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Abstract

Blockchain is an emerging evolutionary paradigm expected to revolutionize existing business models and impact
the world economy and society. Its potential pervasiveness is increasingly drawing the interest of academics,
practitioners, firms, financial institutions, and national governments, who define it as a general purpose technology
(GPT). Although it may take considerable time to affirm a technology as general, in this phase of the blockchain
domain’s evolution, to what extent can it be considered a GPT? By adopting a patent co-classifications analysis,
this paper aims at disentangling the blockchain technology structure, development, and potential future trends. We
analyzed blockchain international patents issued from 2008 to 2018. Results showed a proliferation of the inventive
activity and a significant increase in the diversity of technology fields, capturing the blockchain’s GPT traits.
Moreover, our patent measures detected technology dynamics related to ‘space for improvement’ and
‘pervasiveness’ that commonly characterize GPTs. Our study contributes to the technology innovation literature
by uncovering the emergence and evolutionary path of a GPT, and our results provide an empirical basis on which
managers could build technology-related decisions to enable appropriate firms’ innovation strategies.

Keywords: blockchain, general purpose technologies, patents, technology emergence
1. Introduction

Blockchain is a decentralized transaction and data management technology developed first for the Bitcoin
cryptocurrency. It was ideated in 2008 as a secure means for the automated execution of smart contracts in peer-
to-peer networks (Andoni et al., 2019; Miau & Yang, 2018). With blockchain, we can imagine a world in which
contracts are embedded in digital code and stored in a transparent, shared database, where they are protected from
deletion, tampering, and revision (lansiti & Lakhani, 2017; Holotiuk, Pisani, & Moormann, 2019). It may seem
this technology to be primarily related to the financial sector, but the concept behind it is disrupting many
productive sectors affecting the whole society (Chuen & Deng, 2017; Iansiti & Lakhani, 2017; Tapscott & Tapscott,
2017; Felin & Lakhani 2018; Andoni et al., 2019).

Recent studies pointed out how blockchain networks will disrupt different contexts and application fields (Marsal-
Lacuna, 2018). However, although the sudden rise in blockchain technology has caught the media’s attention in
recent years, there is still a scarcity of academic literature on the subject, especially regarding a better
understanding of the innovation scenario and the evolutionary dynamics of this specific technology domain. For
this reason, the present study aims at providing a comprehensive overview by disentangling the blockchain
technology structure, depicting the technology landscape, identifying the most active areas and innovation trends,
and highlighting the major players.

Moreover, technology innovation literature has widely shown patents’ crucial role as a meaningful instrument to
measure innovation performance (Trajtenberg, 1990; Makri, Hitt, & Lane, 2010), to capture the multifaceted
dimensions of technology (Hall, Jaffe, & Trajtenberg, 2001; Harrigan, Di Guardo, Marku, & Velez, 2017), to track
the knowledge flows and spillovers (Jaffe, 1986), and to monitor convergence and emerging technologies (Ardito,
Petruzzelli, & Albino, 2016; Curran & Leker, 2011).

We analyze 964 international patents globally protected through the World Intellectual Property Organization
(WIPO) issued from 2008 to 2018 (1% semester). By adopting a patent co-classification analysis, we map and
visualize the structure of the blockchain technology and the links between the different technology elements,
highlighting boundary and core technologies. Besides, we use a new approach for mapping and visualizing a
sector’s profile and evolution by focusing on fine-grained patent data such as the Derwent classification codes
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(Calcagno, 2008; Luan, Liu, & Wang, 2013).

The remainder of the paper is structured as follows. In Section 2, we examine the literature background, describing
the blockchain technology and the traits of GPT; particular attention is paid to studies on patent analysis. Section
3 includes the methodology applied, while Section 4 describes the results observed. Finally, Section 5 discusses
the implication of results and concludes.

2. Literature Review
2.1 The Blockchain Technology

“Blockchain is the first digital medium for value and will fundamentally transform how we move, store, and
manage assets and information. Every industry is affected. Understanding this technology will be critical to
surviving in the next era of the digital economy.”

