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Abstract: Nowadays, the dynamics of technologies development, as well as continuously growing customers’ requirements, put industrial
enterprises from around the world before the necessity of rethinking old strategies and building new dynamic business models, in order to
successfully continue operating in today’s conditions of a highly competent market environment. The digitalization takes a key position in
this new scenario, where modern industrial enterprises should fit. Digital technologies, as well as the opportunities they create, are the main
moving power, which enterprises should stake upon, to successfully raise their own efficiency. One of the biggest threats caused by the
digital transformation of operations is for the people to be replaced by the machines. The present paper offers a conceptual framework of a
methodology for investigating the role of human factor in a digital manufacturing environment.
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1. Introduction

The digital transformation, as a part of the Fourth Industrial
Revolution (Industry 4.0), faces the industrial enterprises to the
need for a change in the organizing and managing their operations
system [1,2,3,4,5,6,7,8,9,10]. The driving powers of this change are
Internet of Things (loT), Internet of Services, Big Data, Cloud
Technologies, Smart Objects etc. and they are the ones that
transform working environment of the industrial. The people
should be replaced by automated systems and robots in performing
the routine and hard-work operations. This way, the flexibility and
productivity of the operations system will be improved
[11,12,13,14]. Namely, this exchange of people with machines/
robots is considered to be one of the biggest threats caused by
Industry 4.0. According to [15] during the period 2018 until 2020,
10% to 15% of the jobs are expected to fade away, which is a
change much more serious than decades before — when, as a
consequence of automation, 4% to 9% of jobs only have been
dropped out. A resent research [15] shows that on an average of
71% of the total working hours in the different business branches
are covered by people, and 29% — by robots. It is expected that by
2022 this average values will change to 58% for the workers, and
42% — for the machines accordingly [15]. In addition, according to
[15], 62% of the tasks related to information search, processing and
transmitting, are expected to be mainly assigned to and performed
by the machines. Apparently, such fears have also existed during
previous three industrial revolutions, which have caused
perturbations of the labor market too, as well as emerging new
jobs, professions and requirements for new qualifications.

Of course, the manifestation of this threat on a large scale now
is caused mainly by the existence and application of the artificial
intelligence. However, to reach the efficiency required, the
artificial intelligence needs to be combined with the appropriate
industrial experience, as well as the physical model of the machines
themselves. That is, the role of the human factor should not be
underestimated and neglected. It could be summarized that, as a
result of the digitalization, a considerable change is expected in the
field of jobs “distribution” among the people and the machines,
having in mind following peculiarities:

(1) Machines/robots acquire an increasing importance in
running the operations system of the enterprise, as well as they
become more and more autonomous (decision making at the lowest
level) in performing tasks/operations they are assigned to;

(2) The place and the contribution of the human factor in the
operations system is profoundly changed;

(3) The human-machine relationship goes to a new,
“intelligent level .

Accepting the technologies as a threat for the labor is
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becoming a key cultural issue, since inner opposition could be
strong enough to vastly postpone putting operations into effect to
the requirements of Industry 4.0. Industrial enterprises should
elaborate a strategy to assist the process of digitalization in a way,
avoiding stress for the working force.

It is important to note that digital transformation itself enables
specific inherent human abilities to show up, such as creativity,
originality/innovation, initiative, agility, analytical abilities,
criticism, abilities to intuitively solve complex problems etc.

The abilities to convince and negotiate become more and more
important. The emotional intelligence, leadership and social
influence are incidental to the humans’ qualities, and they are
expected to be more deeply engaged in the professional areas since
by now they could not be imposed upon the machines.

The above mentioned arguments require a research on the
requirements laid by the digitalization over the working forces, and
the way of their adaptation to the new environment.

The purpose of the present paper is to offer a conceptual
framework for investigating the role and the place of the human
factor in the process of transition to this new manufacturing model
based on an intensive utilization of the new digital technologies.

2. Methodology Framework

An empirical study of the role of human factor in the
conditions of the digital environment should be performed in two
stages, as shown on Figure 1 [16,17,18]:

Phase 1: General Conditions

Defining study hypotheses;
Choosing a toolset for empirical data collecting.

v Defining the constraints of the study;

v Defining the object and subject of the study;

v' Defining research aim and objectives; <
v

v

¥

Phase 2: Performing the Study

Defining the general totality and volume of the extract;
Elaborating a questionnaire;

Probation of the questionnaire;

Performing field research.
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]

Phase 3: Data Processing and Analysis

Selecting the data processing approach;
Processing, analysis and assessment of the results;
Results summarizing and conclusions.

