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Abstract. Human capital (HC) is considered to be an important factor influencing the success of. The 
concept of human capital management (HCM) deals with the effectiveness of human capital, as the most 
precious intangible asset. However, with the advancement in technology and the introduction of Industry 
4.0, the position of human capital in companies can alter with regard to the expected changes. On the other 
hand, new elements being brought in by Industry 4.0 will allow for the HCM process to be performed better, 
in favour of the improvement in the performance and competitiveness of companies. The aim of this article 
is to point out the interconnection between the concept of HCM and some elements of Industry 4.0, as well 
as to explain the findings from a questionnaire survey focused on how IT companies in Slovakia use 
information systems for the implementation of HCM, whether these systems enable them to analyse data 
related to HC, and whether these companies are prepared for the introduction of changes in this field in the 
future. 
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1 Introduction  
Employees are currently considered to be the most valuable asset of an organization [1]. Human capital (HC) is one 

of production inputs of companies. The increase in the human capital value is an important way to increase a company´s 
market value. Highly qualified HC ensures the strong competitiveness of companies. By investing in HC, a company 
increases the knowledge, skills and abilities of its employees, who can make the production of the company more efficient 
and generate profit.  

Human capital is a constituent of intellectual capital, which represents the key, long-term knowledge of a company in 
the competitive environment. These pieces of knowledge are used in the strategic management of a company while being 
created as a combination of pieces of information and knowledge from the company’s external surroundings [2]. Similarly 
to other production inputs, HC also needs to be managed, and with the intention of strengthening the competitiveness, 
new ways in which its effectiveness can be enhanced need to be sought after. This is what human capital management 
(HCM) is focused on.  

1.1 Human Capital Management 

HCM represents an approach to personnel management. The correct estimation of talent [3], motivation and the 
placement of the right people in the right positions can optimize the utilization of human resources. According to Lawler 
[4], the purpose of HCM lies in the retention of capable employees in a company, whose activity is reflected in the overall 
operations of the company. For companies, it is of vital importance to implement a policy for motivating employees at 
the right time, which helps achieve competitive advantage. Ghosh [5] understands the substance of HCM to be an 
overarching concept, including a set of practices, organizational needs, technologies and abilities with the aim of obtaining 
organizational capability for the acquisition, management and optimization of the workforce. HCM can also be defined 
as the management of employees in a company that ensures that each employee contributes to overall productivity through 
their skills and knowledge [6]. 

The Gartner company defines HCM as a set of procedures needed for the acquisition, management and optimization 
of the workforce within human resources management. The application of methods and procedures within the HC field 
can be performed in any organization, but it is especially suitable for those organizations where people play the most 
important role [7]. The Personio company [8] defines the main principle of successful HCM as the placement of the right 
person in a company in the right position at the right time. The consideration of talent and the personality of the individual, 
accompanied by their training and professional development, can help create a perfect candidate for a job vacancy.  
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HCM is a modern concept of people management that is considered to be a supplement to human resources
management. HCM represents a process consisting of seven phases, which is inevitably connected to a company´s 
strategy. The basic elements of HCM are represented by key performance indicators [9-11], metrics for the expression of
HC value, metrics for the effectiveness of HC utilization, and metrics for the effectiveness of investments in HC. Except 
for these elements, HCM is also a complex of corrective measures and reports on HC [12]. The HCM process is affected 
by many external as well as internal factors. The external factors include the situation in the labour market, economic 
policy measures [13], a company’s suppliers, customers and competitors, as well as the technological advances and 
innovation environment in a country. The internal factors are represented, for example by the remuneration system, 
motivation program [14-16], corporate culture [17], employee turnover, and so on. 

1.2 Industry 4.0 and the management of people

Another external factor influencing HCM is represented by the ongoing processes related to Industry 4.0 which is 
helping to develop and improve the third industrial revolution through intelligent and automated systems based on big 
data and machine learning [18]. Industry 4.0 and its implementation are closely related to technologies such as the Internet 
of Things, information and communication systems, business architecture, and so on [19]. It is estimated that Industry 
4.0 and the gradual digitization of manufacturing will greatly affect human resources and their position in companies.
Technological advances will change the structure of the workforce in a short period of time and will partially cause 
unemployment [20]. From a long-term perspective, the quality of the workforce will increase, alongside the level and 
quality of education [21]. Therefore, it can be presumed that, over time, the people employed in companies will be highly 
qualified individuals [22].