Alex Tapscott (Co-founder, Blockchain Research Institute)

Blockchain is an emerging revolutionary technology expected to redefine the digital economy by disrupting
existing business models with a broad impact on diverse industries (Swan, 2015; Tapscott & Tapscott, 2017). It is
often called the ‘Internet of value’ and is intended to replace the current ‘Internet of information’ (Tapscott &
Tapscott, 2017). With blockchain, we can imagine a world in which contracts are embedded in digital code and
stored in a transparent, shared database, where they are protected from deletion, tampering, and revision (Iansiti
& Lakhani, 2017; Holotiuk et al., 2019). Indeed, transactions in business, finance, international collaboration, and
government’s tool chests are intended for radical transformation; a change will be crucial on business, technology,
processes, structures, and people. Blockchain further challenges the current competitive dynamics as it sharply
reduces entry barriers for new players fostering a more competitive ecosystem (Zalan, 2018).

Blockchain, ideated in 2008 by Satoshi Nakamoto, was developed first for the Bitcoin cryptocurrency. This
technology is conceived as a decentralized transaction and data management technology representing a secure
means that allows for the automated execution of smart contracts in peer-to-peer mass collaboration networks
(Andoni et al., 2019). Without the need for a powerful central authority (bank or government), the blockchain as
a distributed ledger can host a rising number of records ‘chained’ linearly in blocks that can be spread across
multiple institutions or countries. These records are encrypted following chronological order in such a way that
makes them not revisable; however, all changes are visible to all chain’s participants. The database can be shared
and validated by anyone having the appropriate permissions, and it can be either public or private.

Blockchain is the result of innovations at the intersection of computer science, cryptography, and economics (Zalan,
2018). Since its conceptualization, blockchain has experienced a rapid evolution (Efanov & Roschin, 2018),
shifting from Blockchain 1.0 that primarily focused on cryptocurrency to Blockchain 2.0 connected to the digital
economy, and more recently, it has spawned in Blockchain 3.0 conceived as an essential technology for the digital
society (Efanov & Roschin, 2018; Swan, 2015). Blockchain 1.0 can be translated as cash for the Internet
connecting finances in the same way the Internet of Things (IoT) connects machines. Blockchain 2.0 refers to
contracts exceeding simple cash transactions and involving financial applications such as stocks, bonds, loans,
mortgages, futures, smart property, and smart contracts. Last, Blockchain 3.0 is blockchain applications beyond
currency, finance, and markets encompassing government, health, science, culture, and art (Swan, 2015).

Research on the blockchain is in its initial stage. Management studies have investigated the new dynamics related
to trust (Hawlitschek et al., 2018; Seidel, 2018; Veuger, 2018), value creation (Pazaitis, De Filippi, & Kostakis,
2017), and supply chain (Onder & Treiblmaier, 2018). Other studies have examined the impact of blockchain
technology on the nature of financial transactions related to business ethics (Dierksmeier & Seel, 2018), global
inequality and unnecessary poverty (de Soto, 2017), as well as the rise of new entrepreneurship opportunities,
including venture financing (Fisch, 2019; Larios-Hernandez, 2017).

Practitioner-oriented research has primarily focused on how to make blockchain applications a reality (Lacity,
2018). In particular, studies have investigated how blockchain will change organizations and competition (Tapscott
& Tapscott, 2017), what problems it will solve (Felin & Lakhani, 2018), and how much longer will take the process
(Tansiti & Lakhani, 2017). Several sectors have been analyzed, the financial and healthcare industries (Engelhardt,
2017; Yoo, 2017), and different contexts have been considered, both urban and rural (Marsal-Llakuna, 2018).

From a technical perspective, most studies on blockchain have investigated the aspects of the potential applications
of the technology such as identity management, intelligent transportation, supply-chain management, mobile-
crowd sensing, agriculture, Industry 4.0, Internet of energy, and security in mission-critical systems (Ferrag et al.,
2018). Special attention is devoted to Bitcoin (Khalilov & Levi, 2018), the Internet of vehicles (Dorri, Steger,
Kanhere, & Jurdak, 2017; Huang, Xu, Wang, & Liu, 2018), the Internet of energy and cloud (Xu, Wang, & Guo,
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2018), Fog computing (Huang et al., 2018), the Internet of healthcare things (Esposito, De Santis, Tortora, Chang,
& Choo 2018), IoT devices (Gu et al., 2018), among others.

