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THE MODELING OF STARTUP ECOSYSTEMS
IN CENTRAL AND EASTERN EUROPE BASED
ON SOCIO-ECONOMIC INDICATORS

The article solves the problem of building a model to describe the development of the
startup ecosystem in Central and Eastern Europe (CEE) based on the analysis of a set of indica-
tors. The European experience in developing startup ecosystems has been analyzed. Structural
components of the startup ecosystem have been outlined, their role in the functioning of the sys-
tem and interconnections has been defined. The functioning of startup ecosystems in European
countries has been described. Possible directions for the application of European experience in
the development of startup ecosystems in Ukraine have been studied. A model has been built
to determine the dependence of the ecosystem value on the influence of a set of significant
indicators, namely: the number of unicorns, future unicorns, VC funding, the number of exits,
employees. The developed model allows predicting the development of the startup ecosystem of
the countries of the world.
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CraTTs NpUCBSYEHa BUPILMIEHHIO IPOOIEMH PO3BUTKY CTApTAI-eKOCHCTEM y KpaiHax LleHTpais-
HOi Ta CxinHoi €Bponu (30KpeMa yKpaiHCBKOTO IMiANPUEMHHUIITBA Micis 3100yTTs YKpaiHOO He3a-
JISKHOCTI) IUISIXOM TNepeopieHTallii iXHb0oI eKOHOMIKH Ha PUHKOBY €KOHOMIKY Ta NpOBEACHHs ii Ha
3acajJiax CTaJIOro PO3BHUTKY, ETHKHU Ta COIIaJIbHOI BIANOBITAIBHOCTI. BUsBiIEeHO, 0 Y AOCIIKYBaHUX
KpalHax BeJHKa KITbKICTh MEXaHi3MIB i IPOLEAyp HE TOBHICTIO aJallTOBaHA 10 3AIHCHEHHS IiINpU-
€MHHIBKOT TisTHHOCTI Ha OCHOBI CHCTEMHOCTI, KOMITTICKCHOCTI Ta B3a€MO/Iii; MTPUCYTHI JIMIIIE TOYKO-
Bl €JIeMEeHTH, a €EKTUBHICTh 1X B3aEMOJII B MPOIECi MiMPHUEMHHUIILKOI AISUTBHOCTI IOCUTHh HU3bKA.
[Tpu npomy criocTepiraeThest CTPIMKUI PO3BUTOK €KOCUCTEM CTapTariB. BUu3HaueHHs LIbOTO MOHSTTS B
CTaTTi PO3IJISIAETHCS 3 TOYKH 30pY HAYKOBIIB SIK «IIOE€AHAHHS JIOKAJI30BaHUX KYJIBTYPHUX TTOTJIS/IIB,
COLIAIBHUX MEpEeX, IHBECTUIIMHOIO KaIlliTaly, YHIBEPCUTETIB Ta aKTHBHOI €KOHOMIUHOI IMOJITHKH,
10 CTBOPIOE CEPEAOBHIIE, SKE MATPUMY€E iHHOBaIliiHMI Oi3Hec, 1 Startup Genome, sKuil TpakTye
EKOCHCTEMY CTapTalliB K «Ha0ip pecypciB (MOTITHKH, aKCeNepaTopH, iHKyOaTOPH, KOBOPKIHTH, Ha-
BUAITBHI 3aKJIan Ta Ipynu (piHaHCYBaHHS), sKi 34e0ipIIoro po3ramosani B paaiyci 100 ximomerpis
HaBKOJIO LIEHTPAJIBbHOI TOUKH B IIEBHOMY PETriOHi, 3a KiJIbKOMa BUHATKAMH, 3aCHOBAaHHMH Ha MiCIIEBUX
peanisx». BcraHoBiIeHO, 1110 Ha JaHUH MOMEHT TEOPETHYHA KOHIICIIIIS i JIPHEMHAIBKOT €KOCUCTEMH
€ HE/IOCTaTHBO PO3POOJICHOIO, 1110 HE JO3BOJISIE OJJTHO3HAYHO TPAKTYBATH ii CKJIAJl, @ TAKOK BU3HAYHUTH
BIUTMB Ha PO3BHUTOK CTapTaiiB. BHsBIICHO, 1110 LIEHTPATbHUM PYILiEM €KOCUCTEM CTapTAaIliB HA4acTi-
IIIe BBYKAIOTh YHIBEPCUTETH K IIEHTPU OCBITH Ta PYIIiHHI CHIN iHHOBaNitHOTO 3pocTanHsA. Came iH-
HOBaLlil BU3HAYAIOTHCS SIK KEPENIO PO3BUTKY IiANPHEMHHUNTBA. BHIleBHKIIaieHe CTaI0 OCHOBOIO IS
PO3IIISITY Ta MOXKIJIMBOTO BUPINICHHS MPOOJIEMH TTOOYI0BH MOJEII, 1[0 OMUCYBaia O PO3BUTOK CTap-
Tan-exocucreMu Kpain LlenTpanbHoi Ta CxigHol €BpoIu Ha OCHOBI aHAIi3y HabOpy MMOKAa3HUKIB, 1110
XapaKTepu3yITh CTapTal-eKoCHCTeMY 3a MeToojoriero Dealroom.co, ne HainomysipHinIi Ta Ti, 10
MalTh €KOCHCTEMHE 3HAYCHHS € HAMOBHIIKMM OIMCOM PO3BUTKY €KOCHCTEMH crapraiy. [Ipoanai-
30BaHO €BPOIEHCHKIIA TOCBIT PO3BUTKY CTAPTAI-eKOCUCTEM. BimoOpaxeHO CTPYKTYpHI KOMIIOHEHTH
€KOCHCTEMH CTapTaliB, BU3HAYCHO iX POJb Y (PyHKIIIOHYBaHHI CHCTEMH Ta iX B3a€MO3B’s13KH. ONucaHo
(DYHKIIIOHYBaHHSI €KOCHCTEM CTapTamiB y kpaiHax €Bponu. JlociipKeHo MOXKIIMBI HAIIPSIMKHU 3aCTO-
CYBaHHSI €BPOIIEHCHKOTO JIOCBIy PO3BUTKY CTapTamn-ekocucreM B Ykpaini. BoxHowac ypsn Ykpainu
BBA)Ka€ MPIOPUTETAMH Yy NOAAIbIIOMY po3BUTKY IT-iHIycTpito Ta BilficbKOBI TeXHOJIOTIi (BUCOKOTEX-
HOJIOTi9HE 030pO€HHS), III0 OCOOIUBO aKTYyaJILHO IIiJ Yac BilicbKoBUX Aii. JlocmimkeHHs OyiIo mepe-
BipeHO Ha ekocwcTeMi crapramiB ['pemii, i Oyi0 BUSIBICHO, IO HAHOUTBII CYTTEBUMH MPOOIEMaMH,
SIK1 BITMBAIOTH HA YCIIITHUN PO3BUTOK CTAPTAIIiB, € IPOOIEMH Ha Iep’KaBHOMY PiBHI, III0 ITOB’A3aHi 3
MOJIATKOBUMH ITJIBI'AMU Ta MPUCKOPEHHSM Mporeayp crapraris.. [Io0yzoBaHo MoJenb, sika BU3HAYAE
3aJIOKHICTh BAPTOCTI EKOCUCTEMH Bif A1l HAOOpy 3HAYyIIUX (aKTOpiB.