The fusion of human resources and human capital under Industry 4.0 has been the subject of several research studies. 
The main findings imply that Industry 4.0 would lead to a considerable decrease in standardized work tasks with low 
qualification needs, and to an increase in the tasks that require a high level of qualification. This is connected to the 
increase in demand for workers that can take care of planning, checking and the associated IT related tasks. According to 
Bonekamp and Sure [23], the majority of researchers expect an increase in the complexity of many job profiles as well 
as an increase in the continuous learning, professional training and development of employees so that they are able to 
adapt to new requirements. 

It is also assumed that the transformation of industry, in connection with the business environment, will have an impact 
on the processes of human resources and human capital management. While technologically integrated business processes 
can cause the loss of employment for some low-qualified employees, the need for a highly qualified workforce will rise. 
However, there may be an issue with finding the highly qualified workforce required and with the subsequent 
complications of retaining these highly qualified employees [22].

Industry 4.0 requires human capital to be supported by continuous learning and the utilization of education systems 
that are more focused on knowledge beyond what is currently needed. It is not only about education in companies.
According to Agolla [24] the effective integration of Industry 4.0 requires learning and development of HC from early 
childhood. The determinative role is not only played by higher education, but also by the right preschool, elementary, 
secondary or vocational education. 

The implementation of HCM in an organization can change the overall approach to its management. Setting 
appropriate frameworks and technological systems can help with the acquisition of suitable talents and their right 
integration and retention [25]. For companies to be competitive today, it is not sufficient to just implement progressive 
methods in the management of people. These methods also need to be connected to the elements of the Industry 4.0 
process, modern information systems (IS), digitization, the Internet of Things, advanced data analytics and so on. Only 
when the technologies, technological advances and innovations get gradually transformed from external factors into 
internal ones, can companies effectively use them in favour of their overall effectiveness and future competitiveness.

2 Methodology
Industry 4.0 gives companies a lot of different tools with which to increase the effectiveness of their processes. This 

also concerns the field of HCM. However, it is still questionable whether companies use at least some of the elements of 
Industry 4.0 and whether they are willing to consider changes in the future. The aim of this article is to point out the 
interconnections between the concept of HCM and elements of Industry 4.0 and to explain some of the findings from a 
questionnaire survey focused on whether IT companies in Slovakia use ISs for the implementation of HCM concept,
whether these ISs enable them to analyse data related to HC, and whether the companies are prepared for the introduction 
of further changes in this field. 

The article presents the application of several scientific methods. These include the analysis, comparison and 
systemization of pieces of knowledge within the field of human capital management, Industry 4.0 and the accompanying 
phenomena. In the next step, the results of an original extensive questionnaire survey are used. This survey was conducted 
in 2018 and the responses from 113 IT companies operating in Slovakia were collected. The attention was directed 
towards IT companies due to their presence in a knowledge-intensive industry of the economy. It can also be assumed 
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that these companies will represent an example for others in relation to the introduction of new concepts for the 
management of people in connection with elements of Industry 4.0. For this article, the answers to three selected questions 
from the survey were processed and thoroughly analysed. 

3 Results

3.1 Use of ISs in companies for human resources and HCM

This part of the questionnaire was focused on the current state of the possible informational support for the 
implementation of the concept of HCM. The respondents (HR managers of IT companies) were asked to disclose what 
IS they used in the company for the field of human resources or directly for HCM if they had already partially 
implemented the concept. The IS being used helps to identify what types of data are being collected, and with the use of
what other technologies other types of data could be collected, processed and used while measuring and assessing the 
effectiveness of HC. 

The question in the survey was open so that respondents were not limited by a predefined scale. Subsequently, the 
responses could be put into common categories, based on their frequencies. For the processing and evaluation within this 
question, only 70 usable responses were collected. The statistical description of the set of companies from which the 
responses were collected is presented in Table 1.

Table 1. Structure of the sample of companies

Company size Number 
companies % Majority 

owner Number of companies %

micro-company 25 35.71 domestic 50 71

small company 15 21.43

foreign 20 29

medium-sized company 15 21.43

large company 15 21.43

Total 70 100 Total 70 100

Source: Authors.

