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Abstract

his study investigates how key entrepreneurial ecosys-

tem (EE) factors interact and are reconfigured in re-

sponse to economic turbulence. Using Russia as a case
study, we analyze the systemic dynamics of EE through the
lens of the Complex Adaptive Systems (CAS) theory, iden-
tifying the most influential factors driving ecosystem re-
silience. A quantitative approach was employed using the
fuzzy Decision-Making Trial and Evaluation Laboratory
(DEMATEL) method. Data were collected from highly expe-
rienced experts, including academics and market profession-
als with extensive knowledge of urban EEs in Russia. Their
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evaluations provided a robust understanding of causal rela-
tionships and the adaptability of EE factors under economic
instability. The regulatory environment emerged as the pri-
mary driver of EE reconfiguration, significantly influencing
other factors. Human capital and access to capital were also
critical for sustaining entrepreneurship in turbulent contexts,
whereas innovation was highly dependent on external con-
ditions rather than acting as an independent driver. These
findings highlight the need for adaptive policies to enhance
EE resilience, offering a novel methodological framework for
understanding EE adaptability in emerging economies.
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Introduction

The concept of an entrepreneurial ecosystem has been
widely used to gain a better understanding of the phe-
nomenon of high-growth entrepreneurship, as well as
the complex interactions between entrepreneurs and
their environments (Vedula, Kim, 2019). The interact-
ing elements of ecosystems encompass systemic fac-
tors as well as entrepreneurs, considering the synergy
between stakeholders and the institutional aspects that
shape the context for entrepreneurial initiatives (Au-
dretsch et al., 2019; Stam, 2015).

The Russian entrepreneurial ecosystem faces unique
challenges and opportunities in the global political
disputes and the current conflict. In this context, with
global turbulence influencing domestic policies and
economic structures, innovation plays a key role in
economic development (Aeeni, Saeedikiya, 2019; Arici
et al., 2024). By using the theoretical framework of en-
trepreneurial ecosystems to analyze this situation, it is
possible to have a profound understanding of future
directions in the face of the complexities and uncer-
tainties experienced by companies (Altshuller, 2017;
Ansell et al., 2017; Brondoni, 2022).

With regard to complexity, Complex Adaptive Systems
(CAS) and Entrepreneurial Ecosystems (EE) involve
several interacting agents, resulting in unpredict-
able emergent behaviors due to their extensive inter-
connectivity (Daniel et al.,, 2022). Such agents adapt
and evolve in response to disturbances, altering their
properties or environment. Crises accentuate their
interconnectivity and interdependence, accelerating
co-evolution and requiring rapid adaptation (Cloutier,
Messeghem, 2022; Phillips, Ritala, 2019). Path depen-
dence is crucial in this debate, where initial advantages
can result in entrenchment. The CAS theory can ad-
dress gaps in understanding the development of EE by
integrating structural and dynamic approaches.

Yet, empirical evidence in this context remains scarce,
and current studies primarily focus on the early stages
of EE development (Han et al., 2021; Carter, Pezeshkan,
2023). Hence, although the EE literature encompasses
a systemic view of entrepreneurial events, the bulk of
contributions remain oriented towards assessments
that look into EE dimensions as separate blocks, not
as interrelated elements that simultaneously affect and
are affected by one another, constantly coevolving and
shaping dynamic conditions that enable (or hinder)
entrepreneurship. In light of these considerations, this
research aims to identify the main factors that impact
the development of EE in cities and, more importantly,
how these factors relate to each other. Accordingly, our
research question can be stated as follows: How do key
entrepreneurial ecosystem factors interact and recon-
figure in contexts of economic turbulence? This ques-
tion emphasizes the systemic nature of EE, shifting the
focus from individual components to their relational
dynamics.

Our empirical setting involves the case of Russia. The
analysis conducted by Shirokova et al. (2022) reveals

that, notwithstanding the present challenges, the Rus-
sian milieu offers distinct opportunities for entrepre-
neurship research. This underscores the necessity of
adopting a novel approach that delves into local speci-
ficities, thereby enhancing the applicability of EE on
a global scale. Our analytical approach relies on the
fuzzy Decision-Making Trial and Evaluation Labora-
tory (DEMATEL) method based on primary data col-
lection with 25 EE experts in this country.

