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Abstract

Background: Cross-border innovation is increasingly shaped by geopolitical
rivalry, export controls, sanctions compliance, data localization, and selective
decoupling. These forces do not simply reduce global connectivity; they reconfigure
how innovation networks form, govern exchange, and learn across borders.
Methods: This review integrates scholarship on interorganizational networks, global
value chains, innovation systems, and economic geography. A multilevel framework links
policy shocks to tie-level frictions, network restructuring, and firm learning outcomes.
Results: Fragmentation changes cross-border knowledge flows through three mechanisms:
(1) compliance friction that lowers tie bandwidth and slows joint problem-solving; (2)
constraints on talent mobility and data movement that weaken tacit knowledge transfer;
and (3) standards divergence that reduces interoperability and increases coordination
costs. Firms respond by rewiring partner portfolios, modularizing R&D, using clean-room
collaborationforregulateddataandIP,andregionalizinginnovationactivitywithredundancy.
Conclusions: Post-fragmentation performance depends less on network size and more
on governance fit. Firms that match knowledge type with appropriate governance
(modularity, controlled interfaces, selective deep ties, and auditable collaboration) are

better positioned to protect critical knowledge while sustaining exploratory learning.
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1. Introduction

Innovation networks rely on the mobility of people, ideas, data, and components. Under geopolitical
fragmentation, these channels become conditional: who can collaborate, what can be shared, and
which standards and infrastructures are permissible may shift abruptly. Fragmentation is therefore
best treated as a change in constraints rather than a binary state of connection versus disconnection.
Innovation networks create value by enabling repeated exchange, recombination, and cumulative
learning. Absorptive capacity theory emphasizes that firms benefit from external knowledge
when they can recognize, assimilate, and apply it. Network research further shows that both weak
and strong ties matter, shaping access to diverse ideas and deep problem-solving. Fragmentation
intervenes in these mechanisms by increasing the costs, risks, and governance burdens of cross-
border ties.This review advances a central argument: fragmentation changes network advantage
by reducing the effective bandwidth of collaboration and by increasing the strategic value of
governance design. Modular architectures, controlled interfaces, and selective deep ties become
critical tools for sustaining learning under constraint.

2. Materials and Methods

This paper adopts a structured narrative review design informed by systematic reporting principles
for transparency. The review synthesizes work across:

1. interorganizational networks and alliance governance,
2. global value chains and cross-border production/innovation,
3. innovation systems and economic geography,

4. institutional constraints, including export controls, sanctions exposure, data localization,
and standards governance.

2.1 Coding framework
Studies were coded by:
e Unit of analysis: tie, network, firm, region/policy regime.
* Knowledge type: tacit vs. codified; data vs. know-how; sensitive vs. non-sensitive.

* Constraint type: legal restrictions, operational compliance burdens, data localization, and
standards divergence.

* Outcomes: tie intensity, network restructuring (clustering, modularity), and learning/
performance (speed, novelty, resilience).
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3. Results: Mechanisms linking fragmentation to knowledge flows
3.1 Compliance friction reduces tie intensity and learning speed

Fragmentation raises the compliance load of cross-border collaboration through partner screening,
end-use controls, documentation, audits, and monitoring. Even when ties remain legal, the added
friction slows iteration cycles, reduces informal exchange, and narrows collaboration scope. The
likely network effect is a shift toward fewer, more governable ties and a reallocation from open-
ended collaboration to auditable exchange.

3.2 Constraints on talent and data weaken tacit knowledge transfer

Tacit knowledge travels through people, shared practice, and repeated interaction. Restrictions on
mobility and data transfer reduce co-development and mutual adjustment, pushing learning toward
codified outputs (documentation, modular specifications, controlled datasets). Firms may preserve
productivity for standardized tasks, but exploratory spillovers often weaken as collaboration
becomes more bounded and formalized.

3.3 Standards divergence reduces interoperability and increases coordination costs

Standards and shared protocols function as enabling infrastructure for innovation. When standards
diverge, compatibility declines, coordination costs rise, and diffusion slows. Fragmentation can
lead to parallel ecosystems and regional clustering. While redundancy can increase resilience, the
system-level cost may include duplication and reduced global spillovers.

4. Adaptive responses: How firms reconfigure innovation networks
4.1 Network rewiring and portfolio regionalization

Firms diversify partner portfolios, shift collaborations toward lower-volatility jurisdictions, and
use connector hubs to maintain access while reducing exposure. This improves resilience but can
limit access to frontier knowledge if networks become too localized.

4.2 Modularization of R&D and separable IP architectures

Modular R&D becomes a governance tool. By partitioning R&D into separable modules with
defined interfaces, firms reduce unintended leakage and enable distributed development across
constrained borders. The trade-off is higher integration cost and potential rigidity that can slow
system-level innovation.

