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Abstract

Blockchain technology has become an ubiquitous phenomenon. While the topic originated
in computer science, the business and economics literature was comparatively slow to pick
up on it. To better understand the academic basis, current developments and future research
avenues of the discourse, 9672 cited references of 467 blockchain and cryptocurrency arti-
cles from the fields of business and economics are gathered from the Web of Science Core
Collection and are analyzed. Five major strands of research are identified through factor
analysis. They are reviewed and their interrelation is mapped using social network analysis.
Research on (I) market efficiency and economics and (II) asset pricing and valuation is
relatively mature and focuses on cryptocurrencies, while research on (III) the principles
and applications of blockchain technology, (IV) transactions and anonymity and (V) mon-
etary theory and policy lacks maturity. Potential paths for future research are pointed out
and in conclusion, it is assessed that this young field of research still leaves plenty of room
for manoeuvre. A scientific place next to Nakamoto (2008) is still available for existing,
emerging and new research streams.

Keywords Distributed ledger - Bitcoin - Informetric analysis - Bibliometric analysis -
Social network analysis

Introduction

Over the last few years, blockchain technology has shown the potential to affect nearly
all industries and sectors. While Bitcoin or, more generally, cryptocurrency was only its
first application, the underlying blockchain technology offers much wider scope. The
special feature of blockchain technology is that it is not an actual invention but ‘merely’
an intelligent concatenation of existing mechanisms, which include technical mecha-
nisms but also economic incentive models. A wide range of possible applications and
their (potential) consequences remain to be researched. While such a technical topic was
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predictably first embraced by computer scientists and engineers, the business, econom-
ics and finance literature has since discovered blockchain for itself and has been produc-
ing a steady flow of both empirical and theoretical contributions for several years now.

The concept of blockchain and Bitcoin is attributed to Nakamoto (2008), who sug-
gested the use of a currency or digital cash as the first application of the underlying
technology to solve the double-spending problem. Since then, the number of technol-
ogy applications has soared. The literature has expanded to cover the transformation of
financial technologies (e.g. Ashta and Biot-Paquerot 2018; Chen et al. 2017; Gomber
et al. 2018; Kim and Sarin 2019; Yang and Li 2018) and potential areas of applica-
tion such as clearing and settlement (e.g. Caytas 2016; Chiu and Koeppl 2019; Fiedler
et al. 2018; Tsai et al. 2018), banking and trade finance (e.g. Cocco et al. 2017; Guo
and Liang 2016) or crowd-financing through initial coin offerings (ICOs) (e.g. Adhami
et al. 2018; Ante et al. 2018; Fisch 2019). For the health care sector, blockchain is being
analyzed as a mechanism to secure and to automate data flows (e.g. Esposito et al. 2018;
Liang et al. 2018; Yue et al. 2016). Other applications include supply chain manage-
ment (e.g. Apte and Petrovsky 2016; Francisco and Swanson 2018), digital identity and
personal data (e.g. Dunphy and Petitcolas 2018; Zyskind et al. 2015), energy markets
(e.g. Andoni et al. 2019; Oh et al. 2017), government and voting (e.g. Atzori 2017;
QDlnes et al. 2017), law and contracts (e.g. Governatori et al. 2018; O’Shields 2017), or
the sharing economy (e.g. Pazaitis et al. 2017; Sun et al. 2016). Research also deals with
digital assets such as Bitcoin and their properties (e.g. anonymity and irreversibility)
and markets (e.g. Chaum 2012; Urquhart 2016). The potential for additional research
is as widely scattered as the emerging literature. It is therefore worthwhile to identify,
summarize and review the literature, to identify potential avenues of research and to
understand more precisely the theories and thoughts that underlie the current state of
research. While the research on the solution of the double-spending problem and the
secure digital transfer of value via the Internet has a longer tradition, academic research
on Bitcoin or blockchain unequivocally begins in 2008. This also raises the question of
which research streams formed during this period and which prior literature they are
based on. Did the emerging streams of research rely on specific literature that already
dealt with the blockchain phenomenon or rather on ‘established’ scientific literature and
theories? What is the mixture of these two types of sources for each new stream of
research? Knowing the relevant contributions, thoughts, theories, authors and journals
will help researchers to optimally prepare, supplement or conceive projects and to iden-
tify promising new avenues of research in this comparatively new field, where scholars
enjoy great liberty to pursue their personal interest when selecting a research topic.

A systematic analysis of the field of blockchain research is a necessary first step to
obtain a fundamental overview and to identify lines of research that may have been
neglected or that may hold specific potential. This is done by co-citation analysis in the
form of exploratory factor analysis to prevent subjectivity. In addition, it is identified, using
social network analysis, how research directions change over time and how they are related
to each other. After considering the research streams and the actual articles, a number of
gaps in the existing research and, by implication, promising avenues for future research are
pointed out.

Note that the term cryptocurrency refers not only to currencies but also to so-called
tokens, which can be used for financing purposes or supply chain transparency, for exam-
ple. The analysis explicitly includes cryptocurrency, not least because the terms blockchain
and Bitcoin were used somewhat interchangeably until recently, with early research in this
area referring to Bitcoin throughout.
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The paper proceeds as follows: Related work is described in the “Related work™ Sec-
tion. The “Methodology” Section presents the methodology in terms of data collection
and analysis. The “Findings on research streams” Section contains the results, providing
an initial overview and then going into detail regarding the development of the five identi-
fied research streams. “Social network analysis” Section specifically presents the results
of the social network analysis. The “Discussion” Section discusses the results, including
limitations and future research avenues. Finally, the “Conclusion” Section contains a brief
conclusion.

Related work

The summary, processing and analysis of existing research represents an important task
for the further development of scientific discourses. For this purpose, different method-
ologies are available, such as structured literature reviews or bibliometric studies. Litera-
ture reviews are often subject to author bias, while bibliometric studies use quantitative
approaches to investigate relationships between relevant characteristics, such as authors,
publications, citations or keywords (Tranfield et al. 2003; Zupic and Cater 2015).

A number of literature reviews of the blockchain and cryptocurrency literature focused,
for example, on individual application areas of blockchains such as the Internet of Things
(Conoscenti et al. 2017; Khan and Salah 2018), the sharing economy (Hawlitschek et al.
2018), service systems (Seebacher and Schiiritz 2017), big data challenges (Karafiloski and
Mishev 2017), cyber security (Taylor et al. 2019) or e-government (Batubara et al. 2018).
Yli-Huumo et al. (2016) present a very helpful, though no longer quite up to date, system-
atic mapping analysis of the state of blockchain research and Corbet et al. (2019) system-
atically analyzed cryptocurrencies as financial assets based on 32 empirical publications
on the topic. They identified the five thematic areas (1) bubble dynamics, (2) regulation,
(3) cybercrime, (4) diversification and (5) efficiency and outlined ten different gaps in the
literature (see Table 5 in their study for an overview).