Last, the different research streams highlight the vast complexity of the phenomenon and point out the concern
about its evolution and impact on firms, economies, and society. Thus, the lack of studies on unveiling the existing
technology structure increases the difficulties of sensing and seizing opportunities and reacting to new competitive
innovation dynamics. This context makes salient a more complete overview of the technology’s emergence,
evolution, and potential future blockchain technology trends.

2.2 General Purpose Technologies

GPTs are revolutionary changes from current technological trajectories that enable increasing returns to scale and
long-run economic growth (Bresnahan & Trajtenberg, 1995; Korzinov & Savin, 2018; Syverson, 2013). Since the
seminal article of Bresnahan and Trajtenberg (1995), there is great interest around the dynamics related to GPTs
(Ardito et al., 2016; Bresnahan, 2010; Conti, Gambardella, & Novelli 2019; Gambardella & McGahan, 2010;
Gambardella & Giarratana, 2013; Conti, Gambardella, & Novelli, 2019; Shea, Grinde, & Elmslie, 2011).

Following prior research, we conceive GPTs as technological solutions able to subsequently connect to a broad
range of different applications or development technologies that improve and spread rapidly in many industries
(Bresnahan & Trajtenberg, 1995; Gambardella & Giarratana, 2015). GPTs are characterized by high technological
dynamism, pervasiveness, and innovation complementarities. The latter is comprehended as a combination of both
space for technological improvement and capability to be applied to a wide range of different sectors (Bresnahan,
2010; Helpman & Trajtenberg, 1994; Lipsey, Carlaw, & Bekar, 2005; Youtie, lacopetta, & Graham, 2008).

Although there is no unifying view about the emergence of a GPT (Korzinov & Savin, 2018), existing studies
point out that in the first stage of emergence, GPT is in a primitive state. However, the feedback from the
application sector makes it progress over time, and it “eventually comes to be widely used, to have many uses, and
to have many spillover effects.” (Lipsey et al., 2005, p. 98). Hence, a GPT requires, on the one hand, scientific
advances in the basic technology — regarding functionality, quality, or production efficiency — while on the other
hand, it involves technological spawning and progress in its various applications (Shea et al., 2011).

The emergence of a new technology is followed by uncertainty and concerns regarding changes in firms’
productivity, consumption patterns, and socioeconomic relationships (Youtie et al., 2008). Thus, most of the GPTs
involve structural changes (organization of work, firm management, industry concentration, and supporting
infrastructure) to become effective. Lipsey and colleagues (2005) called them ‘Transforming GPT* when they
generate a massive impact on the economy, society, and political structures. Nevertheless, there are cases of GPTs
for which we do not observe these radical changes, for instance, the laser technology.

Additionally, GPTs require a long-run time from their emergence to a socioeconomic impact (Lipsey et al., 2005).
This aspect highlights that the generality of specific technology can be observable only ex-post. Recently, Korzinov
and Savin (2018) used network analysis to investigate the emergence and diffusion of GPTs. They observed that
knowledge is an essential condition for technological convergence and especially for the GPT adoption. The links
between the different technological elements can be an indicator of their capability to be combined in an invention
that has economic value. Also, a specific technology’s network centrality denotes its potential to become a GPT
(Korzinov & Savin, 2018). Higher will be the links between the technological elements, and higher will be the
speed of diffusion of the GPT.

2.3 Patent Analysis

Patent analysis is one of the most suitable means to examine technology’s main features and potential GPT traits
(Ardito et al., 2016; Moser & Nicholas, 2004). Patent documents are a valuable and effective source for unveiling
the inventions’ technological landscape (Kim & Bae, 2017; Trappey, Wu, Taghaboni-Dutta, & Trappey, 2011).
Expressly, patents grant limited-life exclusive rights in exchange for disclosing the technology (Trappey et al.,
2011). As such, they play a crucial role in capturing the value produced by the R&D efforts and disclosing it in
exchange for protection (Oh, Cho, & Kim, 2014).