The aggregate results include only those ISs that were stated at least by two respondents. Other ISs, stated only by a 
single respondent, were put into the category “other IS”. The results processed in this way are depicted in Figure 1. 

Figure 1. ISs used in the companies for HR and HC

Source: Authors.

The greatest portion of responses was represented by other IS (36%), followed by no specific IS (23%). The latter
may be caused by the greater proportion of micro-companies within the sample. The third most popular response was the 
use of internal ISs developed and adjusted according to the company’s needs (16%). 

The IS SAP within the given field is used mainly by large companies (more than 33% of such companies) and by 
companies with foreign majority owners (30% of such companies). On the other hand, among the companies where the 
respondents stated that they did not use any IS for the field of HR or HC, there were mainly micro-companies (52% of 
such companies) and companies with domestic majority owners (32% of such companies). 
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The results therefore revealed the use of a spectrum of ISs, ranging from spreadsheets for the creation and organization 
of the related records to sophisticated systems whose adjustment and extension is usually complicated and costly. The 
ISs identified by the respondents can be the object of further analysis for the evaluation of possibilities within the 
implementation of the concept of HCM and elements of Industry 4.0. The key issue here is to make sure that the 
implemented IS is suitable for the given. Company and that its application facilitates and supports the practical usage of 
the concept. 

3.2 Support for the monitoring and analysis of data related to HC in the IS used

Another question in the survey was focused on the identification and description of how the IS used enables the HR 
managers to monitor and process the data related to HC. 

This question was answered by 95 respondents. Therefore, the sample size for this question was bigger, while the 
structure of the sample in relation to company size and majority ownership remained comparable. The greater number of 
respondents means that the responses were given also by the managers who did not state a concrete name of the IS used 
in the previous question. Thus, the ISs used by them can be the same to those collected, but there can also be other specific
software products. For this reason, the additional analysis of the information support for HCM can also be focused on 
other software products. This can be done using the information on websites of IS providers or the experience of users of 
these ISs captured in case studies. 

The closed question focused on the perceived support for the monitoring and analysis of data related to HC.
Respondents could choose from: the IS used allowed them to fully monitor and evaluate HC data based on all the metrics 
and indicators they use; the system allowed them only to monitor the qualifications of the employees and the completed 
learning and development activities; the system did not provide any monitoring of HC at all. The results captured in the 
form of relative frequencies are presented in Figure 2.

Figure 2. Informational support for the monitoring and analysis of HC data

Source: Authors.

The results show that the informational support for the concept of HCM is still relatively low, with only 20% of 
companies stating that their IS provided full support for all the metrics and indicators for HC. In contrast, up to 44% of 
companies stated that the IS they used did not allow them to monitor the metrics and indicators needed for the management 
of HC at all. This needs to be put into relation with the results from the previous question where many respondents, mainly 
from smaller companies, stated that they did not use any IS for the field of HR and HC. To confirm such a tendency with
regards to the perceived informational support for HCM in the ISs, the results were further statistically analysed. 

In relation to company size, statistically significant differences were detected, as supported by the following test 
results: �2(6) = 32.379; at the critical value of C = 12,592; p-value <0.001; significance level of � = 0.05. These statistical 
test results are reflected in terms of absolute and relative frequencies according to company size in Table 2. 

Table 2. Differences in informational support for HC according to company size 

HC 
support 
in the IS

Micro-
company

%
within 

the 
group

Small 
company

%
within 

the 
group

Medium-
sized

company

%
within 

the 
group

Large 
company

%
within 

the 
group

Full 2 5.00 5 25.00 4 22.22 9 52.94

Partial 9 22.50 7 35.00 10 55.56 7 41.18

None 29 72.50 8 40.00 4 22.22 1 5.88

Source: Authors.
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This means that with regards to the perceived informational support for HCM in the IS used, again, higher values of 
partial or full informational support were recorded for larger companies.

This is followed by the statistical testing of the differences based on majority ownership. The identification of 
statistically significant changes is supported by the following test results: �2(2) = 14.585; at the critical value of C = 5,991; 
p-value <0.001; significance level � = 0.05. The reflection of the results in terms of absolute and relative frequencies can 
be seen in Table. 3. Overall, higher perceived support for HCM is present in companies with foreign majority owners. 