Theoretical Background
Entrepreneurial Ecosystems Factors

Isenberg (2010) underscores the need for solutions
that originate locally and are tailored to the specific
conditions of well-known EEs. The EE is seen as a dy-
namic community comprising interdependent actors
and systemic contexts, emphasizing both the contex-
tual realm and individual decision-making (Audretsch
et al., 2019). Therefore, the EE differs across regions
and entrepreneurial stakeholder groups, leading to the
formulation of hypotheses about the perceived robust-
ness of sustainable and resilient EE (Spigel, Harrison,
2018). The significance of adapting the development of
EEs to local conditions is highlighted, reinforcing the
multi-scalar and multi-actor nature of these systems
(Brown Mason, 2017).

As described by Stam and van de Ven (2021), the fac-
tors of the EE consist of six pivotal pillars essential for
the development and sustainability of an EE: regula-
tory environment, infrastructure, market, innovation,
access to capital, human capital, and entrepreneurial
culture. The regulatory environment, influenced by le-
gal and political forces, plays a central role in the devel-
opment of the EE, impacting marketing strategies and
presenting challenges and opportunities for entrepre-
neurs (Zhao et al., 2023). Beyond physical conditions,
the infrastructure includes digital assets and various
amenities that foster an environment conducive to
entrepreneurial activities (Audretsch, Belitski, 2017;
Stam, van de Ven, 2021). Market dynamics, driven by
potential demand for innovative products or services,
require strategic market direction for entrepreneurial
success (Stam, 2015; Zhao et al., 2023).

Innovation, involving the proactive generation and
implementation of new ideas, processes, and collabo-
rations, is essential for nurturing nascent firms and
fostering alliances within the EE (Kuratko et al., 2017).
Access to capital, including human, social, and finan-
cial assets influenced by entrepreneurial decisions, is
critical for sustained entrepreneurship, emphasizing
reliance on personal financial resources and substan-
tial financial backing for development (Zhao et al,
2023). Human capital, providing intellectual support
and entrepreneurial knowledge closely linked to in-
novation, is an essential contributor to entrepreneurial
activities (Stam, van de Ven, 2021; Zhao et al., 2023).
Lastly, entrepreneurial culture shapes entrepreneurial
intentions and perceptions. An entrepreneurial cul-
ture is identified as substantial for EE prosperity, in-
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fluencing motivation, innovativeness, and risk-taking
(Audretsch, Belitski, 2017; Stam, van de Ven, 2021; Vi-
centin et al., 2024).

Complex Adaptative Systems

The CAS theory was first proposed by Simon (1962), as
a reaction to the mechanistic and equilibrium-based
view of the world, and was widely adopted by many
scholars focused on entrepreneurial systems (van De
Ven, 1993; Stam, van de Ven, 2021). By definition, CAS
are characterized by numerous interacting elements or
agents, resulting in emergent behaviors that are inher-
ently difficult to predict solely by observing individual
interactions (Bone, 2016; Fredin, Lidén, 2020). The
complexity within these systems arises from their ex-
tensive interconnectivity and the challenges associated
with predicting their behavior. CAS are large-scale sys-
tems whose behaviors can change, evolve, or adapt in
response to disturbances, thereby maintaining a stable
state by modifying their properties or the surround-
ing environment (Cloutier, Messeghem, 2022; Phillips,
Ritala, 2019).

The complexity of a CAS results from the interaction
and interconnectivity between its elements and the
environment. Similarly, EEs consist of a diverse set of
agents, such as entrepreneurs, investors, educational
institutions, government entities, and customers, inter-
acting in complex and interdependent ways (Daniel et
al., 2022). In both CAS and EEjs, there is no single cen-
tralized control mechanism (Aeeni, Saeedikiya, 2019).
During a crisis, the interconnectivity, and interdepen-
dence of the elements within the system become even
more pronounced (Fredin, Lidén, 2020). For instance,
economic sanctions, political instability, and changes
in government policies directly impact businesses, in-
vestors, and consumers within the EE (Khurana et al,,
2022).

As highlighted by Roundy et al. (2018), CAS theory
can address gaps in the characterization of EE trajecto-
ries by integrating structural and dynamic approaches
that consider the continuous evolution of sub-ecosys-
tems (Carter, Pezeshkan, 2023; Malecki, 2018). These
approaches help one understand how EEs develop
through phases of impulse, creation, and structuring,
revealing the inherent complexity of their function-
ing and evolution (Cantner et al., 2021). Nevertheless,
these conceptual approaches have not produced em-
pirical evidence of EE framed within the complexity of
CAS, and they have mainly concentrated on the early
stages of EE development (Han et al., 2021).

