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Abstract: The ongoing effects of the pandemic have led toemhtened adoption of digital technologies among
businesses. Acknowledging the importance of smmallraedium-sized enterprises (SMEs), the Europeann@ssion
emphasizes the need for support in digitalizatféoris. The study focuses on investigating theuafice of digitalization
on SME performance by analyzing data from 27 EUnt@es using econometric analysis. A thoroughditere review
explores the relationship between digitalizatio 8ME performance. The findings of our study previdiluable
insights for policymakers, suggesting the integranf digital tools into the infrastructure of SMEsd also serve as
inspiration for future research in this area.

1 Introduction While research on digitalization's impact on SME

According to the European Commission, more thaperformance is growing, the specific effects arée yet
98% of all businesses in the European Union (El8) a¥vell-established. Rigorous scientific studies aeded to
small and medium-sized enterprises (SMEs), and théystematically investigate its influence on prodlity,
account for approximately two-thirds of total empteent.  profitability, innovation, competitiveness, and tuser
SMEs make a significant contribution to the EU'ssgr Satisfaction. These studies should employ quaivtat
domestic product (GDP), comprising over half ofakdeed ~analysis, case studies, surveys, or experimeniiscting
value in the non-financial corporate economy [1dspite data on SMEs' digitalization initiatives and objeety
the considerable impact of the COVID-19 pandemic ofteasuring performance outcomes. Well-designed netsea
SMEs throughout the EU, these businesses halfe necessary, considering confounding factorsjzimd
demonstrated their resilience and ability to adapthe appropriate statistical analyses, and acknowledging
Cha”enges [2] Various measures have been imp]MenCOﬂtGXtUﬁ' influences. Conducting scientific ini@ions
to support them, including easing regulations, juiag into digitalization's effects on SME performancen ca
financial assistance, and implementing targetedraras pProvide  valuable insights and  evidence-based
for digitalization and innovation support. The ddjzation recommendations for  SMEs, policymakers, and
of SMEs can have a positive effect on their valddeal Stakeholders to optimize digital transformation and
and performance by streamlining processes adfprove business performance [4]. o
production, enhancing service quality and proditgtiv ~ This study aims to examine the relationship between
improving collaboration and communication withineth digitalization and business performance, speclfical
company, and enhancing the customer experiencaseThévestigating whether digitized companies tendeartore
improvements can contribute to increased valuedddd Prosperous and achieve higher performance levéle. T
improved performance for SMEs, directly influencthgir ~ research focused on a sample of 27 European Union
business growth and development. Furthermor&)ember countries (EU27) and utilized a regressiodeh
digitalization enables SMEs to better compete ia thfor panel data over a 5-year period (2017-2021)using

market, which is crucial for success and maintgnin the EU27 sample, the study provides a concentraeid
competitive advantage [3]. comprehensive analysis of the EU context, facilitat

comparative assessments, bolstering statisticabpamd
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leveraging relevant data availability. The findingfsthis 3 M ethodology

research contribute to the existing literature bga®icing 31  Research measure

the ~understanding of factors influencing business | this chapter, we will summarize the key indicato
digitalization and offering empirical evidence omvhthe ariaples) relevant to our research, which fallemthe
integration of digital technologies impacts SMEcateqory of quantitative research approaches. These

performance within the EU. methods prioritize the identification of causabti@nships
. . rather than individual experiences or beliefs, achw
2 Literaturereview objectivity. As our study utilizes publicly availebdata, it

Digital transformation varies among companiesan be replicated. The evaluation of the studysrailv
depending on the industry and is influenced bydiacsuch  quality relies on criteria such as reliability aradidity. Our
as the adoption of advanced technologies, evolvingm is to ensure consistent and stable results ahplying
customer needs, market size, and the specific &ssinthe same data in future studies. To achieve théshawe
sector [5]. Boundary companies that prioritizeelied on reliable sources, including:

digitalization tend to achieve higher long-termguotivity  Eurostat: the statistical office of the European
and revenue compared to less digitally-orientedpzones Union.

[6]. SMESs can leverage digital technologies to supiieir ~ «  European Commission: the executive branch of the
business functions, such as utilizing social media EU, providing information on EU policies,
applications, open-source software, mobile secuety programs, and activities.