Patent documents are widely used in technology innovation literature to assess innovation performance (Di Guardo,
Harrigan, & Marku, 2019; Hall et al., 2001; Harrigan, Di Guardo, & Marku, 2018) and investigate technology
structure, evolution, and trends (Ardito et al., 2016; Curran & Leker, 2011; Karvonen & Kissi, 2013; Lee, Park,
& Kang, 2018; Marku et al., 2019). Also, patents provide an essential representation of imminent technological
breakthroughs by reflecting the platforms upon which future innovations will be based (Ahuja & Lampert, 2001).

Accordingly, most of the existing research on GPT’s field has used a patent citation-based technique to capture the
phenomenon’s high complexity (Moser & Nicholas, 2004). Specifically, the generality measure often exploits the
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information included in forward citations. The higher the technological breadth of the inventions built upon a focal
technology, the higher its generality of applicability (Hall et al., 2001; Hall & Trajtenberg, 2006). The drawback
consists of a specific technology’s time required to be cited, impeding to observe the diffusion across the different
technological domains. Hall and Trajtenberg (2006) observed that patent citation analysis could capture a broad
perception of general technologies. Still, there is a fundamental difficulty in constructing measures of how general-
purpose a technology is.

This paper adopts a patent co-classification analysis from a network-based perspective to overcome the drawbacks
of forward citations. Technology innovation literature provides two widely used techniques to map and unveil the
structure of science and technology, patent co-citation analysis and patent co-classification analysis (Curran &
Leker, 2011; Karvonen & Kissi, 2013; Zupic & Cater, 2015). The main difference between these techniques
regards the greater suitability of patent co-citation analysis for in-depth investigation of the technology flows
between different elements (i.e., at inventor level). Instead, patent co-classification is more appropriate to map and
visualize the technology structure and the connections between two or more technologies within a broad
technological space (Leydesdorff, 2008; Luan et al., 2013).

Patent co-classification uses fine-grained information regarding the technological classification/s of an invention
through multiple classification codes assignments (Luan et al., 2013). When two or more technological elements
combined have generated an invention, the relatedness between these components is strong. Looking at the
technological space and examining a broad set of patented inventions, the links between the different technologies
and their degree of centrality allow the emergence of specific structures of a sector (Lee, Kang, & Shin, 2015; Park
& Yoon, 2014). Because of its nature, the patent co-classification analysis can bring out the technology structure,
considering the most recent patent production of an industry or a technological landscape.

3. Methodology

To investigate the blockchain domain features, we collected all patent applications from 2008 to the first semester
of 2018. We retrieved patent data from the Derwent Innovation Index (DII) as it is one of the more comprehensive
worldwide patent databases. We focused on blockchain international patents globally protected through WIPO. In
this way, we could consider the most relevant patents in a global scenario and reduce bias in national/regional
patent activity (Criscuolo & Verspagen, 2008). To identify blockchain patents, we searched for all WIPO patents
that contained in their title, claims, or abstract the word ‘blockchain’ or ‘block chain’. This search led to 964 patent
applications that composed the sample under scrutiny. We collected information on technology classification,
application year, publication year, country of first protection, assignee name. Besides, we gathered the backward
patent citations, including their technology classification, application year, and publication year.

Furthermore, differing from prior research that primarily uses IPC classification codes, we adopted the Derwent
classification system’s manual codes. When applying the patent co-classification approach, the IPC classification
system presents several issues related to the high number of IPC codes available and the hierarchical patent
classification system used (Luan et al., 2013). Instead, the Derwent classification system characterized by higher
parsimony is more accurate for the patent co-classification analysis (Calcagno, 2008; Harrigan et al., 2017).