In the context of EE, turbulence is defined as a state
of tension and transformation and includes a wide
range of disruptive events and changes, not just crises
but also social, economic, and political transforma-
tions. Therefore, the concept of turbulence from the

perspective of an EE provides a lens for examining the
challenges and opportunities arising in an EE char-
acterized by constant flux. It empowers us to analyze
complexity and uncertainty as essential elements in
understanding and navigating the collective future of
organizations within transforming ecosystems (Aeeni,
Saeedikiya, 2019; Arici et al., 2024).

Method

Given the proposed goals, the methodology adopted in
this study is based on field research with exploratory,
explicative, and propositional research characteristics.
This study adopts a quantitative approach utilizing the
fuzzy DEMATEL method to systematically identify
and analyze the primary factors influencing the devel-
opment of EEs in urban areas, with a particular focus
on the Russian context. Our goal is to elucidate the
relationships among these factors, assess their impact,
and determine the most influential ones within the dy-
namic environments of urban EE.

The Russian Context

In the current Russian context, which is marked by
significant political changes and international conflicts,
unique challenges and opportunities for entrepreneur-
ship arise. Global turbulence dynamics directly impact
domestic policies and economic systems, creating an
environment where innovation becomes a important
driver for economic development (Altshuller, 2017;
Ansell et al., 2017; Brondoni, 2022; Nowinska et al.,
2025).

Since 2000, Russia has undertaken reforms to strength-
en state control and clarify bureaucratic guidelines, of-
ten through ambiguous regulations (Yakovlev, 2006).
This complex and ever-changing regulatory environ-
ment requires entrepreneurs to carefully navigate a se-
ries of regulatory and bureaucratic challenges to main-
tain operational legitimacy.

Simultaneously, the government has encouraged the
strengthening of the economy through innovation,
aiming to diversify economically and achieve competi-
tive advantages (Shakib et al., 2023). Innovation, sub-
stantially supported by public funding, is seen as essen-
tial for economic growth, with approximately 70% of
this funding coming from the public sector.! This focus
on innovation has helped Russia improve its position
in the Global Competitiveness Index, demonstrating
progress in various innovation indicators (Davidson et
al., 2018; Shakib et al., 2023).

A literature review by Shirokova et al. (2022) high-
lights that, despite adversities, the Russian context
offers unique opportunities for research and develop-
ment in entrepreneurship, influenced by geographical,
socioeconomic, and ethnic disparities. The need for a

! https://www.forbes.ru/tehnologii/366587-put-k-innovaciyam-rossiya-tratit-na-nauku-1-vvp-hvatit-li-etogo, accessed 19.03.2025.
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‘third wave’ of contextualization in entrepreneurship
research is emphasized, aiming for a deeper under-
standing of the local nuances that shape entrepreneur-
ship theories and promoting an expanded dialogue
between local and global researchers.

Data Collection

In 2024, an electronic survey (Google Forms) was ad-
ministered to 25 Russian experts specializing in ur-
ban EEs to gather information about the relevance of
various factors within these systems in Russian urban
contexts.” All respondents held postgraduate degrees
in entrepreneurship and innovation, and had over six
years of practical market experience, ensuring a high
level of expertise in both academic and professional
domains. Subsequently, the survey introduced seven
factors based on the frameworks provided by Stam
and van de Ven (2021): regulatory environment, in-
frastructure, market, access to capital, innovation, hu-
man capital, and entrepreneurial culture. The experts
then assessed the relevance of these factors to the EE
in the cities, completing the statement, “Indicate, in
your opinion, the relevance of each of the following
elements for a city’s entrepreneurial ecosystem.” Fol-
lowing this assessment, they analyzed the influence of
each factor upon one another in the EE analysis.

