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Abstract

Blockchain Beyond Borders: Interdisciplinary Perspectives and Evolving Legitimacy
in ICO-driven Entrepreneurship

by
Muhammad Nauman Shahid

Doctor of Philosophy in Information Systems and Analytics

National University of Singapore

This dissertation comprises two essays that examine the interdisciplinary landscape of
blockchain research and shed light on the paradigm shift in organisational legitimacy
in the context of Initial Coin O erings (ICOs). The rst essay! explores the
interdisciplinarity of the blockchain literature and illuminates the complex network

of disciplinary ideas that collectively in uence and shape the interdisciplinary
landscape of blockchain research. Using topic modelling and statistical analysis,
| analysed an extensive collection of 35,604 academic articles and examined the
extent of interdisciplinarity within academic blockchain research. My analysis nds

a strong interdisciplinary focus on certain research topics, while others had a more
speci c disciplinary focus. In addition, | observe a promising trend of increasing

interdisciplinarity over time.

This essay de es the conventional wisdom that blockchain is solely under the purview
of a single discipline, and discovers new themes and trends in blockchain research.
Additionally, it presents a framework to capture di erent aspects of the interdisci-
plinary nature of blockchain technology in di erent elds. This approach provides a
stepping stone and can guide future research on developing potential mechanisms
to gauge the extent of the interdisciplinary nature of evolving technologies, such as
blockchain.

1An earlier version of this study, titted A Cross-Disciplinary Review of Blockchain Research
Trends and Methodologies: Topic Modeling Approach, was presented and published at the 53rd
Hawaii International Conference on System SciencegHICSS), in Maui, Hawaii, United States.

viii



The second ess&yexamined the current state of cultural entrepreneurship theory
from the perspective of organisational identity building. According to the organi-
sational literature, organisational legitimacy is a source of organisational identity
building for established organisations to attract resources. Researchers have pre-
viously identi ed several signalling sources for organisational legitimacy, such as
corporate social responsibility and the strategic management of public perceptions
through traditional media. The purpose of using signalling sources is to di erentiate
the organisation from its competitors. As traditional signalling sources are often ex-
pensive and biased, they may not be suitable for early-stage entrepreneurial ventures.
With the advent of Initial Coin O erings (ICOs), a blockchain-based approach to
early-stage entrepreneurship nancing, traditional signalling sources have become
obsolete. Therefore, early stage entrepreneurial ventures use alternative methods,
such as entrepreneurial storytelling, to communicate and convey organisational legit-
imacy. This article argues that optimal distinctiveness in entrepreneurial storytelling
can transmit the organisational legitimacy of early-stage entrepreneurial ventures to
resource-providing audiences. The theory of cultural entrepreneurship suggests that
optimal distinctiveness and organisational legitimacy are incompatible. This study
guestions the idea that optimal distinctiveness is harmful to organisational legiti-
macy, arguing that early-stage entrepreneurial ventures seeking ICO funding can
function as a signalling source for organisational legitimacy. This argument is crucial
because it fundamentally changes the relationship between optimal distinctiveness
and organisational legitimacy. Furthermore, this essay examines the role of online
media as a tool that in uences the relationship between optimal distinctiveness and
organisational legitimacy. A strategically managed online media can have an e ect
similar to traditional media, whereas online media, unlike traditional media, can
shift organisational legitimacy, thereby limiting an organisation's strategic monopoly.
This essay examines data from 306 ICOs in 29 market categories, based on the
theoretical arguments above. The results con rm that optimal distinctiveness in an
ICO can legitimise early-stage entrepreneurial ventures and that public perceptions
of online media can in uence the relationship between optimal distinctiveness and

2An earlier version of this study, titled Pick The Odd-Ones Out! Conferring Legitimacy Of
Initial Coin O erings By Distinction, was presented and published at the 42nd International
Conference on Information Systems(ICIS) in Austin, Texas, United States.



organisational legitimacy.

Keywords : Blockchain, literature review, topic modelling, latent dirichlet allocation,
entrepreneurship, organisational legitimacy, optimal distinctiveness, online media,
initial coin o erings.
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CHAPTER 1. INTRODUCTION

Chapter 1

Introduction

The widespread impact of technology on contemporary society has become increas-
ingly evident. It transforms numerous aspects of our lives, from the way we learn
and work to the way we conduct digital transactions. A prime example of this
technological revolution is the rise of blockchain technology (BCT). This innovation

is growing at an exponential rate, in line with other technologies that are rapidly
advancing, such as arti cial intelligence, the Internet of Things (IoT), 3D printing,
and computer vision (Kurubacak et al., 2022). BCT has found signi cant appli-
cations in nonacademic settings, particularly in industries and organisations that

o er various products and services (Swan, 2015). Alongside these developments,
Initial Coin O erings (ICOs) platforms are reshaping the nancial landscape, com-
plementing the transformative in uence of BCT and other digital innovations in
various industries and organisations. This surge in practical implementation has
spurred robust academic interest, and scholarly work on crowdfunding platforms is
accumulating at a rapid pace.

The application contexts of blockchain technology (BCT) are diverse and require
the integration of knowledge from a wide range of disciplines, including computer
science, economics, social sciences, and law (Shahid and Hahn, 2020; Janssen et al.,
2020). The multifaceted nature of BCT underscores the need for an understanding
that transcends the boundaries of individual academic disciplines, highlighting

its inherent complexities. Complex technologies such as BCT are fundamentally
interdisciplinary and encompass di erent elds of study. Interdisciplinary, in this
context, refers to the integration of concepts, theories, or methods from two or more
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distinct disciplines to create new knowledge or solve complex problems. An isolated
understanding of these technologies, con ned to the propositions of a single discipline,
may inadvertently impede their growth. Therefore, it is of utmost importance to
determine whether BCT research is truly interdisciplinary, to what extent, and
whether existing scienti ¢ work on BCT re ects this interdisciplinary nature.

Recognising that an isolated understanding of these technologies, con ned to the
parameters of a single discipline, may inadvertently impede their growth, assessing
the extent of interdisciplinarity in current BCT research and how this translates into
practical applications and shifts in traditional paradigms is imperative. BCT's rapid
evolution necessitates a comprehensive, interdisciplinary understanding, a theme
central to my rst essay. Here, | explore the breadth of interdisciplinarity in BCT
research, addressing a critical gap in understanding its multifaceted implications.
Concurrently, BCT challenges existing paradigms, particularly in reshaping the
legitimacy of new entrepreneurial ventures, a topic that my second essay delves
into. These essays o er a dual perspective on BCT, revealing not only its diverse
implications but also its role as an e ective catalyst for interdisciplinarity. The rst
essay maps the web of research across disciplines. The second essay then illuminates
how this network manifests itself in tangible consequences, challenging and reshaping
the legitimacy landscape for emerging entrepreneurial ventures.

In my rst essay (Essay 1), | conducted a comprehensive examination of 35,604
academic articles and provided a detailed overview of blockchain research in various
academic disciplinary elds. | used a novel approach that combines topic modelling
using Latent Dirichlet Allocation (LDA) with my proposed framework, which incor-
porates four di erent metrics. This allowed me to assess the interdisciplinary nature
of blockchain research in 109 academic disciplines, which were further categorised
into 15 broader discipline clusters for a more streamlined analysis. My approach
provides a comprehensive analysis of the nature and extent of interdisciplinarity of
BCT research, incorporating both qualitative and quantitative perspectives. This is

a unique contribution, as existing literature reviews often overlooked this aspect. It
is important to recognise that, while some topics are highly interdisciplinary, others
are narrowly con ned to speci c academic elds. My analysis of emerging topics
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from 2013 to 2022 indicates a positive trend towards greater interdisciplinarity. This
development suggests a gradual breakdown of disciplinary barriers and the promotion
of a more uni ed blockchain research landscape. The ndings of this study can be

a valuable resource for academic and non-academic stakeholders, especially those
interested in the overall development of technology and the eld.

In Essay 2, an analysis of 306 initial coin o erings (ICOs) explores how blockchain-
based funding options, like ICOs, disrupt traditional ideas of organisational legitimacy
in early-stage entrepreneurial ventures. This study discusses the concept of distinctive
entrepreneurial storytelling to highlight the increasing importance of organisational
identity management in the context of ICOs. The ndings suggest that unique
entrepreneurial stories can act as costly signals to resource-providing audiences,
improving the legitimacy of new entrepreneurial ventures. The online media also
plays a role in mediating the relationship between legitimacy and entrepreneurial
storytelling. This examination implies that traditional assumptions about the
conferment of legitimacy may have changed in the landscape of ICOs. Therefore,
new ICOs may struggle to attract investors unless they reevaluate the notions of
legitimacy. The study highlights the importance of distinctiveness in conveying
legitimacy and emphasises the signi cant role that online media play in in uencing
perceptions of legitimacy.