commerce platforms, video conferencing, instant

messaging, and shared calendars, which may be pilte  The study involves conducting an econometric aiglys

or free [7]. Additionally, tools like Big Data, Btichain, sing panel data to examine the influence of diggtion
Artificial Intel“gence, and the I-nternet of Th|ngﬁfer on SME performance and validate our hypotheses_ The
further potential for enhancing SME performancejataset comprises 135 observations gathered froEiLR7
economically, socially, and environmentally [8]. countries over a period of five years. To address t
Companies' digital transformation levels vary based research question and assess the validity of taélehed
contextual factors and can be grouped into thresgoaes: hypotheses, a panel dataset spanning from 20102b 2
highly digitally mature SMEs that quickly adapt towas created. The panel data method was selecteitt for
digitalization, SMEs with liquidity issues that grdigitize  capability to track the same individuals over time,
their sales function, and SMEs with limited digifedracy  facilitating the analysis of dynamic responses and
but strong social capital seeking digital partné®%  controlling for unobserved heterogeneity within adat
Successful digital transformation requires investime  containing both cross-sectional and time seriemefis
various .dlm.enSIonS, |nC|Ud|ng .|nfraStrUCtUre, IT[14] Ut|||z|ng panel data offers several advanmgas
Fechnologles, intellectual and strategic a_speotmeﬁl and highlighted by [15], including increased varialyiit
informal  structures, culture, and social factor][1 reduced collinearity between variables, greateretegof
Optimal  performance outcomes require  significanfeedom, enhanced efficiency, and the ability toaat for
operational changes externally and internally [1l}ndividual heterogeneity, resulting in more infotiva
Overcoming obstacles and challenges involves au@ptigata. The statistical analysis was performed uBigws
business models, knowledge, and technologies, whil [16]. Table 1 presents the four variables derifrem

increasing the benefits of digital technology a@wpt the dataset that will be observed.
necessitates innovative business model developjh2ht

Conflicting findings exist regarding the impact of Table 1 Descriptive statistics variables
digitization on SME performance. For example, eenéc Dependent variable | Interpretatiol Unit
study (2021) suggests that digital technologiesehav Value added Share of the total valle ,
limited effect on innovative performance, with R&D added of EU27 SME %
expenditures being a more reliable predictor obiration I ndependent
[13]. This study challenges the notion that digital variable %
technologies necessarily enhance innovative pegooa Integration of digital Level of
Considering these findings and building upon thistang technologies implementation and use
literature, a research question was formulated to of digital technologies %
investigate the influence of digitalization on firm in EU27 SME
performance: . 'Does  digitalization  affect SMES [ control variable %
performance? Total investment | Percentage of GDP for

each of the EU27 %

countrie!
~16 ~
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The aforementioned independent variable will beduse

to address the research question. As discussedd jh], The purpose of regression analysis is to investigat
there is a reciprocal relationship between the wé@et relationship between independent and control vheab
and independent variables. Higher value-added camd the dependent variable. In order to determiee t
contribute to employment growth, while increaseduitable model specification, which includes dewdi
employment can enhance productive performanceghiger whether to use pooled data or incorporate fixedots$f or
fostering value-added growth. Furthermore, thegirtdon  random effects to address heterogeneity, we coeduct
of digital technologies across various businessaiostan several tests. Fixed effects are utilized to examihether
improve operational efficiency and speed. Totahere are distinct intercepts for each entity, Wwhiemain
investment can facilitate job creation, spur theonstant over time. This approach assumes that the
development of new products and services, and Etteu relationships between explanatory and dependeiatblas

economic growth. are consistent on average and over time, with fpeci
assumptions about the independent variable and erro
3.2 Theoretical background distribution. On the other hand, random effects &m

For the analysis of panel data, we employed thetLeaapture effects beyond specific values of the iedepnt
Squares Dummy Variables (LSDV) method, which iyariable, eliminating the need for precise assunmgti
specifically tailored for this type of data. The @@ about the variables. Our proposed model aims to
method enables the inclusion of individual-speafiects, understand the relationship between the integratibn
resulting in more accurate and reliable estimat®} Jt is  digital technologies at the SMEs level and the e@dded
worth mentioning that the assumption of homoscédst by SMEs. To confirm the necessary effects of theleho
is crucial for obtaining dependable results usirgltSDV ~ we will conduct a series of tests on the datauiticlg a
method. To address the research question, wetlieua Hausman test to determine whether to use fixedtsfiar
linear regression model with regression equatiop (lrandom effects in our model specifications.
which incorporates both the dependent and indepgnde
variables. This model depicts the connection betwtbe 4 Results and discussion
independent variable and the dependent variable, To assess the spread of values in our analysisyilive
illustrating how changes in the independent vagiatsin present descriptive statistics of the variablesugée will

influence the dependent variable. include measures such as the mean, median, ardhstan
deviation, which indicate how closely data poinkigra
Yi=a+BX;+ A+ &, (1) with a normal distribution. When data follows anstard
or Gaussian distribution, the mean and median &jlgic
Where: have similar values. After examining Table 2, weertbat
- Y, represents the dependent variable for a specifidl variables in the model display means and medihat
observation (countny)at a given time (year); are close in value, suggesting that all variablesasumed

- X, corresponds to the independent (explanatory)to follow a normal distribution.
variable for the same observatioat timet;

- a represents the country-specific intercept; Table 2 Descriptive statistics of variables