Fuzzy DEMATEL Method

The fuzzy logic and DEMATEL models are combined
to create a decision-making framework. This model
processes the vague assessments of experts into pre-
cise values using fuzzy sets for a direct influence ma-
trix. The evaluation starts with experts employing a
fuzzy linguistic scale to determine mutual influences
between factors, defining causal relationships despite
judgment imprecision. Terms such as “None (No),
Very Low Influence (VLI), Low Influence (LI), Mod-
erate Influence (MI), High Influence (HI), Very High
Influence (VHI)” are employed, with each expert
contributing their influence matrix, as demonstrated
in Table 1. Also, Figure 1 illustrates the membership
functions for fuzzy linguistic terms and their corre-
sponding fuzzy numbers. Consequently, given » fac-
tors represented by the set F = {F , F,,..., F } to be evalu-
ated by [ experts represented by the set E {E o Bl
each expert must assess the pairwise influence of factor
F, on factor F. This procedure generates an individual
direct influence fuzzy matrix Z = [N"i]_] , in which 2 Z,
111’ i zk ) represents the fuzzy evaluatlon from an
expert k (Zflang etal, 2023).
In the second step, we combine the evaluations of
experts to create the collective direct-influence fuzzy
matrix Z. After forming the individual matrices Z . (k=

Table 1. Fuzzy Linguistic Terms
with Related Fuzzy Numbers

Linguistic terms Triangular fuzzy numbers

None 0 (No) (0,0, 0)
Very Low Influence (VLI) (0,0, 0.25)
Low Influence (LI) (0,0.25, 0.5)
Moderate Influence (MI) (0.25, 0.5, 0.75)
High Influence (HI) (0.5,0.75, 1)
Very High Influence (VHI) (0.75,1, 1)

Source: adapted from (Singh, Sarkar, 2020; Zhang et al., 2023).

Figure 1. Membership Function of All Linguistic
Terms from Fuzzy DEMATEL

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
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0
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(NO) — —(VLI) —— (LI) (MI) === (HI) s (VHI)

Source: authors.

2,...,]), the composite direct-influence fuzzy matrix Z

= [#],,, is derived by amalgamating the assessments
from all experts. Here, Z_ is treated as a Triangular
Fuzzy Number (TFN) (0,0,0), and Z, is computed as:

z,=(2",, 2, 2 = (UDY,_ 2" = (UDE)_2*
amg'_z ., Az, _z.) (1)

ij3

i

In the third step, fuzzy evaluations are defuzzified
using the CFCS (Converting Fuzzy Data into Crisp
Scores) method to form the crisp direct-influence ma-
trix Z .

In the fourth step, this matrix is used with the DEMA-
TEL method to create the normalized direct-influence
matrix X and the total-influence matrix T, which are
essential for developing the influential relation map
(IRM). The derivation of the normalized direct-influ-
ence matrix X is achieved by:

% Of the 25 interviewees, 60% were female and 40% were male. On average, experts have 6.9 years of professional experience. Regarding the areas of work,
24% work in information technology, 12% in education, 12% in business and 12% in innovation, and the rest of the sample belongs to the following areas:
technology transfer, public policy, electronic device development, energy, entrepreneurship and marketing, project management, accounting, and analytics.
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¥ oz), (2)

n
X' z.,max 1%

1<i<n = j=1"4j 1<i<n

X =27/s, s = max(max

Where all elements are adhered to 0 <x, <1.0<3"_ x,
< 1and at least one i such that i 3"_, z, <.

Subsequently, the total-influence matrix T is computed
using:

T=X+X+.+X"=X(T-X)", (3)

When h - e, in which I is represented as an identity
matrix (Rouhani et al., 2013).

Finally, the formulation of an IRM is facilitated with
the horizontal axis denoted by (R + C) and the verti-
cal axis by (R - C), depicting the sum of the rows and
columns from the total-influence matrix T, defined re-
spectively by:

R=[r] =3 t]

i1 nx1 j=1 “ij"nx1’

C=[c], =2_t]"

j11xn i=1 "ij1 1xn’ (4)
Where, r, represents the sum of influences a factor F,
exerts on others, while ¢ totals the influences received
by factor F.. These calculations determine each factor’s
centrality as the horizontal axis vector (R + C) (named
Prominence) and its role as either a net influencer or
influenced entity as the vertical axis vector (R - C)
(named Relation) within the network. These values are
visualized in an IRM by plotting the dataset of (R + C,
R - C), which plots the combined influence scores to
aid in decision-making.

Steps for Using the Fuzzy DEMATEL Method

The steps to develop the fuzzy DEMATEL method are
shown in Figure 2. Initially, data collection was per-
formed with the identification of entrepreneurship
ecosystem factors (IT.) and the opinion of the 25 Rus-
) TS
sian experts specializing in urban EEs about the rela-
tionships and interactions between these factors. After
identifying key criteria, the influence matrix is created
using linguistic terms and fuzzy numbers to represent

the complex relationships as identified by EE experts.
Subsequently, each decision-maker attributes scores
based on the expert evaluations among the EE factors.

