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Introduction

The complex structure of economic and research interactions that define the Eu-
ropean Union presents significant analytical challenges. Understanding the struc-
ture and dynamics of these interactions is crucial for policymakers, regulators, na-
tional governments, and economic actors, such as companies from the smallest to
the largest. This dissertation addresses two fundamental types of networks within
this context: corporate ownership networks, which reveal the flow of investments
and control, and research collaboration networks, which underpin innovation and
knowledge transfer. European economic integration and research collaboration pat-
terns require systematic analysis to understand underlying network formation mech-
anisms and predict future developments. The investigation of ownership networks
and collaboration networks within the context of the European Union has emerged
as a critical research domain, as these networks fundamentally shape economic flows,
innovation patterns, and regional development between member states.

The investigation of ownership networks is driven by several critical motiva-
tions that intersect with economic, regulatory, and societal factors. An analysis of
ownership networks sheds light on hierarchical structures within corporations and
their interlinkages, thus elucidating the control dynamics over assets and decision-
making processes. A deeper understanding of these structures is fundamental for
stakeholders, including policymakers, as it informs regulatory frameworks aimed
at enhancing transparency and accountability within corporate governance (Lidth
Jeude et al., 2019; Takes et al., 2018). Furthermore, ownership networks can reveal
complex interdependencies that may lead to monopolistic behavior or anticompet-
itive practices, with significant implications for market efficiency and economic eg-
uity (Nakamoto et al., 2019; Villamil et al., 2024). Methodologically, network sci-
ence techniques have been used to explore these structures, leading to innovative
frameworks that capture the layered nature of corporate hierarchies and improve
the ability to analyze the complexity embedded in ownership relationships (Babié¢
et al., 2019; Rungi et al., 2017).

Similarly, the investigation of collaboration networks in research is motivated
by the need to enhance knowledge transfer, foster innovation, and understand the
social dynamics within scientific communities. These networks facilitate interac-
tions between researchers, influencing their collaboration choices and overall pro-
ductivity. A critical motivation for analyzing these networks is the desire to un-
derstand and potentially rectify social and epistemic inequalities in science (Li et
al., 2022). The structural configurations of collaboration networks also influence
the dissemination of innovation, with external collaborators playing an important
role in network dynamics (Katerndahl, 2011). One of the primary motivations is to
enhance R&D productivity and innovation performance, as large networks can fa-
cilitate faster mobilization of resources and knowledge, which is essential for rapid
innovation (Laufs et al., 2024).

This dissertation aims to contribute to both fields by developing and applying
advanced modeling techniques. For ownership networks, a novel gravity-based
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model is proposed to explain and predict investment flows. For collaboration net-
works, a comprehensive machine learning framework is developed to predict the
formation of partnerships within the Horizon 2020 Framework Programme. By in-
tegrating large-scale heterogeneous datasets, this work seeks to provide a deeper
and more nuanced understanding of the factors that shape these critical European
networks.

This study is guided by two primary objectives, each corresponding to one of the
types of network analyzed.

The first ultimate objective of the study is to understand and model the European
ownership network to derive valuable information on how investment flows within
the European Union and what factors influence the formation of this network. The
goal is to improve link prediction and the network parameters derived for which
a gravity-based null model is proposed. This involves identifying the main invest-
ment communities and assessing their temporal stability. Achieving this goal pro-
vides a deeper understanding of the factors that play a role in network formation,
and this information can be beneficial to decision makers and government represen-
tatives in supporting regional and national economic decision-making processes.

The second main goal is to gain a deeper understanding of the collaboration net-
work of the H2020 Framework Programme. The aim is to provide an accurate model
that can predict collaboration links between firms based on measurable numeric in-
formation and to identify the influential parameters that play a role in the formation
of the network. The construction of an accurate link prediction model is regarded
as advantageous for decision makers seeking to forecast future consortia within the
Framework Programmes. Identifying key influential factors enables the facilitation
and support of future collaborations. Furthermore, outlier collaboration communi-
ties — characterized by links that are either stronger or weaker than predicted —
are also identified, providing relevant insights for the management and regulation
of collaboration formation.