- ﬁ denotes the cqefﬂment associated with the Variable Mean M edian Star)da_trd
independent variablg;;; Deviation

- A, represents the time-fixed effect, which includes Value adde 58.25' 58.00( 8.25¢
time dummy variables for the respective time IntDigTect 40.31¢ 38.00( 14.80¢
periodt; Total_in\ 22.14: 22.50( 2.98(

- &, signifies the error term for observatioduring
time periodt. Table 3 presents the correlation matrix, which a¢ve

that no correlation surpassing 0.7 or below -0.3 feand.
Building upon equation (1) and considering the nemb Following a general guideline [20], this indicatas lack
of dependent and independent variables, the rnegultiof significant correlations among the variables.
equation in our study can be formulated as follows:
Table 3 Correlations matrix

VAsues, - + Bo(IntDigTechsugs) + Variable Value IntDigTech| Total_inv
+p,(Total_inv);; + A; + & 2 adder
Value adde 1
Where: IntDigTect -0.42¢ 1
VAgygs is a dependent variable; Total_in\ -0.18¢ 0.197 1

- IntDigTechgy, is an independent variable;
- Total_inv is a control variable.

~17 ~
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In the next step, we will perform a Hausman test tmdependent variable. This value ranges from Q tehkre
select the suitable method for conducting regressid® implies that the independent variable has noasgibry

analysis on the data. The Hausman test evaluates
following hypotheses:

tower for the dependent variable, while 1 suggésiisthe
independent variable (IntDigTech) perfectly exptathe

« HO: The random effects model is more suitable fodependent variable (Value added). The obtained R-

this study.

Squared value in our case is relatively high, iating a

e H1: The fixed effects model is more suitable fas th strong relationship between the variables and wedeing

study.

the statistical significance of the regression nhode
Consequently, we can infer that the model supparts

Based on the information provided in Table 7, th@ositive causal relationship between the variables.

calculated p-value is lower than the significaneeel of
0.05 or 5%. Thus, we reject the null hypothesis)(&itd
accept the alternative hypothesis (H1), indicatimeg the
fixed effects model is more appropriate for oudgtu

Table 4 Hausman test
Chi-Squar e Statistic
Chi-Squar e Statistic Probability

19.06¢
0.000:

The final results of the panel data regressionyaisl

In this study, ensuring measurement validity (carst
validity) was of utmost importance as it soughotuain
accurate measurements that align with the conaegigru
investigation. Quantitative research inherentlyefat¢he
challenge of potential inaccuracies in variable
measurement. To tackle this issue, we incorporatattol
variables that have a robust theoretical and eogpiri
association with the topic.

The integration of digital technologies by SMEs
presents opportunities to develop unique resources,

using the fixed effects model and LSDV method arBnhance efficiency, and increase productivity, ebgr

displayed in Figure 1. The analysis demonstratasttie
coefficient of the independent variable (IntDigTgdh
statistically significant, indicated by its sigifint estimate
at the 5% level of significance. This indicatestthan
average, a one unit increase in IntDigTech is astet
with a 0.0658 unit increase in value added, basethe
data sample (assuming other factors remain copstant

Dependent Variable: VALUE_ADDED
Method: Panel Least Squares

Date: 06/20/23 Time: 14:25

Sample: 2017 2021

Periods included: 5

Cross-sections included: 27

Total panel (balanced) observations: 135

Variable Coefficient ~ Std. Error  t-Statistic Prob.
C 50.59168  9.143313 5533189  0.0000
INT_DIG_TECH 0.065883  0.040637  1.621252  0.1079
TOTAL_INV 0.226230  0.427006 0529805  0.5974
Effects Specification

Cross-section fixed (dummy variables)
R-squared 0.834939 Mean dependent var 58.25704
Adjusted R-squared 0.791338 S.D. dependent var 8.258921
S.E. of regression 3.772639 Akaike info criterion 5681220
Sum squared resid 1508.677 Schwarz criterion 6.305316
Log likelihood -354.4824  Hannan-Quinn criter. 5.934835
F-statistic 19.14951  Durbin-Watson stat 1.624245

Prob(F-statistic) 0.000000

Figure 1 Panel data regression results

The results indicate the statistical significanéehe
independent variables, as evident from the R-Squaine

Adjusted R-Squared values. The regression model's £

Squared value is 0.834939, indicating the proportd
variability in the dependent variable explained e

gaining a competitive advantage in a highly contjveti
market. Additionally, digitalization enables SMEs t
acquire new competencies, skills, and knowledge,
empowering them to introduce innovative processeb a
products. However, SMEs often face challenges when
adopting digital technologies due to limited finexh@nd
human resources. While financial constraints are a
significant factor, our study's main focus is naot the
influence of the control variable related to finason the
overall outcome. We carefully selected control ables
based on their impact on the dependent varialitbsgh

it is important to acknowledge that these varialsleare
their influence with numerous other indicators. jRitesthe
limited financial resources of SMEs, the selectedtiol
variables remain relevant within the context of study.

