
This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.3046931, IEEE Access

 

VOLUME XX, 2017 1 

Date of  publication xxxx 00, 0000, date of current version xxxx 00, 0000.  

Digital Object Identifier 10.1109/ACCESS.2017.Doi Number 

What is Core and What Future Holds for 
Blockchain Technologies and 
Cryptocurrencies: A Bibliometric Analysis 

Adeel Nasir1,*, Kamran Shaukat2,*, Kanwal Iqbal Khan3, Ibrahim A. Hameed4, Talha 
Mahboob1, Suhuai Luo2 
1Department of Management Sciences, Lahore College for Women University, Lahore 54000, Pakistan 
2School of Electrical Engineering and Computing, The University of Newcastle, Newcastle 2308. Australia  

3Institute of Business & Management, University of Engineering and Technology, Lahore 54000, Pakistan 

4Department of ICT and Natural Sciences, Norwegian University of Science and Technology, Trondheim 7491, Norway 

 

*Adeel Nasir and Kamran Shaukat contributed equally to this work. 

 

Corresponding author: Kamran Shaukat (kamran.shaukat@uon.edu.au), Ibrahim A. Hameed (ibib@ntnu.no) 

ABSTRACT A new era awaits the development of cryptocurrency and blockchain technologies. This study 

highlights the influential and conceptual aspects of blockchain and cryptocurrency literature with 

bibliometric analysis. There are 1965 related documents from 2015 and 2020, represent various structures 

and technologies, cryptocurrencies, and blockchain applications. We have deployed “bibliometrix 3.0”, the 

r-package, and VOS viewer to analyze key literature aspects. IEEE Access is  the core journal for 

cryptocurrency and blockchain publications. The University of Cagliari, Notreported, and Peking 

University are key affiliations, and the USA, China, and India are core countries for literary research. H. 

Wang is the core author with the central theme of security of blockchain technologies. It is a set basis for 

conceptual aspects, core, and future research streams and themes. The study proposes three research 

streams: the structure of cryptocurrencies and implications of blockchain technologies, privacy, security 

management of data and information, and development of optimal information systems. The study further 

segregates themes into highly centralized and motor themes that are also core themes. Topics related to 

Consensus protocols, proof of work, distribution ledger technology, blockchain, and cryptocurrency 

procedures and structure comes under core themes. Highly developed and emerging themes are considered 

as a stepping stone for future directions. Underlying topics are related to fintech, Islamic finance, 

valuations, and dynamics of cryptocurrencies. 

INDEX TERMS Blockchain, Bitcoin, Bibliometric Analysis, Cryptocurrency, Digital Currency, Litecoin, 
Ripple, Security

I. INTRODUCTION 

The mode of a transaction has substantially evolved in the 

current decade due to the advancement in technology. The 

application of sophisticated technologies like blockchain 

protocols or distributed-ledgers in the financial technology 

sector has geared the attention of many financial experts, 

investment analysts, and technologists towards 

cryptocurrencies [1]. Blockchain technology has made 

business processes simple while maintaining a secure record 

of transactions.  The financial sector seems to be the primary 

user of it due to its application in the cryptocurrency, bitcoin 

[2], but its usage is not limited to the financial sector. It can 

accelerate change in different fields of our routine life [3]. It 

promotes digital payment systems, facilitates shares issuance, 

trades on decentralized digital exchanges to promote smart 

contracts, and builds a direct relationship between parties 

without involving a mediator [4]. 

Therefore, it is crucial to understand how blockchain 

technology helps to deal with cryptocurrencies (bitcoin, 

litecoin, ripple, monero) in the past. What complications are 

involved in its functioning, what are the future challenges 

ahead, particularly regarding its acceptance as a medium of 

exchange? Business opportunities awaiting in the digital 

world as the question of whether cryptocurrencies are legal 

or illegal is still debatable in many counties. That is why the 

current study undertakes the previous literature related to 
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blockchain technology, cryptocurrencies, and bitcoin from 

finance, economics, and information technology and 

conducts the bibliometrics analysis.  

 

 

 

This research aims to identify the top authors, affiliations, 

journals, reports, countries, and other related sources dealing 

with these concepts through extensive literature review. The 

information is collected from 2015-2020, which helps 

determine the major trends, themes, and research streams that 

further support the policymakers, researchers, analysts, and 

technologists.  

II. DATA COLLECTION FOR LITERATURE REVIEW 

Bibliometrics is a technique to explore scholarly information 

from the various well-established databases in research 

articles, books, conference proceedings, and reports. About 

the concepts under study [6]. It is a process of extracting, 

arranging, and analyzing data used for strategic decision 

making [7]. Bibliometric information for the current study is 

collected in two steps. In the first step, we selected the 

databases (Scopus, Web of Sciences, Emerald, Elsevier, 

Google Scholar) for information collection purposes. These 

databases contain thousands of high-impact factor prestigious 

research publications from natural sciences, social sciences, 

arts, and humanities. These databases mostly comprise of ISI 

indexed journals that fall under the diversified subject 

categories. Therefore, in the second step, we narrow down 

the subject category and conduct the search query for more 

holistic data collection in social sciences. We have applied 

various filters to get the desired results.  

The databases were searched by using the specific related 

keywords from the period of 2015-2020 at the date of 

September 12, 2020. The final search query is TITLE-ABS-

KEY (“Blockchain” OR “Bitcoin” OR “Cryptocurrency” OR 

“Digital Currency” OR “Technology”). It is highly 

anticipated that the results may change with the inclusion of 

more publications related to the topic under study in future 

 
III.  METHODOLOGY 

This study aims to provide a framework for future 

researchers that can open a new avenue for further studies 

and delineates prior research for scholars to generate future 

knowledge. For this purpose, firstly, an extensive literature 

review is conducted systematically, and finalized information 

is discussed through the bibliometrics analysis, keyword 

analysis, and citation analysis. According to top authors, 

journals, institutions, keywords, citations, publishing 

countries, and publication years, all these approaches 

summarize the data. This sorted information can help to 

improve individuals’ understanding of blockchain technology 

and cryptocurrencies in the modern technological world. 

The ‘Biblioshiny,’ a web-specific R package (‘Bibliometrix 

3.0’), is used to describe the selected documents based on 

Bradford’s law’s analysis tools, global citations, h, g, and m-

index. In the second step, key research themes and streams 

are identified through science mapping techniques of 

conceptual structure and using holistic keywords as the input 

data. We can provide an in-depth view of the data and 

suggest a future research agenda after completing these 

analysis steps. [8] used a similar pattern to analyze the 

influential and conceptual aspects of the corona pandemic in 

social science. 

A) BIBLIOM ETRICS ANALYSIS 

In the bibliometrics analysis, information related to top 

journals, authors, papers, universities, and countries is 

presented [9]. The current study also collected detailed 

information about blockchain technology cryptocurrency, 

and bitcoin, through a comprehensive literature review.  

Figure 1. Legal map of Bitcoin and other cryptocurrencies. Source: [5] 

FIGURE 2. Study Workflow of Bibliometrics Analysis 
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TABLE 1.  

DESCRIPTIVE CHARACTERISTICS OF BLOCKCHAIN TECHNOLOGY AND 

CRYPTOCURRENCY 

Particular Results 

Documents 1965 

Sources (Journals, Books, etc.) 979 

Keywords Plus (ID) 6516 

Author’s Keywords (DE) 3443 

Period 2015 – 2020 

Average citations per documents 10.36 

Authors 4728 

Author Appearances 6357 

Authors of single-authored documents 220 

Authors of multi-authored documents 4508 

Single-authored documents 254 

Documents per Author 0.416 

Authors per Document 2.41 

Co-Authors per Documents 3.24 

Collaboration Index 2.63 

A brief description of the concepts under study’s 

characteristics is discussed in Table 1, which is vital to 

understand the selected literature’s attributes before moving 

forward to the analysis section.   
The current study has finalized 1965 documents, 

including articles (733), book chapters (02), conference 

papers and reviews (1172), and others (58). All these 
documents use 6516 keywords plus and 3443 author’s 
keywords during the analysis period, i.e., 2015-2020. The 

average citation per document is 10.36. A total of 4728 
authors were contributed to this emerging field; if we 

evaluate the authorship of the selected articles, then 220 
were single-authored while 4508 were multi-authored 
documents. The document per author is almost 42%, while 

the collaboration index is 2.63, which depicts high 

collaboration in blockchain technology and cryptocurrency 
publications. The total annual publication presented in 
Table 2 shows that these concepts remain a hot issue for 

discussion and publication in 2019. As a significant number 
of publications, i.e., 851 documents were published during 
this period. This figure also shows an increasing trend in 

the research of bitcoin from 2015 to 2020.  
     We use source impact to identify the core publications 

and authors related to the concepts under study. Table 2 
ranks the publication sources, while table 3 arranges 
information based on the top ten authors in the field of 

social sciences according to h-index, g-index, m-index, 
total citations (TC), net production (NP), and publication 
starting year (PY-Start). Table 2 shows that the significant 

publication source is IEEE Access according to the indexes 
(h-index=16; g-index=33; m-index=4.00) in 2017.  