1.1 Research Questions

Taking into account the above objectives and their relevance, the current study seeks
to answer the following research questions.

RQ1: Can the proposed gravity-based economic null model improve link pre-
diction and network coefficient estimation, identify stable Emergent Innova-
tion Communities, and provide insights into their spatial and temporal dy-
namics?

RQ2: To what extent do administrative borders influence investment flows,
and how do these effects change when controlling for geographical distance?

RQ3: Can the proposed model, applied to a comprehensive dataset, enhance
our understanding and predictive accuracy of organizational collaboration and
community structures in Framework Programmes beyond current benchmarks?

These research questions encompass the dual objectives of improving predictive
accuracy for both ownership and collaboration networks while identifying the un-
derlying mechanisms that drive network formation in European contexts.



Related Studies and Research
Assumptions

2.1 Theoretical Foundations in Network Science

Network science provides the foundational context for this dissertation. Early influ-
ential models, such as the Erdés-Rényi (ER-model) model, defined random graphs
based on a fixed number of nodes and a uniform edge probability (Erd6s and Rényi,
1959). While fundamental, the ER-model fails to capture key properties of real-
world networks, such as power-law degree distributions. The small world network
model, formally described by Watts and Strogatz (1998), introduced networks with
high clustering and short path lengths, a structure observed in systems ranging
from social interactions to brain networks (Bullmore and Sporns, 2009). A signif-
icant advancement was the Barabasi-Albert (BA-model), which incorporated net-
work growth and preferential attachment to explain the emergence of scale-free net-
works with highly connected hubs (Barabasi and Albert, 1999). These foundational
models have been integrated into broader analytical frameworks, including com-
munity detection and dynamic network models, to better capture the complexity of
real-world systems (Farzaneh and Coon, 2022; Rinaldo et al., 2013).

2.2 Corporate Ownership Network Analysis

The exploration of ownership networks within corporate governance has gained sig-
nificant traction as scholars attempt to discern intricate relationships between own-
ership structures and various corporate performance metrics. Ownership concen-
tration has been shown to have considerable impact on earnings informativeness, as
demonstrated by Sharifi and Jafari (2016), who found that concentrated ownership
relates to low earnings information. The control exercised by certain owners sig-
nificantly shapes governance structures, which affects business ethics and corporate
behavior (Zattoni, 2011).

Several studies have used network science techniques to explore ownership struc-
tures, leading to the development of innovative frameworks that capture the layered
nature of corporate hierarchies (Babic¢ et al., 2019; Rungi et al., 2017). This complexity
is crucial to understanding how power is concentrated within a small number of cor-
porations, thus shaping competitive dynamics on a global scale (Vitali et al., 2011).
The investigation of ownership networks serves multiple critical motivations that
intersect with economic, regulatory, and societal factors, including the elucidation
of hierarchical structures and the revelation of complex interdependencies among
corporations.

Despite advances in link prediction methodologies, prediction accuracy remains
a persistent challenge in ownership network analysis. Two primary factors con-
tributing to suboptimal accuracy have been identified: limitations inherent to the
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models and constraints associated with the datasets. From a model-based perspec-
tive, traditional approaches such as the con guration model introduced by Newman
and Girvan (2004) assume random network structures without accounting for spa-
tial constraints or economic factors that in uence link formation.

2.3 Collaboration Network Analysis

Collaboration network analysis plays a key role in understanding the intricate dy-
namics of partnerships in various elds, serving not only as a pathway to knowledge
sharing but also as a mechanism to address complex global challenges. The investi-
gation of collaboration networks in research is driven by several motivations, mainly
centered on enhancing knowledge transfer, fostering innovation, understanding so-
cial dynamics within scienti c communities, and maximizing research impact (Li et
al., 2022).

The critical motivation for analyzing these networks stems from the desire to
understand and potentially rectify social and epistemic inequalities in science. Col-
laboration networks provide insights into how researchers associate with each other,
which is crucial to address disparities in access to resources and opportunities. The
structural con gurations of collaboration networks can in uence the dissemination
of innovation Katerndahl (2011), and international collaboration networks can gen-
erate more precise outcomes in various contexts (Vanni et al., 2014).