Following prior studies on patent and bibliometric fields and consistently with the aim of the paper, we adopted
cluster analysis and multidimensional scaling to perform the patent co-classification analysis (Castriotta & Di
Guardo, 2016; Castriotta et al., 2019; Di Guardo & Harrigan, 2012; Loi, Castriotta, & Di Guardo, 2016; Marku et
al., 2019). From an operational point of view, co-classifications can be represented by a frequency matrix of co-
occurrences of paired classification codes included in patents (Curran & Leker, 2011; Karvonen & Kassi, 2013).
We retrieved the co-classification codes frequencies for each patent and compiled them into a raw matrix. From a
network analysis perspective, the multivariate analysis of the aggregate similarity relationships between the patent
classification codes reveals the patents’ technological structure referring to the blockchain landscape.

In this paper, for the mapping, clustering, and visualization of the blockchain domain’s technology structure, we
used the Gephi Graph Visualization and Manipulation software (version 0.9.2; NetBeans 8.2). We performed a co-
classification analysis and basic descriptive analysis to produce an indication of the nodes. Furthermore, we
performed additional analysis regarding the network diameter, average path length, density (proportion of the
potential network connections that are actual connections), average degree (an average calculation of the number
of edges connected to each node), among other calculations (Janse van Rensburg et al., 2018). Finally, we adopted
a cluster analysis as a common technique well suited to find subgroups in a field and gather the innovation
similarity among technologies (McCain, 1990).
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4. Results
4.1 Descriptive Results

Figure 1 summarizes the number of patent applications compared to the number of patent publications from 2008
to the first semester of 2018. Changes in the number of patent applications indicate the speed of new technical
knowledge generation, while patent publications’ changes capture the amount of new knowledge that is disclosed.
Results show the exponential growth of the technological outputs that increase from 3 patent applications in 2008
to 304 ones in the first six months of 2018. When we consider the publication year, in 2018 (1% semester), the
number reaches 660 patents.

Patents per application/publication year

800
600

660
402 30
400 184 I205
200 39 55 I
31 44 01 113 811 16 8 4 14

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
1st sem.

H Patent Applications B Patent Publications

Figure 1. Number of patent applications vs. patent publications for each application year

Figure 2 shows the countries/regions where firms filed for initial protection, uncovering where the blockchain
technology was developed. Firms located in the United States seem to be predominant in the international scenario.
They are followed by China, the United Kingdom, Korea, the European region, Japan, Germany, Australia, and
India.

United States
China
WO

United Kingdom

ii|

Korea, Republic of
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Japan
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Australia

Inaia

1 325 10 30 100 300

Figure 2. Countries/Regions where blockchain technology was developed (2008-2018 1% semester)

Moreover, to offer more insights about the major players and their technology competition, we investigated the
most influential actors within the blockchain domain. nChain has the highest number of patent applications (78),
followed by Coinplug (43), MasterCard (37), Alibaba Group (35), Nokia (22), Visa (21), CloudMinds (20),
Walmart (18), Intel (15), and British Telecom (15). In particular, 43% of nChain blockchain portfolio is classified
in ‘payment, transaction, user, item, management, online’ domain, 29% regards ‘communication, network, service,
transmitting, computing, wireless’, 22% includes ‘computing, processor, touch, display, content, memory’, the
remaining 5% encompasses technological knowledge in ‘machine learning, neural network, signal, satellite, access,
base station’, among others. The other companies seem to have a similar composition concentrated in these
domains. However, each of them appears to develop specific technical knowledge that others do not have (referring
to blockchain patents). For example, MasterCard has not developed inventions that include machine learning or
neural network, but it has inventions that encompass ‘game, play, wagering, casino, and lottery’. Nokia is the only
one among the top ten firms with patented inventions in ‘pill, medication, container, vial, dispensing, and bottle’
domain. Additionally, Walmart has the most diversified composition, including ‘payment, transaction, user, item,
management, online’, ‘communication, network, service, transmitting, computing, wireless’, ‘computing,
processor, touch, display, content, memory’, ‘radar, light detection and ranging, positioning’, ‘image, video,
camera, display, decoding, pixel’, ‘robot’, ‘three dimensional, mold, composite, fiber’, “vehicle’, and ‘autonomous
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vehicle, drone, flight, aircraft’.