Currently, there are various bibliometric studies on the topics blockchain, cryptocur-
rency, Bitcoin and/or smart contracts. Liu (2016) collected 253 Bitcoin-related publica-
tions from Scopus and applied co-word analysis, finding three groups based on similarities
that relate to (1) technological, (2) financial, and (3) legal/regulatory questions. Holub and
Johnson (2018) collected Bitcoin-related literature from 22 databases and, after refinement,
mapped 1206 papers based on categories and disciplines. They showed that 29.9% of pub-
lications belonged to technology-related categories, while 24.9% were economics-related
and only half of the papers in their sample have been published in journals. The study of
Merediz-Sola and Bariviera (2019) used 1162 publications extracted from Web of Science
to study research on Bitcoin (excluding blockchain applications). The authors provided an
overview of the research environment, analyzed the degree of concentration of variables
such as authorship and visualized connections of words in titles and abstracts or journals.

Zeng et al. (2018) based their analysis on 473 blockchain-related papers extracted from
EI Compendex (EI) and 497 from the China National Knowledge Infrastructure (CNKI)—
both engineering-focused databases. The authors analyzed the publications using social
network analysis and textual analysis and identified that the topic blockchain has become
more important than Bitcoin since 2017. This shift of relevance from Bitcoin to block-
chain has also been found in another bibliometric study on the topic that is based on 995
papers from Web of Science (Dabbagh et al. 2019). Miau and Yang (2018) extracted 801
articles from Scopus that related to various blockchain and cryptocurrency search terms.
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They used Lotkas’s law and the K-S test to derive author productivity and identified dis-
tinct phases in the research development, beginning with Bitcoin and cryptocurrencies in
2008/09, followed by rapid literature growth in 2014/15 and, most recently, focusing on
blockchain technology and smart contracts after 2016. Firdaus et al. (2019) analyzed the
topic blockchain based on 1119 publications between 2013 and 2018 extracted from Sco-
pus. Here, the analysis methods comprised descriptive evaluations, such as rankings and
author dominance, and visualizations. The authors state to refer to literature from the year
2013 onwards, as the blockchain was introduced in that year. In fact, blockchain technol-
ogy was introduced by Nakamoto (2008). Klarin (2020) based his analysis on 174 publica-
tions extracted from Scopus, identified the four thematic clusters (1) Bitcoin and crypto-
currencies, (2) blockchain adoption, (3) cryptocurrency and blockchain environment, and
(4) business model innovations via co-citation analysis and outlined a detailed overview of
future research directions for each cluster. One single bibliometric study focused explicitly
on the concept of smart contracts, scripts that are anchored on blockchains. Over 1700
documents extracted from Scopus were analyzed descriptively and trends were identified
via word cloud and clustering using the software VOSviewer. Six clusters were identified
that deal with (1) smart cards, (2) contracts, (3) smart power grids, (4) blockchain, (5)
economics and (6) energy. The authors conclude that there are two trends for research on
smart contracts: e-commerce and smart power grids (Salmer6n-Manzano and Manzano-
Agugliaro 2019).

While research in the areas of cryptocurrency and blockchain has already been exam-
ined in the context of various bibliometric publications, the focus of the investigations has
been, at least to a large extent, on performance analysis, i.e. the evaluation of scientific
performance of authors or institutions (Zupic and Cater 2015). The approach of uncover-
ing the intellectual structures and dynamics of research fields (science mapping) via co-
citation analysis was only done by few studies using the VOSviewer software (e.g. Klarin
2020; Miau and Yang 2018). The aim of this work is to uncover the intellectual structure
of blockchain and cryptocurrency literature in business and economics by empirically ana-
lyzing the research field via co-citation analysis using exploratory factor analysis, which
has been widely used to identify research streams in bibliometric data (e.g. Kuntner and
Teichert 2016; Nerur et al. 2008; Worfel 2019; Zuschke 2019)—but not yet for blockchain-
related topics. This allows to reduce complexity for researchers by providing an objective
overview and review of the most important research streams and their publications in the
field of blockchain and cryptocurrency. Furthermore, this study differs from existing stud-
ies in that it explicitly focuses on the business and economics literature.

Methodology

The data were collected from the Web of Science Core Collection in July 2019. To cap-
ture all publications on blockchain and cryptocurrencies, the search term 7S = (blockchain*
OR distributed ledger* OR cryptocurrenc® OR bitcoin*) is used. Only peer-reviewed arti-
cles in the fields of business, finance and economics published after 2007 were consid-
ered. The extracted sample comprised 494 articles. (Without the discipline constraint, 2132
articles were obtained, with computer science and engineering accounting for most of the
additional papers.) 27 articles proved to be unrelated to blockchain and cryptocurrency, so
the final record contains 467 articles, with references to 9672 sources. These sources then

@ Springer



Scientometrics (2020) 124:1305-1333 1309

naturally also refer to dates prior to 2008 and only a part of them are peer-reviewed pub-
lications. The final list of the 467 articles can be retrieved under https://doi.org/10.17632/
x5cstssemz. 1.

This paper relies on co-citation analysis. Co-citation occurs when two articles simulta-
neously feature in the bibliography of a third article, which means that the first two articles
must precede the article that cites them. This temporal relationship can help to identify the
academic basis of research results. A higher co-citation frequency is typically interpreted to
indicate greater relevance of an article within a given research stream (Small 1973, 1977).
For the analysis, the extracted references were compiled in a square similarity matrix,
whose diagonal values are replaced by the mean value of the respective column (McCain
1990; Small 1973). For this purpose, the data extracted from Web of Science is processed
using the Bibexcel toolbox for bibliometricians (Persson et al. 2009), which allows easy
subsequent use for factor analysis using SPSS and social network analysis using UCINET
(Borgatti et al. 2002). A cutoff value of three co-citations was selected for the purpose of
co-citation matrix creation, which resulted in a sample consisting of the 202 publications
with three or more co-citations. Bibliometric data is usually highly skewed, which means
that a comparatively small but highly important part of the literature contains most of the
achievements in a particular field (Chen and Leimkuhler 1986). A bibliometric analysis
therefore need not examine all articles cited in a discipline; it suffices to analyze the most
widely-cited ones.

The analysis of the co-citation data relies on exploratory factor analysis. Factor analysis
is a static method that allows to extract underlying structures from a data set by identifying
relationships between variables. It provides a suitable method of analysis when there are no
hypotheses regarding the structure of a data set prior to an investigation. Since a symmetri-
cal co-citation matrix contains the number of co-citations for each article, the articles can
be divided into contiguous groups or factors by means of factor analysis. If we assume that
a multitude of similar sources for research work implies similar ideas and mindsets, these
factors represent scientific discourses or streams of research. Within the framework of fac-
tor analysis, a correlation matrix is first generated from a data matrix, which then becomes
a factor matrix. The research streams are distinguished from factors that are not consid-
ered further on the basis of a sharp decline in the eigenvalues associated with the factors,
assessment of the generated scree plot and the respective percentage of variance explained.
In addition, further factors in the analysis output include so few articles that they cannot be
described as an individual strand of research. Factors are initially identified though princi-
ple component analysis, which extracts the highest variance of the data set and assigns the
first factor to it. This process is then continued until a final factor with the proportionally
smallest variance has been determined. Factors are then 'rotated’ to distribute the extent of
variability more uniformly between factors. Factors loadings are thus redefined so that they
are relatively high (—1 or 1) or low (0). This allows for a better differentiation between
factors and the analysis derived from it. Factor loadings are generated via Varimax rota-
tion with Kaiser normalization, as communalities between items are high (Kaiser 1959).
They represent numerical values that indicate the strength and orientation of a factor to a
measured variable—in this case a measure of the thematic fit of a particular publication
to a research stream. A factor loading above 0.4 indicates that an article is part of a factor
(i.e. scientific discourse), while a value above 0.7 indicates high relevance (McCain 1990).
Besides factor loadings, factor scores are calculated using the regression method, in which
the effects of each observation on factors are predicted. The identified values represent the
relevance or spacing of an observation with respect to a factor (DiStefano et al. 2009; Gor-
such 1988). Transferred to bibliometric analysis factor scores indicate the contribution that

@ Springer


https://doi.org/10.17632/x5cstsscmz.1
https://doi.org/10.17632/x5cstsscmz.1

1310 Scientometrics (2020) 124:1305-1333

an article makes to a research stream (Nerur et al. 2008). An article with a low factor load-
ing and a high factor score does not fit well into a stream, but is nevertheless important to
it.