With confidence in the validity of our results, wen
assert that the independent variable (IntDigTeaMjich
represents the degree of digitalization in EU27 SME
exerts a significant and substantial impact ordéendent
variable (value added). The value added servesnas a
indicator of SME performance in EU27. This confitioa
establishes a reciprocal causal relationship betwleese
variables, effectively answering our research qoest

5 Conclusions

Our study aimed to investigate the influence of
digitalization on business performance, specificall
focusing on SMEs in the EU27 from 2017 to 2021. We
collected datasets for both the dependent variable,
representing business performance, and the independ
variable, representing the level of digitalizatiamong
SMEs in the EU27 during the specified timeframe. To
nduct our analysis, we transformed the individual
variable datasets into panel data, which was drdoia
regression analysis. The statistical software E¥ied2
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was chosen for the analysis based on the dataepatyd] CURRAJ, E.: Business digitalization of SMEs in

applicable tests, and study objectives.

The results of the panel data analysis indicatettiea
extent of digitalization within SMEs can contributean
increase in value added and have a significant dinpa
their overall performance in the EU27. Howeverjsit
important to note that the study period encompassed
effects of the COVID-19 pandemic, which imposedaiar

limitations on traditional business development and

accelerated the adoption of digital solutions. Vééeve
that our research findings can inspire future stsidind
provide valuable insights for researchers
policymakers, emphasizing the substantial
digitalization in enhancing SME performance. Onghaf
main limitations of our research was the availabdf data

for indicators measuring SME performance. In future
[71 TREBUNA, P., PEKARCIKOVA, M., DIC, M.:

research, expanding the sample to a global scalédvibe
beneficial, allowing access to a wider range ofaldes
measuring both digitalization and business perfocea
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Abgtract: In the context of research and development kieysto achieve accurate and reliable results. Heweften to
obtain these results, a large number of experintantt be performed, which can significantly extémel research time
and increase computational requirements. The soltiti these problems may be efficient experimeitaining, which
allows for a reduction in the number of trials aptimization of the process. This article providasnsight into Central
Composite Design (CCD) and its use in simulatiopegients. We introduce various types of CCD designch as
CCC (Central Composite Circumscribed), CCF (Cen@amposite Face centered), and CCIl (Central Corgosi
Inscribed), and analyze their use in creating se@oder regression models. We also discuss théfispsdvantages and
disadvantages of these approaches, as well aptissible alternatives, such as the Draper-Lin GESign.

1 Introduction Inscribed). We will also deal with the process ating
Simulation experiments are today an integral part ¢hese designs, as well as their use in researctouédypes
research and development in various fields of seieand 0f CCD designs are proposed and used, dependitigeon
techno]ogy_ Their effectiveness and accuracy, heNeV needs and possibilities within experi_mentation. ahele
|arge|y depend on proper p|anning and design Oﬁahea.nalyzes the advantag-es and dlsa(-ilvantages of these
experiments or significant computational power ¢org  different approaches with a description of how CCD
out all the experiments [1,2]. Since a large numbler designs are used to create second-order regrensidels
experiments often need to be carried out, espycia” and how the-se models help scientists better uradetsind
simulations, it is necessary to approach experiatentnterpret their data.
design [3]. When creating models based on Response
Surface Methodology (RSM), we often need to cateula2 M ethodology
both linear and nonlinear (quadratic) terms and-fiaator Before we define the details and technical aspefcts
interactions. To do this, all factors must be sétast on 3 using Central Composite Design (CCD), it is importz
levels. For this reason, the use of Full Factofiakign emphasize that the basic philosophy of this apprasc
(FFD) method is inefficient as it would require arde efficiency and accuracy in evaluating experimenita.
number of trials [4]. Since our models often require the calculation othb
One of the popular alternatives to FFD, used byymairinear and nonlinear (quadratic) terms and twoefact
researchers, is Central Composite Design (CCDY[ése interactions, it is necessary to set all factoat teast three
designs are suitable for creating nonlinear deseeip levels. This puts us in a situation where the uséud
models. The structure of a CCD design consistsocofee, Factorial Design (FFD) or Unifactorial Experime(its-E)
star, and central point, providing a comprehensivmay seem inefficient due to the number of triaksdesl. At
framework for evaluating interactions between mpléti this point, CCD becomes an attractive alternat€D
factors at different levels. provides us with a structure that includes a catstar, and
The core of the article is to address various d@spefc  a central point, thus allowing a comprehensive watan
CCD designs, including its various types such a<CCof interactions between multiple factors at differkevels.
(Central Composite Circumscribed), CCF (Centralhe principle of creation is shown in Figure. 1.
Composite Face centered), and CCI (Central Congosit
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Figure 1 Principle of CCD design creation][6
Now let's look more closely at how this design is X3
created and what specific benefits its use bringhinv

research experiments. For practical experimentation
purposes, several types of CCD designs were prdpose
The most famous are plans of type [7]:

plans is

(+1) and (-1). This type of plan is used if it istn Trial x1 X2 X3
possible to set the factor levels within the rafige 1 -1 -1 -1
a) to (+o). 2 =1 -1 1
o ) 3 -1 1 -1