Table 3. Differences in informational support for HC according to majority ownership 

HC support in 
the IS

Domestic 
owner

% within the 
group

Foreign 
owner

% within 
the group

Full 10 13.89 % 10 43.48 %

Partial 23 31.94 % 10 43.48 %

None 39 54.17 % 3 13.04 %

Source: Authors.

3.3 Expected introduction of changes leading to increased HC effectiveness

The purpose of the question in relation to the above was to reveal whether the companies planned to introduce changes,
including the application of ISs and enhanced, modern data processing, to increase the HC effectiveness.

This question was answered by 108 respondents (again, with comparable structure in relation to company size and 
majority ownership). The aggregate results expressed in terms of absolute frequencies are presented in Figure 3. 

Figure 3. Expected changes leading to increased HC effectiveness

Source: Authors.

The results show a dominance of positive answers. This outcome supports further research in this field focused on the 
creation of practically applicable solutions the use of which will make it possible to precisely evaluate the effectiveness
of HC utilization its changes over time and in relation to the measures taken as well as the business outputs and the 
introduction of elements of Industry 4.0. 

When applying the statistical analysis, only statistically significant differences based on company size were detected. 
These are supported by the test results: �2(6) = 20.221; at the critical value of C = 12.592; p-value = 0.003; significance 
level � = 0.05. The structure of respondents’ answers according to company size categories is presented in Table 4.

Table 4. Differences in expected changes regarding increased HC effectiveness according to company size 

Expected 
changes

Micro-
company

%
within 

the 
group

Small 
company

%
within 

the 
group

Medium-
sized

company

%
within 

the
group

Large 
company

%
within 

the 
group

Yes 8 17.78 11 47.83 15 68.18 8 44.44

No 19 42.22 4 17.39 2 9.09 3 16.67

Respondent was 
not able to answer 18 40.00 8 34.78 5 22.73 7 38.89

Source: Authors.
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Micro-companies did not expect changes to lead to the higher effectiveness of HC, whereas in the other company size 
categories such changes and measures were expected. 

A deeper understanding of these findings was achieved via an analysis of reasons stated by the respondents. Of the 
respondents who expected the changes described, 25 of them also added reasons for this. These reasons support further 
research on the topic. They included a diverse combination of external and internal impacts. Among the reasons stated 
was the desire for continuous improvement, pressure from competitors, as well as recognition of the importance of HC 
and its effect on overall business results. 

Of the respondents who did not expect changes in HC effectiveness due to IS and data analytics, 16 respondents stated 
reasons. These reasons included insufficient capacity or satisfaction with the current level of effectiveness. However, this 
creates a contradiction with the philosophy of continuous improvement, whereby such a managerial decision can lead to 
stagnation, which can be very dangerous for a company’s existence in relation to Industry 4.0. Another reason stated was 
that the company was planning to focus on different priorities in the next period. Such a reason implies that HC is not a
high priority in the company, which sends negative signals to current and potential employees and other stakeholders. A 
reason that can be perceived more positively was that effective utilization of HC was included as one of the long-term 
goals of a company. This means that in this company no sudden changes were expected in this field since it was being 
dealt with on a systematic basis. Finally, another respondent stated that such changes had already been implemented and 
that this can be positive as long as it concerns the appropriate implementation of the entire concept of HCM and not just 
isolated efforts, and the evaluation of the effects there of on the company’s operation. 

Finally, 5 respondents stated a reason for them not being able to provide an answer to the question on future changes 
leading to the increased HC effectiveness. Once again, managers stated they were satisfied with the current situation. This 
can be a consequence of neglecting to focus on continuous improvement in a field that is critically important for IT 
companies. Another reason stated was that the respondent had not seen sufficient and clear outcomes that can be achieved 
via the implementation of HCM. This is therefore a reflection of the need to study this field even deeper, in connection 
with business practice, and to edify the managers regarding the successful introduction of HCM and elements of Industry 
4.0. It is only then that the interest of the managers in HCM can be increased so that its implementation can help them 
achieve better results related to performance, efficiency, competitiveness, and employee satisfaction. 