 

FIGURE 3. Annual Publications Output 

 Association for computing machinery (ACM) 
International Conference Proceeding Series is ranked as a 

top publication source in net production, 61 amongst all 
sources in 2015.   
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FIGURE 4. Most Relevant Affiliations 

 

TABLE 2.  
TOP TEN JOURNALS, ACCORDING TO PUBLICATION SOURCE IMPACT. 

Source of Publication h-index g-index m-index TC NP PY-Start 

IEEE Access 16 33 4.00 1134 61 2017 

Proceedings of the ACM Conference on Computer and Communications Security 14 22 2.80 1552 22 2016 

Future Generation Computer Systems 10 24 3.33 767 24 2018 

ACM International Conference Proceeding Series 6 10 1.00 164 81 2015 

IEEE Internet of Things Journal 6 9 3.00 120 9 2019 

IEEE Communications Surveys and Tutorials 6 6 1.20 798 6 2016 

Proceedings - IEEE 2018 International Congress on Cybernetics: 2018 IEEE 
Conferences on Internet of Things, Green Computing and Communications, Cyber, 

Physical and Social Computing, Smart Data, Blockchain, Computer And Information 
Technology, Ithings/ Greencom/ Cpscom/ Smart Data/ Blockchain/ Cit 2018 

5 6 1.67 65 25 2018 

Future Internet 5 9 1.00 238 9 2016 

Proceedings - IEEE Symposium on Security and Privacy 5 7 1.25 162 7 2017 

Metaphilosophy 5 5 1.25 51 5 2017 

 

 
 

 
 

 
 

 
TABLE 3.  

TOP 10 AUTHORS IMPACT IN BLOCKCHAIN, CRYPTOCURRENCY, BITCOIN LITERATURE 

Author h_index g_index m_index TC NP PY_start 

Wang H 5 16 1.250 1081 16 2017 

Chen X 4 13 1.000 1033 13 2017 

Li X 5 12 1.250 313 12 2017 

Yuan Y 6 12 2.000 144 12 2018 

Wang X 5 11 1.250 178 11 2017 

Li J 7 10 1.750 113 14 2017 

Liu Y 5 10 1.250 136 10 2017 

Wang FY 5 10 1.667 136 10 2018 

Wang Y 4 9 0.800 88 14 2016 

Chen Y 4 9 1.333 123 9 2018 

Note: h-index (measuring productivity and citation impact of publications); g-index (including highly cited papers in the dataset); and m-index (reflecting 

the ratio of h-index to several years the researchers has been actively publishing their research work).  
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FIGURE 5. Corresponding Authors’ Country 

 
 

    Furthermore, Proceedings of the ACM Conference on 
Computer and Communications Security remain at the 

leading source in 2018 based on total citations, i.e., 1552, 
while IEEE Access and IEEE Communications Surveys and 
Tutorials stay second and third position according to total 

citations, i.e., 1134 and 798 respectively. Table 3 provides 
information about the top ten authors’ impact in the 
blockchain, cryptocurrency, and bitcoin literature. 

Figure 5 represents the corresponding author countries, and 
the USA remains at the top of the list with multiple country 

publications (MCP) and single country publications (SCP). 
MCP refers to the collaboration between various countries, 
and SCP represents a collaboration by authors in a single 

country [10]. 

B) KEYWORD ANALYSIS  

     The keyword analysis presents the articles’ main body’s 

significant concepts, i.e., title, abstract, keywords, and 
author [11]. Table 4 showed the details about the keywords 

that are frequently used in the blockchain, cryptocracy, and 
bitcoin literature in social sciences from 2015 to 2020. This 
table summarized keywords in four parts: keyword plus, 

author keyword title, and abstract. In all aspects, the most 
common keyword is “Blockchain,” which repeats 
maximum times in all categories. Social sciences are related 

to the activities involving people, society, and the economy, 
which is depicted in the keywords in the form of “Bitcoin,” 

“Ethereum,” “Electronic Money,” “Cryptocurrency,” 
“Transactions.”  
      The current study is also associated with the technology 

and networks that facilitate the occurrence of the 
transaction. That is why the keywords like “Internet of 
Things,” “Peer to Peer Networks,” “Smart Contracts,” 

“Technology” is also found in the selected documents. The 
main concern of the parties in the adoption of blockchain 

technology is the trust issues, which is also reflected by the 
keywords like “Data Privacy,” “Network Security,” 
“Security,” “Privacy.” In the blockchain literature, very few 

title keywords are used. The abstract keywords cover the 
broader scope, as reflected by the keywords “Technology,” 

“Data,” “System,” “Paper,” “Network.” The title of the 
publications is very generic; that is why they fail to 
represent any theme or research stream for the analysis 

purpose. 
 

C) CITATION ANALYSIS 

 Citation analysis provides information about the most 
cited sources of literature [12]. It presents a comprehensive 
view of the literature included in the study [13]. Table 5 

provides the top counties’ information in terms of total 
publication and citations relevant to the blockchain 

technology and its application in the financial sector, 
particularly cryptocurrencies. 
The USA seems to be on the top of the list, both in terms of 

publications (617) and citations (4216), China is in the 
second place, Indian ranked third in publications  (252) but 
did not list in the top ten countries in terms of citations. 

Singapore's total citations are better than in the United 
Kingdom. Germany is in the fourth position in terms of 

citation (1014) with 130 publications. 
Singapore, Switzerland, and Finland are included in the 
top-cited positions at the rank of third (1205 citations), 

sixth (586 citations), and eight (509 citations) places 
respectively, even without included in the list of top 
publication countries. Similarly, there are the countries that 

appeared in the top ten publications countries list like India 
(282 Publications), Canada (104 Publications), France (101 

Publications). Still, their names do not show in the list of 
top country’s citations. Table 6 provides information about 
the top ten publications in social sciences, along with the 
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details about authors, their year of publication, and local and global citations. 
TABLE 4.  

KEYWORDS ANALYSIS 

Keyword Plus Author Keyword 

Words Occurrences Words Occurrences 

Blockchain 1223 Blockchain 1264 

Bitcoin 669 Bitcoin 660 

Electronic Money 559 Cryptocurrency 394 

Internet of Things 179 Ethereum 161 

Peer to Peer Networks 161 Smart Contracts 94 

Ethereum 147 Security 92 

Network Security 134 Smart Contract 88 

BlockChain 122 Privacy 71 

Proof of Work 112 Consensus 64 

Data Privacy 107 Proof of Work 64 

Title Abstract 

Words Occurrences Words Occurrences 

Blockchain 955 Blockchain 5162 

Bitcoin 362 Bitcoin 2613 

Technology 211 Technology 1980 

Cryptocurrency 161 Paper 1412 

Based 154 Data 1363 

Analysis 123 System 1289 

System 121 Transactions 1281 

Network 100 Network 1199 

Blockchains 94 Cryptocurrency 1158 

Security 91 Security 953 
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FIGURE 6. Word Cloud 

TABLE 5.  

TOP COUNTRIES IN TERMS OF PUBLICATIONS AND CITATIONS. 

Total Publications Total Citations 

Country/Region Frequency Country/Region Total Citations Average Article Citations 

USA 617 USA 4216 20.367 

China 550 China 1364 13.243 

India 282 Singapore 1205 48.2 

United Kingdom 186 Germany 1014 14.696 

South Korea 135 Korea 669 8.06 

Germany 130 Switzerland 586 34.471 

Australia 118 United Kingdom 526 8.484 

Italy 106 Finland 509 169.667 

Canada 104 Australia 493 12.641 

France 101 Italy 488 11.091 

  
     As publications in the field are increasing, people started 
acknowledging the top papers, researchers, and journals for 

their work. We have discussed the most locally cited 
articles, and its comparison with the global citation in table 
6. [14] is a highly cited article at the local level with (local 

citations: 99; international citations: 409). They discussed 
the pros and cons of cryptocurrencies and presented a new 

“bitcoin-ng” (next generation), with a faster and more 
secure blockchain protocol. [15] stood second with (local 
citations: 95; global citations: 372). They introduced a 

framework to check the security of networks, performance 
implications of several consensuses, and network  

 
parameters of proof of work blockchains. This framework 
provides an optimal adversarial strategy by considering 

real-life constraints and helps the user objectively compare 
the tradeoffs between the networks’ security and 

performance provisions. 
      Tschorsch & Scheuermann in [16] is on the third 
number having local citations: 88; global citations: 473. 

They highlighted the significance of digital currency in the 
modern world. They discussed the structure, process, and 
application of bitcoin protocol and extended the study’s 

scope by providing new ideas regarding bitcoins’ 
applicability in other fields. Zheng et al. [17] has 87 local 
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and 662 global citations and ranked fourth in local and 

second in global citations. They explained the importance 
of blockchain technology for the functioning of bitcoins. 
Further, they discussed the trends, challenges, and 

opportunities associated with applying blockchain 
technology in the fields. Luu et al. [18] investigated the 
security of running the smart contract under Ethereum as an 

open distributed network like cryptocurrencies.  
     Zyskind et al. [19] are highly cited globally, having 811 

citations, while its rank is sixth in a local citation (56 
citations). They provided the solution to the user’s privacy 
concerns by eliminating the role of third parties. They 

developed a personalized data management system in 
which users own and control all data through blockchain 
networks without involving a third party. Zheng et al. [23] 

describe blockchain’s benefits as consistency, 
decentralization, anonymity, and audibility. They discussed 

the application of blockchain in the financial and other 
fields, advances the knowledge about recent developments 
in the area, and provide directions for further research. Yli-

Huumo et al. [24] provided an overview of blockchain 
technology’s history, justifies the need for its development 
and explains its importance in diversified fields.  

