employees and a wage increase;



	
Maintaining an employees’ health and working capacity;



	
Providing feedback from internal environment (for example, quick feedback from the labor market about lack of personnel with appropriate qualifications);



	
Fulfillment of the government contracts in case the investment was made by federal or municipal authorities.








So, each of the considered methods for HC assessment has its own characteristics and disadvantages, but their application is mainly complicated by the lack of data for the calculation, as well as the usage of qualitative indicators that determine the subjective nature of the estimates obtained.



Thus, HC at the level of a specific employee is a set of knowledge, skills and abilities, the state of physical and mental health, affecting the results of their labor activity and income. At the company level HC represents an economic resource, which reproduction requires, in contrast to physical capital, constant motivation. HC is a means for stability and increasing the company competitiveness and it is a discounted value of all expected income from labor. At the state and regional level, HC is formed by investments to accumulation the knowledge and intellectual components, to improving life quality, to education, health, safety and culture. HC is a complex and intensive factor in social and economic development. It contributes to improving the labor quality and labor productivity.



Summarizing all the ways of presenting HC, as well as the methods of its analysis at the company level, we combine many publications, focusing on the main features of the corporate HC. The main studies about corporate HC description, measurement and management, as well as the methods used can be found in Table 2.



An analysis of existing approaches, methods and tools for assessing and managing the HC of companies showed that there is a gap between the need to take into account all aspects of company’s HC over digital transformation and the possibility of existing approaches to such assessment and management. Assessment the corporate HC in different scientific works is formed from one side—from the standpoint of employees’ competence or employees’ health of or motivational characteristics, etc. However, a comprehensive assessment of the HC on corporate level, reflecting all these different employees factors and features, including: education, health, qualifications, involvement and motivation, as well as social skills, communication, interprofessional skills under requirements of new professions and quick adaptive abilities, which is the basis for the formation management decisions on individual and corporate HC development, is absent in existing scientific works on the topic.



Companies evaluating HC select the assessment method that is most convenient in the existing conditions and suitable for provide formulated goals. In some cases, the assessment requires qualitative characteristics and subjective indicators that reduce objectivity and distort the result of the HC assessment. In this case, the indicators that form the HC are correlated. All this limits the use of only economic and statistical methods for HC assessment. In addition, the conditions and nature of work in the era of the fourth industrial revolution require taking into account many characteristics that reflect digital competencies, communication and social adaptation of workers. This determines the use, along with quantitative indicators and economic and statistical methods, qualitative characteristics and expert assessments.



Thus, all this determines the need to develop a new universal approach and method for HC assessment at a company level, using HC as an economic productive resource, free from the shortcomings of existing methods. The new approach should adequately reflect and give a relevant assessment of the actual HC of the company in order to form individual trajectories of professional development ensuring the quality improvement not only individual and corporate HC but also continuous growth of social wealth.



We suggest the new methodology for corporate human capital management (CHCM), which is further considered in detail.





3. CHCM Methodology


CHCM methodology is a complex system for human capital management in a company. It is based on the method for HC assessment and a scheme for designing individual trajectories for employees’ professional development.



CHCM differs from the existing ones in that it:




	
Reflects all the essential features and properties of HC—education, health, qualifications, involvement and motivation, as well as social skills, communication, interprofessional (interdisciplinary) skills under the emergence of new professions;



	
Combines and comprehensively uses both quantitative and qualitative methods for HC assessment, reflecting the subjective and objective aspects of HC measurement;



	
Allows to create warranted management decisions about individual trajectories of professional development of employees, ensuring the continuous growth of individual, corporate and social wealth.








The conceptual diagram of CHCM is shown in Figure 3 and is aimed toward HC management. The methodology is implemented in stages.



Stage 1. Data acquisition about employees’ health status, competence, motivation and social status and behavioral skills. Examination of the company’s employees is carried out by five tracks—health quality (track 1), major competencies (track 2), interdisciplinary competencies (track 3), motivation and involvement (track 4) and social status and behavioral skills (track 5). The methods used at this stage are: medical examinations, questionnaires and testing. The result of this stage is objective data about health state of employees, age, education, professional experience and competencies, as well as subjective information about the health state, its quality, motivation, work involvement and behavioral skills.



Stage 2. HC assessment. An exploratory data analysis is carried out. For the assessment, employees are examined by five tracks—track 1 is to assess the health quality, track 2 is intended to assess major competencies, track 3 is to assess interdisciplinary competencies, track 4 is to assess motivation and involvement, and track 5 is to assess social status and behavioral skills. A detailed description of the score for each track is given below. The result of this stage is a numerical assessment of the employee’s individual HC.



Stage 3. Design management decisions for HC development. It is based on the assessment results obtained from the previous Stage 2. For each assessment track, depending on the score, the employee is assigned to one of five groups, for which differentiated management decisions are proposed. The result of this stage is individual trajectories for employees’ professional development for each track.



Stage 4. Decision making. The management decisions about individual trajectories of professional development developed at the previous stage of the CHCM are assessed according to the criteria of economic and social efficiency. The result of this stage are algorithms and methods for implementing management decisions by employee groups.



Let us consider in more detail all HC characteristics used for its assessment according to the selected tracks over Stage 2—HC assessment.