4 Discussion
The survey among the IT companies has shown that within the implementation of HCM, these companies use a lot of 

different information systems (36% of companies using some other software product), 16% of them use their own internal 
systems, 11% use SAP. This system is mostly used by foreign companies. However, up to almost a quarter of companies
do not use any IS in this field, while 52% of them are micro-companies.

The survey revealed that 20% of the companies had a system supporting the analysis of data related to HCM, but up 
to 44% of companies could not fully monitor, evaluate and report the data needed for modern HCM. This was recorded 
despite the fact that even greater emphasis is being put on the use of elements of Industry 4.0 such as digitization and Big 
Data analytics, in connection with HCM. 

On the one hand, it is understandable that the companies might not have the necessary funds for this, but on the other 
hand, the benefits from digitization considerably surpass the investment needed. This transformation should be as accurate 
as possible, respecting the mutual relationships between the processes, objects, phenomena and so on. The information 
describing the events in the past that are being organized in the databases during digitization does not need to be 
laboriously sought after later when they are used, and they can be utilized as experience for future decisions on similar 
issues [26]. Due to the digitization of processes as a whole, the paper form of keeping records has been substituted by the 
digital one. Digitization enables the better classification and selection of data, as well as the application of various 
structures for using the data in a better way. For now, digitization is mostly being connected to manufacturing companies
that are digitally transforming their whole production processes. In relation to people, this applies, for example to the 
digitization of employee performance records.

Microsoft Excel has become the most frequently used tool for management and planning. Within the original survey 
presented in this article, 4% of IT companies are still using it instead of more complex and more expensive ISs. Even 
though this software was introduced more than 30 years ago, it is a successful tool for data processing in many small as 
well as larger companies. Its greatest advantage is its ease of use. A production worker with a paper version of a document 
is one of the most unstable elements in the process. Digitization eliminates the instability of the system, enables the real-
time monitoring of the physical processes and can increase the reliability of the information. Via digital transformation, 
companies´ can relieve themselves of a huge pile of papers, thereby creating a more interactive environment [27].  

After different departments of companies including marketing, finance, sales or security, have undergone digitization, 
the challenge of digitization in the fields of HC and human resources becomes accepted [28]. The transition from paper 
to information systems and analytics allows companies to implement automation and support strategic growth and create 
a competitive advantage [29]. The willingness of companies to introduce changes can still be quite low at the moment. In
the original survey, up to 40% of the companies did not express a willingness to implement changes related to HCM, the 
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utilization of ISs and data analytics [30]. At first sight, it might seem that these companies would need to spend additional 
funds, time and other resources. However, the aim of digitization in the management of people is the automation of 
processes that are done repeatedly, so the time saved can be spent on strategic causes [31]. Instead of performing routine 
tasks, an employee can join the process of planning [32]. Kenny & Company stated that with digitization, the data profiles 
of individual employees extended, which became one of the most important data sources within the organization. The 
information system then provides a wide range of data sets for the analysis, planning and decision-making in this field. 
The collected and aggregated data allows companies to identify trends related to the workforce together with the criteria 
for the job vacancies and the acquisition and retention of talents [29].

Industry 4.0 creates many challenges for companies with regards to the implementation of HCM as a modern concept 
of people management. Digitization, advanced analytics, Big Data and artificial intelligence have already begun changing 
the structure of work of HR specialists. Big Data are considered to be information assets, characterized by their large 
quantity, speed and variety, requiring specific technology and analytical methods for their transformation into value. Via 
Big Data analysis, a company can make better decisions [33], also in relation to the acquisition of the right talents for a 
certain job position. 

Mauro et al. [34] deal with the use of Big Data in relation to people and their management. According to them, we 
live in a world where pieces of information are available everywhere. During the last few decades, exponential growth 
has been recorded in information flows, which has elicited the current integration. Pieces of information are now much 
more personal, in part because they are being directly consumed by the people using their personal devices. Technologies 
are becoming more and more accessible and more powerful when it comes to the processing of information. The 
efficiency of this processing is caused by fast calculations and accessibility of faster networks [35]. For the transformation 
of information into knowledge, it is necessary to use appropriate analytical methods and techniques. The latest analytical 
techniques used in the analysis of Big Data include cluster analysis [36], genetic algorithms, natural language processing, 
social network analysis, predictive models, data visualization, and others. Big Data analysis affects a wide range of fields 
including peoples’ lives, culture and science. The effect can be positive as well as negative. According to Davenport, 
companies using Big Data can lower their costs, manage their processes more efficiently, and be more productive than 
their competitors. The negative impacts of Big Data analysis are related to the potential disruption of privacy and personal 
data [34].

