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Abstract: In connection with applying the principles of listly 4.0, the industrial practice also requiresdbasistent
application of industrial engineering methods tgiove process performance. The transformation @éspinto digital
affects almost all areas of industry, public adstiaition, healthcare and all walks of life. The lempentation of Industry
4.0 is very important in the automotive, enginegiand electrical engineering industries. It isriave towards Industry
4.0, the collection of large amounts of data arddécision-making based on the data obtained toatde the ideal
basis for using more complex industrial engineermeghods and better process evaluation.

The paper's main goal is to analyse and identdyue of industrial engineering methods and kefppaance indicators
of companies in industrial practice in Slovakiagnépractice shows a lower acquaintance with tiietbods, especially
among medium-sized companies. The paper dealshétissue of industrial engineering methods aimedhproving
process performance in the context of key perfommandicators. The paper contains some resultscpfestionnaire
survey aimed at gathering information on improvermeethods and identifying the use of key perforneeindicators in
industrial practice. Which results will bring usser to which types of methods are most used iwaRlpractice and
why?

1 Introduction There are many methodologies and industrial

Today's modern technologies contribute t&ngineering methods aimed at improving process
performance and productivity and have also takegr ovPerformance. The paper's content is the analysisis® of
some of the activities in the production processnbdern industrial engineering methods in conjunction witay
companies that have implemented Industry 4__Berfor.mance Indicators (KPIg&) industrial practice. We
technologies and use highly automated machines atyestigated the actual state of use of methodetoghnd
equipment in production, these machines have remacmethods_ of industrial engineering in mdustnalqmrae in
people in selected parts of production. Produatiorkers ~ Order to improve process performance, increasatyaaid
only operate the machine, which is a charactertiment  eliminate deficiencies. Using a questionnaire syirwee
of the fourth industrial revolution. Thus, Indusdy0 is found out the state of use of industrial engineenrethods

characterised by interactions and communicatiowéen  in practice and at the same time, we want to ditzaméon
machines and Cyber-physica| systems for real-tinl® the real state of use of methods and methoidsloétrial

operations management [1]. engineering in practice, and also using KPIs tosueaand
The main idea of industrial transformation is torgmse  analyse data in companies. N
Competitiveness by increasing enterprises' eff(q;eand Businesses must maintain or Improve competltlveness

productivity. Companies can achieve this goal urtler t0 analyse activities and processes using datanitte
conditions of monitoring and subsequent improvenagnt Production system. They can also obtain this datagu
the performance of the processes taking place én tKPIs and then evaluate it and suggest improvemesits
system, improvement of the quality of processes arfie given industrial engineering methods.

elimination of discrepancies in the production eys{2].
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1.1 Theoretical connection of industrial respectively, improvement methodologies. Processis
engineering methods and KPI continue to require analysis, the definition of aaifities,
Process improvement is an activity that specificalicontrol to be effective and efficient, but they Ivalso
focuses on analysing process behaviour, identifyirg require information and the definition of new paedens
causes of problems related to process continuitlyaso that will affect them. With increasing automatiamdathe
focuses on process quality, efficiency, and praulingt  Potential to mass produce unique products, automati
Process improvement is based on the current proceBEPcesses should collect more data and be fastexaln
depending on how the process is documented in tHEne. There will be a lot of overflow of data and
documentation or according to the knowledge of th@formation about the processes, which will neecbéo

process participants [3]. sorted according to the importance of the pararmetea
The starting point for improving the efficiency ofgiventime[7]. . .
production processes and the overall productiotesysf New technologies bring a new era of business, new

the company is the optimal setting and use of priolu  @Pproaches to business operations, as well asafestthat
factors. Factors arising from the need to meatustomer require new competencies and skills of employeesleV
requirements and adapt to the changing conditibrieeo New jobs will require new knowledge and skills, tight
Company's environment (eg increasing Competiégen combination of skills needed to perform in modern
reducing costs, or increasing the overall flexipibf the industrial enterprises is becoming more complex iid
company) are important. The aim of these busine§§ntinue to evolve with the development of a
activities is to achieve measurable economic ar{éChﬂOlogica”y advanced work environment. Thisl wil
production results, such as the efficiency of treslpction  require future generations of workers to develogirth
process and timely performance of tasks, identificeof ~ digital skills and build access to lifelong leamiis].
factors affecting not only product quality but also Process performanc_e can be defined as th_e extent to
shortening inter-operational times, minimising intary. Which a process result is able to meet the reqeintsnof
Advanced methods of industrial engineering andternal or external customers of the process. With
management of production processes in the compagy pcompany as a system of different departments,
an important role in improving existing productieystems  interconnected material and information flow, and
and eliminating errors [4]. complex process chains, the performance of a péatic