An example of the principle of creating CCC and CCF 4 1 1 1
shown in Figure 2. 5 1 1 1
6 1 -1 1

7 1 1 -1

8 1 1 1

9 - 0 0

10 o 0 0

11 0 - 0

12 0 + 0 0

CCC (Central Composite Circumscribed) -
rotatable planp = 1.4142, which uses 5 factor
levels.

CCF (Central Composite Face centered) — plan
centered on the face,= 1, which uses 3 factor

levels, is used if it is not possible to set thetdes CCD designs use two-stage experiment designs
to 5 levels. _ _ __ (Table 1). In the first stage, a regular two-lemgberiment
CClI (Central Composite Inscribed) — inscribetjesign is used. In the second stage, additionaingjsrials
plan, which we get if we replace the coded valuegre added to the first stage design.

(+1) and (-1) with numbers (+dy and (-14) and

the axial values (@) and () replace the numbers Table 1 Principle of creating CCD experiment design

Figure 2 Principle of creating CCC and CCF plans
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13

0 0 - A
14 0 0 ta :
15 0 0 0 Y15 © ) <
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0
21 0 0 0
22 0 0 0
23 0 0 0 )
. 1 O 1
As can be seen from Table 1, the first stage 0GB Yy Yy
design is formed by a two-level design of type @3uked -1 Y14 O +1

in yellow in Table 1). To this design, we add cah&nd
axial points (trials) in the second stage. Orasgdepicted
6 axial points and blue 9 central points. The numbks
determined based on the plan requirements, aceptdin
the relationship:

Figure 4 CCD design with three factors and two leve

As seen from Figure 4, in the first stage, a twele
design (cube) is created, to which additional sri@tars)
are added in the second stage. This arrangem#r# pfan
allows for the investigation of non-linear deperdes as

a=V2F (1) well, ° i
According to [8], we can create a CCD plan based on

where the symbdt denotes the number of factors. Thq:igure 7-7. which is shown in Table 2.

meaning ofx is evident from Figure 3.

Table 2 CCD design for 3 factors and 2 levels

3 Trial x1 X2 x3 Responsty
O 1 1 | 1 | 4 y1
) i /O 2 -1 -1 1 y2
» 3 -1 1 -1 y3
D O/ 4 -1 1 1 y4
+1 5 1 -1 -1 y5
6 1 -1 1 y6
X, 0 @ O 7 1 | 1| 4 y7
/ X, o o 8 1 1 1 y8
) ) 9 0 0 0 y9
3 po 10 - 0 0 y10
-1 0 0. 1 11 ++ 0 0 y11
1 o 1 12 0o | .- | o y12
o 13 0 ++ 0 y13
> 14 0 0 - y14
Figure 3 Meaning of the symbwl 15 0 0 ++ y15

The cube of the CCD design is always a two-level
experiment design, usually with a resolution ofdwV.
The star arises by varying individual factors stidt we
start from the middle point (so-called central ppiifhe
distance of the factor levels of this variation esds the
distance of the cube levels in such a way that &atbr is
examined at 5 levels. A graphical representatiorhef
experimental space for the CCD plan with threediacts
shown in Figure 4.

This design is initially created from a 23 designwe
carry out 8 trials. The ninth trial tests the cahpoint (y9).
The following trials test the variations, each doe factor,
that exceed the cube's boundaries of the designefdre,
when using a CCD design, 13 trials are sufficiergtudy
3 factors (see Table 3).

Various approaches are used to reduce the number of
CCD design trials. The most well-known is the sibech
Draper-Lin CCD design (also sometimes referred 40 a
Face-Centered CCD), which differs from the cladsica
CCD design in that none of its trials exceed thbets
dimensions. This allows for the reduction of trisdsa
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theoretical minimum. An example of this type of Such a CCD experimental design, according to §9], i
experimental design is shown in Figure 5. shown in Table 4.