Knrwouosi cnoea: exocucmema, cmapman ekocucmema, RIONPUEMHUULKA eKOCUCHIeMd,
cmapmanu-cOuHopozu, yiHnicms exocucmemu, inancyeannsa VC, eounopiz, Kinvkicmo 6uxoois,
KilbKicmb payHoie

JEL classification: 03, M2, E26

General statement of the problem
and its relation to important scientific or

from a business closely associated with crim-
inal activity to one that is based on sustain-

practical tasks.

Ukrainian entrepreneurship has gone
through a difficult path of development since
the country gained independence. The bitter
legacy of the planned administrative com-
mand economy and paternalistic policy,
when entrepreneurial culture, understanding
of market mechanisms and entrepreneur-
ial thinking were almost destroyed, is still
reflected in the specifics of doing business.
Only with Ukraine’s independence did its
economy begin to be market oriented. For 30
years, Ukrainian entrepreneurship has gone

able development, ethics and social responsi-
bility. This path has not been completed to the
end - a large number of mechanisms and pro-
cedures are not fully adapted for the imple-
mentation of entrepreneurial activities on the
basis of consistency, complexity and interac-
tion; only point elements are observed, the
effectiveness of their interaction in the pro-
cess of entrepreneurial activity is quite low.
At the same time, it is worth noting a rapid
development of the startup ecosystem, which
took place before the war in Ukraine, and its
sustainability during military operations. It
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should be noted that the platform Advantage
Ukraine [1], which presents promising proj-
ects for investment in Ukraine, highlights in-
novative technologies, represented by more
than 2,000 start-up market players and an
investment potential of $11 billion. In addi-
tion, the Ukrainian government singles out
the IT-industry and military-tech (high-tech
weapons) as priorities for further develop-
ment. In this regard, the study of the state,
features and trends in the development of
startup ecosystems in Central and Eastern
Europe (CEE) during the war years is an im-
portant and relevant scientific task.

