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Abstract

This study aimed to examine the knowledgegstrietune; patterns of
scientific collaboration, and evolutionary trends 1, réSearch on the
resilience of innovation ecosystemS, withi ntext of global
geotechnological competition. Th Jata Were retriéved from the Web of
Science database and analyzed®usin ntometric methods and
knowledge network analysis TR wit Bibliometrix package. The
results indicate that o the\p decades, the discourse on
innovation ecosystems has Ski a primary focus on economic
growth and techg i ance toward a more resilience-
e thematic mapping analysis revealed
and knowledge, management and
, NE and entrepreneurship, and resilience and crisis
sent the core thematic pillars of this field. The
lysis further showed that innovation serves as the
e knowledge structure, strongly connected with
as knowledge, resilience, policy-making, and
management, indicating an increasing emphasis on policy and
resilience dimensions alongside economic aspects. The conceptual
evolution analysis highlighted a significant rise in themes such as crisis,
governance, sustainability, and technological capability after 2022.
Moreover, the country collaboration network revealed a concentration

four main
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of scientific production in three major hubs: the United States, the
European Union, and China, reflecting their dominant role in shaping
global knowledge flows in this field. The findings suggest that in recent
years, scholarly attention has increasingly focused on the intersection
of innovation, resilience, and technological governance, positioning
this field as an emerging direction in science and innovation studies.

1. Introduction
With the acceleration of technological transt?nations and the
intensification of geotechnological competition amoRg major powers,
the resilience of innovation ecosystems has become ‘&, fundamental
component of technological security and \pation elopment
policymaking. Under such conditions, countrie to ‘preserve
technological independence, economic stabilit continuity of
innovation capacity must identify mechanisms that gnable innovation
ecosystems to survive, adapt, and reg erat% e of geopolitical
and technological shocks. Since innBvatiep resifiéhce emerges within a
network of interactions among & institutions, and policy,
understanding it requires a s‘t&mic terdisciplinary perspective
capable of simultaneously analyzi edge dynamics, institutional
structures, and geotechnolOgj
Accordingly, t
how the resilien
level within

res.

question of the present study is
ovatiog ecosystems is reproduced at the global
of ge@technological competition, and what
or Mulnerability it reveals. Employing a
knowledge network analysis, this research
e conceptual structure, evolutionary trends, and
associated with the nexus between resilience,
geopolitics of technology. The ultimate objective is
onceptual framework for explaining the resilience of
innovationyecosystems under geotechnological competition and to
generate insights for policymakers to strengthen national technological,
institutional, and network capacities in the face of global geo-economic
and technological pressures.

2. Literature Review

Resilience in innovation ecosystems and its relationship with
geotechnology have become increasingly important in understanding
how innovation systems sustain and transform themselves under
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conditions of global technological competition. In the resilience
literature, innovation ecosystems are regarded as dynamic and complex
systems whose ability to sustain and transform themselves stems from
the interaction of technological, organizational, and institutional
capacities, collective learning, resource recombination, and adaptive
governance. From this perspective, resilience is not merely the ability
to withstand crises or return to a previous state, but an evolutionary
process achieved through shock absorption, adaptation to change, and
the creation of new innovation pathways. Horv?ver, intensifying
geotechnological competition and the transformation of strategic

Restrictions on technology transfer, the rec
chains, changes in international collaboration p
over knowledge, data, and technological standardSydemonstrate that
apacities; it also
essures and manage

two fields indicates that
the interaction of three
quiring strategic knowledge
entails adjusting collaboration
environmental changes; and
reshaping technological pathways and
ealizing these capacities requires
innovaion policy, targeted investment in
, and a balance between technological
national engagement. Furthermore, assessing this
imultaneous consideration of knowledge network
gical capabilities, participation in standard-setting,
perty, and supply chain robustness. Overall,
gical resilience in innovation ecosystems is a
multidimensional and multilevel concept that emerges from the
synergies among technological, network, institutional, and policy
capacities in response to global pressures, enabling the continuity,
adaptation, and transformation of innovation under conditions of
uncertainty and strategic competition.

technological dependencies. Inte@¢atin
geotechnological resilience emerge
capacities: absorption, which v
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3. Methodology

This study aims to elucidate the knowledge structure and conceptual
evolution of research on innovation ecosystem resilience in the context
of global geotechnological competition, employing a bibliometric and
science mapping approach with a descriptive—exploratory design. Data
were retrieved from the Web of Science Core Collection (WoS) through
a topic-based search to ensure comprehensive coverage of studies
addressing the interaction between innovation ecosystems and
economic, technological, and geopolitical crises. Thejdataset, including
publication titles, authors, years, countries, key\ﬂ/% s, sources, and
citations, was cleaned and analyzed using the Bibliomeétgix package in
the R environment.