Overall, the use of two interconnected lenses the interdisciplinary nature of
blockchain within academic research and its impact on the legitimacy of new en-
trepreneurial ventures makes signi cant and unique theoretical and practical
contributions to both interdisciplinary research and cultural entrepreneurship.

To delve into the interdisciplinary aspect, the rst study introduces a novel frame-
work to map interdisciplinary blockchain research, uncovering hidden collaboration
opportunities and potential areas for future research previously overlooked by tradi-
tional methods. This framework serves as a valuable tool for researchers seeking
potential collaborators, funding agencies evaluating the merit of projects, and the
broader blockchain community to identify gaps and bottlenecks that may be hinder-
ing the technology's advancement. The innovative combination of topic modelling
(LDA) and robust statistical metrics o ers a methodological advancement applicable
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beyond blockchain research.

The second study makes a substantial contribution to cultural entrepreneurship
theory. It establishes a direct link between distinctiveness in entrepreneurial story-
telling and the perceived legitimacy of new ventures, highlighting the amplifying

role of online media and the moderating in uence of market category viability.

These ndings provide entrepreneurs with actionable insights to e ectively manage
their identity in today's competitive and media-saturated landscape. Moreover, the

study's insights into investor behaviour in the context of ICOs contribute to a deeper

understanding of how new ventures are evaluated in the digital age, with potential
implications for policy and regulation.
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Chapter 2

Which Block Are You From? An In-
terdisciplinary Review of Blockchain
Technology Research

2.1 Introduction

Blockchain technology (BCT) has generated various responses, from enthusiastic
support to sceptical criticism from academia, industry, and the general public. The
advocates of BCT praise its ability to facilitate economic transactions, as emphasised
by (Glaser, 2017). In contrast, critics question the practical utility of blockchain
implementations, expressing doubts about their e ciency and versatility in di erent
applications (Maurer et al., 2013).

The division between these perspectives in the eld of BCT is not just the result
of di ering opinions, but is rooted in the fragmentation of knowledge (Janssen
et al., 2020). This fragmentation is evident in the diverse knowledge base required
for the e ective development, deployment, and use of blockchain technology. For
instance, consider the development of decentralised nance (DeFi) applications
built on blockchain technology. This emerging eld requires interplay of computer
science to design secure smart contracts and scalable infrastructure, economics to
understand tokenomics and nancial impacts, law to navigate the evolving regulatory
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landscape, and social sciences to assess the societal implications of nancial inclusion
and access. This example highlights the multifaceted complexity of BCT and the
need for a comprehensive, interdisciplinary approach (Tapscott and Tapscott, 2016).
The rapid technological advances in the blockchain sector and its global implications
introduce additional complexity, including diverse international regulatory and
cultural contexts, as well as signi cant ethical considerations, particularly in the
areas of data security and user privacy. The transformative potential of blockchain
technology in sectors such as nance, supply chain, and logistics requires a forward-
looking and interdisciplinary approach. Addressing these diverse and evolving
challenges in the eld requires mapping knowledge and integrating it across multiple
disciplines. Collaboration and innovation are essential for the development of
ethically sound and practical solutions in this dynamic eld.

However, despite recognising the need for interdisciplinary expertise, a critical
guestion arises:Does the existing body of research on BCT adequately re ect inter-
disciplinarity, and more importantly, does it e ectively map the diverse knowledge
between disciplines?Addressing this question is the focus of this study, and it is pre-
cisely this gap that our study seeks to Il. Using a descriptive approach, we use topic
modelling and statistical analysis in innovative ways to decipher research patterns,
macrolevel themes, and temporal trends in BCT-related research publications in
various disciplines. The goal is not only to delineate BCT's interdisciplinary nature,
but also to systematically map the evolving themes and contributions from di erent
elds. This mapping is crucial to developing a comprehensive understanding of BCT,
as it reveals how disparate strands of research interconnect and contribute to our
overall understanding of the technology. The study's ndings aim to provide critical
insight into the following research questions.

RQ1: What is the current state of BCT research in various research disciplines?
RQ2: To what extent does the BCT research re ect interdisciplinarity?

We used Latent Dirichlet Allocation (LDA) and a statistical framework that uses
various metrics on 35,604 articles published between 2013 and 2022 to answer
these questions. This approach allowed us to paint a comprehensive picture of the
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interdisciplinary landscape of BCT research. Our analysis revealed that many topics
exhibited high interdisciplinarity, while others remained con ned to speci ¢ academic
disciplines. Furthermore, we observed a promising and healthy trend towards greater
interdisciplinarity from 2013 to 2022. This trend indicates a gradual dismantling
of disciplinary silos and a shift towards a more integrated and collaborative BCT
research landscape.

This study o ers several important implications for research and practice. First, it
improves the understanding of researchers and organisations about interdisciplinary
topics in BCT. Such a broadened knowledge base is vital for continuous technological
progress. It also elucidates the intricate nature of BCT, highlighting the need for
interdisciplinary collaboration in speci c research areas for unimpeded advancement.
Second, this study introduces a novel approach to conducting and interpreting
research from the perspective of interdisciplinarity. This methodology could serve as
a template for exploring the interdisciplinarity of research discourse related to other
complex technologies, potentially in uencing future research directions. Finally,
the results of this investigation are valuable for academia and practice, particularly
those engaged in the interdisciplinary eld of BCT research and development and
its applications. Our ndings underscore the importance of interdisciplinary collabo-
ration to unlock the full potential of complex technologies such as BCT, paving the
way for future developments in this rapidly evolving eld.

The remainder of this chapter is organised as follows: Section 2.2 introduces the
theoretical framework, reviews the existing literature, and outlines the research
gaps. Section 2.3 describes the research approach and data collection methods.
Section 2.4 presents an analysis of research trends and discusses the key ndings.
Finally, Section 2.5 highlights contributions and identi es opportunities for future
research.
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2.2 Theoretical Background

The emergence of blockchain technology (BCT) as the foundation for many cryp-
tocurrencies marks a new era of disruptive technological innovation, as it appears
to integrate in a wide range of use cases for a wide range of industry sectors (Benz
et al., 2022). Many entrepreneurial organisations are exploring its potential, and
its proponents argue that its revolutionary features, including decentralisation,
transparency, immutability, security, e ciency, and speed, o er advantages over
traditional systems (e.g., Xu et al., 2019; Kumar Bhardwaj et al., 2021; Chaturvedi
and Kumaran, 2019). However, critics contend that the technology is susceptible to
scalability issues (Khan et al., 2021), environmental impacts (Islam et al., 2022),
regulatory challenges (Yeoh, 2017), lack of user knowledge and understanding (Xu
et al., 2020), and potential misuse (Boucher et al., 2017; Kuperberg, 2020). Given
this landscape, in which the revolutionary potential of BCT is both celebrated and
criticised, a nuanced interdisciplinary approach is not only bene cial, but essential.
Such an approach can harmonise these di erent perspectives and provide a more
balanced and comprehensive understanding of BCT. This is critical to address
the concerns of its critics while capitalising on the opportunities identi ed by its
proponents to ultimately promote broader utility and societal acceptance of the
technology.

Building on the identi ed need for a nuanced, interdisciplinary perspective, our
research seeks to operationalise this approach through the mapping and synthesis of
knowledge from various areas of study relevant to BCT. This integrative approach can
bridge the gaps between di erent viewpoints and reconcile con icting perspectives,
promoting an enlightened understanding of technology.

Extending our pursuit of an integrative approach to BCT, we evaluated three di erent
research approaches: multidisciplinary, transdisciplinary, and interdisciplinary. In

a multidisciplinary approach, BCT is explored from various academic lenses, yet
these theoretical perspectives still need to be more connected (Repko and Rick, 2020,
p.75). In contrast, a transdisciplinary approach transcends disciplinary barriers,
incorporating insights from academic and non-academic entities, such as industry
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professionals (Repko and Rick, 2020, p.75). This study adopts an interdisciplinary
approach that aims not only to map insights from various academic disciplines but
also to synthesise them. This synthesis is highly relevant to our research because it
focuses on multiple disciplines, allowing for a comprehensive exploration that aligns
seamlessly with our research objectives.