Process management in an industrial enterprise R&ocess cannot be measured independently. Indhtext,
applied not only at the level of production butoais the interdependencies with the delivery procedatethe
logistics, customer service, etc. All these proesssnd beginning of the delivery, failures, and the seftiof
activities must be coherent and coordinated agh leivel ~Ccontrol variables or parameters are important impac
in order for the company to be efficient in prodost factors that need to be taken into account whetuatiag
respectively in services. Some processes and thBfiocess performance [9]. o
management are taken care of by artificial intetice The new parameters will be measured by built-in
thanks to the advent of Industry 4.0. All processes Sensors on machines equipment. Examples of paresmete
business practice are measurable and analysed wii¢ temperature, speed, pressure, rotation, ets. i$h
technologies and elements of Industry 4.0 in neakt Precisely the space for the development of theSgpma
Processes can be measured using indicators suchmghodology, which can develop a lot of data and
productivity indicators (OEE), economic (profit, stp information and analyse this data in the reposjtouy also
profitability), qualitative (FPY, complaints, sciagime the space for the development of other methodstlaad
(clock time, cycle time). These indicators are gsedl in implementation of advanced industrial engineering
companies using various methodologies, methodss,tooMethods in practice. Thanks to Industry 4.0, sieiBig
techniques of industrial engineering. At presemtumber Data, methods and methodologies will be developgee t
of different methods and tools are described in tHan the measurement, analysis, and applicatioradéstal
scientific literature, which is used in improvingopesses t0ols and techniques. Current statistical tools and
in business practice' e.g. Simpie quaiity managemts, teChnlqueS will ianeaSlngly find thglr use, an(IiSIllker
various statistical methods, value flow mapping,E that new techniques and tools will emerge to foons
TPM, bottleneck theory, and methodologies suchesmL Statistical management and quality control of new
management, Six Sigma and more. In fact, it is ortProcesses. New tools and methods will emerge, tugiat
noting which of these methods of improvement wigl b methods such as DMAIC, PDCA cycle, Pareto analgsis,
effective even in conjunction with technologies andshikawa diagram will still be used. Most of the tineds
elements of Industry 4.0 [5,6]. and tools used in the Six Sigma methodology witittaie

By introducing |ndustry 4.0 technoiogy into busiﬂesto be Used, and it will still be necessary to Uﬂm the
practice, new processes are expected to be cradtede causes of problems and address problems. Futuitdmeac
processes will involve more technology and be sengput  @nd equipment will take control of the processes
they will remain processes. These future procesgmi” IDdIVIduaIIy .Or n COOperatlon Wlth statistical CIOOI, real-
create space for the use of Six Sigma and otheinadst time analysis, and autocorrection [10].
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The development and implementation of keyepresents the frequency of measurement and eia wrt
performance indicators (KPIs) methods suppo# given indicator [15].
manufacturers by quantifying processes, identifying
potential vulnerabilities, and evaluating and cormga 2  Methodology
them. KPIs focus on key aspects of the performahtiee Using methods of improvement, companies improve,
assessed fact/process. They are part of a famikepf among other things, competitiveness, innovative
indicators divided into two main groups, namelyproduction processes, and product quality. In otdeve
performance indicators and result indicators. Thesgle to use the methods of improvement, they need t
quantifiable and strategic measures are essertial bptain data within the production system and thei@c
understanding and improving production performanc@erformance of the company. They can also use KPls
both in terms of eliminating waste and achieving thoptain this data from the production system. The ofs
strategic goals that are most important for cur@md these KPIs is important as well as the use of iidiis
future success. Based on industry principles fatueating  engineering methods. The actual state has ascittie
technology, KPIs support the comparison of différenyse of methods and methodologies of industrial
processes and their results within the manufadurirengineering and the use of KPIs through a questioan
industry. KPIs are those indicators that focus speats of syrvey.
an organisation's performance for which the orgiuis's The questionnaire survey was focused on medium and
current and future success is paramount [11]. large companies, while in 2020, when the survey was