4.3 Clean-room collaboration and controlled interfaces

Clean-room collaboration supports joint work on sensitive IP and regulated data through controlled
access, audited environments, and constrained outputs. This can sustain cross-border learning under
constraint, but typically reduces tacit transfer and slows experimentation.

4.4 Redundancy with selective deep ties

A common post-fragmentation design is hybrid: redundancy for resilience combined with selective
deep ties for high-value learning. This structure aims to protect critical knowledge while maintaining
exploratory capacity where governance permits.
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5. Discussion
5.1 Governance fit as the source of advantage

Fragmentation shifts the basis of network advantage from scale to fit. Effective networks align
knowledge type with governance mechanisms:

e Tacit, complex knowledge: best supported by selective deep ties and repeated interaction,
but vulnerable to mobility limits.

* Codified, modular knowledge: can move through auditable channels and controlled
interfaces, at the cost of integration overhead.

* Sensitive knowledge and regulated data: requires clean-room collaboration, which
protects compliance but can reduce exploratory learning.

5.2 Managerial and policy implications

Managersshouldtreatcompliance,modularboundaries,andauditableinterfacesascorecomponentsof
innovation design. Partner portfolios should balanceresilience (redundancy) with learning (deep ties).
Policymakers should recognize that interoperability and predictable compliance channels reduce
unnecessary friction. Where restrictions are necessary, clarity and standard-setting coordination
can limit innovation losses.

5.3 Research agenda
Future research should test:
1. when modular architectures substitute for trust and when they complement it,
2. causal effects of clean-room collaboration on novelty and speed,
3. long-run consequences of standards divergence on diffusion and cumulative innovation,
4. how brokerage, closure, and tie strength change in value under fragmentation.
6. Conclusions

Cross-border innovation does not vanish under fragmentation; it is re-engineered. Fragmentation
reshapes knowledge flows through compliance friction, constrained mobility of people and data, and
standards divergence that reduces interoperability. Firms adapt by rewiring networks, modularizing
R&D, using clean-room collaboration, and regionalizing portfolios with redundancy.

The central conclusion is governance fit: post-fragmentation innovation depends less on network
size and more on aligning knowledge type with governance mechanisms that protect critical assets
while sustaining exploratory learning.
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Figure 1 (Conceptual)

sanctions/
controls

sanctions/
controls

Dashed ties represent disrupted cross-border knowledge channels after fragmentation.

Disrupted cross-border knowledge ties in an innovation network after fragmentation.
A conceptual illustration comparing pre-fragmentation dense cross-border ties with post-

fragmentation patterns: fewer cross-border ties, regional clustering, interface nodes for modular

boundaries, and clean-room links for audited

collaboration.

Table 1. Governance mechanisms for cross-border knowledge flows after fragmentation

Mechanism Constraint addressed Typical tools Main trade-off
. Sanctions/export-control KYC/UBO checks, end-use speed vs.
Partner screening ) s .
exposure certification, audits assurance
Modular R&D Rest.rlcted knowledge |separable modules, mterfgce ' integration cost
sharing standards, compartmentalization
Clean-room .. . .. |controlled access, audited reduced tacit
. Sensitive IP/data limits . . .
collaboration environments, constrained outputs [learning
Regionalization P011t1ca}/regulatory nearshoring, regional consortia, reduced global
uncertainty redundancy spillovers

Author Contributions

Conceptualization: O.B.

Methodology: O.B.

Literature search and screening: O.B.
Data curation (coding framework): O.B.
Formal analysis and synthesis: O.B.
Writing — original draft: O.B.

Writing — review & editing: O.B.
Visualization: O.B.

Supervision: O.B.

133



TRANSNATIONAL ACADEMIC JOURNAL OF ECONOMICS

Funding

No external funding.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

No new dataset was generated. The review is based on publicly available literature and institutional
materials.

Conflicts of Interest

The author declares no conflict of interest.

Limitations

This review is limited by selection effects inherent to literature synthesis, rapid policy evolution
that can outpace publication cycles, sector heterogeneity in modularity and regulation, and the
need for stronger causal evidence on the innovation consequences of clean-room collaboration and

standards divergence.

References

L.