Social network analysis is then used to uncover relationships and dependencies between
publications and research streams. The relationships among individual articles are visual-
ized in a two-dimensional plane using the UCINET NetDraw algorithm. This is done on the
basis of intellectual proximity, which is determined by the number of co-citations (Biehl
et al. 2006). A final set of coordinates is determined by arranging Euclidean distances in
relation to the geodesic distance between nodes, in this case publications (Carrington et al.
2005). A map of the research clusters is thus obtained that reveals the relationships among
them and indicates the relevance of individual articles by the size of the nodes.

Findings on research streams

Table 1 provides an overview of the identified streams of research and further statistics.
It is shown how publications are distributed over the five factors determined through fac-
tor analysis. Only the highest factor loading is considered, i.e. if an observation has factor
loadings above 0.4 for several factors, only the highest one is assigned. Through factor
analysis, five different discourses are identified, which together account for 63.08% of the
total variance in the sample. In this context, variance signals the relevance of a research
stream for the entire research environment (Nerur et al. 2008). Specifically, principal com-
ponent analysis and the varimax rotation method with Kaiser normalization are used. The
rotation converged after 29 iterations. A Kaiser—-Meyer—Olkin (KMO) measure of 0.851
and a highly significant Bartlett test statistic (p <0.001) are obtained. These test statistics
apply to each of Tables 1, 2, 3, 4, 5, 6 and 7 and are therefore not repeated. Factor analysis
thus proves to be a suitable method of analysis.

The first and largest strand of research deals with the market economics and efficiency
of cryptocurrencies. It accounts for 36.65% of the variance in the sample and a percentage
of 35.6% of all examined publications can be assigned to the stream, of which more than
half have factor loadings above 0.7 and thus represent publications of high thematic fit. The
second stream (12.15% of the variance) concerns asset valuation and price formation and
consists of 26.4% of all articles (9.2% with factor loadings above 0.7). The third stream
accounts for 5.52% of the variance and deals with the principles and applications of block-
chain. A share of 12.1% of papers can be assigned to the stream, while 5.7% of the sam-
ple represent important publications. The fourth stream (5.04%) covers special properties
of cryptocurrency transactions, such as anonymity or irreversibility, and their regulatory
implications. It covers 8.6% of all publications analyzed in the factor analysis and has the
smallest share of high-fit publications (3.4%). Lastly, the fifth stream accounts for 3.73% of
the variance and deals with monetary theory and policy, such as the suitability of Bitcoin
as a currency. It represents a share of 7.5% of all papers examined, of which 75% are highly
relevant publications for the stream.

The Bitcoin whitepaper (Nakamoto 2008) is the scientific basis of blockchain and cryp-
tocurrency research. Its factor loading and factor score with respect to each of the five dis-
courses are shown in Table 1. Based on the factor loading, the whitepaper is most closely
affiliated with stream II (0.487), with stream I in second place (0.456). Based on the factor
score, the whitepaper is highly relevant to streams III (9.751) and IV (3.167). Its relevance
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Table 2 Correlation between the factors

Research streams (factors) 1 I il v \%

I. Market economics and efficiency 1.00

II. Asset valuation and price formation -0.07 1.00

III. Principles and applications of blockchain -0.27 -0.05 1.00

IV. Transactions and anonymity -0.04 0.11 0.06 1.00

V. Monetary theory and policy -0.12 -0.27 —-0.01 -0.07 1.00

Factor analysis: Principal component analysis and Oblimin rotation with Kaiser normalization

is somewhat lower for research on asset valuation and price formation, and monetary the-
ory and policy. The relevance of Nakamoto (2008) is lowest with respect to stream I.

Figure 1 shows histograms of the distribution of factor loadings and factor scores for
all five identified research streams. It can be seen that the distribution of factor loadings
in streams I and II varies comparatively strongly, while a trend can be observed in the
three following streams. There, the largest part of all loadings is found between—0.1 and
0.1, which shows that factors are composed of only a few specific publications and that
the majority of the remaining ones are hardly thematically related. Stream IV represents a
special feature, which is expressed by the fact that the highest identified factor loadings is
0.78. In terms of factor scores, stream III with has an extremely high factor score of 9.75.

Table 2 shows the correlation coefficients among the five factors or research streams, as
obtained via oblique rotation. Factors one and five exhibit negative coefficients through-
out. The strongest positive correlation exists between streams I and IV, while the strongest
negative correlation applies to the relationships between streams I and III, and II and V,
respectively. This suggests that streams I and III as well as streams II and IV have little in
common, while streams II and V have high similarity.

Figure 2 shows the relative development of the research streams over time based on
the number of publications. For this purpose, every publication with more than three co-
citations was assigned to one of the five streams or ‘other’, and the relative size of the six
categories was graphed for each year or period.

I 1. III. Iv. V.
Market economics and Asset valuation and price  Principles and applications Transactions and Monetary theory and
efficiency formation of blockchain anonymity policy
Factor 15 g » »
loadings |, I m I I » I )
- m! mmmmm L —mn el | B :hl",:' L -
Factor @ w g 0
scores o “
“ “
e = BRI TY PR N N—

Fig. 1 Distribution of factor loadings and factor scores across research streams. Frequencies are displayed
on the y-axis, factor loadings and factor scores on the x-axis respectively
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Fig. 2 Relative development of research stream publications over time

Note that the years before the publication of the Bitcoin whitepaper were grouped into
a single period, as were the years 2008 to 2011, because of the very low number of publi-
cations prior to 2012. Research stream I has been gaining ground steadily since 2014 and
by 2018 accounted for 92.3% of the research on blockchain and cryptocurrencies exam-
ined here. The streams on ‘transactions and anonymity’ and ‘monetary theory and policy’
hit their peak importance in the period 2012 to 2014, while ‘blockchain basics’ peaked in
2015/16. Stream II accounted for a consistently large share.

The following subsections describe each of the research streams in detail before their
interrelations are analyzed via social network analysis.

Market economics and efficiency

The first research stream comprises 33 articles, explains 36.65% of the variance and deals
with the economics and efficiency of cryptocurrency markets, with most studies focusing
on Bitcoin. The overall aim of the discourse is to promote the understanding of cryptocur-
rency markets. The ten most relevant publications within the stream and their factor load-
ings and scores are shown in Table 3. The distribution of publications across journals is
presented below the table. Economics Letters has the highest number of publications in
this field, followed by Finance Research Letters. This stream of research is heavily based
on theories of market efficiency, so it comes as no surprise that besides cryptocurrency-
specific articles, basic literature on capital market efficiency (Fama 1970) or portfolio the-
ory (Markowitz 1952) also shows up in this stream. Many of the publications in this stream
are scientific letters and research notes, which build upon or reply to each other. The vast
majority of the publications date from 2017/18.