     Figure 7 presents the comparison of global total citations 
and average per year citations. Results show that every year 

the number of citations for the published material related to 
the blockchain networks and cryptocurrencies has 
increased. It depicts that now researchers have realized the 

importance of this topic in the current era and started 
exploring the new areas for its application, which is a good 
indication. In the current situation, when the whole world 

faces a thread of coronavirus spread through a public 
interaction [25]. People are even advised to avoid the usage 

of debit and credit cards. This situation highlights the 
importance of contactless payment methods like digital 

currency, bitcoin through a secure, fast, and trustworthy 

network of blockchain technology. The figure shows that 
the most cited paper is “An Overview of Blockchain 
Technology: Architecture, Consensus, and Future Trends,” 

which has 811 total citations, whereas its per year citations 
were 135.167. The highest per year full citation is 165.5, 
received by Zheng et al. [17]. 

IV. CONCEPTUAL ASPECTS OF BLOCKCHAIN 

This part of the study uses keywords to generate sustainable 
clusters, themes, and streams of a research study. We 

deploy the VOS view to analyze various clusters of the 
literature on blockchain and cryptocurrency. Furthermore, 
we conduct a thematic map to understand the emerging, 

dropping, motor, and developed themes in cryptocurrency 
and blockchain literature.  

A) CO-OCCURRENCE ANALYSIS 

We have used both Authors’ keywords and keyword plus to 
analyze the various clusters of cryptocurrency and 

blockchain. Figure 8 shows the cluster of keywords linked 
together and form multiple groups led in different colours. 
The keywords used in the analysis represent various topics 

significantly because each keyword occurrence in the 
literature is set at a minimum threshold of 35 times. It 
means that none of the keywords present in figure 8 has a 

frequency of less than 35. This gives a robust and 
significant result because each keyword is significantly 

related to the cryptocurrency and blockchain literature. 
Different colours represent different clusters, and each 
cluster follows the mainstream of research. Research 

streams based on keywords in a specific cluster give a 
complete understanding of the directions of literature. 

  
 

TABLE 6.  

MOST LOCAL CITED DOCUMENTS 

Document Title Year Local Citation Global Citation 

Bitcoin-NG: A Scalable Blockchain Protocol [14] 2016 99 409 

On the Security and Performance of Proof of Work Blockchains [15] 2016 95 372 

Bitcoin and Beyond: A Technical Survey on Decentralized Digital Currencies [16] 2016 88 473 

An Overview of Blockchain Technology: Architecture, Consensus, and Future Trends [17] 2017 87 662 

Making smart contracts smarter [18] 2016 61 439 

Decentralizing Privacy: Using Blockchain to Protect Personal Data [19] 2015 56 811 

Hyperledger Fabric: A Distributed Operating System for Permissioned Blockchains [20] 2018 51 395 

A Secure Sharding Protocol For Open Blockchains [21] 2016 48 235 

Majority Is Not Enough: Bitcoin Mining Is Vulnerable [22] 2018 43 176 

Blockchain challenges and opportunities: A survey [23] 2018 34 320 
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FIGURE 7. Comparison of Total vs.Per Year Citations (Global) 

 
 

 

 
Figure 8. Co-occurrence Network 
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     Cluster coloured in Red is the main cluster that 

represents the relationship of cryptocurrency and 
blockchain. The relationship offers the research stream of 

the structure of cryptocurrency and implications to 
blockchain technology. The streams cover blockchain and 
financial technology in various sectors discussed by [26], 

[27]. Furthermore, many studies focus on the information 
technology issues related to blockchain. Still, Du et al. [28] 
used affordance actualization theory to fill the gap of 

effective implementation of blockchain in organizations. 
[29] discussed the emergence of blockchain practices such 

as distributed ledger and global peer to peer transactions. 
[30] present countermeasures by preserving the 
decentralization of bitcoin peer to peer network architecture 

to reduce eclipse attacks. Furthermore, significance and 
development of blockchain technologies are studies by 
[31], [32], [33], [34]. 

     The second research stream represents the studies 
related to the safety and security of data and information. 

Zyskind et al. [19] describe the personal decentralized data 
management system to better use and control user data. 
They developed the protocol that converts the blockchain 

into an automated access control manager, which did not 
require trust in a third party. Dorri et al. [35] tried to 
eliminate traditional blockchain applications that are 

expensive and required high bandwidth. They suggested 
that blockchain is essential for safety and security, but very 

few devices can afford it. They created a lightweight 
structure based on traditional blockchain applications 
architect with maximum maintenance of privacy and 

security benefits. Fernández-Caramés and Fraga-Lamas in 
[36] used blockchain technology to develop applications for 
the internet of things (IOT) that pave the way for seamless 

authentications, security, privacy against attacks. They 
develop an IoT based blockchain application, which was 

named BIOT. For significant security and privacy, Conti et 
al. [37] reviewed the existing vulnerabilities of bitcoin with 
related technologies such as blockchain and proof-of-work 

(POW) based consensus protocol. Furthermore, safety and 
privacy related to cryptocurrency and blockchain studied by 
[38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], 

[49], [50], [51], [52], [53] and [54].    
     The third research dimension is limited and 

straightforward forward. It represents the sophisticated 
information system that cryptocurrency and blockchain 
represent and the use of that information effectively. At the 

inception of the skyrocketed behaviour of bitcoin prices, 
many investors were interested in cryptocurrency. Many 
companies issued unregulated crypto assets for financing. 

Many projects underperformed, and investors were unaware 
of the high risk of decentralized currency. Lausen in [55] 

studied the development of cryptocurrency over time and 
reported various taxonomies that enabled regulators to 
analyze that which features of cryptocurrency were subject 

to regulations. In addition to regulating the development of 
blockchain technology is highly adopted by the financial 

sector. There is a need to deploy these applications in smart 

cities, Nagel et al. in [56] introduced multi-layer 
taxonomies of smart cities business models for significant 

blockchain applications.  
 

TABLE 7. 

RESEARCH STREAMS 

 

     Abramova and Bohme in [57] conducted an exploratory 
study to explain bitcoin determinants used as the 
information system. The study informed about the benefit 

and perceived risk of bitcoin use. They also reported the 
technology acceptance theory and recognize various 
conceptual and methodological developments of bitcoin 

use. [58] conceptualized blockchain technology by 
discussing various blockchain applications. For better 

communication and information among stakeholders, they 
reported various blockchain technology functions and 
offered a dynamic discussion on contemporary and 

emerging blockchain applications. [59] proposed the trusted 
executed environment (TEE) for securing the information 
in the blockchain. Further, in optimal use and securing the 

information [60] stated that there were significant benefits 
of blockchain technology in the audit environment. They 

suggested that blockchain technology would help reduce 
frauds and would optimize audit processes. Blockchain can 
also provide benefits for the business environment; one of 

the benefits was discussed by [61] in the shape of smart 
contracts that established trust among contracting partners 
without the inclusion of a third party. [62] provided the 

comparative analysis of core cryptocurrencies (Ethereum, 
Bitcoin, and Ripple). Their comparative focus was on a 

scripting language, architecture, and properties related to 
security. Furthermore the architecture, information and data 
security and use is studied by [63], [64], [65], [66], [67], 

[68], [69], [70], [71], [72], [73], and [74]. 
 

B) THEM ES EVOLVEM ENT OVERTIM E 

 Figure 9 represents the thematic evolution that 
indicates how themes related to blockchain and 

Keywords Cluster Research Stream 

Blockchain, bitcoin, electronic 

money, cryptocurrency, Ethereum, 
peer to peer network, network 

security, smart contracts, proof of 
work, distributed computer system, 

miners, consensus algorithm, 
scalability, distributed ledger, 

decentralization, fintech, machine 
learning, investments 

Red Structure of 

Cryptocurrency 
and implications 

of Blockchain 
technology 

Internet of things (IoT), blockchain, 

digital storage, data privacy, 
cryptography, security, big data, 

information management, 
authentication, the security of data 

Green Confidentiality 

and Security 
management of 

Data and 
information 

Information system, Information use Blue Deployment of 

optimal 
information 

system 
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cryptocurrency evolved overtime. It is observable that from 

the inception of the technology until 2020, the topics of 
blockchain and cryptocurrencies evolved significantly. At 
first, the literature keywords were related to the topic of 

introduction and structure of blockchain technology [75], 
decentralized currencies (Ali et al., 2016), and [76], smart 
contracts [77], [78] privacy and distribution ledger [79]. 

Then it has evolved to the development of structure and 
architecture of blockchain applications [80], the internet of 

things [81], and the latest financial technology named 

fintech [82], [83] and [84]. At final stages the evolved 
shape of blockchain and cryptocurrency literature has 
evolved into digital currency [85] and [86], internet of 

things (IoT) [87], [88], and [89], consensus [90] and proof 
of work [91], [92] and [93]. 
 