The analysis comprised three main stages: scriptive
bibliometric analysis to examine temporal trend tial sources
and authors; (2) co-word analysis to identif conceptu clusters and
knowledge evolution pathways; and (3) ic collaboration
network analysis to map patterns_F integacti mong countries and
research institutions. Outputs s as clouds, thematic maps,
thematic evolution dlagrams. 0-0Ct ce networks, and country
collaboration maps pro interpreting the knowledge
structure and identifying the,eme aradigm of resilient innovation

ecosystems within the fra the geopolitics of technology.
4. Results 4. n\

The findings of the bibliometric analysis and scientific mapping
indicate that the literature on innovation ecosystems is shifting from a
primary focus on innovation, economic growth, and organizational
performance toward a broader understanding of the relationships
among reS|I|ence governance, policymaking, and geotechnological
competition. The strategic thematic map reveals that foundational
concepts such as innovation, governance, management,
entrepreneurship, and collaboration form the conceptual basis of this
field, while institutions, trust, communication, innovation networks,
and cities represent central and driving themes. In contrast, concepts
such as crisis, vulnerability, and technological competition represent
emerging or developing areas with considerable potential for future
research. Specialized themes, including disaster resilience,
infrastructure, and ecological resilience, reflect more focused research
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streams within the broader field. The keyword cloud analysis further
highlights the prominence of innovation, performance, management,
knowledge, and resilience. Their co-occurrence with concepts such as
crisis, policy, technology, and governance demonstrates the importance
of organizational and institutional dimensions in research on innovation
ecosystems. The keyword co-occurrence network also identifies
innovation as the central concept, connected to three major thematic
areas: knowledge and resilience; management and technological
capabilities; and policy and governance. Peripheral clusters associated
with geography, proximity, industrial clusters, and economic resilience
further emphasize the spatial and regional dimensions of innovation
ecosystems alongside their organizational and policy-related aspects.
The thematic evolution analysis reveals a gradual transformatlon in the
field. During the first period, research primarily focused on innovation,
management, growth, and absorptlve capacity. In the second period,
greater attention was directed toward innovation networks, governance,
sustainability, and technologlcal competition. In the third period,
concepts such as capacity, collaboration, strategy, knowledge, and
performance became more prominent alongside conflict, indicating a
shift toward examining the interactions among different dimensions of
innovation ecosystems. Furthermore, the analysis of international
scientific collaboration networks demonstrates that knowledge
production in this field is geographically uneven, with the United
States, European countries, and China occupying prominent positions
in the global collaboration structure. The United States plays a central
role il in the network while European countries form an active cluster
through mterconnected research collaborations in innovation and
technology pollcy. China has also emerged as a major actor, expanding
its scientific and technological collaborations. Countries such as
Australia, South Korea, and Canada contribute to connections between
different parts of the network, highlighting the importance of
interregional scientific relationships. Meanwhile, the more limited
participation of some countries in the Middle East, Latin America, and
Africa reflects geographical inequalities in knowledge production and
exchange. Overall, the findings indicate that the literature on innovation
ecosystems is conceptually grounded in the interrelationships among
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innovation, knowledge, management, and governance, while
increasingly incorporating crisis, vulnerability, geotechnological
competition, and technological resilience. This evolution highlights the
need to examine the internal capacities of innovation ecosystems, their
governance and collaboration mechanisms, and the geopolitical and
technological  pressures of the international environment
simultaneously. Such an integrated perspective can provide a
foundation for developing a comprehensive framework to analyze the
resilience of innovation ecosystems under conditions of global

competition and uncertainty. \

5.Discussion and Interpretation of Findings \

The bibliometric findings indicate that research on innovation
ecosystems has evolved over the past two decades from a focus on
innovation, management, and economic performance toward broader
themes such as resilience, governance, policymaking, and
geotechnological competition. Innovatlon remains the central concept
in the knowledge network, closely connected to knowledge,
performance, management, and resilience. The emergence of themes
such as vulnerability, crisis, and sustainability reflects growing
attention to the ability of innovation ecosystems to adapt to uncertainty
and enwronmental _change. Thematic evolution analysis further
hlghllghts the increasing importance of governance, conflict, and
technological capabilities. Meanwhile, the concentration of
international scientific collaboration in the United States, Europe, and
China reveals an uneven distribution of knowledge production. Overall,
the findings suggest that understanding resilience in innovation
ecosystems requires an integrated examination of knowledge and
technological capabilities, governance mechanisms, collaboration
networks, and geopolitical pressures.

Keywords: innovation ecosystem, resilience, geotechnological competition,
technological governance, scientometrics
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