The study by Donier and Bouchaud (2015) deals with the efficiency of the Bitcoin mar-
ket and tests various liquidity measures as early warning signs of a bitcoin crash. Urquhart
(2016) has the highest factor score (5.565), which suggests the greatest relevance for this
research stream. The author uses a number of tests to identify autocorrelation for Bitcoin
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Table 3 Articles on market

) Article Factor loading Factor score
efficiency of cryptocurrency
Tiwari et al. (2018) 0.907 2.969
Bariviera (2017) 0.899 3.352
Urquhart (2018) 0.893 1.137
Yonghong et al. (2018) 0.884 1.717
Urquhart (2017) 0.878 2.547
Brauneis and Mestel (2018) 0.871 1.275
Nadarajah and Chu (2017) 0.870 4214
Kristoufek (2018) 0.864 0.723
Phillip et al. (2018) 0.860 1.438
Katsiampa (2017) 0.852 3.857
Urquhart (2016) 0.807 5.565

Other: 22 publications with factor loading >0.714

This table shows factor loadings and factor scores of the most impor-
tant publications assigned to research stream I (the first factor obtained
through factor analysis)

Distribution across journals: Economics Letters (15 articles); Finance
Research Letters (8); Physica A (3); Journal of International Financial
Markets, Institutions & Money (2); Chaos, Solitons & Fractals; Eco-
nomic Modelling; International Review of Financial Analysis; Journal
of Finance; Journal of Monetary Economics (1 each).

prices and finds that it persists over the entire observation period (Aug 2010 to Jul 2016).
When the period is divided into two phases, however, it turns out that the first phase is
responsible for the autocorrelation effect. Nadarajah and Chu (2017) examine the same
data set again with the help of power transformations of daily returns and find no such
effect. Fry and Cheah (2016) point out the speculative component of cryptocurrency mar-
kets and model financial bubbles and crashes. The authors analyze these markets by means
of econophysics models and find evidence of spillover effects from Ripple to Bitcoin. Bouri
et al. (2017) investigate the volatility of Bitcoin returns before and after the market crash in
2013 due to the collapse of the Mt.Gox exchange and find serial correlation. Corbet, Lucey,
et al. (2018a, b) analyze potential price bubbles in Bitcoin and Ethereum and conclude that
there are periods with clear bubble behaviour—with Bitcoin being in a bubble phase when
the paper was published. Kristoufek (2018) shows that in cool-down periods directly after
bubbles or price surges, the Bitcoin market becomes efficient, while it remained inefficient
for most of the period 2010 to 2017.

The Bitcoin market exhibits time frames that are efficient and ones that are driven by
anti-persistence (Alvarez-Ramirez et al. 2018). The paper by Bariviera (2017) has the sec-
ond highest factor loading (0.899) in the research stream and furthermore has a high factor
score of 3.352. The study analyzes daily Bitcoin price data from 2011 to 2017 using two
variations of the Hurst exponent, a metric that characterizes the scaling behavior of the
cumulative deviations from the mean of a time series (Hurst 1951). The results show that
daily returns behave consistently during the first part of the observation period, while the
dimension of informativity increases from 2014. The volatility of the Bitcoin price exhibits
long memory for the full observation period. Comparing the explanation of volatility by
different GARCH models, Katsiampa (2017) shows that both short-run and long-run com-
ponents of conditional variance are important for a suitable model. The investigation of
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nonlinear patterns of volatility in Bitcoin markets suggests long-term memory and provides
strong evidence against the efficient market hypothesis (Lahmiri et al. 2018). Cheah et al.
(2018) find long memory and cointegration in Bitcoin markets, with a negative correlation
between cointegration and uncertainty.

The study with the highest factor loading, Tiwari et al. (2018), is an extension to
Urquhart (2016), Nadarajah and Chu (2017) and Bariviera (2017), and confirms the
earlier result that the Bitcoin market is informationally efficient. While most previous
studies only considered Bitcoin, Brauneis and Mestel (2018) expand this focus by test-
ing the efficiency of nine additional cryptocurrencies and conclude that higher liquid-
ity leads to reduced efficiency. Similarly, Wei (2018a, b) examines the liquidity of 456
cryptocurrencies and shows that greater market capitalization reduces the predictabil-
ity of market behavior. The author concludes that liquidity is a significant factor for the
market efficiency of cryptocurrencies. Corbet et al. (2018a, b) find that across different
cryptocurrencies, investors with a short investment horizon may gain diversification
benefits. By some degree of contrast, empirical findings by Ciaian et al. (2018) suggest
that Bitcoin and Altcoin (non-Bitcoin cryptocurrencies; in this case, 16 of them) mar-
kets are interdependent.

Phillip et al. (2018) analyze 224 different cryptocurrencies and identify unique
properties, like stochastic volatility, Student-t error distributions and leverage effects.
Studying the tail behavior of the five largest cryptocurrencies and using value-at-risk
and expected shortfall as risk metrics, Gkillas and Katsiampa (2018) find that Bitcoin
Cash is the riskiest asset, while Bitcoin and Litecoin have the lowest risk.

Urquhart (2017) studies price clustering of Bitcoin, finding that prices are clus-
tered at round digits. In addition, price and trading volume have a significantly positive
relationship with price clustering around round digits, which confirms Harris’ (1991)
negotiation hypothesis. Urquhart (2018) examines the relationship between Bitcoin
fundamentals and the attention of investors. Realized volatility and trading volume are
found to drive the next-day attention for bitcoin. The study has a relatively low factor
score (1.137) compared to the other publications in the top ten, which suggests a lower
overall relevance for the discourse.

Other studies in this research stream address the question whether Bitcoin is a
medium of exchange or an asset. Dyhrberg (2016a), Bariviera et al. (2017) and Baur
et al. (2018a, b) compare currency dynamics to Bitcoin, while Baur et al. (2018a, b)
find that Bitcoin is not correlated with traditional asset classes (stocks, bonds and com-
modities)—regardless of market timing. The authors analyze transaction data and sug-
gest that Bitcoin is used as a speculative investment. In comparison to foreign exchange
markets, Bitcoin has narrower bid-ask spreads, resulting in favorable exchange rates
due to its simpler infrastructure (Kim 2017).