Table 4 CCD plan experimentov

M O Ve Trial Factors
Ovyis A B
Ys O Oy, 1 -1 -1
+1 [® 2 +1 -1
o @ Yi3 o 3 -1 +1
X2 /Xl Yo (@ |Ye Y 4 1 *+1
S, koY o, g o :

X3 O +1 -
10 Yiu @ q ! ta 0
y y 8 0 -Q
1 2

-1 +1 9 0 +a

Figure 5 Draper-Lin CCD design . .
9 P g In Table 4, some rows contain the symbalhich, as

In Table 3, the number of necessary settings dépgnd Miller, 1. (2010) states, has a value higher thaandl its
on the number of factors for CCD and Draper—Lin GED Value is most often the square root of two, sqiiteds 1.41.
listed. As can be seen in Figure 5, the Draper@@® plan Krausova [7] provides the relationship and methbd o
uses a cube, more densely populated with poirids{trin calculating the values af(equation 1) and determining the

addition to the corner points, the center pointssath humber of zero points (their number approximates th
surface have also been added. design to the orthogonal design). Examples of such

calculated values af and the number of zero points are
Table 3 Number of necessary settings dependingeonumber ~ given in Table 5.

of factors
Fector | Trial coun CCD Drape-Lin plan Table 5 Values

3 10 13 Number of factot o Number of zero poin
4 15 25 17 2 1414 8

5 21 41 23 3 1.682 9

6 28 49 29 4 2.000 12

7 36 57 39 5 2.378 16

8 45 81 53

Based on the results of the CCD design, it is ptessd
create a second-order regression model, whichngilide
interactions as well as the second powers of factén
gample of such type of models is the model:

It is typically necessary to use designs with thesels
of factors when using second-order models thatadont
terms with higher powers (ax2). The disadvantage
designs that use 3 factors (3k) is the rapidlydasing
number of necessary trials and at the same timig it ¥ = by + byx; + byxy + by x% + byyx5 + byyxyx,  (2)
necessary to determine a whole series of insigmific
interactions. Therefore, in such a case, the CCilgdeas Appropriate software for statistical analysis igdiso
usually used. When using the CCD design, we usk a golve more complex models of this type. An exanufle
design and add the so-called central points andtgoiexperiment results processed in the statisticaiwsoé
called stars to it. By adding the necessary numbegntral Minitab is shown in Figure 6.
points, the experimental design approximates an
orthogonal design.

An example can be a simple experimental design with
two factors that can take 2 levels of the typevithere k =
2.

Number of trials n=22=4

To this design, a central point and star pointsadred:

e 1 central point
e star points

Then the total number of trials will be equal tal44

=0.
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& oo Bfteor  nbsuf 155 Gouk technologies and computational ~ capacities, new
Constant 31,8928 o0,0%08 351,03 possibilities are expected to emerge for the refierd and
ene expansion of CCD use in the field of simulationexment

Cas 1,7815 0,0909 !
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Figure 6 Experiment results from the Minitab system

3 Conclusions

Central Composite Design (CCD) represents [%
comprehensive and flexible tool for planning sintiola ]
experiments. This approach has proven advantadeous
research in a wide range of areas where it is sacgso
solve complex problems with multiple factors. Thsutk
its ability to effectively and reliably create sedeorder
regression models, CCD allows researchers to bet}%ﬁ
understand and interpret their data. Various tyfe&3CD
plans, including CCC (Central Composite Circumsaxiil
CCF (Central Composite Face centered) and CCI (@lent
Composite Inscribed), provide different options for
tailoring the experimental planning process togpecific
needs and constraints of individual research prajec

It is important to emphasize that CCD is not alwidngs
most suitable solution. There are situations whenight
be better to use alternative methods, such asrgeDLin
CCD plan. Regardless of which method is usedcitsial
to carefully and thoughtfully plan experiments tsere
accurate and reliable results.

Despite this article providing a detailed view bEt
theory and application of CCD, it is important ntinue
exploring and improving these methods. Success
research and development often depends on outyatoili
effectively and innovatively use available tooleliCCD.
In the future, with the ongoing development of

IEE]eview process
Single-blind peer review process.
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Abstract: The aim of this paper is to optimize the produtfioocess of graphics card assembly in an unnaoregany.

For the optimization of the production processwilbuse the Tecnomatix Plant Simulation softwan@ni Siemens. The
first and most important step to optimize the mantifring process is to analyse the current proseghat we can
pinpoint where bottlenecks or downtime is occurriRgr this reason, the first simulation is dedidate the current
production process. In the second simulation, e fruccessfully implemented all the proposed chamgthin the

upgraded manufacturing process. These changesl@ttieplacing the human workforce with two robaotshie tenth

stage, which involves the assembly of large comptand he implementation of the upgraded processvalli4 graphics
cards to be assembled in one hour, an increas®é gfaphics cards compared to the current processn keight-hour
shift, 353 graphics cards can be assembled, wkith8 graphics cards more than the current prazuptiocess.