Analysis of recent research and
publications in which the solution of this
problem was initiated and on which the
authors rely.

Ecosystem theory stems from biological
sciences. It appeared in the economic space
in the late 20™ century, when James Moore
[9] introduced the term “entrepreneurial eco-
system”. The peculiarity of the ecosystem
approach in the economy as a whole and en-
trepreneurship in particular is that the agents
of the national economy are considered not
only as competitors but also as partners,
whose interaction is appropriate and mutu-
ally beneficial, creates synergy and allows
for sustainable development. Also, the eco-
system approach is based on a combination
of the internal and external environment that
should promote the development of national
economic agents and ensure rapid growth of
entrepreneurship. Currently, the concepts of
entrepreneurial ecosystem and startup eco-
system as a component of an entrepreneurial
ecosystem are widely used.

Its understanding is ambiguous and
is considered both at the scientific and at
more practical levels. For example, in the
works [13, 15], the authors define a startup
ecosystem as “a union of localized cultural
outlooks, social networks, investment capi-
tal, universities, and active economic poli-
cies that create environments supportive of
innovation-based business”. Startup Genome
interprets a startup ecosystem as “a shared
pool of resources, usually located within a
60-mile (100 km) radius of a central point in
a given region, with some exceptions based
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on local reality. Resources typically include
policymakers, accelerators, incubators, co-
working spaces, educational institutions, and
funding groups [11]”.

It can be stated that at the moment the
theoretical concept of entrepreneurial eco-
system is not sufficiently developed and does
not allow for an unambiguous interpretation
of its composition, as well as determination
of its impact on the development of startups.
Most often, universities are considered the
central driver of startup ecosystems as cen-
ters of education and driving forces for inno-
vative growth. It is innovations that are con-
sidered to be the source of entrepreneurship
development [12]. Accordingly, the key role
in the theory of startup ecosystems is played
by the triple helix model, which is based on
the assertion that innovations are generated
and implemented by academia (the univer-
sity), industry, and government [5, 6]. The
model was extended by Carayannis, E. G.;
Campbell, D. F considering the role of cul-
ture, civil society and the media [2]. The so-
called Quadruple Helix Model was reflected
and expanded in the study [15], which sin-
gled out the following components: funding,
government intervention, networking and
support, human research, education and re-
search. The study was tested on the Greek
startup ecosystem and showed that the most
significant factors affecting the startup suc-
cessful development are governmental is-
sues, such as tax incentives and acceleration
of startup procedures, availability of financ-
ing opportunities, stakeholder communica-
tion, entrepreneurial education, previous
startup experience, incubator support, and
mentorship.

Research [14] proves that the function-
ing of the ecosystem affects the entrepreneur-
ship productivity. The authors identify 10
components of the entrepreneurial ecosystem,
including 3 — formal institutions, culture, net-
works — that are the basis for another 7: physi-
cal infrastructure, demand, intermediaries, tal-
ent, knowledge, leadership, finance.

These approaches are based on the con-
sideration of startup ecosystems in individual
countries and combine qualitative and quan-
titative research methods.
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The study of international indices that
characterize the startup ecosystem, e. g.,
Global Startup Ecosystem Index 2022 de-
veloped by StartupBlink [10], indicates the
presence of several components (quantita-
tive, qualitative ones, and business environ-
ment) described by a set of various indicators
the composition of which is not fixed and
changes from year to year.

Another company — Dealroom.co —
a global provider of data on startups and
technology ecosystems, uses a set of in-
dicators to describe startup ecosystems,
including: number of startups, number of
unicorns, future unicorns, number of fund-
ing rounds, VC funding, exit volume, em-
ployees, ecosystem value, new funds [4].
This resource is constantly updated, which
allows for obtaining up-to-date data, and
has a consistent methodology for measur-
ing indicators.

Description of the startup ecosystem
according to this method requires a more
complete disclosure of the essence of the
following indicators:

— ecosystem value is a measure of eco-
nomic impact and is calculated as the value
of exits and startup valuations; economic
impact of ecosystem in turn is calculated as
the total exit valuation and startup valuations
over two-and-a-half-years.

— VC financing at the expense of ven-
ture capital;

— unicorn is a company with a valua-
tion of more than $1B;

— exit is the amount of money that an
investor would receive if the company were
to be sold or go public;

— number of funding rounds is rounds
that have been funded. Startups are financed
in stages, in separate rounds, which allows
evaluating the results of financing and mak-
ing an informed decision.

It is the value of the ecosystem that is
the most popular indicator used to analyze
the success of startup ecosystems. The re-
searchers say that each ecosystem is unique,
and, in the previous studies [8], the author
and co-authors determined certain patterns
of development of startup ecosystems and
conditions for their growth.