Asset valuation and pricing

The second research stream accounts for 12.15% of the variance. This stream is somewhat
similar to the first one, not least with regard to its set of contributors. In comparison to
stream I, however, the publications are older, and several articles do not explicitly refer
to cryptocurrencies but merely provide a basis for such studies. The overall theme of the
stream can be summarized as asset valuation and price formation. The discourse tackles
the question of how cryptocurrency prices can be explained and determined. The ten most
important publications of the stream based on factor loadings are presented in Table 4.
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Table 4 Articles on asset

valuation and price formation Article Factor loading Factor score
Engle (2002) 0.825 1.642
Hayes (2017) 0.814 1.545
Bouoiyour and Selmi (2015) 0.812 1.169
Yermack (2015) 0.795 0.633
Bouoiyour et al. (2016) 0.793 0.700
Baur and Lucey (2010) 0.771 2.610
Kristoufek (2015) 0.759 3.330
Rogojanu and Badea (2014) 0.743 1.168
Glosten et al. (1993) 0.735 1.438
Ciaian et al. (2016) 0.726 4.537

Other: 2 publications with factor loading >0.712

This table shows factor loadings and factor scores of the most impor-
tant publications assigned to research stream II (the second factor
obtained through factor analysis)

Distribution across journals: one article each in Annals of Econom-
ics and Finance; Applied Economics; Economics Bulletin; Finan-
cial Review; Journal of Banking & Finance; Journal of Business and
Economic Statistics; Journal of Finance; PLoS ONE; Telematics and
Informatics; The Quarterly Review of Economics and Finance; Theo-
retical and Applied Economics; plus one book chapter.

There is no trend regarding the outlets of publication, as all twelve papers were published
in different journals.

The article with the highest factor loading, Engle (2002), is a methodology paper that
introduced a new form of multivariate GARCH models — dynamic conditional correlation
models—as an estimation technique. This illustrates the relevance of GARCH models in
the analysis of crypto markets and the large number of formal and theoretical models in
this research stream. Another major methodological paper, Glosten et al. (1993), ranks 9th
in the stream with a factor loading of 0.735. Using a GARCH-M model, the study finds
support for negative relationships between conditional expected monthly returns and the
conditional variance of monthly stock returns: Positive expected returns are associated
with a downward revision of conditional volatility, and vice versa. Baur and Lucey (2010)
analyze the suitability of gold as a hedge against stocks and bonds. The study is an empiri-
cal and theoretical basis for similar research (e.g. Bouri et al. 2017; Dyhrberg 2016b) that
is later conducted on cryptocurrencies but which is assigned to research stream I.

Yermack (2015) investigates whether Bitcoin is a real currency. The author notes that
currencies are a medium of exchange, a store of value and a unit of account, but Bitcoin
did not fulfil these functions at the time (2013). Its daily trading statistics are uncorrelated
with established currencies or gold. Against this background and Bitcoin’s various risks,
such as hacks, theft or lack of access to the financial system, the author considers Bitcoin
as a speculative investment rather than a currency. By contrast, Bouoiyour et al. (2016)
classify Bitcoin as driven by long-term fundamentals (above one year). This is the result
of a study using Empirical Mode Decomposition (EMD), where a data set is divided into
several smaller independent data sets.

Using ARDL bounds testing, Bouoiyour and Selmi (2015) investigate the main determi-
nants of the Bitcoin price. They find Bitcoin to be subject to extensive speculation and to
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be suitable to some extent as a basis for transactions of value on the Internet. The authors
conclude that Bitcoin is a highly speculative asset, which prevents its wider use. Kristoufek
(2015) analyses determinants of the Bitcoin price and effects of the Chinese market using
a continuous wavelet framework and finds that fundamental values such as trading vol-
ume, ‘money’ supply and price level play a long-term role. A rising Bitcoin price attracts
new miners. However, this effect declines over time as technology and mining processes
become more professional. The price of Bitcoin depends on investor interest, which is par-
ticularly evident during price spikes. Another study of Bitcoin price formation finds that
market forces and the attractiveness for investors have significant effects on Bitcoin prices,
but the effects vary over time (Ciaian et al. 2016). Hayes (2017) investigates the explana-
tory factors for value formation in a cross-section of 66 cryptocurrencies, finding three pri-
mary factors: the degree of competition in mining, the technical complexity of the mining
algorithm and the rate of inflation.

Principles and applications of blockchain

The third research stream comprises 10 articles, which together account for 5.52% of the
variance. The factor loadings and factor scores of these articles are shown in Table 5. The
table additionally contains the Bitcoin whitepaper (Nakamoto 2008), which with a fac-
tor score of 9.751 is exceedingly relevant to the discourse. In principle, the articles deal
with economic theory and economic and technical fundamentals of blockchain technol-
ogy. Additionally, potential application areas or specific cryptocurrencies are introduced
and discussed.

The third research stream consists of publications that explain blockchains by (1)
providing general introductions and highlighting the potential of the technology (Iansiti
and Lakhani 2017; Swan 2015; Tapscott and Tapscott 2018; The Economist 2015), (2)

Table 5 Articles on principles

and applications of blockchain Article Factor loading Factor score
Tapscott and Tapscott (2018) 0.880 4.280
The Eeconomist (2015) 0.862 1.396
Wood (2014) 0.843 1.060
Iansiti and Lakhani (2017) 0.831 1.574
Szabo (1997) 0.823 0411
Coase (1937) 0.819 1.398
Swan (2015) 0.802 4.066
Wright and De Filippi (2015) 0.799 2413
Jensen and Meckling (1976) 0.768 1.619
Lamport et al. (1982) 0.758 1.646
Nakamoto (2008) 0.183 9.751

This table shows factor loadings and factor scores of the most impor-
tant publications assigned to research stream III (the third factor
obtained through factor analysis)

Distribution across journals: one article each in Harvard Business
Review, The Economist, First Monday, Econometrica, Journal of
Financial Economics, ACM Transactions on Programming Languages
and Systems (TOPLAS); plus two books, two project whitepapers and
one working paper.
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introducing specific cryptocurrencies or blockchains, like Bitcoin (Nakamoto 2008) or
Ethereum (Wood 2014), and (3) describing specific applications (of blockchain) on a con-
ceptual, technical or economic level—especially the concept of smart contracts, i.e. the
decentralized execution of computer protocols (Szabo 1997; Wright and De Filippi 2015).
Economic theories and mechanisms (Coase 1937; Jensen and Meckling 1976; Lamport
et al. 1982) form an important theoretical basis for the discourse.

Coase (1937) explains why individuals seek to form partnerships and companies, rather
than entering into bilateral contracts on the open market. Transaction costs—those associ-
ated with searching, information, negotiation or confidentiality—mean that some services
cost more than they are worth. Coase’ theory of the firm states that enterprises are formed
specifically to reduce such costs. Blockchain being a technology for peer-to-peer transac-
tions of value, the relevance of the theory becomes immediately clear. Jensen and Meck-
ling (1976) provide an extension with their theory of corporate ownership based on prop-
erty rights theory, agency theory and finance theory. The authors show that while a 100%
owner of a company makes decisions to maximize his own benefit, as soon as external cap-
ital flows into the company, the ensuing incentive conflict gives rise to agency costs. The
owner no longer bears the full costs of the non-pecuniary benefits he grants himself. This
results in agency costs, which materialize as monitoring, economic bonding or residual
loss. The third major non-blockchain paper in this research stream is Lamport et al. (1982),
who deal with the Byzantine Generals Problem, a theoretical situation where a group of
generals can only communicate through messengers. However, some generals may be trai-
tors who spread false information for confusion. The aim is to ascertain which information
can be trusted. The solution requires a two-thirds majority of honest generals. The study
provides a theoretical basis for consensus mechanisms and an alternative to the proof-of-
work mechanism that Bitcoin uses. The extended mechanism of Practical Byzantine Fault
Tolerance (PBFT) (Castro and Liskov 1999) is used by various blockchain infrastructures
today.