Track 1. Health quality assessment. It is the most important characteristic of HC and one of the factors affecting the efficiency of the company. An employee’s health affects not only a person’s life expectancy, but also determines their ability to work. In the previous studies of the author (Orlova 2020a, 2020b), it was proved quantitatively the significant correlation of the employees’ health quality and their labor productivity. It was also shown that it is beneficial for the employer from the economic efficiency criteria to develop and implement projects to preserve the personnel health. There was also proposed the model for assessing the impact of health quality on labor productivity. When forming the trajectories of professional development, the employee’s age is also taken into account in accordance with generation theory (Nikitochkina 2021; Orlova 2019, 2020c, 2021b). Separately, we note the issue of data confidentiality. The process of questioning and collecting data about the health status of employees is voluntary. Employees are advised that their data will not be transfer to third parties and will be used by the company solely for the purpose of forming individual trajectories of professional development.



Track 2. Major competencies assessment. This block evaluates the core competencies of the employee, the quality of their education and professional experience. The first component reflects the personal ability to solve a certain professional problems. The component for assessing education quality represents aggregate quantitative and qualitative data about education, measured by two indicators: the number of years that the employee studied at school, secondary specialized educational institution or higher education institution; and the quality of education—educational institution status, specialty and educational institution country. The component associated with the assessment of professional experience is focused on identifying skills and knowledge, accumulated in the developed professional tasks. This component is measured by the number of years worked in a particular profession sphere.



Track 3. Interdisciplinary competencies assessment. This component is an assessment of specific skills that allow specialists to work more efficiently, generate innovations over the fourth industrial revolution, and remain in demand in the labor market. It evaluates knowledge of foreign languages, multiculturalism, cross-industry communication skills, customer focus, the ability to manage projects and processes, work in a high uncertainty and rapid change in task conditions, the ability to create, the ability to work in a team, programming skills and management of complex automated complexes, knowledge of methods and models of artificial intelligence and their application for specific applied problems, systems thinking, lean manufacturing skills, ecological thinking, mastery of methods of attention management, critical thinking, awareness and emotional intelligence.



Track 4. Motivation and involvement assessment. The component assesses how much the conditions and various incentive methods used in the enterprise affect the employee’s motivation and encourage him to work more efficiently and better in order to achieve the set goals. In this study, motivation and involvement are used as qualitative characteristics that reflect the subjective attitude of each employee’s propensity to intensive work and the tasks being solved.



Track 5. Social status and behavioral skills. This block identifies the social position occupied by a social individual in society or a separate social subsystem. It is determined by characteristics specific to a particular society and includes economic, nationality, age and other characteristics. Social status is characterized by power and/or financial capabilities, by specific skills or abilities, such as charisma. Social status indicators are: real estate and other property that the employee has, income level, lifestyle, relations between people in the social system, distribution relations, consumption relations, a person’s place in the political system hierarchy and ethnic origin. These characteristics directly or indirectly affect the HC quality.



3.1. Technique for Human Capital Assessment


To assess human capital, we suggest various tools and techniques, as presented in Table 3, Table 4 and Table 5:




	
Subjective observations—questionnaires (1.1–1.4; 5.2–5.5.), business cases (3.3), business games (3.1; 3.2), interviews (4.2) and creative tasks (4.3);



	
Objective observations—medical examination (1.5), testing (2.1–2.6), education matching (2.7) and assessment of income level (5.1).








Each assessment tool is expertly assigned the maximum possible score and weighting factor, depending on its significance and degree of influence on human capital. The aggregate score is calculated as a weighted sum of points for each track, and then these values are summarized to find out the final score. The final score could be from 0 to 5000 points.



Each assessment tool is expertly assigned the maximum possible score and weighting coefficient, depending on the significance and degree of influence on HC. As a result of assessment for all blocks, an employee can score from 0 to 5000 points. The aggregate score is defined as the sum of points scored for each block, and within the block, the final score is found as a weighted sum of points for all measured characteristics. The final score    A k    by a specific k-th employee based on the assessment results is determined as the sum of the points    A i k    scored for individual i-th assessment tracks:


   A k  =   ∑  i = 1  n    A i k    ,  








where i is the track number, n is the number of evaluation tracks.



The score    A i k    by the k-th employee on the i-th track is determined as the weighted average of the points    a  i j  k    scored by this employee using the j-th objective assessment tool (   j  o b j    ) in the i-th track of assessment and      b ¯    i j  k    scored by this employee using the j-th subjective assessment tool (   j  s u b j    ):


   A i K  =   ∑   j  o b j       w  i j    a  i j  k    +   ∑   j  s u b j       w  i j      b ¯    i j  k    ,  








where    w  i j     are weight coefficients for the j-th assessment tool on the i-th track. Detailed assessment of score      b ¯    i j  k    and    w  i j     are given in Section 3.2.



To assess HC, both qualitative and quantitative studies are carried out. The results of the qualitative analysis are transformed into a point system for forming an overall assessment. The minimum number of points that can theoretically be assigned to an employee is 0 and the maximum is 1000 points. Table 6 shows description of the assessment tool for track 1—employee health quality assessment, as well as questions for questionnaire and score. The health self-assessment questionnaire is given in Appendix A.



