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BEPIYH M. O.
EmeppxeHTHI echekT po3BUTKY IHHOBaLiHUX
VHIBEpPCUTETCbKUX EKOCUCTEM

lNpeamverom gocnimKeHHA € MPOLUEC (hOPMYBaHHS EMEPIKEHTHUX E(HEKTIB Y PO3BUTKY IHHOBALIN—
HUX YHIBEPCUTETCLKUX EKOCUCTEM, L0 BKIIHOHYAE B3AEMOIHO OCBITHIX, HAYKOBUX, MIAMPUEMHULBKUX Ta
IHCTUTYLIVIHUX KOMINOHEHTIB, 8 TaKOX MEXaHI3MW BUHVKHEHHS [O[8HOI LIHHOCTI BHACiAoK ix cuHepre—
TWYHOI B3aemogii.

Meroro gocnipxeHHa € 06rpyHTyBaHHS CYTHOCTI EMEPAXEHTHUX ePeKTIB Ta BU3Ha4YEeHHS 0Ccobn—
BOCTeW iX NposiBy y PO3BUTKY IHHOBALJIHVX YHIBEPCUTETCLKUX EKOCUCTEM 3 N0[anbLLNM ¢hOPMyBaHHAM
nigxoaiB [0 iX BUKOPUCTaHHS B YrPaBiHCbKI MpakTuL).

Meroau gocnipkeHHs € aHani3 | CUHTE3, CUCTEMHWI MiAXIA, MOPIBHANLH aHani3, IHAyKUis Ta AeAyKUis,
a TaKoX enemMeHTY CTPYKTYPHO—hYHKLIIOHaNbLHOo aHarni3y CKnagHWX couiansHO—EeKOHOMIYHUX CUCTEM.

Pe3ynbratn poboTtu: po3KpUTO CYTHICTb IHHOBALIVIHUX YHIBEPCUTETCLKUX EKOCUCTEM SIK CKaaHWNX
AMHaMIYHUX CUCTEM; BU3HA4YEHO KITKO4OBI ENIEMEHTY Ta XapakTep ix B3aeMogii; 06rpyHToBaHO npupo—
Y EMEPLXEHTHUX DEKTIB K Pe3ynbTaTy HemiHIIHUX B3AEMO3B A3KIB;, CUCTEMATN30BEHO OCHOBHI T~
M eMepaXEHTHUX ehekTiB Ta MeXaHi3MU iX BUHUKHEHHSI; BCTAHOB/IEHO POflb MEPEXEBUX B3AEMOAIN Y
hopmyBaHHI IHHOBaLIVIHOro NoTeHUiany yHIBEPCUTETIB, OKPECIEHO HAMNPSIMU MiABULLEHHS e(heKTUBHOCTI
(QYHKLIOHYBAHHST YHIBEPCUTETCHKVX EKOCUCTEM.

Fanysp 3acrocyBaHHs pe3ynbrartiB. OTpyMaHi pe3ynbTatv MOXYTb 6yTv BUKOPUCTAEHI: opraHa—
MU [EePXXaBHOro yrpassiHHA 518 (h0pMyBaHHS MOAITUKM PO3BUTKY IHHOBALIMHMX EKOCUCTEM; y 3aKaaax
BULLJOI OCBITV 711 BAOCKOHAaNeHHs CTpaTerivi pO3BUTKY Ta MigBULLIEHHS e(DEKTVUBHOCTI B3aemMogii 3 6i3He—
COM; y HayKoBO—HOCIIAHVX YCTaHoBax Al akTvBi3auii IHHOBaLHOI isfibHOCTI; Y MPaKTyui yrpaBliHHS
47159 NiABULLIEHHS pe3YnbTaTUBHOCTI (DYHKLIOHYBAHHS YHIBEPCUTETCHKUX EKOCUCTEM.