Performance indicators, which can be defined asnducted, there were 1344 companies in Slovakst M
information collected at regular intervals to monsystem of the companies involved belong directly to the
performance, are the basis for evaluating and cdmpa automotive industry or are suppliers to the autéveot
the performance of processes across enterprisesudi  industry. Two hundred and thirty-six companies were
ratios and metrics, and measurements, they helpaton contacted with a request to fill in an online qiestaire.
processes by making it possible to compare plamned sjxty-four enterprises participated in the questaire
achieved results. Different approaches are usetassify  survey, of which 68.7% were medium-sized, and 31.3%
process performance indicators. For example, taeee were large enterprises. Due to the small varighititthe
classifications by service dimensions (processemi@l, area of their operation, it was decided not toimtistish
and outcome), performance dimensions (quality, ,cogetween the individual sectors in which companjerate
time, customer satisfaction, flexibility), or bypply types  for further work with the results of the questioimeaTable
(e.g. maintenance, planning, repair). Such clasdins 1 shows the percentage of enterprises by nature of
help define performance indicators suitable asin®for production and size of the enterprise. Medium-sized
analysis and control with a special focus on spea#fpects companies with serial production had the largesstesiThe

[9.12,13]. _ - future research will be primarily focused on thipe of
Indicators, in general, need to be distinguished yompany.

absolute numbers and relative numbers. Absolutebptsn

are independent of other indicators. They contain a Table 1 Nature of production due to the size otcth@pany
individual number, sum, difference, and averageeyTh (own processing)

gain importance only by comparison with other iadics. .
In contrast, relative numbers combine informatierg. | €OMPany size and nature of productjon %
indicators through ratios [14]. ] ]

The relative number can be divided into quota Pride production 23.44%
reference numbers, and index numbers. Quotas ratea
of one indicator to the whole, and important inthes can Batch production 40.60%
therefore be compared. Reference numbers arettbefa
the same indicators with different contents. Last ot Mass production 4.69%
least, index numbers compare time series. Thus, t b
literature focuses more on financial KPIs and mEssion- Pride production 4.69%
financial ones. Important non-financial KPIs arg
productivity, quality, time, and intangible assets Large-scalg Batch production 17.19%
Nevertheless, it is possible that a company wi|l enterpris '
comprehensively obtain information about busines .
probFI)ems only b); considering financial and non-ficial Mass production St

KPIs.
Appropriately selected and set KPIs meet thg Results and discussion

conditions of SMART, so they are measurable, Regpondents to the questiithat methods or do you
unambiguous, understandable, set according tdaes, ¢ industrial engineering tools to improve the pany's
and limited in time. The time limit in the case IKPI
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processes?'This question was opened without a choice, The Six Sigma method was included in the DMAIC
and therefore, the participating respondents meaetidhe procedure in the answers, i.e. as a comprehensive
Six Sigma option. As part of our research, thedssuSix improvement method. Individual methods and indaktri
Sigma is classified as a comprehensive improvemeanhgineering tools are used for process improveniNorie
methodology, which is why the DMAIC was assigned tof the addressed medium-sized companies doeseiSixth
Six Sigma. Sigma method or the entire DMAIC process, as wetha
Table 2 shows what industrial engineering methodis a SMED method and the Customer Requirements Analysis.
tools to improve processes and their performaneeised The questionnaire was focused on the use of KR, a
in a sample of companies operating in Slovakia. Thhese results are shown in Table 3. The survey shioa
chosen criterion for identifying the parametersisé was the concept of key performance indicators is widedgd
the size of the company. Based on this criteriahld 2 in large companies and companies defined as a mediu
shows the structure of the use of these methadedium- Only 4.3% of the participating medium-sized entsgs
sized enterprises (blue) and large enterprises. (fdte do not use any key indicators. However, it shoachbted
most common answer for medium-sized companies wtsat the automotive industry, together with itsgdigrs, in
that "they do not use any methods, or tools "a$ glr Slovakia is most closely connected with foreign
improving business processes (up to 15% of companieompanies, in which key indicators have been ueed f
gave this answer). This fact is a negative finding long time. Therefore, for industrial enterprisesSiovakia
business practice in Slovakia. The answer wasttiegt focused on other industries, the use of KPIs mdferdi
could not name the method, and the results sayfitiety = depending on the industry.
use the methods, they do not know about them,esdb
not even know how to name and define them. This wag3able 3 Use of KPIs in business practice due tesibe of the