Daci, E., & Rexhepi, B. R. (2024). The role of management in microfinance institutions
in Kosovo: Case study Dukagjini region. Quality — Access to Success, 25(202). https://doi.
org/10.47750/QAS/25.202.22

Murtezaj, I. M., Rexhepi, B. R., Dauti, B., & Xhafa, H. (2024). Mitigating economic losses and
prospects for the development of the energy sector in the Republic of Kosovo. Economics of
Development, 23(3). https://doi.org/10.57111/econ/3.2024.82

Murtezaj, [. M., Rexhepi, B. R., Xhaferi, B. S., Xhafa, H., & Xhaferi, S. (2024). The study and
application of moral principles and values in the fields of accounting and auditing. Pakistan
Journal of Life and Social Sciences, 22(2). https://doi.org/10.57239/PJL.SS-2024-22.2.00286

Rexhepi, B. R., Rexhepii, F. G., Xhaferi, B., Xhaferi, S., & Berisha, B. 1. (2024). Financial
accounting management: A case of Ege Furniture in Kosovo. Quality — Access to Success,
25(200). https://doi.org/10.47750/QAS/25.200.09

Rexhepi, B. R., Mustafa, L., Sadiku, M. K., Berisha, B. 1., Ahmeti, S. U., & Rexhepi, O. R.
(2024). The impact of the COVID-19 pandemic on the dynamics of development of construction
companies and the primary housing market: Assessment of the damage caused, current state,
forecasts. Architecture Image Studies, 5(2). https://doi.org/10.48619/ais.v5i2.988

Ahuja, G. (2000). Collaboration networks, structural holes, and innovation: A longitudinal
study. Administrative Science Quarterly, 45(3), 425-455.

134



TRANSNATIONAL ACADEMIC JOURNAL OF ECONOMICS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Baldwin,R. (2016). The Great Convergence: Information Technology andthe New Globalization.
Harvard University Press.

Burt, R. S. (1992). Structural Holes: The Social Structure of Competition. Harvard University
Press.

Cohen, W. M., & Levinthal, D. A. (1990). Absorptive capacity: A new perspective on learning
and innovation. Administrative Science Quarterly, 35(1), 128—152.

David, P. A. (1985). Clio and the economics of QWERTY. American Economic Review, 75(2),
332-337.

Dyer, J. H., & Singh, H. (1998). The relational view: Cooperative strategy and sources of
interorganizational competitive advantage. Academy of Management Review, 23(4), 660—679.

Farrell, H., & Newman, A. L. (2019). Weaponized interdependence: How global economic
networks shape state coercion. International Security, 44(1), 42—79.

Ghemawat, P. (2001). Distance still matters: The hard reality of global expansion. Harvard
Business Review, 79(8), 137-147.

Granovetter, M. S. (1973). The strength of weak ties. American Journal of Sociology, 78(6),
1360-1380.

Gulati, R. (1998). Alliances and networks. Strategic Management Journal, 19(4), 293-317.

Henderson, R. M., & Clark, K. B. (1990). Architectural innovation: The reconfiguration of
existing product technologies and the failure of established firms. Administrative Science
Quarterly, 35(1), 9-30.

Internet Society. (2022). Networks, standards & interoperability: Paths to our digital future.

Jaffe, A. B., Trajtenberg, M., & Henderson, R. (1993). Geographic localization of knowledge
spillovers as evidenced by patent citations. Quarterly Journal of Economics, 108(3), 577-598.

Kogut, B., & Zander, U. (1992). Knowledge of the firm, combinative capabilities, and the
replication of technology. Organization Science, 3(3), 383-397.

March, J. G. (1991). Exploration and exploitation in organizational learning. Organization
Science, 2(1), 71-87.

Nelson, R. R., & Winter, S. G. (1982). An Evolutionary Theory of Economic Change. Harvard
University Press.

Nooteboom, B. (2000). Learning and Innovation in Organizations and Economies. Oxford
University Press.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D., et al.
(2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
BMJ, 372, n71.

Powell, W. W., Koput, K. W., & Smith-Doerr, L. (1996). Interorganizational collaboration
and the locus of innovation: Networks of learning in biotechnology. Administrative Science
Quarterly, 41(1), 116-145.

135



TRANSNATIONAL ACADEMIC JOURNAL OF ECONOMICS

25.

26.

27.

28.
29.

30.

Saxenian, A. (1994). Regional Advantage: Culture and Competition in Silicon Valley and Route
128. Harvard University Press.

Teece, D. J. (2007). Explicating dynamic capabilities: The nature and microfoundations of
enterprise performance. Strategic Management Journal, 28(13), 1319—-1350.

Uzzi, B. (1997). Social structure and competition in interfirm networks: The paradox of
embeddedness. Administrative Science Quarterly, 42(1), 35-67.

Williamson, O. E. (1985). The Economic Institutions of Capitalism. Free Press.

Zander, U., & Kogut, B. (1995). Knowledge and the speed of transfer and imitation of
organizational capabilities: An empirical test. Organization Science, 6(1), 76-92.

A representative institutional report on export-control governance and enforcement (for policy
background) can be included as the final reference if required by the target journal’s scope.

136