ANIAN

Figure 1. Common research methodology
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Phase 1: General Conditions

v Defining Study Constraints
The study is intended to be hold in machine-building
enterprises. In order to narrow the focus of the study, a special
attention will be paid on investigating the issues concerning system
design, performance and management of the operations in a digital
environment conditions and resulting from it peculiarities affecting
the working force.

v Defining the Object and Subject of the Study

The object of the study is aimed to be the personnel
responsible for managing and serving manufacturing operations,
performed in the machine-building enterprises, such as production/
operations managers, technologists, designers, machine operators
etc.

Directly connected with the object is the subject of the study,
namely — the issues arising from the role, place and requirements to
the human factor in the conditions of a digital manufacturing
environment.

Note: The decision to limit the study to investigate work force in the
production/operations system of the enterprise is based on the fact
that this system is affected to the greatest extent by the digital
transformation and, as a consequence — its personnel.

v Defining research aim and objectives
By the present study, the author is aiming the following goals:

To study the personnel ‘s mood to the digitalization of
manufacturing;

To study the opportunities to lower the level of the
risk for personnel’s resistance to the digitalization of
manufacturing;

To investigate the factors enabling personnel’s
adaptation to the requirements of digitalization of
manufacturing;

To investigate the personnel’s contribution in the
process of digitalization of manufacturing;

To investigate the human-machine relationship and
its importance for an effective and efficient running
of the operations system in a digital environment.

v Defining Study Hypotheses
With the present study, it is expected one of the following
hypotheses to be confirmed or rejected:
—  Hypothesis 1: , The effectiveness of the digital
manufacturing system depends on the efficiency of
the man-machine interaction“;

Hypothesis 2: ,, The high degree of manufacturing
processes digitalization requires a change in the
human resource management strategy in order to
achieve effective adaptation to the new manufactur-
ing environment “.

v Choosing a Toolset for Empirical Data Collecting
For the purposes of the study, it would be appropriate a
questionnaire to be used that is structured in a way to help
achieving study goals.

Phase 2: Performing the Study

v Defining General Totality and Volume of the Extract

Defining the general totality of respondents and the volume of

the extract is based on the well-known methods of mathematical
statistics [19].

v’ Elaborating a Questionnaire
This chapter is going to ensure opportunity for a short
presentation of the following groups of information:

Group 4. Common presentation of the enterprise

Here, a short presentation of the factory under study is made —
enterprise name, branch and performed activities, registration form
etc.
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Group B: Information about specifics of Industry 4.0

In this section some information is put about the need for
knowing requirements, characteristics, technologies etc. that are
prerequisites  for achieving an effective  manufacturing
digitalization.

Group C: Information about manufacturing/operations system of
the enterprise functioning

Here, a detailed information is included about technological
infrastructure built, as well as to what extend any digitalization is
achieved.

Group D: Information about personnel‘s readiness to accept the

changes raised by the trend of manufacturing processes
digitalization
This section provides information about personnel’s

perception for the changes and the extent to which it is ready for
them. Also, it is important to provide information here about
personnel’s understanding about the need and effectiveness of the
changes that are caused by the digitalization. This will enable an
assessment of the risk for personnel’s resistance to the changes.

As a part of this section, it is foreseen some instructions to the
interviewer to be elaborated, as well as instructions to the
respondents.

v Probation of the Questionnaire
The methodology advises a pilot study to be performed, aimed
at testing the questionnaire, in order to make sure that the quality of
the main field research will be guaranteed.

v Performing Field Research
During interviews, the instructions elaborated in the previous
sections have to be fulfilled correctly, and respondents should also
be introduced in general about the aims of the study.

Phase 3: Data Processing and Analysis

v' Selecting the Data Processing Approach
To proceed and interpret the information gathered, methods
from the mathematical statistics will be used, such as dispersion
analysis, regression analysis, descriptive analysis etc., according to
the situation specifics.

v’ Processing, Analysis and Assessment of the Results
TyK cJI€ABa MOJIYUYCHUTE PE3YJITAaTH Ja 61>}Z[aT CBhIIOCTAaBCHU C
TMOCTaBEHUTE HU3CJICIOBATCIICKU L€)W, a ChIIO TaKa Ja C€ NOTBbPpAU
WK OTXBBHPJIK BEPHOCTTA Ha }le(bI/IHI/IpaHI/ITe XUIIOTC3H.

v" Results Summarizing and Conclusions
Here, the results of the study will be systemized, integrated and
presented in a common strategy for a successful transition to a
digital manufacturing through a collaboration by the personnel’s
side.

3. Conclusion

Instead of considering technologies invasion as a threat and
replacement of human work force, it should rather be observed as a
means enabling people to focus on these particular operations that
add value.

Eventually, the man and the machine are not put on both sides
of the barricade. Therefore, if both enterprises and workers get use
of their chances, the co-existence of autonomous systems and
people could initiate a new era in the world of labor, and the
comprehensive approach to the planning, training and improving
the work force is the key to the effective management and
development of the trend to the digitalization.
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