The proposed methodology of HC management has the following advantages:




	
It considers not only quantitative but also qualitative HC properties and characteristics, which can be used to assess an actual or planned investments in HC;



	
It able to assess the impact of dissimilar factors, both qualitative and quantitative, on labor efficiency as well as on operational efficiency of a company;



	
It provides a quick assessment of the level and quality of human capital through simplified (express version) testing, cases and questionnaires based on digital technologies and special software;



	
The final assessment of the level and quality of human capital is the basis for design a complex of management decisions, aimed at supporting individual trajectories of employees’ professional development.








All these are the tools for labor productivity management, for involvement and motivation of employees, ensuring the innovative decisions for new emerging challenges increasing and contribute to the decision-making rate growth over actual projects.




3.2. Organization of Expert Group Work for the HC Assessment


At the stage of HC assessment over CHCM, along with an objective assessment of employees, we use expert (subjective) assessment methods. Method of expert assessments is a recognized scientific method for solving poorly formalized problems. The essence of an expert assessment method is in the rational organization of experts’ analysis of the problem with a quantitative judgments assessment and processing of their results. The generalized opinion of an experts group is accepted as a solution to the problem—that is, it gives an overall assessment of employees for a number of indicators. The general functional diagram, illustrating the process of employees’ expert assessment, is shown in Figure 4 and consists of a number of steps (A1–A8).



At the first step, we select experts who have a broad outlook and knowledge of the subject area, the availability of scientific papers and practical experience, the ability to solve creative problems, independence of thought, and self-criticism. For the problem of HC assessment, three experts are selected having all listed characteristics. Further the level of expert’s competence is assessed according to five equally important criteria:




	
Education level: secondary (1 point); specialized secondary (2–4 points); higher (5–8 points); academic degree (9–10 points);



	
Compliance with the educational profile of the subject area (in a specific field of the company): does not correspond (1 point); not very consistent (2–4 points); more or less consistent (5–8 points); corresponds (9–10 points);



	
Experience in the subject area: absent (1 point); low (2–4 points); not very high (5–8 points); high (9–10 points);



	
Administrative and economic independence in this area: none (1 point); low (2–4 points); medium (5–8 points); high (9–10 points);



	
Ability to solve creative problems and experience of participation in peer review: absent (1 point); low (2–4 points); medium (5–8 points); high (9–10 points).








The calculation of the total assessment of the expert’s competence level is carried out as the weighted average score of the expert according to five criteria (with equal weight coefficients):    r s  =   ∑ l    o l   c l     , where    c l   —assessments of each s-th expert on l-th criterion,    o l   —weight coefficient of the l-th criterion.



Aggregating of experts’ assessments is realized in the following way. For each measured characteristic for each k-th employee when using the j-th tool (   j  s u b j    ) in the i-th assessment track, the aggregated group expert assessment of HC is obtained on the basis of calculating the weighted average from the assessments of each s-th expert, taking into account the weight coefficient of the expert’s competence:


     b ¯    i j  k  =   ∑ s    r s     (   b  i j  k   )   s    .  











Weight coefficients    w  i j     are calculated as a weighted sum of the weighting coefficients      (   x  i j    )   s    assigned by each s-th expert for the j-th assessment tool on the i-th track, taking into account the expert’s competence:


   w  i j   =   ∑ s    r s  ⋅    (   x  i j    )   s    .  











Since the HC assessment uses indicators measured in quantitative scales, and the expert assessments for each employee are statistical distribution series, the assessment of the consistency of experts’ judgments (agreement of the experts) is based on the concept of compactness, a visual representation of which is provided by statistical information on the measurement results, and also geometric interpretation of examination results. The assessment of each expert is represented as a point in some space, in which there is a concept of distance. If the points characterizing the assessments of all experts are located at a short distance from each other, i.e., form a compact group, this can be interpreted as a good consistency of expert opinions. If points in space are scattered over considerable distances, then the agreement of experts’ opinions is not high.



When evaluating one parameter of an employee, all expert opinions can be represented as points on a number axis. These points can be considered as realizations of a random variable, and therefore the statistical characteristics of the grouping are used to estimate the grouping and scatter of points. The center of the points group is defined as the mathematical expectation (sample mean      b ¯    i j  k   ) or as a median, and the spread is quantified by the standard deviation of a random variable    σ  i j  k   :


   σ  i j  k  =   ∑ s    r s     (     (   b  i j  k   )   s  −    b ¯    i j  k   )   2    .  











As a measure of the consistency of expert assessments, i.e., the compactness of the location of points on the numerical axis, the ratio of the standard deviation to the mathematical expectation of a random variable is used    V σ  =  σ   b ¯      (indices i, j, k are omitted). This indicator is a measure for homogeneity of statistical set.



The criterion for the consistency of expert opinions is the indicator of expert assessments variation    V σ   . If    V σ  ≤ 33 %   then the experts’ estimates are consistent. If    V σ  > 33 %   then the expert assessments are not in agreement and a revision of the expert assessments is required.




3.3. Decision Making: Design of Individual Trajectories for Employees’ Professional Development


The developed technique for human capital assessment provides a basis for formulate the management decisions for enhancing employees’ potential and increasing human capital quality. Management decisions should be personal and depend on the assessed level of human capital. We define these management decisions as individual trajectories for employees’ professional development. A set of decisions are developed for each assessment track and the content depends on the total score of the employee. The overall trajectory of the employee’s professional development is determined by the composition of management decisions from each track.