Nakamoto (2008) provided the theory underlying blockchain technology and Bitcoin.
The article is frequently cited and highly relevant in the field of blockchain-specific litera-
ture, as reflected by its extremely high factor score of 9.951. The author combined vari-
ous existing technologies, such as time-stamping (Bayer et al. 1993; Haber and Stornetta
1990, 1997; Massias et al. 1999) and announcements (Dai 1998) of transactions, proof-of-
work (Back 2002), merkle trees (Merkle 1980) and economic incentive systems in a single
mechanism to solve the double-spending problem and thus created the basis for today’s
concept of blockchain technology.

Following Buterin (2013), Wood (2014) introduced Ethereum, to date the second largest
public blockchain infrastructure. Ethereum’s main goal is to enable smart contracts, auton-
omous decentralized computer code that is executed on the blockchain. The blockchain
uses proof-of-work, which was first introduced by Dwork and Naor (1992), before Back
(2002) and Vishnumurthy et al. (2003) applied it to secure a currency. Besides Bitcoin, the
Ethereum whitepaper mentions prior cryptocurrency implementations that were discussed
in the academic literature, including Litecoin, Primecoin and Namecoin (Aron 2012;
Sprankel 2013). Szabo (1997) provides a formal introduction to smart contracts; Miller
(1997) made additional early contributions to the field. Wright and De Filippi (2015) take
up the concept of smart contracts and show how self-executing digital contracts or smart
property can be implemented with the help of blockchain. The authors also describe how
this can in theory lead to decentralized autonomous organizations (DAOs), which could
fundamentally change the nature of today’s central authorities and entities.
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Transactions and anonymity

The fourth research stream consists of 10 articles and explains 5.04% of the variance.
These ten publications are listed in Table 6 along with 3 additional papers with high factor
scores. This research stream primarily deals with the fundamental properties of cryptocur-
rency, in particular transactions, irreversibility and (pseudo-)anonymity, and their conse-
quences. This includes for example the possibility of secure online peer-to-peer payment
or the risks associated with digital currency, such as money laundering. Potential solutions
and regulatory approaches are discussed. Most of the publications are from the period 2012
to 2014 and cover either legal or technical aspects. No two papers were published in the
same outlet, as shown below the table.

One article in the research stream is from pre-Bitcoin times: Dai (1998), referenced in
Nakamoto (2008), which in turn has a high factor score of 3.167 and is therefore a forma-
tive source for this research stream, to which however it cannot be assigned due to the
comparatively low factor loading of 0.238. Dai (1998) describes the design of a potential
digital currency called b-money, which already exhibits many similarities to Bitcoin. Like
the Bitcoin whitepaper, the paper by Eyal and Sirer (2014), which analyzes mining and
potential vulnerabilities, also has a high factor score (3.138) but does not quite fit into the
stream based on its factor loading. Bohme et al. (2015) provide an overview of Bitcoin’s
economic, technological and governance aspects. Both studies thus provide basic back-
ground information on the Bitcoin network.

Table 6 Articles on transactions

. Article Factor loading Factor score
and anonymity
Bryans (2014) 0.780 2.620
Maurer et al. (2013) 0.760 2.250
Krugman (2013) 0.758 1.770
Dai (1998) 0.752 1.430
Ober et al. (2013) 0.747 2.450
Reid and Harrigan (2013) 0.720 2.770
Chaum (2012) 0.685 2.530
Meiklejohn et al. (2013) 0.678 1.410
Ron and Shamir (2014) 0.662 3.820
Stokes (2012) 0.645 2.520
Eyal and Sirer (2014) 0.614 3.138
Bohme et al. (2015) 0.287 5.142
Nakamoto (2008) 0.238 3.167

This table shows factor loadings and factor scores of the most impor-
tant publications assigned to research stream IV (the fourth factor
obtained through factor analysis)

Distribution across journals: one article each in Indiana Law Review;
Social Semiotics; New York Times; Future Internet; Security and Pri-
vacy in Social Networks; Proceedings of the 2013 conference on Inter-
net measurement; Information and Communications Technology Law;
Eighteenth International Conference on Financial Cryptography and
Data Security, Whitepaper; Journal of Economic Perspectives; plus
one website and one book.
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Bryans (2014) approaches money laundering and Bitcoin from a legal perspective, con-
cluding that Bitcoin is a disruptive financial technology which poses major difficulties for
established entities in the area of payment processing. New legislation will have difficul-
ties covering digital currency, as its technological development is too far-reaching. The
author points out in particular that the lack of oversight is no reason to prohibit Bitcoin and
similar currencies. Regulation should only intervene once the law can effectively punish
offenders. This is particularly the case for cryptocurrency exchanges, which represent the
interface between fiat and digital currencies, as decentralized technology itself cannot be
regulated. Stokes (2012) also deals with money laundering and digital currency, examin-
ing the cases of Bitcoin and the Linden dollar, a digital currency in the online multi-player
game Second Life.

Maurer et al. (2013) investigate the semiotics of Bitcoin with a focus on its property as
an irreversible payment system. They argue that Bitcoin may be an appropriate method for
enthusiasts looking for a payment system that ensures privacy and freedom from govern-
ment or corporate interference. The promise and potential of Bitcoin derives not from the
capability of government agencies or from mutual trust but from a cryptographic protocol.
To this end, the authors suggest that practical materialism is based on concerns about pri-
vacy and values. Bitcoin is a promise that no other currency offers in this form: its value is
secured by an algorithm and a peer-to-peer network. Ober et al. (2013), a publication from
computer science, discuss Bitcoin and its facilitation of anonymous transactions between
users in a network. They demonstrate that the Bitcoin network is a valuable source for
empirical research on network structure and dynamics and the associated challenges of
anonymity, as well as on payment systems. The authors identify dynamic effects that both
enhance and inhibit anonymity. Another study from computer science, Reid and Harrigan
(2013), analyzes the Bitcoin network and the degree to which the transactions are anony-
mous. The authors conclude that all historical transactions are publicly accessible and can
be viewed by users by means of appropriate tools. Accounts can be linked and bitcoins can
be ‘colored’ to trace the transaction history. Bitcoin is therefore not a completely anony-
mous network on the technical level. Similarly, other studies in the stream are written by
reputable scientists from the field of cryptography and (also) analyze the nature of Bitcoin
transactions and their degree of anonymity (e.g. Chaum 2012; Meiklejohn et al. 2013; Ron
and Shamir 2014).

Monetary theory and policy

The fifth research stream explains 3.73% of the variance and consists of 10 articles plus
three additional ones with high factor scores (cf. Table 7). The basic theme of the discourse
is monetary theory, economics and policy. The network of authors is comparatively small.
George Selgin and Randall Wright authored three publications, and William J. Luther con-
tributed to four.

King (2016) provides an overview of the institutions of monetary policy but notes that
his article raises more questions than it answers. The paper presents externalities in the
theory of money and discusses the role of institutions. Finally, three case studies are pre-
sented, which serve to emphasize the importance of credible and stable institutions.