Besides, we are interested in providing insights into blockchain technology’s essential traits, such as diversification
(Note 1), novelty, and originality. The degree of diversification refers to the richness regarding various technology
elements applied in the specific field. We used the number of different Derwent class codes included in the
blockchain patents issued within a particular year. Figure 3 shows an impressive increase from 4 different class
codes in 2008 to 54 in 2017. The blockchain domain broadens its technological components, increasing the
potential combinations and fostering diffusion in other fields.

Number of different Derwent class codes

60
50
40
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36
24 25 99 24 28
2 8 I I . I I I
a
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2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 1st
sem.

Jany
o o

Figure 3. Number of different Derwent classification codes for each application year

Additionally, the degree of novelty captures the breadth of technology domains included in a patented invention,
while patent originality captures the breadth of diverse technology fields included in the focal patent’s prior art.
Following Makri, Hitt, & Lane (2010), our measure of novelty is formalized as follows: Novelty;= 1 — Z}zl tsizj
where s; indicates the proportion of technological classes that patent; holds in class j among » total number of
technological classes. Since we are interested to understand better the originality of inventions belonging to the
blockchain domain, we used a Herfindahl-Hirschman indicator based on the technological classification of the
backward citations of a specific patented invention (Hall et al., 2001). It is assessed as follows: Originality;= 1 —
Z}Zl tizj where #; denotes the proportion of the citations made by patent; to preceding patents that belonged to
various technological classes; out of #; patent technological classes.

Both average patent novelty and average patent originality follow a similar path (Figure 4). They seem to increase
in the first part of our timeframe and decrease after that. This result should be taken into account in the light that
in the first 5-year time frame, there were only a few patent applications (26 patents) while we observe a rapid
increase in the last years. Moreover, a plausible explanation regarding the observed average originality is that when
a technology is in its very early stage of emergence, there might be no prior art of that specific field. Hence,
inventors have to cite many patents widening in this way, the technology range of these citations. Indeed, these
early patents can serve as the building platform for subsequent patents. Interestingly, the average originality is
always higher than the average novelty, suggesting that blockchain technology is continually broadening the
technological knowledge which it is built upon.

197



ijbm.ccsenet.org International Journal of Business and Management Vol. 15, No. 11; 2020

Average originality vs. novelty
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Figure 4. Average patent originality vs. average patent novelty for each application year

The decreasing trend (Figure 4) required a further investigation of the distribution of both novelty and originality
measures. Figure 5 depicts the kernel density of the degree of novelty. The distribution is highly skewed following
a double path. We observe the proliferation of specializing patents of the blockchain domain that belongs to a very
narrow space and the generation of broad-spanning patents with a very high degree of novelty.

15

kdensity novelty

kdensity originality
1
1

Figure 6. Kernel density of patent originality (2008-2018 1% semester)

As evidenced by the kernel density of the degree of originality in Figure 6, although most patents have high
originality concerning the breadth of technological knowledge included in an invention, a group of patents is built
upon a very focused technology domain — both novelty and originality show similar behavior.
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4.2 Blockchain Technology Structure

For the examination of the technology structure of the blockchain field, we used the technology classification
codes. Figure 7 depicts the technology structure in the period that goes from 2008 to 2012. This window
encompasses the earliest step of the emergence of the blockchain domain; the sample includes only 26 patents. As
we can observe, the field presents a polycentric structure with many links within clusters and a few between them.
No core technology is evident.
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Figure 7. Blockchain technology structure (2008-2012)

Moreover, in this paper, we are particularly interested in unveiling the underlying technology structure of the
blockchain domain. Figure 8 illustrates the different clusters and links between technological codes of the
backward citations of blockchain patents. Although the number of technological codes included in the prior art is
higher than the blockchain focal patents, the structure is similar: polycentric with few interconnections between
clusters.