Identification of previously unre-
solved parts of the general problem con-
sidered in the article.

Despite the high scientific interest in
this topic and the relevance of research, it
should be noted that the indicators that influ-
ence the development of startup ecosystems
at different levels — international, national,
etc. — and the models to describe them are
not fully defined.

Formulation of the purpose of the ar-
ticle (problem statement).

The purpose of the article is to build a
model to describe the development of the start-
up ecosystem in Central and Eastern Europe
based on the analysis of a set of indicators.

Presentation of the main research
material with a full justification of the sci-
entific results obtained.

According to a study by Dealroom.
co and Google for Startups and Atomico
[4], the total aggregate value of all Ukrai-
nian startups in 2022 is estimated at €23.3B
(compared to €27.1B in 2021). An analy-
sis of the CEE region in terms of startups
shows a rapid increase in their value (Table
1). In general, it should be noted that CEE
is one of the fastest-growing regions in
terms of VC funding in Europe, which has
increased 7.6 times since 2017 (from €5.3B
to €40.28B).

The analysis of the enterprise value of
startups shows an average 3.3-fold increase
over 5 years (from 2017 to 2022), with Eu-
rope as a whole showing a below-average
growth, and the CEE region showing a 4-fold
growth above the global and European av-
erage — from €47B to €190 B. The start-up
value trend across the region indicates that
Croatia, Lithuania and Ukraine posted the
fastest growth in total enterprise value since
2017. It should be noted that the higher the
value of start-ups in countries in 2017, the
lower the growth over the last 5 years stud-
ied. For example, Poland, with an enterprise
startup value of €11.8B, showed a 3.2-fold
growth, and, in 2022, the value of its start-
ups amounted to €36.8B (the highest fig-
ure among CEE countries). Estonia, where
in 2017 the corporate value of startups was
even higher than in Poland (€11.8B), showed
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Table 1

Growth of enterprise value of startups (built based on [4])

Country / region 2017 2022 Growth (times)
Global average (excluding China), $K 6.9 22.8 3.3
Europe average, $K 1.1 3.4 3.1
Nordics, $B 129 468 3.6
Central and Eastern Europe, €B 47 190 4.0
1 Lithuania, €B 0.6 10 16.6
2 Croatia, €B 0.3 4.7 15.7
3 Ukraine, €B 2.5 23.3 9.3
4 Bulgaria, €B 0.6 4.8 8.0
5 Romania, €B 1.2 8.1 8.8
6 Hungary, €B 1.4 7.6 5.4
7 Czechia, €B 6.9 30.2 4.4
8 Poland, €B 11.4 36.8 32
9 Estonia, €B 11.8 36.3 3.1
10 Rest of CEE, €B 2.6 7.8 3.0

a lower (3.1-fold) growth rate, and, in 2022,
demonstrated a value lower than Poland’s
(€36.8B).

In 2022, 4 CEE countries received more
than 70 % of the total VC funding (Estonia
— €1.4B, Czech Republic — €1.1B, Croatia —
€865M, Poland — €550M). Ukraine ranked
6" with €246M. In 2022, compared to 2020,
the startup ecosystem of Ukraine increased
3.3 times — from €7.0B to €23.3B (compared
to 2017 (€2.5B) — 9.3 times). In the previ-
ous period of 2017-2022, the leaders in VC
funding (without mega rounds) were: Po-
land (€2.3B); Estonia (€2.1B), Czech Re-
public (€1.3B) and Croatia, which ranked 7"
(E550M+).

It should be noted that in the Startup
Blink ranking of startup ecosystems in 2022
[10], the positions of Ukraine and the CEE
countries have changed compared to the pre-
vious ones. Among the 100 countries repre-
sented in the ranking, Estonia took the high-
est position — 13" place — and this position
did not change compared to 2021. Lithuania,
which showed the highest growth among
CEE countries in the ranking, dropped by 1
point and ranked 17" in 2022. The Czech Re-
public held its position at 32™ for two years,
unlike Poland, which lost 3 points and ranked
33", Bulgaria ranked 36" in 2022 with a loss
of 1 point compared to 2021. At the same
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time, Romania, which showed an increase
of 2 points in 2022, was 39" in the ranking.
Croatia, which ranked 2™ in terms of startup
growth in CEE countries, fell 8 points in the
overall ranking and ranked 45" in 2022. The
largest drop (-16 points) was experienced
by Ukraine’s startup ecosystem due to rus-
sia’s military aggression and dropped to 50th
place. in the ranking. In the same year, Hun-
gary ranked 51st due to a 2-point drop from
its position in the 2021 rankings.

This shows that the growth of startup
ecosystems is driven not only by funding, but
also by other indicators such as mentorship,
business environment, etc.