BucHoBKu. Y xo4i BOCHIBXKEHHS BCTAHOBIIEHO, LLJO EMEPAXEHTHI E(hEKTY € KITKOHOBUM (haKTOPOM pO3—
BUTKY IHHOBALJIVIHWX YHIBEPCUTETCLKUX EKOCUCTEM | BU3HE4aK0Thb IX 34aTHICTb 4O CAMOPO3BUTKY Ta re—
Hepayjii AoAaHoi LiHHOCTI. EchekTnBHICTb thyHKLIOHYBaHHS Takmux CUCTEM 3aneXuTb Bif AKOCTI B3aEMOLIl
MiX iX enemeHTaMmu Ta PIBHA iHTerpauii OCBITHIX, HAYKOBUX | MiQNPUEMHULIbKMX Npouecis. BpaxyBaHHs
EeMEPIPKEHTHUX eqhexTiB [O3BOSISAE MiABULLUTY O6rpyYHTOBAHICTb YrpaBniHCbKUX PILLEHb Ta 3abe3neynTn
CTIVIKUI PO3BUTOK 3aknagiB BULLOI OCBITY.

Kimo4osi cnoBa: yHIBEpCUTETCHKI EKOCUCTEMU, EMEPLKEHTHI EQOEKTU, IHHOBALIIHNA PO3BUTOK, aKage—
MiYHe MigNPUEMHULTBO, CUHEPreTyKa, MepeXesi B3aEMO, IHTENEKTYanbHWV Karitarn, EKOHOMIKa 3HaHb.

MYKHAILO VERHUN
Emergent effects of the development

of innovative university ecosystems

The subject of the study is the process of formation of emergent effects in the development
of innovative university ecosystems, which includes the interaction of educational, scientific,
entrepreneurial and institutional components, as well as the mechanisms of added value generation
as a result of their synergistic interaction.

The purpose of the study is to substantiate the essence of emergent effects and determine
the features of their manifestation in the development of innovative university ecosystems with the
subsequent formation of approaches to their use in management practice.

The research methods are analysis and synthesis, a systems approach, comparative analysis,
induction and deduction, as well as elements of structural and functional analysis of complex socio—
economic systems.

Results of the work: the essence of innovative university ecosystems as complex dynamic
systems is revealed; the key elements and the nature of their interaction are identified; the nature of
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emergent effects as a result of nonlinear relationships is substantiated; the main types of emergent
effects and the mechanisms of their occurrence are systematized; the role of network interactions
in the formation of the innovative potential of universities is established; directions for increasing the
efficiency of university ecosystems are outlined.

Field of application of the results. The results obtained can be used: by state administration
bodies to form a policy for the development of innovative ecosystems; in higher education institutions
to improve development strategies and increase the efficiency of interaction with business; in
research institutions to activate innovative activity; in management practice to increase the efficiency
of university ecosystems.

Conclusions. The study found that emergent effects are a key factor in the development of
innovative university ecosystems and determine their ability to self—develop and generate added value.
The effectiveness of the functioning of such systems depends on the quality of interaction between
their elements and the level of integration of educational, scientific and business processes. Taking
into account emergent effects allows to increase the validity of management decisions and ensure the

sustainable development of higher education institutions.

Keywords:

university ecosystems, emergent effects,

innovative development, academic

entrepreneurship, synergy, network interactions, intellectual capital, knowledge economy.

Problem statement. The development of higher
education institutions is taking place in the context
of the increasing role of innovation, digital transfor—
mations and integration into global knowledge net-
works, which is changing traditional approaches to
organizing their activities. Universities increasing—
ly function not as isolated institutions, but as com-
ponents of innovation ecosystems, within which in—
teraction between education, science, business and
the state is formed. Such interaction generates new
effects that are not reduced to the sum of individu—
al results of the participants’ activities, but manifest
themselves as emergent properties of the system.
At the same time, in the practice of managing the
development of universities, these effects remainin—
sufficiently taken into account, since they are difficult
to formalize within traditional economic approach—
es. Existing research is mostly focused on the anal—-
ysis of individual components of innovation activity,
without paying sufficient attention to systemic rela—
tionships and their nonlinear nature. This limits the
possibilities of adequately assessing the potential of
university ecosystems and hinders the formation of
effective strategies for their development.

The relevance of the study is due to the need to
deepen the theoretical understanding of emergent
effects in the development of innovative universi—
ty ecosystems and to substantiate approaches to
their identification and use in management prac—
tice. Taking into account such effects allows ex—
panding the tools of analysis, increasing the effec—
tiveness of management decisions, and ensuring

more effective functioning of higher education in—
stitutions in a dynamic environment.