 

C) CLASSIFICATION OF RESEARCH THEM ES 

We have divided research themes into various categories 
for various types of stakeholders. After this classification, 

the perspective of researchers, developers, and information 
technology (IT) specialists will investigate relevant areas. 

Figure 10 represents the thematic map (TM), which is made 
by checking the topic according to centrality on the x-axis 
and density on the y-axis. TM further divides the 

blockchain and cryptocurrency literature into four broad 
quadrants. Quadrant, I represent the research themes that 
are emerging or dropping. This quadrant contains topics 

that are new and can provide the potential to be highly 
relevant in the future. Quadrant II represents high centrality 
and low density, and these topics have been frequent high 

publications, but less importance left in the area. 
  

 
Figure 9. Thematic Evolution 
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Figure 10. Thematic Map 

     Quadrant III represents high density, which means these 
topics are essential but low frequent publications due to low 

centrality. These themes can also be considered as future 
directions. Forth quadrant represents motor themes that are 
highly centralized and highly developed. We have 

subdivided the TM into two broad categories. One is related 
to future directions in which we are taking the latest 

publications related to quadrant I and quadrant III themes. 
Second, our core research themes are represented by 
quadrant II and quadrant IV of TM.  

D) CORE RESEARCH THEM ES 

The core themes are represented by quadrant III and IV, 
topics related to consensus and proof of work are making 

the transition from quadrant II to quadrant IV to be 
considered in both future direction and core themes. Here 
we consider older studies as a core field and new studies as 

future direction studies. Quadrant IV themes are motor 
themes that have high centrality and density. The first core 
motor theme is identified in quadrant IV is “security of 

consensus protocol” and “proof of work consensus 
protocol.” Kovalchuk et al. in [94] study come under motor 

themes that propose a new mathematical model to split 
attack on consensus protocol that is applied on 
cryptocurrencies. Furthermore, they tried to preserve the 

consensus protocol of cryptocurrencies [16] conducted a 
technical survey. Further studies related to consensus 
protocol applied on cryptocurrencies for security are done 

by [36], [95], [96], [97] and [98]. Gramoli in [99] worked 
on the proof of work (POW) consensus protocol to 

differentiate Ethereum and bitcoin proof of work consensus 
algorithms. Miraz & Ali in [100] considered POW as a 
significant determinant for the security of transactions of 

cryptocurrency. While research has underlined various pros 
related to POW, ensuring blockchain and cryptocurrency 
security, Borge et al. [101] went another way by stating that 

re-centralization and energy waste are the reason for using 
POW technology.  

     As mentioned above, quadrant II represents the themes 
that possess high centrality. Themes of this quadrant are 
important and represent the most common topics with high 

publications. “Trust and distributed ledger technology” and 
“structure and objective of blockchain and 

cryptocurrencies” are highly centralized themes. Trust in 
distributed ledger technology from the last decade has been 
substantial. It changes the way of business. It preserves the 

data of business personal, track their payments and product. 
These features have gained much hype for distributed 
ledger technology. In contemporary commercial business, 

interest in building a distributed ledger application is 
growing [102]. Furthermore, significance of distributed 
ledger technology is reported by [103], [104], [105], [106], 

[107], [108] and [104]. 
      The highly centralized blockchain and cryptocurrency 

literature area is the “structure and objective of blockchain 
and cryptocurrency.” Every topic related is related to these 
topics that why it is highly centralized. For reference, see 

figure 8 of the co-occurrence analysis in which blockchain 
is in the center of the cluster, and every topic is related to 
blockchain. It is unlikely to different studies that are 

specifically relevant to these topics without the penetration 
of other topics. There is a significant contribution to 

developing the structure of blockchain and cryptocurrency 
from a technological perspective and economic perspective 
[109]. Due to the popularity of bitcoin and other 

cryptocurrencies, it is becoming a financial asset. There is a 
listed and over the counter market and emerging derivative 
market of digital currencies [110]. Furthermore, the past 

transactions stored in a distributed ledger known as 
blockchain has also contributed to its development and 

growth [97]. The major disadvantage of digital currency is 
attacked, such as quantum computing attacks that disrupt 
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the blockchain’s whole structure. Studies such as [111], 

[112], [113], [114], [45], [115], and [116] tried to solve 
related issues with blockchain technologies.  

V. FUTURE RESEARCH THEMES AND TOPICS 

We have used two methods to find future research agendas 

in the literature of blockchain and cryptocurrency. First, we 
use the technical formation of future research studies based 
on quadrant I and quadrant II of the thematic map. Second, 

we have used core influential and conceptual aspects of 
literature to form a general idea of the future direction for 

blockchain and cryptocurrency. 
      Quadrant I represent themes that are either emerging or 
dropping in a specific research area. According to the 

thematic map (see figure 10), we propose that the structure 
of blockchain with fintech technology is the emerging 
theme that needs further elaboration in the body of 

knowledge. After reviewing 141 research articles on 
bitcoin, blockchain, and fintech Fosso Wamba et al. 

(Wamba et al., 2020) suggested that organizations needed 
to develop research and development on these technologies 
to understand it better. They needed to optimize their 

business strategies with penetration of fintech, which would 
help them generate critical decision-making insights.  
      The emergence of Islamic finance practices posts a 

significant need for the significance of blockchain and 
fintech application in Islamic business and commerce. 

Rabbani et al. [118] extensively reviewed 133 research 
studies related to fintech, blockchain, and Islamic finance. 
They divided the literature into three holistic categories , i.e. 

Islamic fintech challenges and opportunities, Sharia 
compliance of blockchain and cryptocurrency, and law and 
regulations. This post a significant gap in the application of 

blockchain, cryptocurrencies, and fintech in Islamic finance 
and banking, which needs to be addressed in future research 

studies.  
      Quadrant III proposed research themes that are highly 
developed with little centrality. The findings of these 

research papers can provide gaps for future research. As 
cryptocurrency has grown as a financial asset, many 
questions may arise for estimating the true intrinsic value. 

This opens a new debate for a stream of research studies 
proposing the best valuation model for cryptocurrencies. 

Nadler & Guo in [119] offered an asset pricing model based 
on market risk and blockchain-related risk factors. Saad et 
al. [120] tried to identify the supply and demand dynamics 

of cryptocurrencies and construct a machine learning model 
to predict its prices. For future research, there is a need for 
advancement in valuation models for better pricing and 

valuation of various cryptocurrencies. 
      Härdle et al. [121] clear some structural 

misunderstanding about the operations of cryptocurrency 
and blockchain. Further study is required in developed and 
developing nations to remove misconceptions about the 

transactions related to cryptocurrencies. Proof of work 
(POW) and proof of stake (POS) are the most common 
ways to ensure security but Borge et al. in [101] highlighted 

disadvantages such as POW consumes high electricity and 

re-centralization, and there is a monopoly of significant 
shareholders in POS which can post challenges. They 
introduced proof of personhood (POP), the security 

protocol that connects physical entities with virtual entities 
to ensure accountability and preserve anonymity. They 
further raised Popcoin cryptocurrency with a consensus 

mechanism that eliminates the disadvantages proposed by 
POP and POS. The structure and characteristics of the latest 

created cryptocurrencies are needed to be discussed in 
future research.  

A) LIMITATIONS OF STUDY     

The search query of this study has been used on September 
12, 2020. With passing time, the search result may change 
as there is a stream of studies in this field daily.  

 
VI. CONCLUSION 

The study has elaborated significant influential and 

conceptual aspects related to blockchain and cryptocurrency 

literature. The study has found that IEEE access is the core 

journal that started publishing blockchain and cryptocurrency 

literature in 2017. It has the highest h-,g- and m-index in this 

field. Researchers, policy markets, and investors must 

explore this journal for further directions, regulations, and 

investments. Furthermore, Wang H.'s contribution to IEEE 

access is significant, and he is also a core author. University 

of Cagliari, Notreported, and Peking University are the 

leading influential affiliations in blockchain literature. USA 

lead as the top country of corresponding the cryptocurrency 

and blockchain-related literature. USA lead in corresponding 

within and outside the country. India and China come in 

second and third positions. The USA, China, and India lead 

the total publications, but in high rankings in terms of 

citations, Singapore replaces India.  

      Zyskind et al. [19] write the core globally cited article 

that proposed the data management system where users can 

control and own the data using a blockchain network without 

penetration of the third party. This study elaborates that with 

passing the time, the literature related to cryptocurrency and 

blockchain gaining a significant reputation. This increasing 

importance brings this study to the second part to key 

focused areas and themes of blockchain and cryptocurrency 

literature. With the help of a co-occurrence network, we can 

identify three main research streams of available 

publications. These streams help direct the future result in a 

specific area. The first stream is related to the structure of 

cryptocurrency and implications for blockchain technology. 