Thereafter, the matrix of relationship influences, des-
ignated as “Z”, is computed using the CFCS method.
The traditional DEMATEL method is then applied in
the subsequent steps. Consequently, the “Z” matrix is
normalized to form a new matrix “X”. Following this,
the “T” matrix, which synthesizes the direct influences
among the EE factors in the Russian context, is calcu-
lated to construct the IRM. The vertical axis vectors “R”
and “C”, named “Relation”, are calculated to visualize
and analyze both direct and indirect influences among
the factors, thereby facilitating the understanding of
the dynamics of the EE in the Russian context.

Results

Initially, the variables of the fuzzy DEMATEL model
are expressed by an assessment of EE factors and de-
scriptions, as discussed by Stam and van de Ven (2021),
as detailed in Table 2, while applying the proposed
framework.

As previously stated, empirical data were gathered on
seven factors about EEs, categorized as IT, through
IT.. A total of 25 specialists in EEs responded to the
questionnaire, providing insights into the relation-
ships among these factors and their influence upon
EEs within urban settings, with a particular focus on
the Russian context.

In this context, we utilize the CFCS (Converting Fuzzy
data into Crisp Scores) technique to convert fuzzy as-
sessments into precise values. Fuzzy assessments for
these dimensions are presented in Appendices 1 and
2, with their corresponding fuzzy numbers detailed in
Table 1.

Applying our proposed method, we present the paired
importance and cause-effect outcomes from varied

Figure 2. Steps for Using the Fuzzy DEMATEL method

Identification of entrepreneurship
ecosystem factors (IT) and the
opinion of the 25 Russian experts
specialized in urban EE about the
interrelations among these factors

Structure the matrix of
relationships influences among
the criteria, using linguistic
terms and fuzzy numbers

Each decision maker
attributes the score

Traditional DEMATEL: Normalize
the Matrix Z’ to obtain the new |«
matrix called X’

Defuzzify the Z’ aggregate
matrix using area center

Aggregate all the scores in only
one matrix of relationships
Influences (Matrix ‘Z’)

Traditional DEMATEL:
Calculate the Matrix ‘“T”

Influential Relation Map
(IRM) Construction:
Calculate ‘R’ and ‘C’ to obtain

IRM is generated to aid
decision-making

Source: authors.
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Table 2. The Influential Factors in EE

Factor Description
IT, Regulatory Environment
IT, Infrastructure
IT, Market
IT, Access to Capital
IT, Innovation
IT, Human Capital
IT, Entrepreneurial Culture

Source: authors.

Table 3. Defuzzified Relationship Matrix Z

IT, IT, IT, IT, IT, IT, IT,

IT, 0.000 0670 0663  0.640 0623  0.557  0.583
IT, 0293 0.000 0513 0417  0.660 0.630  0.443
IT, 0500 0513 0000 | 0.680  0.677 0550 0.717
IT, 0440 0623 0687 | 0.000  0.653 0467 0.517
IT, 0.400 0527 | 0720 | 0.573 | 0.000 0427  0.720
IT, 0547 0407 0553 | 0460  0.737  0.000  0.683
IT, 0637 0477 = 0.687 | 0497 | 0.750 0.650  0.000

Source: authors.

Figure 3. Distribution of the Studied Factors

within the Quadrants according to the Degree of
Importance and Impact

4.00
3.50
3.00
2.50
2,00 T
1.50 i
1.00 T
0.50 IT4..IT6 ‘. Average

® 111

1T7

.00 C

52000 2100 2200 2300 2400 | 2500 2600 27.00 2800
. o :

-1.00 i IT3

-1.50 1T2 i

Relationship (R - C)
Importance
(R+C)

2,00 :
250 ;
-3.00

350 :
-4.00 L

® .IT5

Source: authors.

Table 4. Relation Matrix T

IT IT IT IT IT IT IT

il 2 3 4 5 6 z

IT, | 1461 1.780 2.062 1.812 2.167 1.790 1.986
IT, | 1.263 1.320  1.673 1.453 1.795 1.493 1.613
IT, | 1.553 1.716 1.875 1.788 2.138  1.755 1.978
IT, | 1.445 1.635 1.908 1.527 2.004  1.633  1.820
IT, | 1.441 1.617 1.918 1.663 1.859 1.628 1.863
IT, | 1.483 1.605 1.900 1.652 2.039 | 1.536  1.871
IT,  1.605 | 1.736  2.062 1.780 2.186 1.803  1.849

e

Note: The table highlights represent the values obtained higher than the
relation matrix T average of the 1.743. Thus, it is possible to observe how
the factors relate to each other, and which are most influenced by the
others, as in the case of IT5, IT3 and I'T7 which have values greater than
the average of the T matrix, representing a significant influence of other
factors.