followed by methods and tools that he considerpkirand company (own processing)
has only pz.irtiqll positive. results in .improving pEeses Used KPI Medlum Large-sgale
when used individually without a defined methodgloig enterpris Enterpris
the case of medium-sized companies, it was fouad th Productivity,
: . . - 21,5% 15,2%
companies do not use the Six Sigma methodology, of efficiency
DMAIC procedure, which was the most common answer _
in a group of large companies. Economic 12,7% 10,1%
Table 2 Use of methods and tools of industrial eeefing uality,
within a sample of companies (own processin Con(f?usiogl KP] 11,4% 8,9%
Methods and tools of Large-scale
industry engineering Enterprise Time 10,1% 7,6%
We do not use any methofls ~ 15.3% 1.2% Do not use 2% 0,0%
5S 7.1% 2.4% Another interesting finding when using key indiaato
T —— 11.8% 0.0% is the percentage Qistribution of these groups«ﬁta_to_rs,
- - S S which are shown in Table 3. The area of produgtisitd
Ishikawa diagram 4.7% 4.1% process efficiency was found that the area where ke
PDCA 3.5% 3.5% indicators are most used, with 37% of medium-sized
DMAIC / SIX SIGMA 0.0% 9.4% enterprises using these indicators and 36.4% afelar
- 3.5% > 4% enterprlses..T.he most frgquently reported prodmm_nd
. . process efficiency indicators were overall equiptmen
8D 3.5% 2.4% effectiveness (OEE), productivity index, and ing&diyn
TPM 2.4% 3.5% determined productivity indicators in the compaiipe
TQM 1.2% 1.2% quality of processes is also closely related talpectivity
0 0 and process efficiency. For example, the addressed
S Cre] i) company states the common measurement of customer
SMED 0.0% 1.2% satisfaction, confusion, and the ratio of noncomiog
Brainstorming 3.5% 1.2% products to the total number of products produGiden
VSM 1.2% 4.7% this fact, it is assumed that industrial enginegerimethods,
Analvsis of which are closely related to the efficiency of firecess,
oLl CHEIR L 0.0% 1.2% whether in their design or later elimination of ttentified
requirements shortcomings, thereby also contributing to imprgvthe
~10 ~
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INDUSTRIAL

quality of processes and their outputs, will beudiable industrial practice in Slovakia. The paper dealthvihe

platform for the implementation of key indicators. issue of industrial engineering methods aimed ptaving
Research has shown that Six Sigma is used in largmocess performance in the context of using key

companies. However, the results by medium-sizegerformance indicators. This paper is dealt witle th

companies are stated little interest in the usgiofSigma analysis and evaluation of a questionnaire sureeyded

as part of the initiative to improve processes pradluct on the use of improvement methods and the ideatifin

quality continuously. In the near future, even dnaald of KPIs in industrial practice. The research codellithat

small businesses are expected to be forced tohes8ix only some methods are used in individual compatdes

Sigma methodology, primarily those that act as beygp improve processes. Still, very few Slovak companiss

to large global companies. The Six Sigma methodologhe methods of improvement as a whole within theigi

offers a large number of radical improvements ie thmethodology. Based on the findings, it is emphaisibat

quality of processes and products, which leadsaeased methods aimed at improving processes must be isad a

competitiveness, the company's improved financiaget of methods in applying the methodology, suclkias

performance, customer satisfaction, and an over&igma. Itis necessary that within the applied roétiogy,

improvement of the company's results. there is a connection between measurements and
The question is why medium-sized companies do nperformance evaluation using KPIs.

use the Six Sigma methodology. This is assumed tiuk

to ignorance of the methodology, low awarenesshef t Acknowledgement
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