We propose a map for designing individual trajectories of professional development of the company’s employees. The map includes five sectors, allocated according to five tracks for assessing human capital. Depending on the assessed score for each employee, certain management decisions are formed for them, aimed at quality of human capital improving (Figure 5).




3.4. Cognitive Structuring of the Problem of Corporate HC Management


The problem of corporate HC management is being weakly structured, since the object of management is characterized by many qualitative factors and dependencies. One common method for making decisions and modeling possible situations and scenarios for such problems is the cognitive structuring method (Axelrod 1976; Bryson et al. 2004). The stages of cognitive structuring are:




	
Scheme a conceptual diagram of a problem situation;



	
SWOT-analysis of a problem situation;



	
Design a cognitive model (map) of a problem situation.








The main concern of cognitive structuring and construction of a cognitive map is in clarifying knowledge about the subject area by localizing important factors and other characteristics of the problem situation. A poorly formalized cognitive map is a structure of cause-and-effect influences of the studied weakly structured situation.



We study the factors in the contour of the problem of HC management. We distinguish following factor groups:




	
Factors of economic efficiency of the company;



	
Factors of relationships with stakeholders;



	
Factors characterizing the company’s HC;



	
Social and sociocultural factors;



	
Factors of the effectiveness of the health care system;



	
General economic factors.








We compose the cognitive diagram to visualize the causal relationships of factors that determine the HC quality, on the one hand, and the impact of HC on the company efficiency as a whole and its private performance indicators, on the other hand (Figure 6).



A detailed presentation of the problem will allow, on the basis of the cognitive diagram, to select groups of target and control factors and to carry out further detailed structural analysis and scenario modeling for various situations.



Investments in a HC development have always caused great doubts and contradictions among the employer. This is due to that investments return is not always obvious, and the return period is not short. At the same time, the effects obtained from these investments are of a different nature. These are quantitative effects such as an increase in labor productivity, revenue growth, profit growth, a decrease in the risk of staff turnover and qualitative effects—an increase in the involvement and motivation of employees, the development of social ties, the growth of innovative ideas and a willingness to change the nature of work under digitalization. These effects, in turn, determine the acceleration of the investment return, affect the company size, its reputation and prestige, and directly contribute to the capitalization growth.



The reasons to develop and implement individual trajectories of professional development are well-founded. According to a LinkedIn survey, in 2021, more than half of HR teams focused on corporate investment in the company’s talent. This strategy is quite justified, since modern employees, especially those belonging to generations Y and Z, are not inclined to work for the sake of work and simply to provide basic life support needs. They strive for constant growth, development, communication with management on the basis of partnership rights. In these conditions, investments in HC will help companies retain ambitious and promising employees, reduce staff turnover and reduce the cost of finding, hiring and adapting new specialists, and increase the company’s prestige.



In improving skills, improving health, broadening knowledge and increasing resilience boost productivity, a company becomes more flexible and ready for innovations, and they develop social connections not only inside but also outside the company. Individual trajectories for professional development will improve social ties within an organization, which is proven in the following research. Thus, in (Bloom et al. 2013), it was established that a high level of social capital allows decentralization in decision making within a company. Decentralization, in turn, can improve the productivity and increase a company size and, as a result, its market share. Moreover, the work statistically proved that the effect of the penetration of digital technologies used by a company on its productivity is higher if the company is decentralized.



In the theoretical research by (Bolino et al. 2002; Orlova 2017a, 2017b), a number of hypotheses were put forward regarding the sources of social capital. The participation of employees in the social life of the company increases the likelihood of acquaintance with other employees, thereby increasing the number of connections, having a positive effect on the structural aspect of social capital. The loyalty of employees, that is, their willingness to sacrifice their own interests for the sake of the company interests; their willingness to follow the rules and regulations of the company; the functional participation of employees, that is, employees taking on more responsibility than formal agreements require; as well as the participation of employees in social life of the company, increase the sympathy of employees in relation to each other and the trust level in the company. All this together enhances the cumulative effect of the social capital development. The participation of employees in the social life of the company and their willingness to express constructive comments, has a positive effect on the cognitive aspect of social capital. Thus, developed social ties have a positive effect on the results of the company’s economic activities and on the involvement and satisfaction of employees.



The development of inter-disciplinary competencies and creative mentoring help to unleash the employees’ potential, adjust objectives and use new knowledge in their work. When the company creates conditions for development and comfortable work, employees respond in good way; they advise the company to their friends and give positive feedback. Such employees convey a much more reliable and positive image of the company than the most effective advertising. The report (Gallup 2019) notes that engaged employees can increase a company’s sales by 20%. Hence, investing in talent can be the fastest way to increase a company’s profile and its competitiveness.





4. Experimental Results: Evaluation of CHCM Methodology Efficiency


We conducted an experimental study to assess the expected efficiency of the CHCM methodology. The experiment was carried out at a large oil-producing company. About a hundred specialists of engineering and technical profile took part in the experiment. The sample of the individual human capital assessment results in the department of contracts support is presented in Table 7.