Source: authors.

perspectives, alongside their average performance, in
Appendix 3.

Subsequently, all scores were aggregated into a single
matrix of relationship influences, called matrix “Z”.
The aggregation process can be carried out using sim-
ple arithmetic averages of the judgments to generate
the corresponding fuzzy numbers, as shown in Table 3.

After defuzzification, the traditional DEMATEL steps
were followed, employing equations (1-4) and present-
ing Tables 4 and 5.

In Table 5 and Table 6, it is evident that the regulatory
environment factor is the primary driver, followed by
human capital, access to capital, and entrepreneurial
culture whereas innovation emerges as the most im-
pacted factor. To simplify the assessment, Figure 3
graphically illustrates the cause-and-effect relationship
of EE factors in the Russian context.

Analyzing the positions of the most influential and in-
fluenceable factors within the EE in the Russian con-
text, based on the results obtained and their positions
on the fuzzy DEMATEL interrelationship graph, a
detailed interpretation of each factor can be provided,
as per the four-quadrant IRM diagram presented and
observed in Figure 4. Accordingly, the regulatory envi-
ronment factor (IT)) is positioned in Quadrant I, rep-
resenting a driving factor with a powerful relationship.
Consequently, the regulatory environment has a high
capacity to influence other factors. The human capital
factor (IT,) also belongs in Quadrant I, functioning as
a driving factor and influencing another factor. The ac-
cess to capital factor (IT,) is also located in Quadrant
I, although with a lower capacity to influence other
factors. The entrepreneurial culture (IT,) is positioned
in Quadrant II, identified as a central factor, although

Table 5. Traditional DEMATEL

Factor R C R+C R-C
IT1 - Regulatory Environment | 13.058 | 10.250 23.308 ' 2.809
10.610  11.409 22.019  -0.799
12.804  13.398 | 26.201 -0.594
11.972  11.675 | 23.647  0.297
11.987  14.189 | 26.176  -2.202
12.085 11.636 | 23.722 ' 0.449
13.020  12.980 | 26.000 | 0.040

IT2 - Infrastructure

IT3 - Market

IT4 - Access to Capital

IT5 - Innovation

IT6 — Human Capital

IT7 - Entrepreneurial Culture

Source: authors.

Table 6. Ordering of Factors

Position Factor R-C
1 IT, 2.809
2 IT, 0.449
3 IT, 0.297
4 IT, 0.040
5 IT, -0.594
6 IT, -0.799
7 IT -2.202

Source: authors.

48 | FORESIGHT AND STI GOVERNANCE | Vol. 19 No 2 | 2025



Vicentin D.B., Marcondes de Moraes G.H.S., Bianca do Prado N., Fischer B.B., Campello B.S.C., Anholon R., pp. 43-53

Figure 4. The Relationship and Prominence

Relationship (R - C)

12 é, .

Importance (R + C)

Source: authors.

its value appears minimal compared to the other fac-
tors in Quadrant I. Meanwhile, the innovation factor
(IT,) is situated in Quadrant III, presenting itself as
highly prominent but with low impact. This indicates
how significant innovation is and that it is primarily
influenced by other factors. Strategies to improve in-
novation should consider strengthening the regulatory
environment, human capital, access to capital, and en-
trepreneurial culture, which all influence it directly.

In Figure 4, it is noted that the arrows represent the
relationships between the factors. The blue arrows rep-
resent the relationship of influence of the factors on
others, in which it is possible to observe that the factor
IT, exerts influence over all factors, as it occupies the
first position. The yellow arrows represent the relation-
ship of influence that they receive from other factors;
as we can see, the IT, factor receives influence from all
other factors.

Discussions

In this study, we aimed to understand the main factors
that impact the development of EE in the Russian con-
text and how these factors relate to one another using
the fuzzy DEMATEL method. As approached in our
theoretical background, through the lens of the CAS
theory, it is possible to have a holistic and intertwined
view regarding the geography and evolution of entre-
preneurship as the interplay between the system and
its environment (Fredin, Lidén, 2020).