Figure 8. Technology structure of backward citations of blockchain patents (2008-2012)

As it emerges from Figure 9 in the second period from 2013 to the first semester of 2018, the technology structure
changes radically. Nodes show a very high degree with a high density of interconnections with many other
technology classes. The structure is similar to a hurricane, and the core drags a dense cloud of technology classes.
Some of them are connected with other technology classes positioned at the frontier of the field.

The core structure evidenced by the most prominent nodes (see Figure 9) consists of five technology classes that
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include: (1) T01-J12C ‘Preventing unauthorised access to files and processing systems such as anti-hacking and
copy protection, electronic security systems for computers’; (2) T01-N02B1B ‘Using password covers, password
systems for gaining access to computer system’; (3) T01-DO01 ‘Data encryption and decryption including private
and public key encryption’; (4) W01-A05A ‘Blockwise coding using registers and memories including DES (Data
encryption standard) and AES (Advance encryption standard) systems, and key distribution, cryptographic
communication, public key, private key’; and (5) T01-S03 ‘Claimed software products, claimed products based
on software, and stored’. Not surprisingly, since the blockchain domain is within the information and
communication technology sector, we find ‘Digital computers’ (T01) and ‘Telephone and data transmission
systems’ (WO01). All nodes show high interconnectedness; however, the most active links occur between ‘Data
encryption and decryption’ and ‘Blockwise coding’, ‘Using Password Covers’ and ‘Preventing unauthorized access
to files and processing systems’.

Observing the nodes’ size clarifies the difference between the core and the other technological classes. The latter
gravitate around the core with a high interconnectedness between them. The blockchain domain presents a core-
periphery network, which according to Korzinov et al. (2018), fosters the speed of technological knowledge
diffusion and generality. The more frequent classifcation codes that appear in the sampling patents belong to the
‘Digital computer’ subsection (T01) and include ‘Data and directory structures including hashing, tree structures’
(T01-J05SB2B), ‘File management and access’ (T01-N02B1A), ‘Comparing digital values, random number
generators’ (T01-E04), ‘FinTech, cryptocurrency, electronic payment systems’ (T01-NO1A1), ‘From remote site
or server’ (T01-N0O1D3), ‘Data transfer’ (T01-NO1D), ‘Database applications’ (T01-JOSB4P), ‘File transfer’
(T01-N01D2), ‘Servers’ (T01-N02A3C), ‘Peer-to-peer networks’ (T01-NO2A2E), ‘Internet business models’
(T01-NO01A2), ‘Financial/Monetary’ (T01-J05A1), ‘Internet of Things’ (T01-NO1F), ‘Metadata’ (T01-J05B2C),
‘Distributed database’ (T01-JOSB4A), ‘Vehicle microprocessor system’ (T01-J07D1), ‘On-line medicine’ (T01-
NO1E1), ‘Computer processing for sports and training equipment’ (T01-J30D), ‘Image analysis’ (T01-J10B2),
among others.

Figure 9. Blockchain technology structure (2013-2018 1 semester)

Among the classification classes included in the subsection ‘Telephone and data transmission systems’ (W01), we
observe ‘Identity verification/access control’ (W01-A05B), ‘Access and routing’ (W01-A06E1), ‘Radio link’
(W01-A06C4), ‘Mobile phone’ (W01-C01D3C), and ‘Smartphone’ (W01-C01G8S). There are present other four
technology classes belonging to other technology classes: ‘General computing methods & apparatus’ (B11-C11),
3D printing/additive manufacturing methods’ (X25-A08A), ‘Data transfer/storage methods and apparatus’ (S05-
G02G3), and ‘Medicines and pharmaceuticals’ (A12-V01).

Going more in detail to the landscape depicted in Figure 9, we can add some considerations. A first emerging result
consists of the spanning of technology boundaries, moving from two technology classification sections that
encompass core technologies (i.e., T - ‘Computing and control’, W - ‘Communications’) to almost all sections
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(except section K — ‘Nucleonics, explosives, and protection’), namely, X — ‘Electric power engineering’, S —
‘Instrumentation, measuring, and testing’, B — ‘Pharmaceuticals’y, A — ‘Polymers and plastics’, U —
‘Semiconductors and electronic circuitry’, V — ‘Electronic components’, P — ‘General’, Q — ‘Mechanical’, G-
‘Printing, coating, and photographic’, C — ‘Agricultural chemicals’, D — ‘Food, detergents, water treatment, and
biotechnology’, E — ‘General chemicals’, F — ‘Textiles and paper-making’, H — ‘Petroleum’, J — ‘Chemical
engineering’, and L — ‘Refractories, ceramics, cement, and electro(in)organics’.