The second stream is significantly covered in literature and 

linked with the first stream that is the privacy and security 

management of data and information. The development of 

information systems and their optimal use is the third stream 

of cryptocurrency and blockchain literature. In a short time, 

the literature has evolved significantly the themes have 

changed from blockchain technologies, decentralized 

currencies, smart contracts, and distribution ledgers to the 
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Internet of Things (IoT), fintech, and then it evolved to the 

digital currency, consensus, and proof of work. We divided 

highly anticipated themes of literature into four quadrants 

with the help of a thematic map. The quadrant is arranged 

according to high density and centrality, motor themes, and 

emerging or dropping themes. The study considers high 

centrality and motor themes as core themes. These themes 

are based on the security of consensus protocol and proof of 

work consensus protocol. Related studies are highly centered 

in literature and they have a high density which makes them 

motor themes. Furthermore, distribution ledger, structure, 

and objective of blockchain and cryptocurrencies are highly 

centered themes that are linked with all other minor themes 

in literature. Lastly, we propose emerging and highly 

important themes that set the future direction of research. 

Fintech, implementation of Islamic finance practices, 

valuation methods of cryptocurrencies, and structural 

development of cryptocurrencies are the themes that set the 

future directions of blockchain and cryptocurrency literature. 

 

References 

 
[1] I. Eyal, “Blockchain Technology: Transforming Libertari an 

Cryptocurrency Dreams to Finance and Banking Realities,” 
Computer (Long. Beach. Calif). , vol. 50, no. 9, pp. 38–49, 2017, 

doi: 10.1109/MC.2017.3571042. 
[2] M. Nofer, P. Gomber, O. Hinz, and D. Schiereck, “ Blockchain,” 

Bus. Inf. Syst. Eng., vol. 59, no. 3, pp. 183–187, 2017, doi: 
10.1007/s12599-017-0467-3. 

[3] M. Crosby, P. Pattanayak, S. Verma, and V. Kalyanaraman, 
“Blockchain technology: Beyond bitcoin,” Appl. Innov., vol. 2, pp. 

6–10, 2016. 
[4] M. Risius and K. Spohrer, “ A Blockchain Research Framework: 

What We (don’t) Know, Where We Go from Here, and How We 
Will Get There,” Bus. Inf. Syst. Eng., vol. 59, no. 6, pp. 385–409, 

Dec. 2017, doi: 10.1007/s12599-017-0506-0. 
[5] “Countries Where Bitcoin is Banned or Legal in 2020.” [Online]. 

Available: https://cryptonews.com/guides/countries-in-which-
bitcoin-is-banned-or-legal.htm. [Accessed: 19-Oct-2020]. 

[6] F. Narin, D. Olivastro, and K. A. Stevens, “ Bibliometrics/Theory, 
Practice and Problems,” Eval. Rev., vol. 18, no. 1, pp. 65–76, Feb. 

1994, doi: 10.1177/0193841X9401800107. 
[7] A. Firdaus, M. F. A. Razak, A. Feizollah, I. A. T. Hashem, M. 

Hazim, and N. B. Anuar, “The rise of ‘blockchain’: bibliometric 
analysis of blockchain study,” Scientometrics, vol. 120, no. 3, pp. 

1289–1331, Sep. 2019, doi: 10.1007/s11192-019-03170-4. 
[8] A. Nasir, K. Shaukat, I. Hameed, S. Luo, T. Mahboob, and F. Iqbal, 

“ A Bibliometric Analysis of Corona Pandemic in Social Sciences: 
A Review of Influential Aspects and Conceptual Structure,” IEEE 

Access, pp. 1–1, 2020, doi: 10.1109/ACCESS.2020.3008733. 
[9] S. Zeng, X. Ni, Y. Yuan, and F. Y. F.-Y. Wang, “A Bibliometric 

Analysis of Blockchain Research,” in IEEE Intelligent Vehicles 
Symposium, Proceedings, 2018, vol. 2018-June, pp. 102–107, doi: 

10.1109/IVS.2018.8500606. 
[10] “Biblioshiny - bibliometrix for no coders.” [Online]. Available: 

https://bibliometrix.org/biblioshiny/. [Accessed: 16-Apr-2020]. 
[11] S. Miau and J.-M. J.-M. Yang, “Bibliometrics-based evaluation of 

the Blockchain research trend: 2008–March 2017,” Technol. Anal. 
Strateg. Manag., vol. 30, no. 9, pp. 1029–1045, Sep. 2018, doi: 

10.1080/09537325.2018.1434138. 
[12] F. Madani and C. Weber, “The evolution of patent mining: 

Applying bibliometrics analysis and keyword network analysis,” 
World Pat. Inf., vol. 46, pp. 32–48, Sep. 2016, doi: 

10.1016/j.wpi.2016.05.008. 

[13] M. Campra, S. F. Secinaro, V. Brescia, and C. M. G. G. Góis, 

“Where is current research on blockchain technology in public 
sector?—A systematic revi ew,” Riv. Ital. Di Ragioneria E Di Econ. 

Aziend., vol. 17, pp. 183–199, 2020. 
[14] I. Eyal, A. E. Gencer, E. G. Sirer, and R. Van Renesse, “ Bitcoin-ng: 

A scalable blockchain protocol,” in symposium on networked 
systems design and implementation, 2016, pp. 45–59. 

[15] A. Gervais, G. O. Karame, K. Wüst, V. Glykantzis, H. Ritzdorf, and 
S. Čapkun, “On the security and performance of Proof of Work 

blockchains,” in Proceedings of the ACM Conference on Computer 
and Communications Security, 2016, vol. 24-28-Octo, pp. 3–16, 

doi: 10.1145/2976749.2978341. 
[16] F. Tschorsch and B. Scheuermann, “ Bitcoin and beyond: A 

technical survey on decentralized digital currencies,” IEEE 
Commun. Surv. Tutorials, vol. 18, no. 3, pp. 2084–2123, Jul. 2016, 

doi: 10.1109/COMST.2016.2535718. 
[17] Z. Zheng, S. Xie, H. Dai, X. Chen, and H. Wang, “ An Overview of 

Blockchain Technology: Architecture, Consensus, and Future 
Trends,” in Proceedings - 2017 IEEE 6th International Congress on 

Big Data, BigData Congress 2017, 2017, pp. 557–564, doi: 
10.1109/BigDataCongress.2017.85. 

[18] L. Luu, D. H. D.-H. Chu, H. Olickel, P. Saxena, and A. Hobor, 
“Making smart contracts smarter,” in Proceedings of the ACM 

Conference on Computer and Communications Security, 2016, vol. 
24-28-Octo, pp. 254–269, doi: 10.1145/2976749.2978309. 

[19] G. Zyskind, O. Nathan, and A. S. Pentland, “ Decentralizing privacy: 
Using blockchain to protect personal data,” in Proceedings - 2015 

IEEE Security and Privacy Workshops, SPW 2015, 2015, pp. 180–
184, doi: 10.1109/SPW.2015.27. 

[20] E. Androulaki Artem Barger Vita Bortnikov et al., “ Hyperledger 
Fabric: A Distributed Operating System for Permissioned 

Blockchains,” in Proceedings of the 13th EuroSys Conference, 
EuroSys 2018, 2018, vol. 2018-Janua, doi: 

10.1145/3190508.3190538. 
[21] L. Luu, V. Narayanan, C. Zheng, K. Baweja, S. Gilbert, and P. 

Saxena, “ A secure sharding protocol for open blockchains,” in 
Proceedings of the ACM Conference on Computer and 

Communications Security, 2016, vol. 24-28-Octo, pp. 17–30, doi: 
10.1145/2976749.2978389. 

[22] I. Eyal and E. G. Sirer, “ Majority Is Not Enough: Bitcoin mining is 
vulnerable,” Commun. ACM, vol. 61, no. 7, pp. 95–102, 2018, doi: 

10.1145/3212998. 
[23] Z. Zheng, S. Xie, H. N. H.-N. Dai, X. Chen, and H. Wang, 

“Blockchain challenges and opportunities: A survey,” Int. J. Web 
Grid Serv., vol. 14, no. 4, pp. 352–375, 2018, doi: 

10.1504/IJWGS.2018.095647. 
[24] J. Yli-Huumo, D. Ko, S. Choi, S. Park, and K. Smolander, “Where 

is current research on Blockchain technology? - A systematic 
review,” PLoS One, vol. 11, no. 10, p. e0163477, Oct. 2016, doi: 

10.1371/journal.pone.0163477. 
[25] Z. Liu et al., “Composition and divergence of coronavirus spike 

proteins and host ACE2 receptors predict potential intermediate 
hosts of SARS-CoV-2,” J. Med. Virol., vol. 92, no. 6, pp. 595–601, 

Jun. 2020, doi: 10.1002/jmv.25726. 
[26] V. Gatteschi, F. Lamberti, C. Demartini, C. Pranteda, and V. 

Santamaria, “To Blockchain or Not to Blockchain: That Is the 
Question,” IT Prof., vol. 20, no. 2, pp. 62–74, 2018, doi: 

10.1109/MITP.2018.021921652. 
[27] N. Kshetri and J. Voas, “Blockchain in Developing Countries,” IT 

Prof., vol. 20, no. 2, pp. 11–14, 2018, doi: 
10.1109/MITP.2018.021921645. 

[28] W. D. Du, S. L. Pan, D. E. Leidner, and W. Ying, “ Affordances, 
experimentation and actualization of FinTech: A blockchain 

implementation study,” J. Strateg. Inf. Syst., vol. 28, no. 1, pp. 50–
65, 2019, doi: 10.1016/j.jsis.2018.10.002. 