1 Introduction (also from different suppliers) [1]. The system o

With regard to maintaining their competitivenesse€xchange data with the project management systelifan
manufacturing companies are forced to constantfydve —hecessary, with the customer’s or company's infooma
the quality of their processes with innovative soadbne Systems. The PLM system can be seen as the basis of
such tool is simulation programs, which will be ldedth ~ Industry 4.0, in which there are several otheresystthat
in this work. Simulations allow a wider range ofguanies are mandatory for implementation in production. ill w
to optimize their internal processes. highlight the main systems [2]:

The article is divided into four interrelated parfhe 1. PDM system - product data management system.
aim of the first part is to introduce readers t® tontext of 2. CAD system - product design.
the issue and provide them with the necessary etieat 3. CAE system - engineering calculations.
knowledge to understand the next part of the artithe 4. CAPP system - development of technical
second part of the article describes the used rdetbgy, processes.
analysis of the current production process, sirraradf 5. CAM system - development of control programs
the current production process and simulation @& th for CNC machines.
innovative production process. In the third parttioé 6. MPM system - modelling and analysis of
article, we analysed the results in detail basedthan product production.

statistical reports provided by the simulation wafe TX
Plant Simulation. The last part summarizes th&.2 MPM system

contribution of our research. Manufacturing Process Management (MPM) -
production process management, digital producttana
1.1 PLM rule, itis a set of technologies, methods and farog used

Product Lifecycle Management (PLM) is a concepin the production of products [3].
aimed at managing all information about a produd a  The MPM solution allows companies to create models
related processes during its life cycle, from desipd oOf technological processes and then subject them to
production to decommissioning. The main conceguisk ~ analysis. By combining knowledge management toads a
access to the necessary and up-to-date informabont optimizing assembly into a common open. Environment
the product, which is the basis for ensuring qualit MPM systems reduce lead time, design capacity, and
reducing time and reducing costs. By PLM systemdwe provide greater flexibility for product design clyas
not mean one super product, but a set of softwadupts  [4-5].
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Advantages of implementing MPM systems: 5.
* Reduction of preparation time to produce new
products.

* Reduction of commissioning and production time
to achieve projected capacity.

*  Optimization of production management.
2 Methodology
In this article, we analysed the manufacturing pssc
of graphics card assembly and identified the ke)%
parameters that affect the current production. Viauate '
the efficiency of this process, we used the siniat
software TX Plant Simulation from Siemens [6]. Ugin
simulation, we compared the current production @ssc
with the new, innovative graphics card assemblggss. 8.

In the current manufacturing process, we have
identified a problematic bottleneck in the manual
installation of large components that require sgeci
handling. This step is time consuming and can lead
errors and inefficiency [7]. To improve this prosesve
proposed an innovation that consists in replacing t

manual installation of large components with twedal 10.
robots. These robots will be operated by employaes
have been engaged in manual assembly until now.

11.

2.1 Analysisof the current production process
As part of this analysis, we focus on one specific
process of assembling a graphics card within pribafuc

Throughout the production of graphics cards, theme

several complex processes that require a high lefel

labour and demandingness on the part of the warkées
current production process is divided into thirtesteps,

which we describe in detail: 1

1. Quality control by employees: The first step in the
assembly process is quality control performed by
employees. This inspection serves to ensure that al
components and materials used in the assembly
process meet the required standards and norms.

2. Applying the paste to the front side of the PCB: At
the beginning of the assembly, the paste is appbied
the front side of the PCB (Printed Circuit Board)
which is the base plate on which the electroni
components will be mounted.

3. Installation of components: Next is the installataf
individual electronic components on the front sifle a
the PCB. These components include integrate

12.

3.

circuits, resistors, capacitors, and other compianen
necessary for the proper functioning of the graphi
card.

Soldering the components: After installing the
components, a soldering process is performed wh o
the electronic components are permanently joined
the PCB using heat and solder paste. This stepesisu
a reliable and permanent connection of th
components to the board.

Second quality control by employees: After soldgrin

is completed, a second quality control is performed
the purpose of which is to verify the correctnesd a
quality of the connection of the components to the
PCB. Employees check visually and by means of tests
that all parts are correctly positioned and coregbct
Applying paste to the back of the PCB: Paste ia the
applied to the back of the PCB, which will serveaas
support for other components and ensure proper
connection.

Component Installation: After applying the paste,
other electronic components are installed on tlok ba
side of the PCB. These components may include
smaller parts and fasteners.

Soldering the components: The components on the
back side of the PCB are then soldered, which essur
their reliable connection to the board.

Third quality control by employees: After soldering

a third quality control is performed, where empleye
verify the correctness and reliability of the coctien

of the components on the back of the PCB.

Manual installation of large components: This phase
involves manual installation of larger components
such as connectors or larger parts that requirgiaipe
handling.

Installation of the cooler: The next step is the
installation of the cooler, which ensures proper
cooling of the graphics card and protection against
overheating.

Testing: After the assembly is completed, thorough
testing of the graphics card is carried out, whire
functionality and correct functioning in various
conditions and loads are verified.

Packaging and subsequent shipment: The last step is
the packaging of the finished graphics card and its
shipment to the destination where it will be
distributed and sold to customers.