Finally, another important indicator when investigating the technology network is the betweenness centrality that
quantifies the number of times a specific node acts as a bridge along the shortest path between two other nodes.
Network analysis shows that the nodes with the highest betweenness centrality are the five nodes that compose the
core structure with four technology classes ‘Financial/Business’, ‘From remote site or server’, ‘Database
applications’, and ‘Peer-to-peer network’.

5. Discussions and Conclusions

In this paper, we disentangled the technology structure, evolution, and trends of the blockchain domain by adopting
a patent co-classification analysis. The examination of 964 international patents issued from 2008-2018 (1%
semester) showed a proliferation of the inventive activity outputs and a significant increase in the diversification
across different technology fields. The results on novelty and originality are consistent with the ‘space for
improvement’ and ‘pervasiveness’ characteristics of a GPT. Thus, observing these dynamics, we can hypothesize
that from a technology perspective, blockchain has great potentiality to become a GPT. Our mapping and
visualization analysis revealed that blockchain technology is characterized by a centric structure with strong links
between technologies. This might signal that blockchain is building its platform. The game is still open.

This paper contributes to the existing literature in several ways. It contributes to the technology innovation
literature by uncovering the emergence and evolutionary dynamics of the blockchain field. A study of Kaplan and
Vakili (2015) using a sample of GPT patents (nanotechnology) highlighted the double-edged sword feature of
recombination. The authors pointed out that highly impactful inventions could arise either from focused or broad
knowledge. An explanation of their results might depend on the dual-path pattern of the GPT.

Furthermore, from a more practical perspective, our paper can help technology scholars in their blockchain studies
by providing a taxonomy of the technology classification codes that include the core technology elements of this
field and those highly related. An additional consideration is that blockchain’s technology structure visualized in
our maps is consistent and follows the intuition of engineering studies (Ferrag et al., 2018), confirming the strong
linkage between science and the emergence and evolution of impactful technologies.

As with any emerging technology, the current scenario is full of uncertainty. Therefore, providing a clear picture
of these dynamics can offer new and additional understandings of the phenomenon. Bringing to the knowledge
what potential competitors/partners are working on can be useful for both firms already in the blockchain
technology market and those who want to enter it. Our exploration of the blockchain landscape can be helpful to
managers in their decision-making about how to design R&D activities in this field, drive organizations with a
new vision about the opportunities that emerge regarding blockchain, and choose the most suitable position in the
technological space (for instance, trying to patent platform inventions).

We mapped and visualized a comprehensive overview of blockchain technology and discussed its dynamics in an
international scenario. Our work can also help policymakers who can increase awareness of the potentiality of this
technology and drive regulation consistently, especially in standard settings. In order to respond to the question of
whether blockchain technology will become a reality, particular attention should be drawn to several factors, such
as foster knowledge diffusion and concentrate R&D efforts (Korzinov & Savin, 2018).

Despite the contributions mentioned above, the present work has several drawbacks. A first limitation is related to
patent analysis. Not all inventions are patentable because they do not fulfill the patentability criteria, or firms may
choose to rely on secrecy (Ardito, D’Adda, & Petruzzelli, 2018). Future studies may examine the underlying
mechanism that allows technological elements to move in the technological space, what forces drive them under
the technology specificities. Finally, in this paper, we did not have information on forward citation given the early
stage of the emergence of blockchain technology; thus, other works can further investigate the generality features
of blockchain by analyzing future patents’ various domains.
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Note

Note 1. For the assessment of the indicators of diversification, novelty, and originality, we used Derwent class
codes (4 digits) to reduce redundancy within the same class.
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