[29] M. A. Zook and J. Blankenship, “ New spaces of disruption? The 
failures of Bitcoin and the rhetori cal power of algorithmic 

governance,” Geoforum, vol. 96, pp. 248–255, 2018, doi: 
10.1016/j.geoforum.2018.08.023. 

[30] E. Heilman, A. Kendler, A. Zohar, and S. Goldberg, “Eclipse 
attacks on Bitcoin’s peer-to-peer network,” in Proceedings of the 

24th USENIX Security Symposium, 2015, pp. 129–144. 



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.3046931, IEEE Access

 

VOLUME XX, 2017 9 

[31] T. T. A. Dinh, J. Wang, G. Chen, R. Liu, B. C. Ooi, and K. -L. Tan, 

“BLOCKBENCH: A framework for analyzing private blockchains,” 
in Proceedings of the ACM SIGMOD International Conference on 

Management of Data, 2017, vol. Part F1277, pp. 1085–1100, doi: 
10.1145/3035918.3064033. 

[32] M. Ali, J. Nelson, R. Shea, and M. J. Freedman, “ Blockstack: A 
global naming and storage system secured by blockchains,” in 

Proceedings of the 2016 USENIX Annual Technical Conference, 
USENIX ATC 2016, 2016, pp. 181–194. 

[33] L. M. Bach, B. Mihaljevic, and M. Zagar, “Comparative analysis of 
blockchain consensus algorithms,” in 2018 41st International 

Convention on Information and Communication Technology, 
Electronics and Microelectronics, MIPRO 2018 - Proceedings, 

2018, pp. 1545–1550, doi: 10.23919/MIPRO.2018.8400278. 
[34] Y. Yuan and F.-Y. Wang, “Blockchain and Cryptocurrencies: 

Model, Techniques, and Applications,” IEEE Trans. Syst. Man, 
Cybern. Syst., vol. 48, no. 9, pp. 1421–1428, 2018, doi: 

10.1109/TSMC.2018.2854904. 
[35] A. Dorri, S. S. Kanhere, and R. Jurdak, “Towards an optimized 

blockchain for IoT,” in Proceedings - 2017 IEEE/ACM 2nd 
International Conference on Internet-of-Things Design and 

Implementation, IoTDI 2017 (part of CPS Week), 2017, pp. 173–
178, doi: 10.1145/3054977.3055003. 

[36] T. M. Fernández-Caramés and P. Fraga-Lamas, “ A Review on the 
Use of Blockchain for the Internet of Things,” IEEE Access, vol. 6, 

pp. 32979–33001, 2018, doi: 10.1109/ACCESS.2018.2842685.  
[37] M. Conti, K. E. Sandeep, C. Lal, and S. Ruj, “A survey on security 

and privacy issues of bitcoin,” IEEE Commun. Surv. Tutorials, vol. 
20, no. 4, pp. 3416–3452, 2018, doi: 

10.1109/COMST.2018.2842460. 
[38] D. E. Kouicem, A. Bouabdallah, and H. Lakhlef, “ Internet of things 

security: A top-down survey,” Comput. Networks, vol. 141, pp. 
199–221, 2018, doi: 10.1016/j.comnet.2018.03.012. 

[39] M. Ali, S. A. Raza, C. H. Puah, and H. Amin, “Consumer 
acceptance toward takaful in Pakistan: An application of di ffusion 

of innovation theory,” Int. J. Emerg. Mark., vol. 14, no. 4, pp. 620–
638, 2019, doi: 10.1108/IJOEM-08-2017-0275. 

[40] B. Bunz, J. Bootle, D. Boneh, A. Poelstra, P. Wuille, and G. 
Maxwell, “Bulletproofs: Short Proofs for Confidential Transactions 

and More,” in Proceedings - IEEE Symposium on Security and 
Privacy, 2018, vol. 2018-May, pp. 315–334, doi: 

10.1109/SP.2018.00020. 
[41] Q. Feng, D. He, S. Zeadally, M. K. Khan, and N. Kumar, “A survey 

on privacy protection in blockchain system,” J. Netw. Comput. 
Appl., vol. 126, pp. 45–58, 2019, doi: 10.1016/j.jnca.2018.10.020. 

[42] M. Green and I. Miers, “Bolt: Anonymous payment channels for 
decentralized currencies,” in Proceedings of the ACM Conference 

on Computer and Communications Security, 2017, pp. 473–489, 
doi: 10.1145/3133956.3134093. 

[43] R. Henry, A. Herzberg, and A. Kate, “ Blockchain access privacy: 
Challenges and directions,” IEEE Secur. Priv., vol. 16, no. 4, pp. 

38–45, 2018, doi: 10.1109/MSP.2018.3111245. 
[44] M. C. Kus Khalilov and A. Levi, “ A survey on anonymity and 

privacy in bitcoin-like digital cash systems,” IEEE Commun. Surv. 
Tutorials, vol. 20, no. 3, pp. 2543–2585, 2018, doi: 

10.1109/COMST.2018.2818623. 
[45] R. Zhang, R. Xue, and L. Liu, “Security and privacy on 

blockchain,” ACM Comput. Surv., vol. 52, no. 3, 2019, doi: 
10.1145/3316481. 

[46] C. Millard, “Blockchain and law: Incompatible codes?,” Comput. 
Law Secur. Rev., vol. 34, no. 4, pp. 843–846, 2018, doi: 

10.1016/j.clsr.2018.06.006. 
[47] R. Kumaresan, V. Vaikuntanathan, and P. N. Vasudevan, 

“ Improvements TO secure computation with penalties,” in 
Proceedings of the ACM Conference on Computer and 

Communications Security, 2016, vol. 24-28-Octo, pp. 406–417, doi: 
10.1145/2976749.2978421. 

[48] S. Dziembowski, L. Eckey, and S. Faust, “Fairswap: How to fairly 
exchange digital goods,” in Proceedings of the ACM Conference on 

Computer and Communications Security, 2018, pp. 967–984, doi: 
10.1145/3243734.3243857. 

[49] N. T. Courtois and R. Mercer, “Stealth address and key 

management techniques in blockchain systems,” in ICISSP 2017 - 

Proceedings of the 3rd International Conference on Information 
Systems Security and Privacy, 2017, vol. 2017-Janua, pp. 559–566, 

doi: 10.5220/0006270005590566. 
[50] J. Bernal Bernabe, J. L. Canovas, J. L. Hernandez-Ramos, R. Torres 

Moreno, and A. Skarmeta, “Privacy-Preserving Solutions for 
Blockchain: Review and Challenges,” IEEE Access, vol. 7, pp. 

164908–164940, 2019, doi: 10.1109/ACCESS.2019.2950872. 
[51] A. D. Dwivedi, L. Malina, P. Dzurenda, and G. Srivastava, 

“ Optimized blockchain model for internet of things based healthcare 
applications,” in 2019 42nd International Conference on 

Telecommunications and Signal Processing, TSP 2019, 2019, pp. 
135–139, doi: 10.1109/TSP.2019.8769060. 

[52] P. Kianmajd, J. Rowe, and K. Levitt, “Privacy-preserving 
coordination for smart communities,” in Proceedings - IEEE 

INFOCOM, 2016, vol. 2016-Septe, pp. 1045–1046, doi: 
10.1109/INFCOMW.2016.7562245. 

[53] S. Roy, M. Ashaduzzaman, M. Hassan, and A. R. Chowdhury, 
“BlockChain for IoT security and management: Current prospects, 

challenges and future directions,” in Proceedings of 2018 5th 
International Conference on Networking, Systems and Security, 

NSysS 2018, 2019, doi: 10.1109/NSysS.2018.8631365. 
[54] C.-Y. Li, X.-B. Chen, Y.-L. Chen, Y.-Y. Hou, and J. Li, “ A New 

Lattice-Based Signature Scheme in Post-Quantum Blockchain 
Network,” IEEE Access, vol. 7, pp. 2026–2033, 2019, doi: 

10.1109/ACCESS.2018.2886554. 
[55] J. Lausen, “Regulating initial coin offerings? A taxonomy of crypto-

assets,” in 27th European Conference on Information Systems - 
Information Systems for a Sharing Society, ECIS 2019, 2020. 

[56] E. Nagel, J. Kranz, P. Sandner, and S. Hopf, “ How blockchain 
facilitates smart city applications - Development of a multi-layer 

taxonomy,” in 27th European Conference on Information Systems - 
Information Systems for a Sharing Society, ECIS 2019, 2020. 

[57] S. Abramova and R. Böhme, “Perceived benefit and risk as 
multidimensional determinants of bitcoin use: A quantitative 

exploratory study,” in 2016 International Conference on 
Information Systems, ICIS 2016, 2016, doi: 10.17705/4icis.00001. 

[58] K. Sultan, U. Ruhi, and R. Lakhani, “Conceptualizing blockchains: 
Charact eristics & applications,” in Proceedings of the 11th IADIS 

International Conference Information Systems 2018, IS 2018, 2018, 
pp. 49–57. 