An analysis of the CEE
ecosystem is presented in Table 2.

From the analysis of startup ecosystems of
CEE countries, it can be seen that Poland is the
leader. Its ecosystem is valuated at $43.0B and
it has 11 unicorn startups with the VC funding
of $2.2B (less than Estonia with $3.3B).

To summarize, we can state that, among
CEE countries, Poland takes a leading
position due to the cumulative effect, but,
based on the results of the last year, its
growth has been slowing down. In the overall
ranking of enterprise value of startups, it
ranks 8" (compared to 2017, it shows a 3.2-
fold growth, which is lower than the average
for CEE countries — a 4-fold growth).

startup
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Table 2
Analysis of the most promising CEE ecosystems (as of March 7, 2023)
Country | Number | Number | Future | Number | VC | Amount | Employees | Ecosystem | New
of of unicorns of funding, | of exits, value, $ | funds,
startups | unicorns funding | min. $ $ $
rounds
Poland 3283 11 3 1788 2200 18700 48000 40300 1300
Czech 1646 4 883 2200 18600 17000 25600 1800
Republic
Romania 1572 0 1 392 666 934 24000 3500 136
Estonia 1490 2 2 716 3300 701 12000 14600 765
Hungary 1471 0 2 486 677 6700 15000 2600 871
Ukraine 1459 0 0 376 245 4 17000 823 115
Lithuania 1082 3 4 512 1300 1800 16000 10000 356
Greece 938 2 2 269 1000 7200 7198 8000 455
Bulgaria 799 0 0 384 345 2000 7229 1200 351
Slovenia 601 0 0 117 181 625 6678 656 -
Latvia 587 0 1 337 342 17.7 4106 1000 206
Slovakia 432 0 1 175 369 110 3822 1300 13.2
Belarus 337 0 0 60 70.6 13.2 3842 257 -
Albania 149 0 0 9 10.1 - 359 52.8 -
Moldova 87 0 0 18 14.2 15 277 109 -
North 77 0 0 24 13.5 - 272 58.5 -
Macedonia
Bosnia and 73 0 0 6 330 - 1330 1.6 -
Herzegovina
Kosovo 30 9.3 - 303 35.1 -
Montenegro 17 13.8 — 219 69
The Ukrainian startup ecosystem Y=L+ Bx, + ot Bix, +U (1)

demonstrates resilience and a significant
growth potential: the 3" place in the ranking
of enterprise value of startups for 2017-2022;
the 6" place in the ranking of VC funding in
2022; the 7™ place in the ranking of startup
ecosystems by country.

Todetermine theimpactand significance
of various quantitative indicators of startup
ecosystems on ecosystem value (as a resulting
indicator), it was proposed to apply methods
of economic and mathematical modeling.
The calculations were carried out using the
SPSS Statistics software.

Regression analysis is appropriate for
making predictions, testing hypotheses, and
identifying hidden relationships in the data.

The equation of the linear regression
model is as follows:

where y is the dependent variable;

(X1, X35-- X, ) are the independent variables;
u is a random error whose distribution gen-
erally depends on the independent variables,
but whose mathematical expectation is zero.

Using Automatic Linear Modeling,
we can determine the overall significance,
possible variations with different criteria, and
the weighting of the predictors of the future
mathematical model.

Having built an economic and math-
ematical model, where the dependent value
is represented by the value of the ecosystem,
and the independent ones are represented by
all other indicators, we obtain the accuracy
of the proposed model at the level of 99.5%

(Fig. 1).
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The choice of the optimal model is carried
out on the basis of a set of proposed possible
variations, taking into account the information
criterion (preferably the minimum value of
the indicator, since models with this indicator
are better suited) and ranking the indicators
according to the degree of influence on the
resulting one (Table 3).

The method of model building implies
choosing the best subsets according to the
information criterion. A check mark means
that this effect is present in the model.

The target field, where the importance
of the most significant predictors — number
of unicorns, future unicorns, VC funding,
amount of exits, employees — is presented in
relation to the ecosystem value indicator in
Fig. 2.

This figure shows that the most im-
portant indicator is number of unicorns, the

woLrse

significance of which is almost 60 %. The
dependence of the indicators of number of
unicorns and ecosystem value is quite high,
so it is advisable to graphically display their
dependence using a scatter plot (Fig. 3).

Based on the results obtained from ag-
gregating the data of the models, taking into
account the set of information criteria and the
plot demonstrating the weights of predictors,
we can build a linear regression model where
the predictors are VC funding, employees,
future unicorns, number of exits, number of
unicorns and the dependent variable is eco-
system value.