Analysis of recent research and publica-
tions. In scientific research, the development of
university ecosystems is considered through the
prism of innovation, entrepreneurial universities,
and the integration of education, science, and busi—
ness. At the same time, issues of emergent effects
are mostly covered within the framework of the
theory of complex systems and are only partial-
ly applied to the sphere of higher education [1—61.
Existing publications do not provide a halistic view
of the mechanisms of the emergence of such ef-
fects in university ecosystems, which necessitates
further research in this area.

Presentation of the main material. The devel—-
opment of innovative university ecosystems should
be considered as a process of forming a complex
multi—level system of interactions between key
stakeholders, among which higher education insti—
tutions, business structures, state institutions and
infrastructure elements of innovation activity play a
leading role. Unlike traditional models of university
functioning, where internal organizational logic dom—
inates, the ecosystem approach assumes open—
ness, network interaction and the ability to self—or—
ganize. In such conditions, the results of university
activities are formed not only under the influence of
individual resources or management decisions, but
also due to the interaction between elements of the
system, which generates emergent effects. These
effects manifest themselves in the form of accel-
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eration of innovation processes, increased quality
of scientific results, increased efficiency of technol—
ogy transfer and formation of new business models.
An important sign of emergence is that the results
obtained exceed the total effect of the functioning of
individual components.

To systematize the key elements of the innovative
university ecosystem and their functional purpose,
it is advisable to present them in the form of a gen—
eralized structure (Table 1).

The formation of emergent effects in such a sys—
tem occurs as a result of the synergistic inter—
action of the specified elements. In particular, the
combination of scientific developments with entre—
preneurial activity creates conditions for the rap—
id commercialization of innovations, while the inte—
gration of educational programs with real business
processes contributes to improving the quality of
specialist training. The quantitative interpretation
of emergence can be presented as the excess of
the integral result of the functioning of the system
over the sum of the results of its individual compo—
nents. This allows us to formalize the emergent ef-
fect as an additional component of efficiency that
arises as a result of interaction. For a deeper un—
derstanding of the manifestations of emergent ef-
fects in the development of university ecosystems,
it is advisable to consider their main types and
mechanisms of formation (Table 2).

Thus, emergent effects are a key factor in in—
creasing the efficiency of innovative university eco—
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systems. Taking them into account allows us to
move from the analysis of individual indicators to
the study of systemic relationships, which opens
up new opportunities for improving the manage—
ment of the development of higher education in—-
stitutions. The further development of innova-
tive university ecosystems is associated with the
deepening of inter—sectoral interaction and the
transition from linear to network models of value
creation. In such conditions, the university ceases
to be only a generator of knowledge and is trans—
formed into a center for coordinating the flows of
information, resources and innovative initiatives.
This changes the logic of management, which is in—
creasingly focused on supporting horizontal con—
nections, flexibility of organizational structures and
rapid response to changes in the external environ—
ment. An essential characteristic of such ecosys—
tems is the presence of self—reinforcing effects,
when the results of previous interactions create
the prerequisites for further growth. For example,
successful startups that arise within the university
form new funding channels, increase the reputa—
tion of the institution and stimulate the attraction
of new participants to the ecosystem. As a result,
a critical mass of innovative activity accumulates,
which enhances the overall dynamics of develop—
ment. At the same time, the functioning of such
systems is accompanied by certain imbalances, in
particular, uneven distribution of resources, infor—
mation asymmetry and different speeds of devel—

Table 1. Structure of the innovative university ecosystem

System element Content

Functional purpose Result

Educational block  |training, educational programs

human capital

competency development development

Scientific block research, publications, projects

knowledge generation innovative results

Entrepreneurship
block

startups, incubators,
technology transfer

commercialization added value creation

Institutional block | public policy, regulation

coordination and support |operational stability

technological parks, hubs,

Infrastructure block laboratories

resource provision efficiency improvement

Source: proposed by the authors

Table 2. Types of emergent effects in university ecosystems

Effect Type Characteristics Mechanism of occurrence| Mechanism of occurrence
Synergetic exceeding the total result interaction of elements interaction of elements
Cognitive accumulation of knowledge information exchange information exchange
Institutional coordination of actions regulatory support regulatory support
Economic increase in income commercialization commercialization
Network economy of scale expansion of connections expansion of connections

Source: proposed by the authors
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opment of individual subsystems. This requires the
introduction of coordination tools that ensure the
consistency of actions of participants and prevent
loss of efficiency. Institutional support mechanisms
that form the rules of interaction and create con—
ditions for the stable functioning of the ecosystem
are of particular importance.