In the current production of graphics cards, d wita5
workers works on one shift. These employees have
different roles within the production process amelrtwork

is essential for the smooth running of productiatheut
downtime. Among the busiest and most important
employees are inspectors and workers responsiblindo
manual installation of large components. Contrslleave

Y key role in ensuring production quality. Their riwo
consists in checking and verifying whether all paahd
roducts meet the established standards and rewgiits.

heir job is to ensure that each graphics card is
manufactured with the highest possible qualitywitbdout
rrors. Employees responsible for manual instaltabf
afge components also have an important role. These
workers perform the demanding work of precisely
nstalling larger components that require specadiing.

heir task is to ensure the correct and reliableneotion

of these components to the graphics cardboardr Woek

requires expertise, care and skill. Paste appticati
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assembly and soldering of components is done usimgnich involves the assembly of large componentss Th
machines. change has the potential to bring several bensfiksh as
increasing the speed and accuracy of assembly and

2.2 Simulation of the current production process reducing the risk of error. In Figure 2 we can tee
Using the TX Plant Simulation software, we simutate innovative production process, simulated in the RlAnt

the current production process of graphics cardrably, Simulation software. The yellow rectangle marks the

which consists of 13 points, which are describeddtail updated place in the manufacturing process of tiyehics

in subsection 2.1. Table 1 shows the times of iddial card assembly.

production operations.

Table 1 Work of all machines in current production

Name of the operation Processtime|[g
Quality control 45
Paste application 20
Installing components 30 e
Soldering components 60
Quality control . 45
Paste application 20
Installing components 30 ‘ .
Soldering components 60 =
Quality control 45 o . . . . o
Installation of large compone| 20C Figure 2 Simulation of innovative production in 3D
|Tn:;2|r|]|(ng the heat sir 38 In Tab[e 2, we can see the times of each production
Packagin >0 operation in the innovative production process.

Table 2 Work of all machines in innovative prodoicti

Table 1 shows that the longest operation of the™Nameof the operation Processtime [g]
manufacturing process of graphics card assembthds lity control - 45
installation of large components. This operatide200 Quality T
Isnescon ds Paste application 20

o , Installing components 30
In Figure 1 we can see the current production @E®c -
in 3D. Solderingcomponents 60
Quality control . 45
Paste application 20
Installing components 30
Soldering components 60
Quality control . 45
Installation of large compone! 10C
Installing the heat sir 40
Testing 80
Packagin 20

In Table 2, we can see that the process time for
installing large components has been reduced to 100
seconds compared to the original 200 seconds in the
current production process.

The simulation of the innovative production procisss
set up for one work shift that lasts 8 hours.

Figure 1 Simulation of current production in 3D

The simulation of the current production processeis

up for one work shift that lasts 8 hours. 3 Resultsand discussion

We evaluate the efficiency results of the graphasl
assembly production process using the statistiepbrnt
offered by the Tecnomatix Plant Simulation software

2.3 Simulation of innovative production process
In the framework of the fourth industrial revolutighe
automation of processes is an important goal.drcttse of
this factory, it was decided to replace the humarkiorce
with two robots for the improvement of the tentraph,
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First, we evaluate the simulation results of therenut In Figure 3 we see the result of the current prédoc
production process. In both cases, the simulaitio@ its set  process.
to 8 hours.

Object Name Mean Life Time ThroughputlTPH Production| Transport|Storage | Value added Portion
Drain PCB 30.0000 235 29 66.67% 33.33%| 0.00% 0.28% | I

Figure 3 Results of current production

Subsequently, in Figure 4 we see the result of the
innovative production process of the graphics card
assembly.

Object Name ’Mean Life Time| Throughput| TPH | Production | Transport|Storage | Value added Portion
Drain PCB 30.0000 353| 44 66.67% 33.33%| 0.00% 0.19% | I

Figure 4 Results of innovative production

Based on the above results, the innovative progiucti significantly improve the efficiency, quality andverall
process achieved a significant improvement iperformance of graphics card manufacturing.
performance. The current production process alfonthe
assembly of 29 graphics cards in one hour and 285hgs Acknowledgement
cards in an eight-hour shift. After the implemeiotatof This article was created by the implementatiorhefgrant
the innovative process, performance increasqutojects: APVV-17-0258 Digital engineering elements
significantly. 44 graphics cards can be assembiegne application in innovation and optimization of pration
hour, which is 15 more than in the current procBssing flows, APVV-19-0418 Intelligent solutions to enhanc
an eight-hour shift, 353 graphics cards can benaldsel, business innovation capability in the process of
which is 118 more than at present. transforming them into smart businesses. VEGA 130203

These results indicate that the innovative producti Interaction of digital technologies to support s@fte and
process with the use of automation with the helpbbts hardware communication of the advanced production.
brings a significant increase in efficiency andduttivity.
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