Building on our interdisciplinary approach to BCT, it becomes imperative to reassess
traditional analytical methodologies, such as citation and collaboration analysis,
when applied to such complex contexts (Bergstrom et al., 2008). Limitations of
existing citation practices include citation biases, negative citations, ine ciency in
capturing inherent complexity, and inadequate citation granularity (Worrall and
Cohn, 2023; MacRoberts and MacRoberts, 1989). These factors can potentially
obscure the interdisciplinarity and dynamism of a eld and lead to distorted or biased
understanding. Given the breadth of this review, it is necessary to employ more
advanced and comprehensive methodologies. Advanced methodologies such as topic
modelling (Blei et al., 2003) combined with appropriate statistical summarisation
indicators (e.g., Steele et al., 2022) have the potential to be valuable in this context.
The use of advanced methodologies can provide a fresh and nuanced understanding
of the interdisciplinarity of the literature, facilitating a holistic investigation of the
research literature on BCT. The use of these techniques, along with the associated
methodological considerations and identi ed gaps, will be further discussed in
subsection 2.2.3.

2.2.1 Interdisciplinary Dynamics in Blockchain Research

Blockchain technology, a complex and innovative fusion of diverse disciplines, from
cryptography to distributed systems, is a prime example of a crossover technology
(National Academy Of Sciences, 2009) with transformative potential in numerous sec-
tors. Current research e orts often focus narrowly on speci ¢ disciplines, overlooking
the vast potential at the intersection of these elds.

The crossover nature pertains to its ability to emerge from the convergence of multiple
disciplines (National Academy Of Sciences, 2009), allowing it to be applied and to
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in uence various industries, domains, or disciplines signi cantly. BCT is a crossover
technology as it emerges from the combination of diverse elds, such as cryptography
from mathematics, distributed systems from computer science and engineering,
incentive structures and mechanisms from economics, and legal frameworks from law.
This interdisciplinary blend parallels the development of the World Wide Web ,
which combined computers, communication, and software technologies (National
Academy Of Sciences, 2009). BCT applications are as diverse as its foundations,
ranging from nance with cryptocurrencies such as Bitcoin and Ethereum (Khan
et al., 2021), to healthcare for securing patient records and medication tracking
(Holbl et al., 2018; Chukwu and Garg, 2020), to supply chain management for greater
transparency and e ciency (Calzadilla and Villa, 2017; Wang et al., 2019; Dutta

et al., 2020), and to digital governance systems exempli ed by Estonia's adoption
for electronic government services (Tapscott and Tapscott, 2016).

The di erences in technological readiness across research disciplines serves as a
di erentiator to in uence BCT's adoption and research. Research disciplines such

as computer science and nance are naturally aligned with digital innovations, tend

to have a more advanced state of blockchain research compared to disciplines such
as social and traditional sciences, that may not prioritise technologies to the same
extent. This di erence highlights how BCT's integration depends on each eld's
familiarity with digital tools and innovations.

Furthermore, each research discipline has unique research objectives and method-
ologies that shape its approach to blockchain technology. For instance, in nance,
blockchain is often explored for its potential to revolutionise transactions and asset
management, while in healthcare, the focus might be on secure data sharing and
patient privacy. These divergent goals demonstrate the di erent research trajectories
and levels of interdisciplinary collaboration driven by BCT.

BCT serves as a good tool for interdisciplinary research because its disruptive nature
challenges established paradigms, creating fertile ground for diverse perspectives
to converge. The shared technical foundation and socio-technical complexity of
BCT systems necessitate collaboration across disciplines. Moreover, the open-source
nature of many projects and dedicated funding mechanisms further incentivise
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interdisciplinary research.

Despite its multidisciplinary foundation and transformative potential (Casino et al.,
2019; Shen and Pena-Mora, 2018; Yin and Ran, 2021), current research e orts in BCT
still seem to focus narrowly on topics bounded by speci ¢ disciplines (Shen and Pena-
Mora, 2018; Lach, 2014; Lynn et al., 2018; Bammer, 2012; Kher et al., 2020; Risius and
Spohrer, 2017), indicating a fragmented exploration (Wastl and Fane, 2024; Balietti
et al., 2015) of the wide-ranging capabilities of BCT. This fragmentation may be due
to several factors. First, the novelty of blockchain technology led early studies to
focus on domain-speci ¢ inquiries (Liu et al., 2019). Second, its foundational aspects
require specialised analysis (Zaghloul et al., 2020). Third, the initial traction for
blockchain was its application in creating cryptocurrencies, such as Bitcoin (Jabbar
and Dani, 2020). Therefore, the immediate academic interest revolved around its
potential and challenges in the nancial sector through the lens of nancial and
monetary economics. Finally, educational structures (e.g., universities) organised
around established disciplines can also pose challenges due to institutional barriers
(Glied and Bakken, 2007; Larson et al., 2011), funding structures (Bromham et al.,
2016), or peer-review processes (McLeish and Strang, 2016), which are often narrowly
con ned to speci c disciplines. Deeply ingrained disciplinary silos, technical jargon,
and the hype surrounding BCT can hinder e ective collaboration. Researchers from
di erent elds may struggle to nd common ground and communicate e ectively
due to these barriers.

The inherent characteristics of BCT as a crossover technology necessitate the adoption
of a comprehensive and interdisciplinary approach. Researchers should analyse
the implications of blockchain in various sectors and explore how its applications
and impacts intersect and interact in di erent domains. By overcoming these
disciplinary boundaries, researchers can tap into broader knowledge, perspectives,
and methodologies, potentially leading to groundbreaking discoveries, more e ective
and holistic policies, and more robust collaborative ventures.

Disciplinary silos' in research not only limit its potential, but also introduce a

1Disciplinary silos is de ned as the separation of individuals or groups within a specic eld
or discipline caused by organisational structures, limited communication, or systemic obstacles
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multitude of problems. First, the evolving nature of research themes increases the
risk of overlooking or disregarding valuable knowledge (De Domenico et al., 2016).
Second, disciplinary silos can result in redundancy because researchers in di erent
elds may not know about the same challenges or duplicate their e orts (Legendre
et al., 2017), further exacerbating the problem of overlooking new knowledge while
focusing on already explored areas (Hofer and Pintrich, 1997). Conducting research
in isolated domains hinders innovation and prevents potential breakthroughs that
could result from collaborative and interdisciplinary approaches (Kreitzer and Saper,
2015). This narrow focus also creates barriers to the broader adoption of blockchain
solutions, as it restricts the perspective to speci ¢ applications instead of recognising
the full potential of the technology. Third, disciplinary silos complicate the crafting

of informed decisions from a policy point of view (Smith, 2013). Policymakers may
introduce oversight or misjudgements if they lack a comprehensive and holistic
understanding of the capabilities and implications of a technology (Talukder and
Kuzma, 2008; Dignam, 2020; Marchant, 2011). Furthermore, a narrow perspective
inhibits interdisciplinary collaboration, restricting the range of insights and innovative
points of view. Fourth, emerging interdisciplinary themes that could drive innovation
may face signi cant challenges, particularly in acquiring the required resources. This
challenge can arise due to the prevailing disciplinary perspective, which often
prioritises traditional or mainstream research themes. Consequently, these main
topics can overshadow important interdisciplinary topics, even if the latter have
transformative potential, as resources may be skewed toward more established
research areas focusing on disciplines (e.g., Gray, 2008; Obradovi¢, 2019). Finally,
the segmented approach presents signi cant challenges to garner support for large-
scale projects. As perceptions remain limited to speci ¢ domains, bringing together
diverse stakeholders, including researchers, investors, and industry leaders, can be
challenging.

Given the challenges posed by disciplinary silos in the eld of BCT research, the pri-
mary objective of this review of the literature is to systematically analyse, synthesise,
and map the existing body of blockchain research in diverse disciplines. This review

(Jacobs, 2015, p.18). This state of isolation can impede interdisciplinary collaboration, restrict
innovation, and limit knowledge and resource sharing.
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aims to bridge these gaps and identify intersections between di erent areas of study,
with the ultimate goal of promoting a more cohesive and integrated understanding
of the transformative potential of BCT.

2.2.2 Limitations of Past Literature Reviews on BCT

Several reviews of the literature on BCT have been conducted, each with a di erent
focus and approach, but many do not capture the complexity and interdisciplinary
nature of BCT, which we attribute to disciplinary focus and methodological limita-
tions to conduct an interdisciplinary review of past research. For example, there exist
biases, quantity over quality, in citation-based and collaboration-based analysis that
demand a new approach like topic modelling for a holistic and objective analysis.