In the context of quantitative analysis, the develop—
ment of university ecosystems can be represented as
a process of accumulation of interaction effects that
are nonlinear. This means that even minor changesin
one of the elements of the system can lead to signifi—
cant transformations in its overall state. This prop—
erty enhances the significance of management deci—
sions aimed at supporting key interaction nodes that
provide the maximum multiplicative effect.

Therefore, further research into emergent ef-
fects requires a combination of qualitative analy—-
sis of relationships with guantitative assessment
methaods, which allows for more accurate identifi—
cation of sources of growth and determination of
directions for increasing the efficiency of function—
ing of university ecosystems.

The further development of university ecosys—
tems is associated with the formation of complex
configurations of interactions, in which not on-—
ly available resources play a decisive role, but also
the ability of the system to redistribute and effec—
tively use them. In this context, it is not the num-—
ber of ecosystem elements that is important, but
the quality of the connections between them, which
determines the speed of transformation of knowl—-
edge into practical results. One of the character—
istic features of such systems is the emergence
of points of concentration of activity, where inten—
sive accumulation of innovative potential occurs.
These can be research centers, startup hubs or
interdisciplinary platforms that act as catalysts for
change. Their functioning contributes to the re—
duction of time lags between the creation and im—
plementation of new ideas, which, in turn, increas—
es the overall efficiency of the ecosystem.

At the same time, the strengthening of the re—
lationships between the elements leads to an in—
crease in the complexity of the system, which
complicates its management. In such conditions,
traditional administrative approaches are insuffi-
cient, since they do not take into account the multi—
vector nature of processes and the high level of
their interdependence. This necessitates the tran—

sition to adaptive management models focused on
maintaining a balance between the autonomy of
individual elements and the coherence of their ac—
tions. In addition, an important aspect is the ability
of university ecosystems to recover from external
influences. The stability of such systems is formed
due to the diversification of resource sources, the
availability of alternative channels of interaction
and the flexibility of organizational structures. This
allows maintaining functionality even in the event of
disruption of individual connections or changes in
operating conditions. Thus, further understanding
of the development of innovative university ecosys—
tems requires taking into account not only quanti—
tative parameters, but also structural character—
istics of interaction, which determine the system’s
ability to generate new effects and maintain sus—
tainable development in a changing environment.

Conclusions

Considering innovative university ecosystems as
complex dynamic systems allows us to interpret the
results of their functioning differently. It was found
that the key development results are formed not so
much due to individual resources or areas of activ—
ity, but due to the nature of interactions between the
elements of the system. It is these interactions that
cause the emergence of emergent effects that de—
termine the ecosystem’s ability to self—develop and
generate added value. The study showed that emer—
gent effects manifest themselves through the ac-
celeration of innovation processes, increasing the
effectiveness of knowledge transfer, and the forma-—
tion of new organizational and business models. Their
emergence is associated with the concentration of
activity in key interaction nodes, as well as with the
strengthening of network connections that ensure
the exchange of resources and information. At the
same time, the increase in the complexity of the sys—
tem is accompanied by the need to adapt approach-
es to management, which should take into account
the nonlinear nature of development. The results ob—
tained indicate that the effectiveness of the function—
ing of university ecosystems depends on the ability to
ensure a balance between the autonomy of individual
elements and the coherence of their interaction. Of
particular importance are mechanisms for support—
ing structural flexibility and stability, which allow the
system to maintain integrity in the event of changes
in the external environment.
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The generalization of the analysis provides
grounds to argue that taking into account emer—
gent effects opens up new opportunities for improv—
ing approaches to the development of universities,
allows for more accurate identification of sources of
growth, and increases the validity of management
decisions in the field of higher education.
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