Based on the assessment results for all employees, management decisions were modeled, aimed at the development of individual trajectories for professional development. A sample of management decisions for employees of the contract support department is presented in Table 8. These decisions are aimed at increasing the quality of human capital and will contribute to the growth of labor productivity and other indicators of the company’s efficiency; see Figure 4.



We also assess an investment into HC, which includes the following components: expenses for training and professional development, expenses for employee health improvement, expenses for occupational safety and health and other social expenses. To predict the effectiveness of the proposed management decisions, we compare labor productivity growth rate, wage growth rate and investment in human capital growth rate for different periods of time (Table 9). Indicators of the wages growth rate and investments growth rate for the prediction period were calculated taking into account the inflation index and the planned values of investment costs and wages. The prediction for the labor productivity growth rate was carried out using the positive dynamics in labor efficiency under implementation of management decisions.



We have proved that labor productivity growth rate is less than wage growth rate as well as less than investment in human capital growth rate for 2020 in relation to 2019. Such an outstripping growth in wages and labor productivity indicates an imbalance in indicators and an ineffective personnel management system. The proposed decisions aimed at the development of human capital and improving its quality in the context of individual trajectories of professional growth in the period 2021–2022, and these provide a decision support system meant to reduce the gap in the growth rates of key indicators of the personnel management system. This implies that investment return into HC is relevant in the long term. As an implementation result of the supposed CHCM, the company expects (on the basis of prediction results) an increase in revenue by 5–7% and increase in net profit by 2%.



This statement is substantiated by calculations of the revenue change   Δ R   due to the growth of labor productivity:   Δ R = Δ L P ⋅ N E  , where   N E   is number of employees,   Δ L P   is change in labor productivity (in absolute terms). In net profit   N P   calculating we consider investment to HC    I  H C     growth:   N P = R −  I  H C    .




5. Discussion of Results


Hypothesis 1 about the objective needs to make changes and adjustments to the corporate HC assessment methodology under digital transformation of the economy and new requirements for the employees’ competencies in terms of their knowledge and skills, has been confirmed. The proposed methodology for HC assessment is designed to identify the portrait of an employee and takes into account traditional characteristics such as age, education, professional experience and competencies, and additional characteristics—namely, social status, level and quality of health, interdisciplinary competencies, motivation and involvement—and provides a comprehensive assessment of corporate HC under digital transformation and meets the trends of Industry 5.0. Based on the results of the HC assessment, we have developed a set of management decisions for the formation of individual trajectories of professional development, aimed at increasing labor productivity. Hypothesis 2 about contributing these management decisions to the growth of private (resource) and general (system) indicators of the company’s efficiency has been verified. It is shown that investments into corporate HC predetermine economic growth and development of the company.



We also point out that the proposed CHCM methodology provides not only a human capital quality improvement but also establishes a strong relationship between human capital quality improvement and labor productivity growth and other indicators. CHCM affects the transformation of the entire workforce as the most valuable asset of the company, contributing to innovative development through creativity, greater involvement, professionalism and responsibility. It is especially important under digital transformation of the economy and society, since companies’ human capital quality improvement is a valuable factor for sustainable development and competitiveness.



The developed personnel assessment methodology is a new concept that substantiates the stages, methods and tools for its application. The technique provides a meaningful basis for design advanced computer-based system in the direction. The reliability of scientific statements, conclusions and recommendations is confirmed by the correct use of theoretical research methods and verified by the results of experiments and their implementation.



The design of this study is based on the general principles of scientific knowledge:




	
The principle of determinism, which organizes scientific knowledge, requiring the identification of cause-and-effect relationships of phenomena and processes;



	
The principle of correspondence, which indicates the continuity of scientific theories and consists in the assertion that any new scientific theory in the presence of an old, well-tested theory is not in complete contradiction with it, but gives the same consequences in a certain limiting approximation (special case);



	
The principle of complementarity. According to this principle, for a complete description of phenomena, one should use two mutually exclusive (“additional”) sets of classical concepts, the totality of which provides comprehensive information about these phenomena as integral.








We also use a system approach with its basic principles:




	
The principle of hierarchy (the initial elements in relation to the whole and other parts take their corresponding places, and any system is assumed, in turn, to be a subsystem of higher levels of their general hierarchy); in this case, we described the CHCM as a subsystem of the overall operational management of a company;



	
The principle of formalization (the use of formalized methods for describing and modeling the studied and projected processes);



	
The principle of structuring (priority attention to the structure of the system, rather than to the properties of individual elements); we have formed the CHCM as a methodological approach to design a human resource management system (Figure 3);



	
The principle of multilevel knowledge. This principle is manifested in the fact that the generalizations obtained in this work can be the basis for the formation of general theoretical provisions and concepts in terms of effective corporate management.








The disadvantages of the proposed methodology for HC assessment include the laboriousness of collecting initial data, questionnaires, surveys and processing of initial data. To reduce the time of data processing, we propose to develop an automated system, the use of ready-made testing systems for employees and their automated integration into the personnel assessment system of a company.



One of the directions for improving the CHCM methodology is the scenario forecasting for performance indicators like labor productivity growth, profit growth and others. We plan to use a simulation model built on the basis of a cognitive map (Figure 6).