The EE is considered a complex system that involves
multiple entities and levels and a diversity of interac-
tions between components, individuals, and social
contextual factors (Carter, Pezeshkan, 2023). EEs are
also considered open systems with feedback loops
characterized by non-linear relationships (Fredin,
Lidén, 2020) and the notion of path dependence
by incorporating continuity and change (Cloutier,
Messeghem, 2022). As a consequence, a large number
of scholars consider that EEs are CASs (Fredin, Lidén,
2020; Cloutier, Messeghem, 2022; Carter, Pezeshkan,
2023), mainly because entrepreneurs can be consid-

2025 | Vol. 15 No 2

ered agents that affect the development of an EE (Cart-
er, Pezeshkan, 2023), and simultaneous and parallel ac-
tions occur, making these EEs pursue self-organizing
behavior (Fredin, Lidén, 2020). Yet, systematic assess-
ments about how EE dimensions are interconnected
are rare, hampering a thorough examination of the
systemic nature of contextual conditions leading to en-
trepreneurship.

In this respect, self-organization is a process by which
agents spontaneously mutually adjust their behavior in
a way that allows them to cope with changing internal
or external environmental forces (Fredin, Lidén, 2020).
During periods of crisis and turbulence, CASs, charac-
terized by internal interactions and feedback processes,
learning, and adaptability, serve as controlling mech-
anisms. Thus, CASs are self-organizing, capable of
reaching order without external management (Fredin,
Lidén, 2020). In this inquiry, the Russian context illus-
trates a case in which there are simultaneously incen-
tives for entrepreneurial activities and growth of the
country’s competitive advantage, while entrepreneurs
face significant regulatory and bureaucratic challenges
to maintain operational legitimacy. This case, through
the lens of the CAS theory, reinforces the influence of
the self-organizing behavior of an EE.

In other words, Russian entrepreneurs consistently
faced economic instability and turbulence throughout
the nation’s history. However, nowadays, the govern-
ment is taking meaningful steps to help entrepreneurs
start and run their businesses in a less bureaucratic
way. Our results reflected such conditions regarding
the regulatory environment as the main factor affect-
ing the Russian EE. Following (Fredin, Lidén, 2020),
for example, higher-level regulations are often the re-
sult of simple rules and local interactions at the lower
level.

Although Russian incentives toward entrepreneur-
ship are focused on innovation (Davidson et al., 2018;
Shakib et al., 2023), our analysis indicates that innova-
tion dynamics are the less important factor impacting
an EE in this country. We can consider, thus, that for
Russian entrepreneurs to be innovative, it is primarily
critical to be part of an adaptative system, as it is a fac-
tor affected by all ecosystem elements. These systems
enabling them to create, replace, develop, restructure,
or adapt from within so that they can respond to envi-
ronmental changes and affect their surroundings.

In the same vein, it is possible to argue that the self-or-
ganizing behavior of a Russian EE allows these entre-
preneurs to maintain their competitive advantage even
in turbulent times, exposing them to a coevolutionary
process of identifying, exploiting, and creating new op-
portunities. In accordance with Carter and Pezeshkan
(2023), these dynamics indeed support and explain the
emergence of sustainable viability of an enterprise or
segment of enterprises in turbulent times.

Based on our findings, this study offers significant con-
tributions. Regarding our methodological approach,
we can summarize the main advantages of using the
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fuzzy DEMATEL method, which employs an innova-
tive approach to handling diffuse assessments. This
approach allows for the preservation of more compre-
hensive information throughout the analysis of rela-
tionships among the factors within the EE in the Rus-
sian context. As a result, we can analyze the cause-and-
effect relationships from various perspectives, taking
into account the expertise and knowledge of specialists
in EEs. Therefore, the findings indicate that, in crisis
conditions, such as those found in Russia, the regula-
tory environment, human capital, access to capital, and
entrepreneurial culture impact innovation in EE more
significantly than in more stable economic contexts,
thereby corroborating Hypothesis 1 of this study.

Furthermore, the method accounts for the uncertainty
in expert information, addressing this practical and in-
evitable issue in real-world situations, especially dur-
ing turbulent times. Through this approach, it becomes
possible to analyze the interrelations among EE factors
in the Russian context, a perspective that has not yet
been explored in the literature. Thus, this suggests that,
in turbulent times, both the regulatory environment
and human capital should be prioritized in terms of
actions and public policies to foster innovation in EE,
especially in the Russian context.