Yli-Huumo et al. (2016) undertook a systematic review of 41 peer-reviewed articles
on blockchain technology, focusing primarily on technical issues related to Bitcoin.
Although the review o ers valuable technical insights, it fails to explore the inter-
disciplinary connections between blockchain and formal research disciplines such
as computer science. This narrow focus overlooks the rich interplay between the
technical, social, and economic domains, a de ciency that our research, through the
use of Latent Dirichlet Allocation (LDA), seeks to address by uncovering hidden
thematic structures.

Risius and Spohrer (2017) analysed 69 non-technical articles on blockchain, focusing
on its application, development, usage and impact. Although its analysis presents a
broader perspective on BCT compared to Yli-Huumo et al. (2016), it does so mainly
from the point of view of computer experts who interpret nontechnical domains.
This method undermines the linkages to technical domains of practice and carries
a strong bias, failing to capture the multifaceted aspects of the blockchain. Our
research aims to overcome this limitation by including a variety of articles from
di erent elds.

Hawlitschek et al. (2018) and Holub and Johnson (2018) conducted literature studies
focusing on business, the sharing economy, and academic research on Bitcoin. Their
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analysis, while insightful, su ers from limitations, such as overlooking complex
interdependencies and relying on preprinted manuscripts. These constraints hinder
a comprehensive understanding of blockchain's complexities and restrict the analysis
from a siloed perspective. Our research, through the use of advanced techniques such
as LDA, aims to provide a more nuanced and interconnected view of the blockchain.

In addition, Dutta et al. (2020) analysed 178 articles on blockchain technology in
supply chain operations, but did not have an in-depth examination of the technical
features and interdisciplinary dynamics. The application of diversity indices in our
research, such as the Her ndahl-Hirschman Index (HHI), aims to provide a more
robust and innovative understanding of blockchain across di erent sectors.

Most existing studies rely on manual literature search strategies, which are resource
intensive and time consuming. In contrast, our research leverages the computationally
intensive technique of topic modelling, a method that facilitates interpretation and
decreases the need for subject-matter experts. Coupled with LDA and appropriate
statistical summarisation techniques (e.g., HHI), our approach o ers a deeper
understanding of the interdisciplinary nature of blockchains, e ciently exploring
their complex facets, and enhancing our ability to interpret this rapidly evolving
eld by analysing 35,604 research articles on BCT.

2.2.3 Overcoming Analytical Limitations with Topic Mod-
elling

Several factors limit the analytical methods used in the current research. Two main
methods in existing research are citation-based and collaboration-based analyses.
Citation-based analyses have limitations such as citation biases (e.g., Okamura,
2019), misrepresentation of in uence or Matthew e ect (Shema, 2013), and negative
citations (Worrall and Cohn, 2023). On the other hand, collaboration-based analyses
have limitations, such as overemphasis on quantity rather than quality (Vieira,
2023), inadequate capture of interdisciplinarity (Maz-Machado and Jiménez-Fanjul,
2018), and potential data fragmentation (Ding, 2011). Both methods can also have
a narrow scope and limited exploration of emerging trends (Hicks, 1987; Worrall and
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Cohn, 2023). Therefore, there is an evident need for literature review approaches
that transcend these limitations. Consequently, our study uses topic modelling
using LDA, which o ers a probabilistic and systematic framework to identify hidden
thematic structures within extensive text datasets. Unlike traditional methods, LDA
operates without relying on predetermined categories, facilitating a more objective
and scalable literature analysis. The following sections will provide a detailed critique
of the limitations of current analytical approaches and justify the adoption of topic
modelling in our study.

2.2.3.1 Citation-based Analyses

Citation-based analysis involves a variety of analytical methods that focus on the
examination of citations of scholarly publications (Osareh, 1996). These methods
provide insight into the in uence, interconnections, development, and evolution of a
particular eld (Maz-Machado and Jiménez-Fanjul, 2018). This category includes
various methods such as citation (Golosovsky, 2019), cocitation analysis (Eom, 2010;
Surwase et al., 2011), and bibliographic coupling (Weinberg, 1974).

Citation and cocitation analyses evaluate the impact and interconnectedness of
academic publications (Goodwin and Gar eld, 1980) by their citation frequency,
identifying in uential works and authors (Zhu et al., 2015), detect research trends
(Shahid and Hahn, 2020), and reveal emerging research areas (Culnan, 1986; Shahid
and Hahn, 2020). It also assesses the societal in uences on research practices,
promoting knowledge propagation and interdisciplinary connections.

Cocitation analysis examines the relationship between publications based on shared
citations (Gonzélez-Teruel et al., 2015). This technique maps the intellectual struc-
ture of a eld (Culnan, 1986), uncovers themes and trends, and illuminates indirect
connections between ideas, thereby proving particularly useful in understanding
complex subjects with non-obvious relationships (Gonzéalez-Teruel et al., 2015; Hou
et al., 2018). Finally, bibliographic coupling examines the similarity between ref-
erence lists of multiple publications (Most et al., 2018). The analysis of shared
references determines the strength of connections based on standard intellectual
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foundations. This analysis can reveal collaborative opportunities, uncover research
directions, and provide an additional layer of understanding, thus enhancing the
insights gained from citation and cocitation analysis.

However, citation-based analysis techniques have limitations, such as citation biases,
negative citations, and the inability to distinguish between pivotal and tangential
references. It becomes challenging as each citation is equally weighted, obscuring
the discernment of their varying contributions to intellectual content. For example,
citation bias in blockchain research can lead to a limited and skewed representation
of the literature (Bornmann and Daniel, 2008), which often focuses on specic
technical aspects and neglects intricate connections and interdisciplinary insights
(e.g., Yu and Pan, 2021). This bias can hinder the exploration of emerging trends and
constrain the comprehensiveness of the research, especially when there are skewed
distributions in the number of papers on a topic across disciplines. However, LDA
o ers a method to Il this gap. By applying LDA, researchers can uncover hidden
thematic structures within blockchain literature and identify topics representing

di erent facets of the technology. Unlike citation-based analysis, which may overlook
less-cited or non-cited sources, LDA considers the entire text corpus, ensuring a
more balanced representation, allowing the detection of nuanced relationships and
emergent properties that characterise blockchain's complexity.

Additionally, LDA's ability to group related terms into coherent topics can facilitate

the integration of interdisciplinary insights, thereby capturing the multifaceted
nature of blockchain without the constraints of citation bias. Thus, by applying
LDA, we can access a more comprehensive and diverse array of themes within the
blockchain literature. This approach allows for the identi cation of under-represented
and emerging topics that contribute to a more nuanced exploration of the eld.
While LDA does not directly interpret the complexity of blockchain technology, it
aids in constructing a more informed and thorough analysis, thereby supporting a
more comprehensive and multi-dimensional view of the literature.

Negative citations, which indicate limitations, inconsistencies, or aws in previous
work, can misrepresent in uence, leading to a distorted view of a eld. The mis-
representation of in uence is particularly critical for understanding BCT, where
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divergent perspectives and critiques are vital in its continuous development and
re nement. The limitations of negative citations include potential bias, as they can
be in uenced by personal biases or agendas, leading to unfair criticism or overlooking
the essential aspects of previous work. Negative citations may not fully represent the
literature as they may only focus on speci c limitations or aws in previous works.
This limited representation can hinder a nuanced understanding of blockchain's
complexity, as it may emphasise particular critiques while neglecting the broader
context and interconnectedness of technology. Recognising the limitations of negative
citations is essential to ensure a balanced and thorough examination of the subject,
encompassing its strengths and improvement areas.

In conclusion, while citation-based analysis o ers valuable insights into a eld's

in uence and development, its limitations, such as citation biases, misinterpretations
of negative citations, and the uniform weight of citations, can obscure the complete
picture. Advanced techniques such as LDA present a promising alternative by
revealing hidden thematic structures within the literature, considering all sources, and
enabling nuanced exploration of interdisciplinary dynamics. Using LDA, researchers
can develop a more comprehensive understanding of complex elds such as blockchain
technology, promoting broader collaboration and deeper insights into its evolving
landscape.

2.2.3.2 Collaboration-based Analyses

Collaboration-based analysis involves authorship and journal analysis that examines
collaboration patterns among researchers, institutions, or countries (e.g., Gazni
et al.,, 2012; Cheng et al., 2013). Although these methods provide insight into
research collaboration patterns and their in uence on productivity, they also present
signi cant restrictions, especially when applied in the context of BCT.

The authorship analysis examines the publication trends of individual authors
and evaluates their productivity and collaboration patterns within a speci c eld.