The sphere of the scientific research improvement could be in the integration of management decisions and modeling the dynamics (as a roadmap) of the decisions implementation, taking into account the accumulation and synergetic growth of employee potential in different professional areas, which allows to reduce the time for decision implementation, provided the maximum possible effect.




6. Conclusions


HC is a complex and intensive factor in social and economic development. The processes of health improvement and expanding knowledge and skills provide resilience to external shocks and increase employees’ productivity and make companies more flexible and ready for innovation. This is becoming increasingly important as the nature of work changes under innovative development.



The article considers the methodology for corporate human capital management (CHCM) based on a new method for human capital assessment and a scheme for design individual trajectories of employee professional development. This methodology ensures an increase the human capital quality and growth the company operational efficiency. The novelty of CHCM is that, firstly, it reflects the essential properties of HC—education, health, qualifications, involvement and motivation, as well as social skills, communication, interprofessional (interdisciplinary) skills under emergence of new professions. Secondly, it is based on a new scheme for HC assessment using the qualitative and quantitative HC characteristics and provides an assessment under high initial data uncertainty. Thirdly, it contains a fundamentally new scheme for supporting management decisions for design individual trajectories of professional development, which is a set of decisions for each employee’s professional development adequate to their potential health, intelligence, social and career opportunities, and ensuring the continuous growth of individual, corporate and social wealth.



The validity of scientific provisions, conclusions and recommendations is confirmed by using the results of modern analytical and experimental research methods for management over organizational systems. The reliability of scientific statements and results is substantiated by analyzing experience and generalizing practice.



Experimental studies have been carried out based on actual data of an oil-producing company. It is shown that the proposed methodology facilitates toward labor productivity growth, income and profits of companies.



The theoretical significance of the results is due to its ability to identify companies’ human capital features associated with human health quality, professional of interdisciplinary knowledge, skills and abilities, motivation and involvement in the labor process, and all of these are used in the human capital assessment subsystem. The practical value of the study is in the approach for human capital assessment and its development, which ensures labor productivity growth, companies’ revenue and profit growth at minimal cost.
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Table A1. Health Self-Assessment Questionnaire.






Table A1. Health Self-Assessment Questionnaire.





	
Question Number

	
Question

	
Answer




	
Yes

	
Do Not Know

	
No






	
1

	
Does headache bother you?

	

	

	




	
2

	
Do you easily wake up from any noise?

	

	

	




	
3

	
Are you worried about pain in the heart?

	

	

	




	
4

	
Do you think that your eyesight has deteriorated?

	

	

	




	
5

	
Do you think that your hearing has deteriorated?

	

	

	




	
6

	
Do you try to drink only boiled water?

	

	

	




	
7

	
Do the younger ones give way to you in public transport?

	

	

	




	
8

	
Do joint pain bother you?

	

	

	




	
9

	
Does the change in the weather affect your well-being?

	

	

	




	
10

	
Do you have periods when you lose sleep because of anxiety?

	

	

	




	
11

	
Are you worried about constipation?

	

	

	




	
12

	
Are you worried about pain in the liver (in the right hypochondrium)?

	

	

	




	
13

	
Do you have dizziness?

	

	

	




	
14

	
Has it become more difficult for you to concentrate now than in past years?

	

	

	




	
15

	
Are you worried about the weakening of memory, forgetfulness?

	

	

	




	
16

	
Do you feel a burning sensation, tingling sensation, “creeping creeps” in various parts of your body?

	

	

	




	
17

	
Do you have noise in your ears?

	

	

	




	
18

	
Do you keep one of the following medicines at home: validol, nitroglycerin, heart drops?

	

	

	




	
19

	
Do you have swelling in your legs?

	

	

	




	
20

	
Did you have to give up some of the dishes?

	

	

	




	
21

	
Do you have shortness of breath when walking fast?

	

	

	




	
22

	
Are you worried about lower back pain?

	

	

	




	
23

	
Have you ever used any mineral water for medicinal purposes?

	

	

	




	
24

	
Is it possible to say that you have become whiny?

	

	

	




	
25

	
How often do you drink alcoholic beverages?

	

	

	




	
26

	
Do you think that you have become less efficient than before?

	

	

	




	
27

	
Are the periods when you feel joyful, excited, happy disappeared in your life?

	

	

	




	
28

	
How do you assess your state of health (good, satisfactory, bad or very bad)?

	

	

	




	
29

	
Do you often get colds and flu?

	

	

	




	
30

	
Do you smoke?
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Figure 1. The relationship of physical (human) potential with human capital and economic growth under paradigm of United Nations Development Program (United Nations 2016; United Nations Development Programme 2019). 
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Figure 2. HC typology. 
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Figure 3. Conceptual scheme of the CHCM methodology. 
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Figure 4. Functional diagram of the organization of the expert group work. 
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Figure 5. Management decision for human capital development by different tracks. 
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Figure 6. Poorly formalized cognitive diagram for HC factors depending on a companies’ efficiency. 
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Table 1. Advantages and disadvantages of HC assessment methods.
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	Method
	Advantages
	Disadvantages





	Investment

(cost)
	Easiest calculation
	Incomplete assessment of actual HC;

difficulty in estimating some costs



	Investment efficiency (returns)
	Versatility;

prospects assessment over

time and using different HC features
	Complexity in calculations;

usage predicted data for calculations; probabilistic and subjective assessment



	Comparative (benchmarking)
	Data driven;

shows the efficiency

of HC usage under existing conditions
	Difficulties in analogs finding

for comparison;

does not reflect development prospects
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Table 2. Corporate HC related studies.