Additionally, by merging the theoretical character-
istics of CAS theory and EE, we could understand a
case in a specific context, the Russian one, and the sig-
nificant influence of a self-organizing behavior (Carter,
Pezeshkan, 2023). Thus, managerially, this innovative
study contributes to expanding analytical possibilities
and decision-making in EEs during turbulent periods.
It also facilitates a deeper and more comprehensive
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Appendix 2. Fuzzy Relationship Matrix (IT07)
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[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]

[0.0,0.25,0.5]

[0.25,0.5,0.75]

[0.27,0.49,0.73]

IT, - IT,
[0.75,1,1]
[0.75,1,1]
[0.75,1,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
(0.75,1,1]
(0.75,1,1]
[0.75,1,1]
[0.0,0.25,0.5]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.5,0.75,1]
[0.75,1,1]
[0.75,1,1]
[0.25,0.5,0.75]
[0.5,0.75,1]
[0.25,0.5,0.75]
[0.25,0.5,0.75]
[0.75,1,1]
[0.25,0.5,0.75]

[0.53,0.78,0.94]

I =101,
[0.75,1,1]
[0.25,0.5,0.75]
[0.75,1,1]
[0.5,0.75,1]
[0.25,0.5,0.75]
[0.5,0.75,1]
[0.5,0.75,1]
(0.75,1,1]
[0.25,0.5,0.75]
[0.75,1,1]
[0.0,0.25,0.5]
[0.75,1,1]
[0.5,0.75,1]
[0.25,0.5,0.75]
[0.25,0.5,0.75]
[0.5,0.75,1]
(0.0,0.25,0.5]
[0.25,0.5,0.75]
[0.75,1,1]
[0.25,0.5,0.75]
[0.5,0.75,1]
[0.25,0.5,0.75]
[0.5,0.75,1]
[0.25,0.5,0.75]
[0.25,0.5,0.75]
[0.42,0.67,0.86]

IT, - IT,
[0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
0.0,0.0,0.0]
(0.0,0.0,0.0]
[0.0,0.0,0.0]
[0.0,0.0,0.0]
(0.0,0.0,0.0]
(0.0,0.0,0.0]

]
]
]
]

[
[
[
[
(
[
[
[
[
[
[
[
[
[
[
[

(0.0,0.0,0.0
(0.0,0.0,0.0
[0.0,0.0,0.0
[0.0,0.0,0.0

Appendix 3. Fuzzy Relationship Aggregated Matrix

IT,

IT, [0.0,0.0,0.0]

IT, | [0.09,0.27,0.52]
IT,  [0.26,0.51,0.73]
IT,  [0.24,0.43,0.65]
IT.  [0.16,0.4,0.64]
IT, | [0.32,0.55,0.77]
IT [0.4,0.64,0.87]

7
Source: authors.

IT

2

[0.44,0.68,0.89]

[0.0,0.0,0.0]

[0.27,0.52,0.75]
[0.38,0.63,0.86]
(0.29,0.53,0.76]

[0.19,0.4,0.63]

[0.24,0.47,0.72]

IT,
[0.43,0.68,0.88]
[0.28,0.52,0.74]

[0.0,0.0,0.0]
[0.46,0.71,0.89]
[0.49,0.74,0.93]
[0.31,0.56,0.79]

[0.45,0.7,0.91]

2025 | Vol. 15 No 2

IT

4

[0.4,0.65,0.87]
[0.2,0.41,0.64]

[0.44,0.69,0.91]

[0.0,0.0,0.0]
[0.34,0.58,0.8]

[0.23,0.46,0.69]
[0.27,0.49,0.73]

[0.39,0.63,0.85]
[0.43,0.66,0.89]

[0.43,0.67,0.86]

IT

Bl

[0.44,0.69,0.9]

[0.0,0.0,0.0]

[0.51,0.76,0.94]
[0.53,0.78,0.94]

IT

6

[0.32,0.56,0.79]
[0.39,0.63,0.87]
[0.31,0.56,0.78]
(0.23,0.46,0.71]
(0.2,0.42,0.66]
[0.0,0.0,0.0]
[0.42,0.67,0.86]
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IT,
[0.35,0.59,0.81]
[0.23,0.43,0.67]
[0.49,0.73,0.93]
[0.27,0.52,0.76]

[0.5,0.75,0.91]
[0.55,0.8,0.933]

[0.0,0.0,0.0]
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