Thus, Model 1 of the proposed options
is the most attractive, as it has the lowest val-
ue of the information criterion and contains
all the most significant input components.
With the help of the linear regression, using
SPSS Statistics application we calculate: the

better

L]

0% 5% S0%

T
T5% 110a0rS

Accuracy

Fig.1. Information on the model quality
(built by the authors based on calculations in SPSS Statistics)

Table 3

Matrix of possible variations of the models built using Automatic Linear Modeling
(built by the authors based on calculations in SPSS Statistics)

Names 1 2 3 4 5 6 7 8 9 10
Information 264.4 | 267.3 | 268.7 | 269.4 | 269.4 | 269.4 | 269.6 | 269.8 | 270.4 | 272.3
criterion
Number of v v v v v v v v v v
unicorns
Future unicorns v v v v
VC funding v v v v
Amount of exits v v v v
Employees v v v v
New funds v v
Number of v v
startups
Number of v
funding rounds
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unicoms ;

VC funding

-- [

Amount of exits

Future unicoms

Employeas :I

0.0 0.2 0.4 0.6 0.8 10

Least important Most important

Number of unicorns

Fig.2. The weight of model predictors with the resulting indicator of ecosystem value
(built by the authors based on calculations in SPSS Statistics)

R Linear regression =0,927
12

109

8-

4-

(i

T T T T T T
0 10000 20000 30000 40000 50000

Ecosystem value

Fig. 3. Scatter plot
(built by the authors based on calculations in SPSS Statistics)
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coefficient of determination, which explains
the degree of dispersion of the resultant input
values; Fisher’s statistic to obtain an estimate
of the significance of indicators and their in-
teraction; Durbin-Watson (DW) statistics for
autocorrelation analysis (Table 4).

The coefficient of determination (R?)
for the model of dependence of the random
variable y on the indicator x is calculated as
follows: " ,

2 Dly|x. &

RE=1-Tr=1-% 2
where p[y] = g}% is the variance of the ran-
dom variable;

D[y|x] = &2 is the conditional (by indi-
cator x) variance of the dependent variable.

In the case of a linear regression model
with a constant, we have the following ex-
pression:

R? — Sreg, 3)

SStot

The explained sum of squares is

58,05 =20, (- )

The total sum of squares is

SStot = Z?:]_ 0"1' - X}z = ?’I&}%; (5)

1

y=13n, ©

where y;, 37, are actual and estimated value of
the explanatory variable.

The adjusted coefficient of determina-
tion is used to compare the model with a dif-
ferent number of indicators, so that the num-
ber of these indicators will not affect the R*:

s:jcg 2=k 2 (7
& =1-1-rR)—==r* (7)
n-1i

R?=R%; =1—

— a

In general terms, the Fisher’s criterion
is used to compare the variance of two ran-
dom samples with a normal distribution ac-
cording to the formula:

F=2 ®)

Dy

where D, is the higher variance;
D, is the lower variance.
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The Durbin-Watson statistic is a test for
the autocorrelation in the first-order residuals
from a regression model, calculated using the
following formula:

mn _ -]
d= el 21 -py) )

where £€¢ is the regression residual;
p is the first-order autocorrelation coefficient.

There i1s no autocorrelation if the
following condition is met:
dl<DWrTad2<DW<4-d2 (10)

We can use an approximate rule and as-
sume that there is no autocorrelation in the
residuals if 1.5 <DW <2.5.

The R and R” values tend to 1 (0.998 and
0.995, respectively), demonstrating a high cor-
relation (according to the Chaddock scale, the
values within 0.9-0.99 indicate a very strong
correlation). Consequently, the data provided
by the model will be reliable, since 99.5 % of
the change in the output variable is determined
by the influence of input variables. The Durbin-
Watson statistic is used to test the null hypoth-
esis for autocorrelation in the residual vector of
the regression model. The value of the index
tends to 2, which indicates the absence of auto-
correlation. The Fisher coefficient has a rather
high value F = 558.680, which also character-
izes the developed model positively.

The model developed on the basis of the
multiple regression and tested according to the
Fisher statistic, is adequate and characterizes the
influence of these indicators on the final result.

Thus, we proceed directly to the calculation
of the coefficients needed to determine the equa-
tion of the linear regression model (Table 5).