However, its emphasis on co-authorship may overlook the intricate network of
relationships between various disciplines and real-world applications that de ne the
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blockchain. Moreover, discrepancies in author names and irregularities in handling
multiple authorships can cause data fragmentation, concealing vital connections, and
hindering the ability to capture blockchain's interdisciplinary essence accurately. On
the other hand, journal analysis that evaluates scholarly journals based on metrics
such as citation counts, impact factors, and the h-index can help understand in uence
and reputation. This focus on traditional metrics and prestigious publication venues
may inadvertently lead to overemphasising well-established ideas and institutions,
potentially overshadowing less recognised, equally important contributions. Such a
bias could constrain a thorough and nuanced exploration of blockchain research's
complex and interdisciplinary nature.

Moreover, collaboration-based analysis emphasis on co-authorship patterns may
neglect the intricate interactions between diverse disciplines that shape BCT. LDA
has the potential to overcome these limitations by uncovering hidden thematic
structures within the literature. Unlike collaboration-based analysis, which may
overlook nuanced connections, LDA can expose underlying themes and trends
and highlight indirect or subtle relationships between ideas or schools of thought.
This approach o ers a more comprehensive understanding of the complexity of
blockchain, including the interaction between technology, governance, security,
economics, and other dimensions. Additionally, the HHI provides a quantitative
measure of diversity within a eld, which can uncover shifts in focus and the
convergence of interdisciplinary e orts. The application of HHI serves as a tool for
identifying changes in collaboration and diversi cation over time, as a decrease in
HHI could indicate increased diversi cation and collaboration between disparate
domains, while an increase in HHI could reveal consolidation or narrowing of focus
within speci ¢ areas.

LDA provides a more nuanced approach to understanding thematic diversity and
interdisciplinarity of BCT research. Meanwhile, statistical metrics such as HHI
complement this analysis by quantifying the concentration or diversity of research
contributions and collaborations in the eld. Although HHI does not directly
unravel the complexity of blockchain technology, it o ers valuable metrics for
understanding the evolving landscape of research activity, indicating trends toward

18



CHAPTER 2. WHICH BLOCK ARE YOU FROM? AN INTERDISCIPLINARY
REVIEW OF BLOCKCHAIN TECHNOLOGY RESEARCH

diversi cation or consolidation in blockchain scholarship. Therefore, LDA and HHI
provide a multifaceted view of blockchain research, combining thematic depth with
guantitative analysis of research patterns.

2.3 Research Methodology

This study uses Latent Dirichlet Allocation (LDA) (Blei et al., 2003), a probabilistic
topic modelling technique, and four analytical metrics to identify themes or research
topics in our corpus. We propose the IDEA framework to map and evaluate the
interdisciplinary nature of BCT research. The following subsections provide a
detailed explanation of data collection and our methodology.

2.3.1 Data Collection

The literature dataset was created by combining articles from six well-known aca-
demic databases, including IEEE Xplore, JSTOR, PubMed, ScienceDirect, Scopus,
and Web of Science. A search was conducted using the keyword blockchain.
The decision to use the term blockchain or its variations as block chain or
block-chain can be attributed to two main factors. First, our research is aimed
to understand blockchain as a whole rather than a niche technology for a specic
domain (e.g., Vacca et al., 2021), so researchers are highly likely to use the keyword
blockchain or its combinations in their articles, to represent BCT as the underlying
technology. Second, the use of search keywords such as bitcoin, smart contract,
or digital ledger technology may introduce noise into the dataset due to their
broader or sometimes overlapping meanings. Our approach aligns with several
in uential review papers that also utilised blockchain as their primary keyword

for identifying relevant publications. For example, Casino et al. (2019) employed
a similar approach, demonstrating its e ectiveness in capturing the core body of
blockchain research.

To further validate the robustness of our keyword blockchain, we conducted
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a sensitivity analysis, incorporating additional keywords ( cryptocurrency , dis-
tributed ledger technology etc.). The analysis revealed that the overall patterns
and trends remained consistent, suggesting that the choice of a single keyword did
not signi cantly bias our results.

Our database search found 109,369 publications from 01 January 2013 to 31 De-
cember 2022. After excluding 73,765 publications that met speci c criteria (such as
duplication, absence of an abstract, non-English text, publication outside the speci-
ed range, and entries from sources other than conferences or journal publications),
a nal dataset of 35,604 entries was retained for further analysis.

The main variables in the nal dataset are listed in Table 2.1. Additional information,
such as the Research Discipline and the Discipline Cluster (see Appendix A), was
added to the nal dataset using text classi cation and hierarchical clustering tech-
niques. This process resulted in all publications distributed in 109 research disciplines
that were further grouped into 15 high-level discipline clusters for analysts.

A new dataset instance, called the corpus, was created speci cally for text process-
ing. The corpus consists of the abstract and title of the publication. Each abstract
was combined with its corresponding title to provide context (see Table 2.2 for an
illustration) for the content. Each row in the corpus represents a document.

Table 2.1: Main variables

Category Variables

Publication Year, Title, Abstract, Author, Research Discipline ! Discipline Cluster?

1 Because our corpus consists of six major databases, of which Scopus and Web of Science are
the largest, each document is assigned a research discipline at the source. Each document also
contains keywords that represent the assigned discipline. We used these keywords to create a
dictionary using a two-fold strategy: clustering and classi cation. First, we trained a classi er
using a keyword dictionary which yielded an F score of 92%, demonstrating the precision
of successful classi cation. Second, we use our classi er to determine the discipline of each
publication on IEEE Xplore, JSTOR, PubMed, and ScienceDirect.

2 The discipline clusters were determined using hierarchical clustering.

Figure 2.1 illustrates the overall distribution of 35,604 documents from 2013 to 2022.

2We used these 15 discipline clusters for analysis and refer to them interchangeably as discipline
or discipline clusters throughout this study.
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Table 2.2: Illustration of a document's metadata for text processing

Title Abstract Concatenated Title
and Abstract
Document This is the title of This is the abstract This is the title of the
the publication. of the publication. publication: This is the
abstract of the
publication.

Figure 2.1: Distribution of research publications from 2013 to 2022
2.3.2 Methodology

The research methodology used in this study consists of two main components, as
shown in Figure 2.2 and Figure 2.3. First, we extracted LDA topics from the corpus.
Second, we analysed the extracted LDA topics using four analysis metrics.

Figure 2.2 shows overview of the research model. It has three main components:
text, topic models, and measures. First, the text was prepared by including the
abstract and title of the publication. Second, topic models were generated using
LDA. Third, analysis metrics were applied to topic models to draw inferences. The
analysis metrics also form the basis of our innovative IDEA framework. Figure 2.3
illustrates a three-stage process model that describes the sequential steps used to
determine LDA topics and enrich the corpus data.
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Figure 2.2: Overview of research method

2.3.2.1 Dataset Structure and LDA Output Variables

The dataset used in our study consists of 17 attributes (refer to Figure A.1), including
document number, year, title, abstract, text, discipline, discipline cluster, authors,
topic contributions, and dominant topics. The text in the abstract column was
converted into stem words in the Text column. The year and author columns

in this study were obtained from the original data in the databases. In addition,
research disciplines were assigned to each document in the Scopus and Web of Science
databases. To assign a research discipline to IEEE Xplore, JSTOR, PubMed, and
ScienceDirect documents, we used a two-step approach. First, we created a dictionary
of keywords from documents in the Scopus and Web of Science databases, and
trained a classi er, that yielded aF scoreof 92%. This outcome provides evidence
of reliable classi cation. Second, we used the classi er to interpret the research
disciplines of documents in IEEE Xplore, JSTOR, PubMed, and ScienceDirect
databases. We then used hierarchical clustering (see Figure A.2) to categorise
disciplines into higher-level discipline clusters.

The LDA algorithm analyses the composition of each document to determine the
contributions of di erent topics and identify the dominant topic. It represents
each topic as a distribution of words. The iterative process used in this study
calculates the distribution of document-topic () and topic-word ( ) by observing
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Figure 2.3: A process model for determining topic models and supplementing the
dataset with new data

Notes: The gure illustrates a three-stage model for generating LDA topics and incorporating
additional data.
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speci c words. The dominant topic (T = arg max k) was determined, where
represents potential topics. In this context, 4.« represents the proportion of topick
in documentd, and arg max, denotes the argument that maximises the function.
The predominant subject in documentd is denoted byk, representing the highest
proportion .