[59] G. Ayoade, V. Karande, L. Khan, and K. Hamlen, “ Decentralized 
IoT data management using blockchain and trusted execution 

environment,” in Proceedings - 2018 IEEE 19th International 
Conference on Information Reuse and Integration for Data Science, 

IRI 2018, 2018, pp. 15–22, doi: 10.1109/IRI.2018.00011. 
[60] P. W. Abreu, M. Aparicio, and C. J. Costa, “Blockchain technology 

in the auditing environment,” in Iberian Conference on Information 
Systems and Technologies, CISTI, 2018, vol. 2018-June, pp. 1–6, 

doi: 10.23919/CISTI.2018.8399460. 
[61] M. Möhring, B. Keller, R. Schmidt, A.-L. Rippin, J. Schulz, and K. 

Brückner, “ Empirical insights in the current development of smart 
contracts,” in Proceedings of the 22nd Pacific Asia Conference on 

Information Systems - Opportunities and Challenges for the 
Digitized Society: Are We Ready?, PACIS 2018, 2018. 

[62] L. Mauri, S. Cimato, and E. Damiani, “ A Comparative Analysis of 
Current Cryptocurrencies,” in ICISSP 2018 - Proceedings of the 4th 

International Conference on Information Systems Security and 
Privacy, 2018, vol. 2018-Janua, pp. 127–138, doi: 

10.5220/0006648801270138. 
[63] C. Janze, “ Are cryptocurrencies criminals best friends? examining 

the co-evolution of bitcoin and darknet markets,” in AMCIS 2017 - 
America’s Conference on Information Systems: A Tradition of 

Innovation, 2017, vol. 2017-Augus. 
[64] A. Auinger and R. Riedl, “Blockchain and trust: Refuting some 

widely-held misconceptions,” in International Conference on 
Information Systems 2018, ICIS 2018, 2018. 

[65] G. Fridgen, F. Regner, A. Schweizer, and N. Urbach, “ Don’t slip on 
the initial coin offering (ICO) -a taxonomy for a blockchain -enabled 

form of crowdfunding,” in 26th European Conference on 
Information Systems: Beyond Digitization - Facets of Socio-

Technical Change, ECIS 2018, 2018. 



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.3046931, IEEE Access

 

VOLUME XX, 2017 9 

[66] C. Janze, “ Design of a decentralized peer-to-peer reviewing and 

publishing market,” in Proceedings of the 25th European 
Conference on Information Systems, ECIS 2017, 2017, pp. 1713–

1725. 
[67] Y. Sakakibara, Y. Tokusashi, S. Morishima, and H. Matsutani, 

“ Accelerating blockchain transfer system using FPGA-Based NIC,” 
in Proceedings - 16th IEEE International Symposium on Parallel 

and Distributed Processing with Applications, 17th IEEE 
International Conference on Ubiquitous Computing and 

Communications, 8th IEEE International Conference on Big Data 
and Cloud Computing, 11t, 2019, pp. 171–178, doi: 

10.1109/BDCloud.2018.00037. 
[68] M. Bhat and S. Vijayal, “ A probabilistic analysis on crypto-

currencies based on blockchain,” in Proceedings - 2017 
International Conference on Next Generation Computing and 

Information Systems, ICNGCIS 2017, 2018, pp. 80–85, doi: 
10.1109/ICNGCIS.2017.37. 

[69] J.-W. Park and S.-B. Yang, “ An empirical study on factors affecting 
blockchain start-ups’ fundraising via initial coin offerings,” in 

International Conference on Information Systems 2018, ICIS 2018, 
2018. 

[70] J. B. Walton and G. Dhillon, “Understanding digital crime, trust, 
and control in blockchain technologies,” in AMCIS 2017 - 

America’s Conference on Information Systems: A Tradition of 
Innovation, 2017, vol. 2017-Augus. 

[71] M. H. Miraz and D. C. Donald, “Lapps: Technological, legal and 
market potentials of blockchain lightning network applications,” in 

ACM International Conference Proceeding Series, 2019, pp. 185–
189, doi: 10.1145/3325917.3325942. 

[72] Y. Wang, J. Yang, T. Li, F. Zhu, and X. Zhou, “ Anti-Dust: A 
Method for Identi fying and Preventing Blockchain’s Dust Attacks,” 

in Proceedings of 2018 International Conference on Information 
Systems and Computer Aided Education, ICISCAE 2018, 2019, pp. 

274–280, doi: 10.1109/ICISCAE.2018.8666834. 
[73] M. N. Saadat, S. A. H. S. A. Rahman, R. M. Nassr, and M. F. 

Zuhiri, “Blockchain based crowdfunding systems in Malaysian 
perspective,” in ACM International Conference Proceeding Series, 

2019, pp. 57–61, doi: 10.1145/3313991.3313999. 
[74] A. Ramalingaiah and T. Sulthana, “Study of Blockchain with 

Bitcoin based Fund Raise Use case using Laravel Framework,” in 
Proceedings 2018 3rd International Conference on Computational 

Systems and Information Technology for Sustainable Solutions, 
CSITSS 2018, 2018, pp. 254–258, doi: 

10.1109/CSITSS.2018.8768766. 
[75] M. Lesk, “Ideas Ahead of Their Time: Digital Time Stamping,” 

IEEE Secur. Priv., vol. 13, no. 4, pp. 76–79, 2015, doi: 
10.1109/MSP.2015.69. 

[76] A. Goranovic, M. Meisel, L. Fotiadis, S. Wilker, A. Treytl, and T. 
Sauter, “Blockchain applications in microgrids: An overview of 

current projects and concepts,” in Proceedings IECON 2017 - 43rd 
Annual Conference of the IEEE Industrial Electronics Society, 

2017, vol. 2017-Janua, pp. 6153–6158, doi: 
10.1109/IECON.2017.8217069. 

[77] H. Watanabe, S. Fujimura, A. Nakadaira, Y. Miyazaki, A. Akutsu, 
and J. J. Kishigami, “Blockchain contract: A complete consensus 

using blockchain,” in 2015 IEEE 4th Global Conference on 
Consumer Electronics, GCCE 2015, 2016, pp. 577–578, doi: 

10.1109/GCCE.2015.7398721. 
[78] K. Mannaro, A. Pinna, and M. Marchesi, “ Crypto-Trading: 

Blockchain-oriented energy market,” in 2017 AEIT International 
Annual Conference: Infrastructures for Energy and ICT: 

Opportunities for Fostering Innovation, AEIT 2017, 2017, vol. 
2017-Janua, pp. 1–5, doi: 10.23919/AEIT.2017.8240547. 

[79] K. Alabi, “Digital blockchain networks appear to be following 
Metcal fe’s Law,” Electron. Commer. Res. Appl. , vol. 24, pp. 23–29, 

2017, doi: 10.1016/j.elerap.2017.06.003. 
[80] Q.-L. Li, J.-Y. Ma, Y.-X. Chang, F.-Q. Ma, and H.-B. Yu, “Markov 

processes in blockchain systems,” Comput. Soc. Networks, vol. 6, 
no. 1, 2019, doi: 10.1186/s40649-019-0066-1. 

[81] N. Zivi, E. Kadusic, and K. Kadusic, “ Directed Acyclic Graph as 
Tangle: An IoT Alternative to Blockchains,” in 27th 

Telecommunications Forum, TELFOR 2019, 2019, doi: 

10.1109/TELFOR48224.2019.8971190. 

[82] F. Caron, “The Evolving Payments Landscape: Technological 
Innovation in Payment Systems,” IT Prof., vol. 20, no. 2, pp. 53–61, 

2018, doi: 10.1109/MITP.2018.021921651. 
[83] Sumaiya and A. K. Bharti, “A Study of Emerging Areas in 

Adoption of Blockchain Technology and it’s Prospective 
Challenges in India,” in Proceedings - 2019 Women Institute of 

Technology Conference on Electrical and Computer Engineering, 
WITCON ECE 2019, 2019, pp. 146–153, doi: 

10.1109/WITCONECE48374.2019.9092935. 
[84] S. Yeasmin and A. Baig, “ Unblocking the Potential of Blockchain,” 

in 2019 International Conference on Electrical and Computing 
Technologies and Applications, ICECTA 2019, 2019, doi: 

10.1109/ICECTA48151.2019.8959713. 
[85] R. N. Alfonso, M. C. Leyesa, D. M. Lapiguera, N. Florencondia, 

and G. S. Subia, “Proposed design for framework management of 
cryptocurrency: Study of the world’s first digital currency,” SSRG 

Int. J. Eng. Trends Technol. , vol. 68, no. 1, pp. 57–63, 2020, doi: 
10.14445/22315381/IJETT-V68I1P208. 

[86] A. Jumde and B. Y. Cho, “Can cryptocurrencies overtake the fi at 
money?,” Int. J. Bus. Perform. Manag., vol. 21, no. 1–2, pp. 6–20, 

2020, doi: 10.1504/IJBPM.2020.106107. 
[87] J. Robert, S. Kubler, and S. Ghatpande, “ Enhanced Lightning 

Network (off-chain)-based micropayment in IoT ecosystems,” 
Futur. Gener. Comput. Syst., vol. 112, pp. 283–296, 2020, doi: 

10.1016/j.future.2020.05.033. 
[88] S. Jiang et al., “BZIP: A compact data memory system for UTXO-

based blockchains,” J. Syst. Archit., vol. 109, 2020, doi: 
10.1016/j.sysarc.2020.101809. 