Big Data analysis can be mostly utilized by companies with a larger number of employees because using these 
analytics enables them to find better solutions to problems connected with hiring, talent management, and so on. Via HR 
analytics, a company can cover up to nine fields in which it can increase its efficiency. These include the analysis of key
employee skills, talent, workload, employee turnover, corporate culture, channel usage, leadership, as well as the 
individual and team performance of employees [37].

Big Data analysis is also related to the saving of the costs incurred by the employment of new people. If a company
employs an unsuitable worker who leaves shortly after being hired, employee turnover rises, as do the overall personnel 
costs. If the companies use Big Data analysis before filling a job vacancy, they will be able to better predict who is suitable 
for the position and why, which will lower the turnover rate and the related costs. Besides that, Big Data analytics enables 
the monitoring of trends that can indicate how long the employee will stay in the company [38].

5 Conclusion
With the launch of the technologies related to Industry 4.0, companies become able to obtain and analyse more 

information than in the past. This amount rises every year due to modern software tools. For the field of human resources 
and HC, this presents a challenge in the form of investment in efficient ISs for HCM, which is also related to Big Data 
analysis. Via this, some large international companies already can, and medium-sized and small companies will in the 
future be able to, improve their business operations [39, 40]. For example, they can increase their employee retention rate 
and decrease the costs incurred as a result of employee turnover via better profiling of the requirements for a job position. 
The hiring of talents will be improved as well because the combination of Big Data analysis and an appropriate IS will 
improve the company’s decision-making on hiring and the filtering of suitable candidates based on the keywords for a 
given position. Big Data analysis can also serve for the monitoring of work performance and the interaction between the 
best-performing employees and teams. The data can also serve to determine the optimal productivity of employees. 
Employee analytics will help companies analyse gaps in knowledge, directing the selection of the right training programs 
for the knowledge and skills that need to be developed. Logistic regression and predictive models will help with the 
estimation of the probability of the flu or other illnesses among employees, as well as help determine what variables will 
cause someone to leave. [41] found that the variables that affect employee turnover include higher education, number of 
years of working for the previous employer, changes in salary, history of promotions, and so on. 

A survey conducted by Accenture in 2019 revealed that more than half of employees (64%) are afraid of losing their
privacy. The use of Big Data analysis requires a company to be transparent and have the consent of the persons affected. 
Also, company ISs should be protected so that the loss of personal data or the violation of an employees’ privacy does 
not occur [42].
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Via Big Data analysis, a company can enhance its productivity and fill job vacancies appropriately. According to 
Lipkin [43], Big Data analysis related to HR that is transparently focused on how individual activities directly affect the 
company’s performance can positively change the relationship between the employer and the employees [44]. For this 
reason, Hamilton and Sodeman [42] think that the application of Big Data analysis in the field of human resources can 
help strategically manage HC and bring higher individual performance as well as stability [45].

Since several studies came to the conclusion that Industry 4.0, besides technological advancement and business 
automation, will bring unemployment, it is necessary for company managers to focus their attention on the identification 
of new skills and abilities that will be needed in the future. The purpose of HCM lies mainly in the retention of capable 
employees in a company whose activity is reflected in its overall operations. Therefore, it is in a company’s best interests
to strive to protect current employees, adapt to more and more demanding conditions, and increase employees’ 
qualifications.

Beyond the efforts to retain and train current employees, it will also be necessary to attract, retain and integrate new
talents in companies. HR managers should therefore prepare themselves for a new definition of human resources, HC and 
hiring. 

It will also be necessary for managers to focus on new ways of learning and development, so that new as well as 
current employees maintain their relevance and qualifications. One of the transitions within Industry 4.0 is artificial 
intelligence, leading to a change in the hiring of employees from the data management to the intelligence kind. It is 
predicted that within the next two years, a large number of HR teams will rely on machine learning and artificial 
intelligence in their HC activities [46].
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