Table 2. Corporate HC related studies.





	Subject of Study and Highlights
	Methods of Study
	References





	Propose human-centered architecture and a human-centered architectural model. HC is based on competencies, human life cycle and scenarios of the external environment
	Information system development/use/support
	(Flores et al. 2020a, 2020b)



	Consider companies’ HC that includes organizational (structural) capital, social and consumer capital as a component of intellectual capital in the form of skills and knowledge accumulated by the company
	Qualitative analysis
	(Youndt 2000; Edvinsson et al. 2007)



	Studying of institutional components of the company’s HC
	Qualitative analysis
	(Armstrong 2008; Latov and Tikhonova 2021; Aganbegyan 2017)



	Examines the features of corporate HC and its management using generations theory
	Expert measures
	(Demartini and Paoloni 2014)



	Shows that factors of a company’s HC are not independent but often have a close correlation. Points out on the complexity of building specific mechanisms for career management
	Correlation analysis
	(Steelman and Williams 2019; Zhang et al. 2019; Hernaus et al. 2019; Alzyoud 2018; Hitka et al. 2019; Stokowski et al. 2018; Fang et al. 2018)



	Analysis HC metrics and measures based on human cost

HC Scorecard system used to compare companies; performance
	Accounting

Benchmarking
	(Nikitochkina 2021)



	Propose subjective self-ratings of employees as to their individual HC and its converting to objective measurements
	Expert measures
	(Bassi and Mcmurrer 2005)



	Development HC strategy of a company. Description of the relationship between corporate social responsibility and strategic HRM.

Focus on social capital, economic performance and society wealth
	Strategic analysis
	(Jung and Takeuchi 2018; Barrena et al. 2011; Hasan et al. 2017; Lins et al. 2016; Massingham et al. 2011)



	Measurement of effectiveness of leadership development programs. HR analysis as a driver and a measuring tool to support organizational change
	HC metrics

(indexes analysis)
	(Scott et al. 2006; Boudreau and Jesuthasan 2011)



	Emphasizes the importance of measuring what adds value gives HC to a Bank. Recognition people as a central component of the company and the most important element of the add value
	Indexes analysis
	(Hoffman et al. 2012; Whitaker and Wilson 2007)



	Using times series to build up data about HC and its comparison over time
	Times series analysis
	(Chynoweth 2015)



	Cause–effect relationships between HR processes and product shrink
	Structural equations modelling
	(Lengnick-hall and Lengnick-hall 2003)



	HC-related measurements within the company’s intellectual capital relating to company strategy: product development, improvement of personal skills, creating knowledge and competences within current and future technologies
	HC metrics

(indexes analysis)
	(Douthit and Mondore 2014)



	Explore HR quantitative and qualitative data across organization and its analyses as “capability metrics” to the business unit leader
	HC metrics
	(Mouritsen et al. 2014)



	Model for support decision making. Analysis relations of HC data and its impact on managerial effectiveness and engagement. Using HC measures for the diagnosis of business problems and sales effectiveness
	Descriptive measures
	(Haube 2015; HCMI 2016; Smith 2013; Fuller 2016)



	Corporate performance dashboard with greater emphasis to HR data in decision making
	Information system development/use/support
	(Hesketh 2014; Sparrow et al. 2010)
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Table 3. Assessment of human capital components (Track 1, Track 2).
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Track 1. HEALTH Quality Assessment

	
Track 2. Major Competencies Assessment




	
Assessment Tool

	
Max. Score

	
Weight Coeff.

	
Assessment Tool

	
Max. Score

	
Weight Coeff.






	
1.1. Personality questionnaire

	
200

	
0.2

	
2.1. Assessment of major competencies

	
300

	
0.3




	
1.2. Estimation the frequency of health-related websites viewing

	
200

	
0.2

	
2.2. Assessment of analysis of verbal and numerical information

	
100

	
0.1




	
1.3. Evaluation of medical institutions attendance

	
200

	
0.1

	
2.3. Assessment of abstract thinking

	
100

	
0.1




	
1.4. Assessment of well-being

	
200

	
0.2

	
2.4. Assessment of management skills

	
100

	
0.1




	
1.5. Comprehensive medical examination

	
200

	
0.3

	
2.5. Assessment of general knowledge about national country

	
100

	
0.1




	
2.6. Assessment of professional experience

	
100

	
0.1




	
2.7. Assessment of education matching

	
200

	
0.2




	
Total score

	
1000

	
1

	
Total score

	
1000

	
1
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Table 4. Assessment of human capital components (Track 3, Track 4).
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Track 3. INTERDISCIPLINARY Competencies Assessment

	
Track 4. Motivation and Involvement Assessment




	
Assessment Tool

	
Max. Score

	
Weight Coeff.

	
Assessment Tool

	
Max. Score

	
Weight Coeff.