2.3.2.2 The IDEA Framework for Assessment of the Research Landscape

To analyse the research landscape of BCT, we propose and use the IDEA framework
described in Table 2.3. The acronym IDEA stands for Integrated Dynamics,
Evolution, and Analysis. It encompasses ten aspects examined using four analysis
categories: longitudinal, network, ecological, and concentration. The aspects we aim
to investigate in our research represent the overarching dimensions. The analysis
categories were chosen based on their proven e ectiveness in literature reviews and
their direct relevance to the research questions of our study. We categorised all aspects
into four broader categories: temporal and evolutionary analysis, interdisciplinary
dynamics, research complexity and behaviour, and research focus and concentration.
These more general categories o er a distinct perspective on BCT research.

The analysis category and subcategory specify the general type of analysis and the
speci ¢ techniques used to explore each aspect, providing the methodological context
for our study. The sub-question column serves as a practical guide, breaking down
our main research questions into speci ¢, measurable queries. These subquestions
guided our data analysis and provided a framework for discussing the interdisciplinary
nature of blockchain. The implications for academic inquiry column provides a
broader understanding of the academic signi cance of each aspect explored, placing
our research ndings within the larger academic discourse.

Building upon the foundational elements described in our methodology, we discuss
each aspect in detail in the following subsections.

2.3.2.2.1 Temporal and Evolutionary Analysis: This broad category has
two aspects: Research Focus Evolution and Dynamic Research Interests.
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Research Focus Evolution:  This aspect is intended to provide a temporal
perspective on the landscape of blockchain research, using longitudinal analysis, a
method particularly popular in the social sciences to track changes over time (Elder
et al., 2003). In our study, this aspect examined how dominant research topics have
evolved.

The rationale behind using longitudinal analysis lies in its ability to capture temporal
dynamics, which is crucial to understanding the evolution of blockchain research.
This method can reveal whether speci c research topics have remained stable,
demonstrating a sustained focus, or if new topics have emerged, indicating changes

in research priorities.

Therefore, Research Focus Evolution is a crucial aspect of our framework, providing
a time-critical lens to understand the dynamics and assess the evolution of the
interdisciplinarity of blockchain research.

We calculated Research Focus Evolution using three measures, Frequency Count
fy, Yearly Growth Rate g.,, and Proportional Representationp..,. The Frequency
Count f,, tracks the prevalence of each dominant topic per year, the Yearly Growth
Rate g., measures the rate of change in the prevalence of the topic from one year to
the next, providing information on emerging or declining topics, and the Proportional
Representationp., o0 ers a perspective on the relative importance of each topic

within a given year.

Mathematically,

fty = Number of occurrences of dominant topit in yeary (2.1)

where, f, is the frequency count of a dominant topic in a yeay.

gt'y = ft;y+1 ft;y (22)
' fry

where, gy represents the growth rate of the dominant topid¢ from yeary toy + 1.
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pl (2.3)
tOftO;y

Pey

where, p.y calculates the proportion of dominant topict in year y, with t°covering
all topics in that year.

Dynamic Research Interests:  This aspect uses longitudinal analysis, particularly
Time-Series analysis to shed light on evolving patterns in BCT research. Time
series can serve as a valuable tool for tracking the history of variables over di erent
periods. In the context of our research, a time series can help to understand the
rate at which certain topics gain or lose academic attention.

In contrast to Research Focus Evolution which uses dominant topics, Dynamic
Research Interests uses topic contributions in each paper to determine the gain or
loss of momentum. With this approach, we can uncover more than just current hot
topics; it can also show historical changes in topic popularity. We tend to distinguish
between whether topics are gaining new signi cance and whether foundational topics
are losing importance. This understanding can guide future research by highlighting
research areas that are ripe or may have reached saturation points.

Our dataset consists of columns for each topic's percentage contribution to a docu-
ment for di erent years. We denote these byl opiclp erccontrib to T opic8p erccontrib,
respectively, and by a year columry .

For each given yealy in Y, we calculated the average contribution of each topi€;
in all records for that year. The formula for the average contribution of topid; in
yeary is:
P

jnil Ti;j

y

Average Contribution of T; in yeary = (2.4)

where, T;; is the contribution of topic T; in the j ™ record (document or row) of year
y, and ny is the number of records in the dataset for yeay.

27



CHAPTER 2. WHICH BLOCK ARE YOU FROM? AN INTERDISCIPLINARY
REVIEW OF BLOCKCHAIN TECHNOLOGY RESEARCH

2.3.2.2.2 Interdisciplinary Dynamics: This broad category has three aspects:
Synergistic Knowledge Areas, Academic Convergence/Divergence, and Thematic

Overlaps.

Synergistic Knowledge Areas:  This aspect examines the interconnections be-
tween topics or keywords. Using Network Analysis, a method commonly used in
bibliometric studies to map relationships between di erent nodes (Newman, 2004),
our objective was to determine whether blockchain research is compartmentalised
within speci c research areas or whether there is cross-pollination of ideas between
research themes. We determined synergistic knowledge areas at two di erent levels:
within topic keywords, and between topic keywords.

To determine the synergy within and between topic keywords, we used association
analysis (co-occurrence), which refers to the frequency with which two keywords
are associated in research articles. Such co-occurrence of keywords can serve as an
indicator of interdisciplinary synergy. For example, a keyword pair network and
data, having a co-occurrence scale ranging between 0 (low) and 1(high), a value
close to 1, will indicate a high co-occurrence compared to a keyword pair network
and medical with a co-occurrence value close to O.

Academic Convergence/Divergence: In contrast to Synergistic Knowledge
Areas, which uses the co-occurrence of keywords to examine synergy, Academic
Convergence/Divergence examines whether topics are limited to particular dis-
ciplines by using Richness and Evenness. Richness refers to the diversity of
disciplines that contribute to each dominant topic and serves as an indicator of
academic convergence. Therefore, a high value of richness means that a topic is
not con ned to a speci c discipline. Evenness, as measured by Pielou's Evenness
Index, indicates the distribution of research contributions across di erent disciplines
within each dominant topic. The concept of Evenness is based on its ability to
quantify consistency in the distribution of contributions across various disciplines.
High evenness values indicate a balanced and equitable contribution from various
disciplines, suggesting harmonious integration and academic convergence. Lower
values of Evenness indicate a skewed distribution where one or a few disciplines
dominate, suggesting academic divergence. This measure provides insight into
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whether a topic's interdisciplinary nature is collaborative or dominated by speci c
elds.

We calculated Richness as the count of the number of di erent disciplines con-
tributing to each dominant topic. This measure is a preliminary indicator of
interdisciplinary involvement, suggesting that a higher count indicates broader
academic interest across various elds. Mathematically:

Richness (Topici) = Count of Unique Discipline contributing to Topici (2.5)

We used Pielou's Evenness Index to calculate Evenness:

Shannon Diversity Index (Topici)
In(Richness (Topici))

Evenness (Topid) = (2.6)

where, the Shannon Diversity Index is calculated as:

X
Shannon Diversity Index (Topici) = P In(p; )
j=1
The value p; shows the proportion of publications from Discipling contributing to
Topic i, and n is the number of unique disciplines contributing to Topid.

In existing research, Richness and Evenness have been used by Porter and Rafols
(2009), who have demonstrated its usefulness in interdisciplinary studies. They
showed that this metric can indicate whether a research discipline has a high degree
of academic convergence, where many di erent disciplines contribute to common
topics, or whether there is academic divergence, where each discipline focuses on a
narrow set of topics. Therefore, this metric is useful for understanding the level of

academic integration or compartmentalisation.

Thematic Overlaps: This aspect highlights the interdisciplinary nature of BCT
research by identifying how dominant topics are shared across di erent disciplines.
We used this aspect to understand the extent to which certain topics were common
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in di erent research disciplines. We were able to quantify and visualise the extent
to which di erent dominant topics were prevalent across disciplines. Our approach
draws inspiration from Rafols and Meyer (2010), who used overlap analysis to identify
common themes that unify disciplines. We intend to identify these unifying themes
in the BCT research landscape, thereby shedding light on the eld's intellectual

realm and providing valuable insights for disparate audiences.

The three aspects of Interdisciplinary Dynamics may seem similar at rst glance
but may serve a di erent purpose. To further elaborate on the di erences between
the three, we o er the following explanation for the example illustrated in Figure 2.4.

Figure 2.4: Venn diagram illustrating the interdisciplinary nature of BCT research
topics across Computer Science, Law, and Economics.