Selgin (2002) is the study with the highest factor loading (0.945) in the research stream.
The article explores the implications of adaptive learning for monetary evolution using a
search-theoretic framework. The author affirms the statement of Grossman (1991) that rec-
onciliation of a theory with facts in monetary economics poses a significant problem, and
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Table 7 Articles on monetary

) Article Factor loading Factor score
theory and policy
Selgin (2002) 0.945 3.360
Selgin (1994) 0.943 3.590
Kiyotaki and Wright (2016) 0.942 2.630
Li and Wright (1998) 0.942 2.940
King (2016) 0.941 2.730
Salter and Luther (2014) 0.929 3.800
Luther (2013) 0.903 3.490
Luther (2016) 0.835 2.620
Lagos and Wright (2005) 0.757 0.890
White (2015) 0.719 2.370
Selgin (2015) 0.589 4.228
Hendrickson et al. (2016) 0.521 3.804
Aiyagari and Wallace (1997) 0.493 3.410

This table shows factor loadings and factor scores of the most impor-
tant publications assigned to research stream V (the fifth factor
obtained through factor analysis)

Distribution across journals: two articles in The American Economic
Review; one article each in The Economic Journal; Journal of Money,
Credit and Banking; Journal of Economic Theory; Entangled Politi-
cal Economy; Economic Affairs; The Independent Review; Journal of
Political Economy; Cato Journal; Journal of Financial Stability; Eco-
nomic Inquiry; Journal of Economic Theory.

introduces a formal monetary economics model that allows adaptive learning in a search-
theoretic framework. Other studies in the research stream also deal with search-theoretic
models of money (Kiyotaki and Wright 2016; Li and Wright 1998). The article with the
second highest factor loading (0.943) is also by Selgin (1994) and discusses whether, given
monetary nationalism, nations have an incentive to establish their own currencies, which
have no relation to an exchange rate of established money, through market interventions.
Salter and Luther (2014) also discuss the role of governments in monetary policy and
introduce a general theory of the appearance and perpetuation of money.

Besides economic analyses, the discourse also includes legal policy recommendations
for dealing with digital currencies. White (2015) provides an overview of the market for
digital currencies and explains that the market is still developing and full of surprises. He
suggests that regulation should be very cautious, as interference in entrepreneurial dis-
covery prevents potential breakthroughs that society does not yet know it misses (Kirzner
1985). Selgin (2015) discusses synthetic commodity money. Bitcoin is cited as an example
and its underlying properties such as mining and emission are discussed against the back-
ground of monetary theory. The study has the highest factor score (4.228) and is therefore
a major influence on the discourse. Similarly, Hendrickson et al. (2016), the study with the
second highest factor score (3.804), explicitly analyze Bitcoin as a currency and, among
other things, build an equilibrium model in which Bitcoin coexists with a government-
issued currency.
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Social network analysis

Having identified the most relevant research streams on blockchain and cryptocurrency
in the areas of business and economics, the question arises how they are related. Social
network analysis can serve to visualize the connections within and between the research
streams. The results are shown in Fig. 3. The frequency of citation, a metric for the rel-
evance of a publication, is represented by the size of the nodes. Each node is colored
according to the research stream it is associated with, i.e. with respect to which it has a
factor score of 0.4 or more. If a paper exceeds that value with respect to several factors, it is
assigned where the factor score is greatest. The nodes (publications) are linked by a line in
case of five or more co-citations.

The social network analysis yields conclusions about the state of research and the matu-
rity of the streams. Streams III (transactions and anonymity) and IV (principles and appli-
cations of blockchain) use Nakamoto (2008) as their ‘original source’, as the discourses do
not yet have their own intellectual midpoints, as evidenced by the very high factor scores
of the Bitcoin whitepaper in the two streams. The whitepaper is best assigned to the second
research stream (cf. Table 1). This stream has already developed considerably further, hav-
ing produced several other prominent publications (e.g. Bohme et al. 2015; Ciaian et al.
2016; Dwyer 2015; Kristoufek 2013, 2015).

The most developed stream is No. I, market economics and efficiency. Its relationship
to other streams is mostly limited to No. II, asset valuation and pricing. These two streams
share a number of authors: Baur and Lucey (2010) and Baur and McDermott (2010) belong
to stream II, while Baur et al. (2018a, b) belong to stream I. The field of monetary theory
and implications is characterized by Selgin (2015), which is closely related to the research
stream on asset valuation and price formation, and thus to the Bitcoin whitepaper. Many
of the other publications clearly distance themselves thematically from the other research
areas, which is also expressed, for example, by the very high factor loadings of the indi-
vidual publications (see Table 7).

Asset valuation and
price formation

Jouoiyour2015

Market economics

Lo 1988 and efficiency

Transactions and
anonymity

Brsuncis 2015 Aciin 2018

Principles and o Se—
™ P o
blockchain ; - 3 s z o8 achems

Gandal 2018
Kunlw‘/.

BWright 2015

Monetary theory
and policy

Fig.3 Visualization of research stream interrelations. The size of a node represents the absolute number of
citations, lines between articles represent five co-citations between articles. For readability, only relation-
ships >5 and only first authors are shown. Color represents research stream affiliation of nodes. Created
with UCINET software
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Discussion

Blockchain and its manifestation cryptocurrency are basic technologies that entail a multi-
tude of effects and vast potential for business models, corporate decisions and the economy.
Researchers in this field have already generated substantial insights. Through factor analy-
sis, five prominent research streams have been identified that are characterized by different
studies. Since the technology has only existed since 2008, various other research streams
can be expected to emerge in the future. Unsurprisingly, the results show Nakamoto (2008)
to be a common core of several research streams. Nevertheless, it is already apparent that
the progress of research is creating its own basis. Figure 3, for example, shows that among
others Cheah and Fry (2015) and Dyhrberg (2016b) are located in the middle of the stream.

Various methods and economic theories are identified as formative literature. For exam-
ple, GARCH models in stream II and economic theory in stream IV seem to be of high
relevance. A partial absence, or rather wide spread across different methods and theories
is observed, which can be an indication that the scientific discourse is still so young that
researchers can apply a variety of methods. It is possible to refer to different theories. This
may consolidate in the future if the streams continue to grow or split up into subcategories.

The first stream deals with the efficiency and economics of cryptocurrency markets and
has already created its own scientific basis (cf. Figure 3). Fundamental theoretical contri-
butions such as Fama (1970) or Markowitz (1952) are referenced but are not overly rel-
evant for the discourse. This own basis largely comprises findings from the years 2015 to
2017, which could suggest that the field is developing rapidly (cf. Figure 2). Stream I is
also characterized by a small but highly active group of authors, many of whom joined the
field only recently. Logically, this results in numerous co-citations among these authors.

The second stream is best described as research on asset valuation and price forma-
tion. It is clearly related to the first stream, which is to be expected given the similarities
between (financial) market behavior and price development in these markets. In Fig. 3, we
see that stream II is concentrated at the center of the network and closely connected to
stream I. In addition, a number of stream II publications are located in the outer parts of
the network around streams I, III and IV. Only stream V has no articles close to its own
network that can be assigned to the discourse of asset pricing. Questions about the prices
or trading of cryptocurrency seem to be of universal relevance, which is why they interact
with all other streams. Here again the question arises whether research stream II will split
up in the near future. This seems likely, given the diversity of the articles. However, it
should be pointed out that Nakamoto (2008), for example, only fits well with stream II. The
whitepaper’s factor loading of 0.487 with respect to stream II is also similar to what it is
with respect to the first stream (0.456).