	
3.1. Business game “Corporate Management”

	
300

	
0.3

	
4.1. Personality questionnaire

	
300

	
0.3




	
3.2. Business game “Innovative and technical solutions”

	
300

	
0.3

	
4.2. Interviewing by a professional psychologist

	
300

	
0.3




	
3.3. Creative task

	
400

	
0.4

	
4.3. Business assessment game

	
400

	
0.4




	
Total score

	
1000

	
1

	
Total score

	
1000

	
1
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Table 5. Assessment of human capital components (Track 5).
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Track 5. Social Status and Behavioral Skills




	
Assessment Tool

	
Max. Score

	
Weight Coeff.






	
5.1. Assessment of income level

	
200

	
0.1




	
5.2. Lifestyle assessment

	
200

	
0.2




	
5.3. Assessment of marital status

	
200

	
0.2




	
5.4. Professional position assessment

	
200

	
0.2




	
5.5. Assessment of social communication

	
200

	
0.3




	
Total score

	
1000

	
1
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Table 6. Employee health quality assessment: description of the assessment tool, questions for questionnaire (a typical questionnaire is presented in Appendix A) and score.
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Indicator

	
Characteristic

	
Question

Number

	
Score (for Each Indicator)




	
10

	
20

	
40






	
1.1. Chronic diseases

	
Diseases that can be controlled but not completely cured

	
3, 8, 11, 16, 19,

21, 22, 29

	
Yes

	
Do not know

	
No




	
1.2. Feeling unwell

	
An employee’s health state, which does not allow to fully carry out their labor activity

	
1, 9, 10, 13, 14,

17, 27

	
Yes, almost every day

	
Sometimes

	
No,

I always feel very cheerful




	
1.3. Self-reported health as weak

and unsatisfactory

	
An employee’s overall assessment of their health

	
2, 4, 5, 7, 15, 18,

24, 26, 28

	
Yes

	
Do not know

	
No




	
1.4. Bad habits and

inadequate nutrition

	
Habits that negatively affect employee health

Food that eliminates harmful or useless substances in the diet

	
12, 25, 30, 6, 20, 23

	
Yes

	
Do not know

	
No




	
1.5. Comprehensive medical examination

	
Objective monitoring of the health status of an employee in a medical institution

	
-

	
More than 5 diseases is identified, including chronic ones

	
Revealed 1–5

diseases

	
No

disease is identified
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Table 7. Human capital assessment results in the department of contracts support.
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Employee ID

	
The Value of Human Capital by Assessment Tracks

	
Total Value of HC




	
Track 1

	
Track 2

	
Track 3

	
Track 4

	
Track 5






	
001

	
654

	
765

	
420

	
761

	
821

	
3421




	
002

	
591

	
587

	
370

	
401

	
655

	
2594




	
003

	
390

	
802

	
453

	
765

	
675

	
3085
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Table 8. Management decisions: individual trajectories for employee professional development.
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Employee ID

	
Management Decisions




	
Track 1

	
Track 2

	
Track 3

	
Track 4

	
Track 5






	
001

	

	−

	
planned medical examination;




	−

	
conversations, trainings;




	−

	
corporate discounts on gym membership, wellness programs







	

	−

	
lectures, seminars, over specialty;




	−

	
mind games;




	−

	
online courses at a foreign university;







	

	−

	
creative mentoring;




	−

	
courses on etiquette, style;




	−

	
business games;




	−

	
participation in social projects: volunteering







	

	−

	
participation in social projects: volunteering;




	−

	
development of corporate culture;




	−

	
the opportunity for self-realization: participation in scientific, conferences;







	

	−

	
conducting cultural events










	
002

	

	−

	
routine medical examination;




	−

	
training, health webinars;




	−

	
corporate discounts on gym membership, wellness programs







	

	−

	
programs of training, retraining and advanced training;




	−

	
lectures, seminars, trainings over specialty







	

	−

	
foreign language courses;




	−

	
training on related profession;




	−

	
participation in social projects: volunteering;




	−

	
creative mentoring




	−

	
courses on etiquette, style







	

	−

	
participation in social projects: volunteering;




	−

	
development of corporate culture;




	−

	
the opportunity for self- realization: participation in competitions, conferences;




	−

	
material incentives and career







	

	−

	
conducting cultural events;




	−

	
providing career opportunities










	
003

	

	−

	
medical examination and treatment;




	−

	
training, health webinars;




	−

	
corporate discounts for the gym, health programs







	

	−

	
mentoring;




	−

	
secondment, overseas internships







	

	−

	
business games;




	−

	
creative mentoring




	−

	
participation in social projects: chess club;




	−

	
lectures from professional speakers







	

	−

	
participation in social projects: chess club




	−

	
development of corporate culture;




	−

	
the opportunity for self-realization: participation in competitions and conferences







	

	−

	
conducting cultural events;




	−

	
providing career opportunities
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Table 9. Growth rates for labor productivity, wages and human capital investments.






Table 9. Growth rates for labor productivity, wages and human capital investments.





	Indicator
	2020/2019

(Fact)
	2021/2020 (Prediction)
	2022/2021 (Prediction)





	Labor productivity growth rate
	1.03
	1.03
	1.07



	Wage growth rate
	1.10
	1.09
	1.08



	Investment to HC growth rate
	1.03
	1.09
	1.10
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