Notes: The Venn diagram represents the distribution of blockchain topics in Computer Science ,
Law, and Economics. The colour of the topic circles within the disciplinary circles represents

a liation with the discipline. The solid coloured arrows represent strong a liation within the
topics, and the dotted arrows represent the co-occurrence of topics between disciplines. The topic
area at the interface of disciplinary circles represents a common topic across all disciplines.

Suppose that we have three research disciplines: Computer Science, Economics, and
Law, and three research topics: Blockchain Security, Cryptocurrency Regulation,
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and Smart Contracts.

In the synergistic knowledge areas aspect, research papers that discuss Blockchain
Security may also discuss Smart Contracts , within the discipline of Computer Sci-
ence. This indicates synergy between these two topics, showing that understanding
one topic could be bene cial to understanding the other topic.

In the academic convergence and divergence aspect, Distributed Systems is dis-
cussed in the Computer Science discipline, Cryptocurrency Regulation is dis-
cussed in the Law discipline, and Smart Contracts is discussed in the three
research disciplines. In this setting, Smart Contracts are a converging topic be-
tween disciplines, whereas Distributed Systems and Cryptocurrency Regulation
are divergent topics due to their a liation only with speci ¢ disciplines.

Finally, in the aspect of thematic overlaps, Smart Contracts are discussed in the
three research disciplines: Computer Science, Economics, and Law. This may
indicate that Smart Contracts are a unifying topic that spans multiple disciplines,
making them an ideal example of thematic overlap.

2.3.2.2.3 Research Complexity and Behaviour: This broad category has
four aspects: Evolution of Research Complexity, Research Landscape Breadth,
Scholarly Versatility, and Collaborative Trends.

Evolution of Research Complexity: In this aspect, we used longitudinal analysis
to examine how the complexity of blockchain research has evolved. Studies in
science and technology use a similar method to show whether a eld is diversifying
or narrowing (e.g., Rafols et al., 2010). Research complexity typically involves
several disciplines or a range of topics covered in research. The addition of unique
disciplines into blockchain's research landscape adds a new dimension or layer of
complexity and can provide a macro-level view of the evolution of complexity. In
contrast, topic contributions in each paper provide a micro-level understanding of
complexity by revealing whether the research is delving deeply into speci c themes
or spanning multiple topics within a paper. Therefore, we used both types to capture
a multidimensional view of the evolution of research complexity. Therefore, we
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view complexity from the perspective of topic contributions in each paper and how
unique disciplines are added to the blockchain research landscape over time. The
main goal is to understand whether the eld of blockchain research is diversifying,
indicating an expansion of topic contributions and sub-disciplines, or narrowing,
which indicates a focus on limited topics or themes.

Research Landscape Breadth: In this aspect, our aim was to understand the
breadth of the blockchain research landscape and we used diversity analysis, which
is often used in ecological studies and serves as a model to indicate the breadth and
depth of the research landscape (e.g., Jost, 2006). Diversity refers to the variety
of topics explored in di erent disciplines. Therefore, our methodology involved
counting the number of documents grouped by dominant topics and disciplines. This
could serve as an indicator of research landscape breadth: a high count of documents
spanning multiple disciplines and topics suggests a broad research landscape, while
a lower number might imply a more con ned or specialised research scope.

Scholarly Versatility: In this aspect, we employ versatility analysis, inspired
by biodiversity indices in ecology (e.g., Magurran, 2021), to assess the versatility
of researchers in blockchain research. Versatility is conceptualised in two di erent
dimensions: versatility across disciplines and versatility across topics. Versatility
across disciplines focuses on authors who contribute to unique disciplines as rst
authors (also known as polymaths), while versatility across topics focuses on those
authors who contribute to publications of di erent topics. Versatility can signify the
breadth of expertise and the ability to contribute to di erent aspects of blockchain.
We chose the rst author of a publication to measure Scholarly Versatility, because

it is a common practice in academia, since the rst authors typically signify expertise
and signi cant relevance to the scienti ¢ eld.

To determine the authors for the two dimensions, we extract all the rst authors
of publications and then associate them with the set of disciplines and topics to
which they have contributed as the rst author. Next, we counted the number of
rst authors who contributed to publications in more than one discipline or topic,
thus quantifying their versatility across disciplines.
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We aggregated topic contributionAgg(Topic); for topic i for a speci c author in a
given discipline as follows:

. Ra :
Agg(Topic),., = Topic;;., (2.7)
j=1
where, Agg(Topic),, represents the aggregated contribution to topic by author a,
Topic;;,, is the contribution of author a to topic i in paperj, and n, is the total
number of documents to which authom has contributed as rst author.

To normalise the topics' contributionsNorm(Topic),, we use the following equation.

_ Agg(Topic);,
=1 Agg(Topic); ,

Norm(Topic),., = (2.8)
where, m is the total number of topics, the denominator sums the aggregated topic
contributions of the author a in all topics to normalise the contributions.

The Versatility Score V, for an author a was calculated using Shannon's entropy:

X0 h i
V, = Norm(Topic);, log,(Norm(Topic),,) (2.9)
i=1
Collaborative Trends:  This aspect uses diversity analysis to examine the diver-
sity of disciplinary background of authors who co-author or collaborate in topics.
Therefore, collaboration is explored in the context of interdisciplinary contributions.
We used Shannon Diversity Index to assess the diversity of the authors.

To calculate Shannon Diversity Index, we used a ve-step process. First, extract
the rst author from each document. Second, calculate the number of rst authors
in each discipline (g4¢). Here, d indicates the discipline within the topict. Third,
calculate the total number of rst authors in topic t and denote it asN;. Fourth,
calculate the proportion of rst authors for each disciplined in topic t. The
proportion pg; iS given by”,\,if. Finally, Shannon Diversity Index is calculated as
follows.
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X
SDI(t) = Pa:t  IN(Pa;t) (2.10)
d2D¢
where, D represents the set of all disciplines in the topit. The summation runs
through all these disciplines, multiplying the proportion of each disciplin@y.: by
the natural logarithm of itself and summing these products.

2.3.2.2.4 Research Focus and Concentration: This broad category has one
aspect: Research Focus Concentration.

Research Focus Concentration:  This aspect uses concentration metrics, speci -
cally the HHI (Hirschman, 1964), to determine the concentration of research within
speci c topics or disciplines. Each dominant topic is analogous to an industry , and
research disciplines are considered rms within these industries. The number of
research papers of a particular discipline on a given topic in a speci c year is treated
as the market share of that rm in the industry. Since the HHI is sensitive

to the distribution of papers across disciplines, an even distribution (papers spread
across multiple disciplines) results in a lower HHI, indicating high interdisciplinarity.
However, a higher HHI suggests that most of the articles come from one or a few
disciplines, indicating low interdisciplinarity.

To calculate the HHI for each dominant topic (industry ) in disciplines, we counted
the number of documents belonging to each discipline ( rm) for each dominant
topic. These counts were then normalised with the total number of documents for
each topic to derive the proportion of documents per topic for each discipline. The
HHI for each dominant topic was then calculated by squaring these proportions and
summing them across all disciplines. This process yields a measure that re ects the
level of document distribution between disciplines for each dominant topic and, by
extension, the degree of interdisciplinarity within these topics.

Mathematically, the HHI for a given topic in a given year is:

. X -
HHItopic, year = i = 1N (P topic, year )* (2.11)
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where, N is the total number of disciplines,p.opic, year IS the proportion of papers
from disciplinei for a speci c topic in a given year.

pi is calculated as follows:

No. of papers in discipling for the given topic in a given year
Total number of papers for the given topic in the given year

Pi; topic, year =

where, the numerator is the number of papers in discipline the denominator is the
total number of papers, for that topic and year, respectively.

Once Equation 2.11 is calculated, the average HHI for a year is simply the mean of
all HHIs for that year.

i
Average HHbear = — HHItopmJ ;year (212)
i=1
where, T denotes the total number of topics,HHItopiCj vear represents the HHI
calculated for each topig in a given year.

We usedAverage HHl,, as a measure to quantify the level of interdisciplinarity
within a given year by treating lower levels of concentration as topic diversity in
disciplines. Therefore, a lower HHI indicates a more even distribution of documents
across disciplines for a given topic and a higher level of interdisciplinarity. On the
contrary, a higher HHI indicates a skewed distribution, implying that the topic is
primarily associated with a particular discipline.