In the emerging field of blockchain principles and applications, original fundamental
research is only just beginning to replace the Bitcoin whitepaper, which continues to be
of great importance. At present, the outstanding articles of the stream consist of economic
and technical fundamentals as well as introductory literature (in the form of books). Block-
chain and cryptocurrencies are constantly changing, and the existing basic literature (e.g.
Swan 2015; Tapscott and Tapscott 2018) may soon become outdated, if that has not already
happened. The stream may split into various more specialised streams in the future, includ-
ing application-specific streams.

While more developed discourses will have peer-reviewed articles as their formative
works, this is not the case for research on blockchain and its application, nor for trans-
actions and anonymity. Most publications in stream IV date from 2013/14, which may
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mean that most relevant findings were published then and scientific progress has slowed
down. However, it is much more likely that this branch of research has been neglected (by
peer-reviewed research). This does not necessarily apply to other scientific fields like com-
puter science or engineering that have not been examined here. In this respect, there is an
opportunity to gain a foothold within the stream and to shape its further development, for
example through the systematic processing, review, presentation or transfer of the technical
literature.

Research on monetary theory is a special field that differs strongly from the other dis-
courses (see Fig. 3). The small number of authors indicates that the stream remains spe-
cialized. However, Selgin (2015) constitutes a meaningful connection to other discourses,
while having great influence on the stream itself. The inflow of further researchers deal-
ing with monetary theory and cryptocurrency may yield additional connections to other
streams — a worthwhile opportunity for future research.

Limitations

This study is subject to some limitations, of which only the most relevant ones can be
mentioned here. In line with common practice in the literature, the data were collected
exclusively from the Web of Science. While many comparable databases exist, which
might have yielded additional papers, they were not used for technical reasons (ease of data
export). Furthermore, research on blockchain and cryptocurrencies is also published out-
side of peer-reviewed journals (cf. e.g. the seminal whitepapers). Therefore, it is likely that
the search of the Web of Science will have missed some important contributions. Finally,
the choice of search terms of course shaped the results and is open to debate.

Future research avenues

Figure 3 shows that streams one and two are already very dense and have an established
scientific basis. Looking at the other streams, especially III and IV, plenty of space next
to Nakamoto (2008) seems available. It seems plausible that the scientific basis for these
streams has not yet been established, which can be interpreted as an opportunity for
researchers to fill this space. The blockchain ecosystem is evolving rapidly.

Figure 2 shows very clearly that research on market economics and efficiency has
increased dramatically in relation to the other areas since 2014. However, this is probéa-
bly due not only to the relevance of the topic but also to comparatively swift channels of
publication (e.g. via research letters or notes). Research in the other streams should in
principle be similarly far-reaching, which indicates potential research gaps.

Three of the five streams appear to still be developing, which suggests a wealth of
starting points in these areas. While this article has focused on the sources underly-
ing the 467 scientific publications, trends for future research can also be derived from
this core sample of papers. Several research clusters within this set could develop into
research streams in their own right. So far, there are no dedicated streams on application
areas, management or entrepreneurship. If and when such streams arise, this will be a
good opportunity for enterprising researchers.

The literature suggests that blockchain and cryptocurrency will have a big impact on
financial services (Fanning and Centers 2016). Therefore, a separate stream may well
form around potential applications in the financial sector, that bases on research stream
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III. Various applications are already being discussed in the literature, such as account-
ing, auditing, assurance or governance (Dai and Vasarhelyi 2017; Schmitz and Leoni
2019; Shermin 2017; Tan and Low 2019). Research on entrepreneurial finance like
blockchain-based financing in the form of ICOs (Adhami et al. 2018; Ante et al. 2018;
Drobetz et al. 2019; Fisch 2019) or individual investors in cryptocurrencies (Ante et al.
2020) is getting well underway. This research often refers to signaling theory (Spence
1973) and builds on the literature on crowdfunding (e.g. Agrawal et al. 2015; Ahlers
et al. 2015; Mollick 2014), initial public offerings (e.g. Carter and Manaster 1990; Certo
et al. 2001; Colombo et al. 2019) and venture capital (e.g. Ahlstrom and Bruton 2006).
Within the framework of blockchain-based financing, future research potential abounds.
On the one hand, the market for decentralized finance (DeFi) is constantly producing
new mechanisms, such as initial exchange offerings (IEOs), initial dex offerings (IDOs)
or security token offerings (STOs) (Ante and Fiedler 2019). On the other hand, the exist-
ing literature on financing, in particular crowdfunding and IPOs, forms a basis for vari-
ous evaluation options and methods that can still be carried out for blockchain research.
Niche aspects of financial markets, such as cross-listings (Ante and Meyer 2019; Meyer
and Ante 2020), price manipulation (Gandal et al. 2018), money laundering (Ante 2018)
or informed trading (Ante 2019; Feng et al. 2018), are only just starting to be addressed
by the cryptocurrency literature.

Energy markets or smart grids and blockchain technology have been a big topic in
engineering and computer science but are only now being researched in business sci-
ence and economics. Green and Newman (2017) explain the potential of the blockchain
in the energy sector, and Oh et al. (2017) show what blockchain technology can do for
energy trading. Andoni et al. (2019) provide a general introduction to the wide-ranging
potential and points to explore around blockchain and energy, including for example
metering and billing, cryptocurrency-usage, decentralized (wholesale) trading, green
certificates and grid management. A separate research stream will likely form around
the field of energy, smart grids and decentralized markets. Other sectors on which sci-
entists have recently published initial findings and which warrant significantly more
research include the sharing economy (Pazaitis et al. 2017), the real estate economy
(Veuger 2012), blockchain-based ownership structures (McConaghy et al. 2017), digital
identity (Wolfond 2017), healthcare (Engelhardt 2017) and supply chain and provenance
(Kim and Laskowski 2018).

Current developments around Facebook’s crypto currency project Libra (Libra Associa-
tion 2019) or the potential introduction of central bank digital currency (CBDC) by China
(Reuters 2019) and other countries are likely to create much greater attention for research
stream V. Economists have already begun to comment on Libra (e.g. Cecchetti and Schien-
holtz 2019; Eichengreen 2019), though not in peer-reviewed journals. The concept of so-
called stable coins—blockchain tokens whose value is backed by fiat currencies or other
assets such as gold—will for example find its way into monetary policy research and other
research streams (e.g. Wei 2018b). Here, a differentiation can be made between decentral-
ized protocols (e.g. makerdao.com) and stable coins issued by companies (e.g. tether.to).
Against this background, a potential merging of research stream V with the other areas
presents clear opportunities for researchers.

@ Springer



1326 Scientometrics (2020) 124:1305-1333

Conclusion

This study has analysed the scientific basis of the existing literature in the field of block-
chain technology and cryptocurrency using quantitative methodology, which enables a
neutral and objective evaluation. Five research streams with the greatest thematic relevance
were identified—two of which are already mature while three are still emerging—and
their underlying content and approaches were presented. The results provide a basis for
all researchers working within one of the five research streams. The identification of core
publications in each sphere may serve as a starting point for new research endeavours. The
interrelations between the discourses show that this young field of research still leaves a lot
of room for manoeuvre, including fundamental original work. In other words, there is still
ample space for scientific discovery next to Nakamoto (2008).
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