To calculate the empirical value of the
t-criterion (Student’s t-test) for testing the
hypothesis about the differences between
two dependent samples (e.g., two samples of
the same test with a time interval) the follow-
ing formula is applied:

t = |Md|
= g5

(11)
N
where | M| is the mean difference in the values;
o4 1s the standard deviation of the dif-
ference between the values.
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Table 4
Aggregate quality indicators of the developed economic and mathematical model

Indicator Value
R 0.998*
R’ 0.995
Adjusted R? 0.994
F 558.680
Durbin-Watson (DW) 1.590

Table 5
Coefficients of the regression equation
Model Non-standardized Standardized t Sig. Collinearity statistics
coefficients coefficients
B Std. error Beta Tolerance VIF

(Constant) -148.123 | 273.731 -0.541 | 0.598
Number of 2369.953 | 178.311 0.595 13.291 | 0.000 0.445 2.250
unicorns
Future unicorns | -895.604 | 251.948 -0.101 -3.555 | 0.004 0.178 5.616
VC funding 3.441 0.331 0.299 10.397 | 0.000 0.298 3.351
Amount of 0.409 0.062 0.227 6.558 | 0.000 0.327 3.057
exits
Employees 0.046 0.028 0.054 1.648 0.23 0.430 2.325

Only those regression coefficients that
are statistically significant (t-value) can be
accepted in the equation. Standardized re-
gression coefficients (Beta) are measures of
the contribution of each variable to the re-
gression model.

It should be noted that the value of
Variance Inflation Factor (VIF) for each in-
dependent variable is less than 10, i.e., the
effect of multicolinearity is not observed, and
the regression model is acceptable for further
work.

Based on the results, we have the fol-
lowing linear regression equation:

y =2369.953x,— 895.604x, + 3.441x; +
+0.409x, + 0.046x, — 148.123,

where y is the ecosystem value, $M;
x; 1s the number of unicorns;
X, 1s the future unicorns;
x5 1s the VC funding;
x, 1s the amount of exits;
x5 is employees.

As can be seen from the equation,
number of unicorns has the greatest posi-
tive impact on ecosystem value. This
means that conditions must be created
in the country to ensure the launching
of startups and their development to the
market capitalization of $1B. VC funding,
number of exits, and employees also have
a positive impact on ecosystem value. It
should be noted that future unicorns ex-
ert a rather strong and negative impact on
ecosystem value.

The proposed model was tested for all
CEE countries (Table 1) and showed its rel-
evance only for those countries in which the
indicator of the number of unicorns does not
have zero values. Thus, it can be concluded
that the presence of unicorn startups in a
country plays a crucial role in increasing its
ecosystem value and developing the ecosys-
tem as a whole.

Accordingly, different scenarios of
startup ecosystem development should be
used for countries with and without unicorn
startups.
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Based on the linear regression equation, indicators, at a possible increase in the input
it is possible to calculate the estimated ecosys-  values by 2 %, 5 % and 10 % (Table 6).
tem value for different CEE countries. Let us In accordance with the calculated data
consider, for example, the calculations made  presented in Table 6, we can build graphs of the
for the leaders in terms of startup ecosystem  forecast change in the ecosystem vale (Fig.4).

Table 6
Forecast trends in the share of ecosystem value
(calculated and built by the authors)
Names Reference Increase by
value 2% | 5% | 10% | 20%
Poland
Number of unicorns 11 11.22 11.55 12.1 13.2
Future unicorns 3 3.06 3.15 33 3.6
VC funding 2200 2244 2310 2420 2640
Amount of exits 18700 19074 19635 20570 22440
Employees 48000 48960 50400 52800 57600
Ecosystem value (calculated according
to the model) 40300 41477.23 | 42701.51 | 44741.97 |48822.88
Czech Republic
Number of unicorns 4 4.08 4.2 4.4 4.8
Future unicorns 1 1.02 1.05 1.1 1.2
VC funding 2200 2244 2310 2420 2640
Amount of exits 18600 18972 19530 20460 22320
Employees 17000 17340 17850 18700 20400
Ecosystem value (calculated according
to the model) 24395.69 | 24886.56 | 25622.88 | 26850.07 |29304.45
Estonia
Number of unicorns 2 2.04 2.1 2.2 2.4
Future unicorns 2 2.04 2.1 2.2 2.4
VC funding 3300 3366 3465 3630 3960
Amount of exits 701 715.02 736.05 771.1 841.2
Employees 12000 12240 12600 13200 14400
Ecosystem value (calculated according
to the model) 14994.58 | 15297.44 | 15751.72 | 16508.85 | 18023.13
Lithuania
Number of unicorns 3 3.06 3.15 33 3.6
Future unicorns 4 4.08 4.2 4.4 4.8
VC funding 1300 1326 1365 1430 1560
Amount of exits 1800 1836 1890 1980 2160
Employees 16000 16320 16800 17600 19200
Ecosystem value (calculated according
to the model) 9324.82 | 9514.28 | 9798.47 | 10272.11 |11219.41
Greece
Number of unicorns 2 2.04 2.1 2.2 2.4
Future unicorns 2 2.04 2.1 2.2 2.4
VC funding 1000 1020 1050 1100 1200
Amount of exits 7200 7344 7560 7920 8640
Employees 7.2 7.34 7.56 7.92 8.64
Ecosystem value (calculated according
to the model) 9186.71 9373.40 | 9653.448 | 10120.19 |11053.67
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Fig.4, Forecast trends in the share of ecosystem value by individual CEE countries
(calculated and built by the authors)

Conclusions from this study and the
prospects for further research in this direction.