2.3.2.3 LDA Algorithm Parameters

Several parameters of the LDA algorithm must be set in the corpus before execution.
Automatic selection of words is carried out by: 1) the Bag of WordsBoW ) model
and 2) the Term Frequency-Inverse Document Frequency E-IDF ) model. The
BoW model counts the frequency with which a word appears in a document and
pairs them in the nal output, while the TF-IDF model weights the relevance of a
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word in a document in the rst part and assigns less weight to very frequent words
(e.g. and, the) in the second part (i.e., Inverse Document Frequency). TheBow
model is available as a preset parameter of thE--IDF model and improves the
overall quality of the resulting topics. Therefore, in this study, TF-IDF is used for
the LDA model.

To ne-tune the LDA model, we evaluated several parameters. A key consideration
was the treatment of the frequent keywords in the corpus. Unlike the study by Risius
and Spohrer (2017), which had a homogeneous distribution of keywords, our study
aimed to ensure a balanced representation of less frequent keywords. To achieve
this, we tested various exclusion criteria, ranging from 20% to 70% for frequent
terms such as blockchain, bitcoin, and cryptocurrency. After the empirical
evaluation, a 50% exclusion criterion was found to yield topics that were coherent
and balanced in terms of keyword frequency.

In addition, we also adjusted computational parameters (i.e., chunksize and
iterations ). We conducted several tests by varying the chunk size between 500 and
5,000 and iterations between 500 and 2,000. These parameters can in uence the
computational e ciency and quality of topics; therefore, a smaller chunk size or
fewer iterations can lead to incomplete loading of documents into the memory or
insu cient convergence of the algorithm, respectively. After conducting multiple
trials, we found that the chunk sizes of 2,000 and 1,000 iterations were optimal.
These settings not only allowed for full loading of documents into memory, but also
ensured that the algorithm had su cient iterations to converge, producing the most
coherent and interpretable set of topics.

To determine the relevance of a publication to a research discipline, the research
areas assigned to each publication on the Web of Science and Scopus were used as
reference points to create a bag of words consisting of probabilities that determine
the relationship of a word to a speci c research discipline. A classi er was then
trained on this dictionary to determine the research disciplines of all publications

for which no discipline information was available. ArF  score of 92% indicates

the threshold of the classi er to correctly specify the discipline of the unassigned
publications.
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2.3.2.4 Selection of the Number of LDA Topics

The choice of the number of LDA topicsK, is also somewhat controversial. In
almost all cases, the number of topics is unknown a priori. Previous researchers
have determined them at random (e.g., 20, 40, and 80 are popular choices) or
created multiple models with di erent values forK and selectedK based on a
visual inspection of the results. A well-known procedure based on a coherence-based
method is often used to determine the optimal value d for the number of topics.

In this approach, many di erent LDA models are created with di erent values for the
number of topics, and the one that provides the highest coherence value is selected.
Choosing aK value that marks the end of rapid growth in topic coherence yields a
meaningful and interpretable set of topics.

To determine the optimal value ofK , we created many LDA models with di erent
values ofK of up to 30. The highest retraction of the coherence score occurred
at K = 8, after which the coherence score was no longer signi cant; therefore, the
graph shows a maximum of 30 topics. Figure 2.5 shows the coherence score on
y axis and the number of topics on thex axis. The value ofK in the range of

8 to 15 onx axis shows greater uctuations in the higher coherence score than
the lower values. However, at 8, the coherence score was higher than subsequent
scores for each topic. Therefore, given the highest coherence scorK at 8, the
eight-topic LDA model was selected for our analysis.

In addition to coherence-based selection of LDA topics, we also explored other
approaches, such as perplexity-based selection, visual inspection, and random values
K. In perplexity-based selection, the measure indicates how well the model predicts
the alignment between the probability distribution and the actual distribution of
words. Generally, low probability values indicate a better model as it is good at
predicting the sample. However, perplexity is an evaluation metric that may not
necessarily correlate with human interpretability of the topics generated by the
model. Therefore, we opt for coherence scores, which are better at capturing the
quality of topics for our study that revolves around thematic interdependence to
assess interdisciplinarity. We visually inspect the models for topic quality; however,
because this method is highly subjective, it is not suitable for our study because
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it is less reliable. In the randomK value method, we tried 20, 40, and 80 topics;
however, this randomisation did not return coherence scores that were comparable
to the model with K = 8. This suggests that these models may be less e ective in

generating topics that are semantically coherent and interpretable.

Figure 2.5: Selection oK topics

Notes: In this two-dimensional gure, the x-axis represents the number of topics and they-axis
represents the coherence value. The coherence value for the eight topics was optimal.

2.4 Research Findings

In this section, the main variables (Table 2.1) and the topic models are analysed
to answer the study's research questions. Although the analytical approach is
exploratory and based on a “trial-and-error' methodology, because interdisciplinary
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research lacks a speci c framework for discussing results, we employ the IDEA
framework given in Table 2.3 in conjunction with LDA results to discuss our ndings.

To answer RQ1 What is the current state of BCT research in various research
disciplines?, we analysed LDA topics and keyword themes to understand the state
of BCT research. These topics and keywords serve as an analytical lens through
which the contours of the BCT can be mapped, indicating not only the prevailing
themes but also the trends and gaps. Furthermore, using our analytical framework
IDEA and LDA topics as the foundational layer, we discuss the results of RQ2
(To what extent does the BCT research re ect interdisciplinarity’. In particular,
we evaluated the distribution of topics across research disciplines. Our analytical
framework and LDA topics serve as a dual mechanism, continuously updating our
understanding of both the interdisciplinary nature and the current state of BCT
research.

The LDA process distributes a document onto a preset number of topics and is
known as a document-topic distribution. The distribution is a percentage that shows
the in uence of each topic in a document. The topic with the highest percentage
is called the dominant topic. Then each topic is distributed through the ten most
relevant keywords. Each keyword has a topic-keyword probability (represented as

)3, which indicates relevance to the topic, and the group of keywords with high
probabilities can represent the importance of the topic, in the case of this research,
the research theme. The interrelevance of topic-keyword probabilities can signal a
potential title for a topic. For example, the terms healthcare , health , medicine ,
and patient are interrelated and can be grouped under the topic name healthcare.
We refer to the main variables of Table 2.1 together with the LDA results to discuss
further our ndings in subsequent sections.

3 is also known as thetolerance value, which varies between0 and 1. The shows the

strength of the relevance of a keyword to the topic. Therefore, a higher value of indicates a
higher relevance of a keyword to its topic.
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2.4.1 Understanding the Current State of Blockchain Re-
search: Topic Models

The application of LDA to 35,604 documents resulted in eight LDA topics (as shown
in Figure 2.6), based on a group of the top fOkeywords for each topic, respectively.

The document-topic with the highest percentage indicates its dominance. The
maximum and minimum percentages for dominant topics for 35,604 documents in
this study were 0.92 and 0.23, respectively, while the average value was 0.66. The
black areas on the heat map in Figure 2.7 show that the order of dominance for
the topics is Topic 7, 5, 4, 1, 2, 8, 3, and 6. Table 2.4 shows the distribution of the
original 35,604 documents.

Each LDA topic represents a theme and topic-keywords further explain the contours
of the theme around which BCT research is intertwined across disciplines. For
example, the keyword contract might be related di erently to Computer Science ,
Economics, and Law. Computer Science may re ect the algorithmic aspect,
Economics re ects the transactional aspect, and Law represents the regulatory
aspect that makes the keyword contract to have contextual dependence due to the
amalgamation of aspects from Computer Science, Economics, and Law. The
dynamic changes that occur in the algorithms and laws governing smart contracts
over time might make the theme of contract even more complex to understand
over time. Therefore, each LDA topic forms the building block of BCT, representing
di erent layers that play a critical role in its interdisciplinary nature. The following
sections discuss these topics and keywords in detail.

4The primary goal of LDA is unsupervised text summarisation. There is no concrete method
to determine the number of main keywords for each topic. Most research on topic models tends to
use the top ten keywords. If the number of keywords exceeds 10, there is an increased likelihood
that the purpose of LDA to succinctly summarise the text will be defeated to some extent. For
example, the tolerance of > 0:01is far too low to show which keywords belong to each topic.
This is because the main purpose of LDA is to group keywords such that topic keywords have a
high probability of relevance to that topic. If a low threshold is chosen, many keywords will appear
in each topic, which in turn defeats the purpose of concise text summaries with relevant keywords.
To extract the most likely words, we chose a threshold of > 0:10.
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Figure 2.6: LDA word cloud

Notes: The word cloud is generated with LDA. The weight (or probability) of the words cloud
represented with the size of each word shows its signi cance in the topic. A larger size of the word
indicates a higher weight (or probability) in that topic.
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