Link prediction in collaboration networks has been addressed through various
methodological approaches. Similarity-based techniques leverage local structures
around the nodes when predicting potential links, with well-known examples in-
cluding the Common Neighbors (CN) method, the Jaccard coef cient and the Adamic-
Adar index (Ahmad et al., 2020; Zhang et al., 2016). Machine learning methods have
gained prominence due to their ability to model complex relationships and patterns
that simple similarity metrics might miss (Sulaimany et al., 2017; Wang et al., 2020).

The analysis of H2020 collaboration networks has revealed that prediction accu-
racy remains a persistent challenge. Previous studies have shown that prediction
precision between multiple algorithms plateaued near 0.75 Chen et al. (2021), in-
dicating the need for more sophisticated approaches that can capture the complex
dynamics of research collaboration formation.

2.4 Research Assumptions

Based on the literature review and the identi ed research gaps, the following re-
search assumptions were formulated.

RA1: Gravity-driven economic principles dominate ownership network for-
mation, with gravity-based economic null model predictions re ecting real-
world investment ows more accurately than topology-only models.

RA2: Administrative borders create structural breaks in ownership networks
independent of geographic proximity, persisting across temporal layers.

RA3: Machine learning techniques including generic and non-generic approaches
can be bene cial for improving the prediction of the connections in the collab-
oration network of the Horizon 2020 Programme and with the proper model,

the in uential factors can also be identi ed.



2.4. Research Assumptions

These assumptions form the theoretical foundation for the methodological ap-
proaches developed in this dissertation and guide the empirical investigations con-
ducted on both ownership and collaboration networks.



Results

3.1 Ownership Network Analysis: The Gravity-Based Eco-
nomic Null Model

To analyze the European corporate ownership network, a novel Gravity-Based Eco-
nomic Null (GEN) model was developed. This model predicts the number of own-
ership links between NUTS 3 regions based on spatial, economic, technological, and
corporate nancial indicators, without relying on pre-existing network topology in-
formation. The performance of the GEN model was compared with two established
null models: the random con guration model of Newman and Girvan (2004) and
the distance-dependent spatial model of (Expert et al., 2011).

The GEN model demonstrated a better t to the observed data, achieving the
lowest link prediction error ( €9@V = 0.0080) compared to the spatial model (e3P =
0.0112) and the random model (eN® = 0.0191), as illustrated in Figure 3.1.

The regression coef cients of the GEN model revealed that subsidiary forma-
tions are driven by technological and economic disparities, with capital owing
from more developed to less developed regions. For example, subsidiaries tend to
be located in NUTS 3 regions with lower GDP levels and fewer patent applications
relative to their parent companies.

The improved link prediction of the GEN model also led to more accurate es-
timations of the properties of the derived network, such as centrality. Figure 3.2
shows the in-degree centrality across European regions, highlighting that the GEN
model's prediction more closely resembles the original network structure compared
to other models. It correctly identi es that investment attractiveness is concentrated
in core European nations, while other models overestimate investment in Southern
and Central Europe.

By integrating the GEN model with community detection algorithms, Economic-
Investment Communities (EICs) were identi ed. These are groups of regions where
the intensity of investment exceeds the expected levels based solely on economic, -
nancial, and technological factors. The analysis revealed that these EICs are predom-
inantly structured within national borders, indicating that administrative bound-
aries remain a powerful force shaping investment patterns, as shown in Figure 3.3.
The temporal analysis of these communities from 2010 to 2018 further showed that
these national-level structures are highly stable over time (Figure 3.4).
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(@) Newman and Girvan (2004)'s model: jjA PNGjj = eNC = 0.0191

(b) Expert et al. (2011)'s model: jjA  PSP3jj = eSPa= (.0112

(c) GEN model: jjA P9&jj = 9@ = (0.0080

FIGURE 3.1: Fits of the different null models (2018)
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(a) Original (b) GEN prediction

(c) Random network (d) Spatial network

FIGURE 3.2: The in-degree centralities for the predicted network
structures (2018)

FIGURE 3.3: Economic-Investment Communities identi ed using the
GEN model (2018). Modules (differentiated by color) largely align
with national administrative boundaries.
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