1) It was found that the startup
ecosystems of Central and Eastern Europe
show higher growth than the global and
European average.

2) According to the Dealroom.co meth-
odology, a set of indicators that characterize the
startup ecosystem was identified. It was proved
that ecosystem value is the most popular among
them and provides a fuller description of the
development of the startup ecosystem.

3) The regression and correlation anal-
ysis of a set of indicators (number of uni-
corns, future unicorns, VC funding, number
of exits, employees, new funds, number of
startups, number of funding rounds) made it
possible to identify five of them, which are
the most important for the ecosystem value
of the country.

4) A model has been built that deter-
mines the dependence of the value of the eco-
system on the action of many significant fac-
tors, including: the number of unicorns, future
unicorns, VC funding, the number of exits,
employees. This allows predicting the devel-
opment of the country’s startup ecosystem.
The adequacy and effectiveness of the pro-
posed model was confirmed for a country with
non-zero values of the indicator of the num-
ber of unicorns. This demonstrates the impor-
tance of creating an environment that ensures
startup capitalization to the level of unicorns,
which is the primary condition for the growth
of a country’s ecosystem value. Accordingly,
all countries with non-zero values of this in-
dicator are in the upper part of the rating. For
other countries, other models should be used
and, accordingly, other strategies for develop-
ing the country’s startup ecosystem.
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The article is devoted to solving the problem of the development of startup ecosystems in
the countries of Central and Eastern Europe (including Ukrainian entrepreneurship since Ukraine
gained independence) by reorienting their economy to a market economy and conducting it based on
sustainable development, ethics, and social responsibility. It has been found that in the countries a large
number of mechanisms and procedures are not fully adapted to the implementation of entrepreneurial
activity based on systematicity, complexity, and interaction; only point elements are present, and the
effectiveness of their interaction in the process of entrepreneurial activity is quite low. At the same time,
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the rapid development of startup ecosystems is observed. The definition of this concept in the article
is considered from the point of view of scientists as “a combination of localized cultural views, social
networks, investment capital, universities, and active economic policies that create an environment
that supports innovative business” and Startup Genome. This allows for the interpreting of a startup
ecosystem as “a set of resources (policies, accelerators, incubators, co-working spaces, educational
institutions, and funding groups) that are mostly located within a radius of 100 kilometers around a
central point in a given region, with a few exceptions based on local realities”. It has been established
that at the moment the theoretical concept of entrepreneurial ecosystems is insufficiently developed,
which does not allow unambiguously interpreting its composition, as well as determining the impact
on the development of startup. It has been revealed that the central driver of start-up ecosystems is
most often considered by universities as centers of education and driving forces of innovative growth.
It is innovations that are determined as a source of entrepreneurship development. The above was the
basis for consideration and a possible solution to the problem of building a model that would describe
the development of the startup ecosystem of the countries of Central and Eastern Europe based on the
analysis of a set of indicators that characterize the startup ecosystem according to the Dealroom.co
methodology, where the most popular and those that Ecosystem value is the most complete description
of the development of the startup ecosystem. The European experience in the development of startup
ecosystems has been analyzed. The structural components of the startup ecosystem have been reflected,
and their role in the functioning of the system and their interrelationships has been defined. The
functioning of startup ecosystems in European countries has been described. Possible directions of
application of the European experience in the development of startup ecosystems in Ukraine have
been studied. At the same time, the government of Ukraine considers the IT industry and military tech
(high-tech weapons) as priorities in further development, which is especially relevant during military
operations. The study was tested on the Greek startup ecosystem and found that the most significant
issues affecting the successful development of startups are issues at the state level, which are related
to tax incentives and acceleration of start-up procedures, the availability of financing opportunities,
communication between interested parties, entrepreneurial education, previous startup experience,
incubator support, and mentoring. A regression-correlation analysis of a set of five indicators (Number
of unicorns, Future unicorns, VC funding, Number of exits, Employees, New funds, Number of
startups, Number of funding rounds), which have the greatest significance for the Ecosystem value of
the country, has been carried out. A model has been built that determines the dependence of Ecosystem
value on the action of a set of significant factors: Number of unicorns, Future unicorns, VC funding,
Number of exits, and Employees, which allows predicting the development of the startup ecosystem of
the countries of the world.
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