[89] S. Mercan, E. Erdin, and K. Akkaya, “ Improving sustainability of 
cryptocurrency payment networks for IoT applications,” in 2020 

IEEE International Conference on Communications Workshops, 
ICC Workshops 2020 - Proceedings, 2020, doi: 

10.1109/ICCWorkshops49005.2020.9145389. 
[90] A. Singh, R. Rajak, H. Mistry, and P. Raut, “ Aid, Charity and 

Donation Tracking System Using Blockchain,” in Proceedings of 
the 4th International Conference on Trends in Electronics and 

Informatics, ICOEI 2020, 2020, pp. 457–462, doi: 
10.1109/ICOEI48184.2020.9143001. 

[91] C. Zhang, C. Wu, and X. Wang, “ Overview of blockchain 
consensus mechanism,” in ACM International Conference 

Proceeding Series, 2020, pp. 7–12, doi: 10.1145/3404512.3404522. 
[92] R. Kanda and K. Shudo, “Block interval adjustment toward fair 

proof-of-work blockchains,” in Proceedings - 2020 IEEE 36th 
International Conference on Data Engineering Workshops, ICDEW 

2020, 2020, pp. 1–6, doi: 10.1109/ICDEW49219.2020.00-15. 
[93] M. Thilagavathi and D. Lopez, “ Enhancing blockchain performance 

using parallel merkle root and parallel proof of work,” J. Adv. Res. 
Dyn. Control Syst., vol. 12, no. 1 Special Issue, pp. 609–620, 2020, 

doi: 10.5373/JARDCS/V12SP1/20201110. 
[94] L. Kovalchuk, D. Kaidalov, O. Shevtsov, A. Nastenko, M. Rodinko, 

and R. Oliynykov, “ Analysis of splitting attacks on Bitcoin and 
GHOST consensus protocols,” in Proceedings of the 2017 IEEE 9th 

International Conference on Intelligent Data Acquisition and 
Advanced Computing Systems: Technology and Applications, 

IDAACS 2017, 2017, vol. 2, pp. 978–982, doi: 
10.1109/IDAACS.2017.8095233. 

[95] M. Du, X. Ma, Z. Zhang, X. Wang, and Q. Chen, “A review on 
consensus algorithm of blockchain,” in 2017 IEEE International 

Conference on Systems, Man, and Cybernetics, SMC 2017, 2017, 
vol. 2017-Janua, pp. 2567–2572, doi: 10.1109/SMC.2017.8123011. 

[96] A. Kiayias, E. Koutsoupias, M. Kyropoulou, and Y. Tselekounis, 
“Blockchain mining games,” in EC 2016 - Proceedings of the 2016 

ACM Conference on Economics and Computation, 2016, pp. 365–
382, doi: 10.1145/2940716.2940773. 

[97] U. Mukhopadhyay, A. Skjellum, O. Hambolu, J. Oakley, L. Yu, and 
R. Brooks, “ A brief survey of Cryptocurrency systems,” in 2016 

14th Annual Conference on Privacy, Security and Trust, PST 2016, 
2016, pp. 745–752, doi: 10.1109/PST.2016.7906988. 

[98] S. Aggarwal, R. Chaudhary, G. S. Aujla, N. Kumar, K.-K. R. Choo, 
and A. Y. Zomaya, “Blockchain for smart communities: 

Applications, challenges and opportunities,” J. Netw. Comput. 



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.3046931, IEEE Access

 

VOLUME XX, 2017 9 

Appl., vol. 144, pp. 13–48, 2019, doi: 10.1016/j.jnca.2019.06.018. 

[99] V. Gramoli, “From blockchain consensus back to Byzantine 
consensus,” Futur. Gener. Comput. Syst. , vol. 107, pp. 760–769, 

2020, doi: 10.1016/j.future.2017.09.023. 
[100] M. H. Miraz and M. Ali, “ Applications of blockchain technology 

beyond cryptocurrency,” Ann. Emerg. Technol. Comput. , vol. 2, no. 
1, pp. 1–6, 2018, doi: 10.33166/AETiC.2018.01.001. 

[101] M. Borge, E. Kokoris-Kogias, P. Jovanovic, L. Gasser, N. Gailly, 
and B. Ford, “Proof-of-personhood: Redemocratizing 

permissionless cryptocurrencies,” in Proceedings - 2nd IEEE 
European Symposium on Security and Privacy Workshops, EuroS 

and PW 2017, 2017, pp. 23–26, doi: 10.1109/EuroSPW.2017.46. 
[102] M. J. M. Chowdhury et al., “A comparative analysis of distributed 

ledger technology plat forms,” IEEE Access, vol. 7, pp. 167930–
167943, 2019, doi: 10.1109/ACCESS.2019.2953729.  

[103] Z. Schreiber, “ K-Root-n: An effi cient algorithm for avoiding short 
term double-spending alongside distributed ledger technologies 

such as blockchain,” Inf., vol. 11, no. 2, 2020, doi: 
10.3390/info11020090. 

[104] F. M. Benčić and I. P. Žarko, “ Distributed Ledger Technology: 
Blockchain Compared to Directed Acyclic Graph,” in Proceedings - 

International Conference on Distributed Computing Systems, 2018, 
vol. 2018-July, pp. 1569–1570, doi: 10.1109/ICDCS.2018.00171. 

[105] A. Ellervee, R. Matulevicius, and N. Mayer, “ A comprehensive 
reference model for blockchain-based distributed ledger 

technology,” in CEUR Workshop Proceedings, 2017, vol. 1979, pp. 
320–333. 

[106] S. Geissler, T. Prantl, S. Lange, F. Wamser, and T. Hossfeld, 
“ Discrete-Time Analysis of the Blockchain Distributed Ledger 

Technology,” in Proceedings of the 31st International Teletraffic 
Congress, ITC 2019, 2019, pp. 130–137, doi: 

10.1109/ITC31.2019.00029. 
[107] N. Maouriyan and A. G. A. Krishna, “ AQUACHAIN-Water 

Supply-Chain management using Distributed Ledger Technology,” 
in 2019 Proceedings of the 3rd International Conference on 

Computing and Communications Technologies, ICCCT 2019, 2019, 
pp. 204–207, doi: 10.1109/ICCCT2.2019.8824945. 

[108] B. Agbo, Y. Qin, and R. Hill, “Research directions on big IoT data 
processing using distributed ledger technology: A position paper,” 

in IoTBDS 2019 - Proceedings of the 4th International Conference 
on Internet of Things, Big Data and Security, 2019, pp. 385–391, 

doi: 10.5220/0007751203850391. 
[109] X. Li and C. A. Wang, “The technology and economic determinants 

of cryptocurrency exchange rates: The case of Bitcoin,” Decis. 
Support Syst., vol. 95, pp. 49–60, 2017, doi: 

10.1016/j.dss.2016.12.001. 
[110] A. S. Hayes, “Cryptocurrency value formation: An empirical study 

leading to a cost of production model for valuing bitcoin,” Telemat. 
Informatics, vol. 34, no. 7, pp. 1308–1321, 2017, doi: 

10.1016/j.tele.2016.05.005. 
[111] Y.-L. Gao, X.-B. Chen, Y.-L. Chen, Y. Sun, X.-X. Niu, and Y.-X. 

Yang, “ A Secure Cryptocurrency Scheme Based on Post-Quantum 
Blockchain,” IEEE Access, vol. 6, pp. 27205–27213, 2018, doi: 

10.1109/ACCESS.2018.2827203. 
[112] M. Rehman, N. Javaid, M. Awais, M. Imran, and N. Naseer, “ Cloud 

based secure service providing for IoTs using blockchain,” in 2019 
IEEE Global Communications Conference, GLOBECOM 2019 - 

Proceedings, 2019, doi: 
10.1109/GLOBECOM38437.2019.9013413. 

[113] Y. Zhao, Y. Li, Q. Mu, B. Yang, and Y. Yu, “Secure Pub-Sub: 
Blockchain-Based Fair Payment with Reputation for Reliable Cyber 

Physical Systems,” IEEE Access, vol. 6, pp. 12295–12303, 2018, 
doi: 10.1109/ACCESS.2018.2799205. 

[114] S. Moin, A. Karim, Z. Safdar, K. Safdar, E. Ahmed, and M. Imran, 
“Securing IoTs in distributed blockchain: Analysis, requirements 

and open issues,” Futur. Gener. Comput. Syst. , vol. 100, pp. 325–
343, 2019, doi: 10.1016/j.future.2019.05.023. 

[115] S. Biswas, K. Sharif, F. Li, B. Nour, and Y. Wang, “ A scalable 
blockchain framework for secure transactions in IoT,” IEEE 

Internet Things J., vol. 6, no. 3, pp. 4650–4659, 2019, doi: 
10.1109/JIOT.2018.2874095. 

[116] E. Ducas and A. Wilner, “The security and financial implications of 

blockchain technologies: Regulating emerging technologies in 

Canada,” Int. J., vol. 72, no. 4, pp. 538–562, 2017, doi: 
10.1177/0020702017741909. 

[117] S. Fosso Wamba, J. R. Kala Kamdjoug, R. Epie Bawack, and J. G. 
Keogh, “ Bitcoin, Blockchain and Fintech: a systematic review and 

case studies in the supply chain,” Prod. Plan. Control, vol. 31, no. 
2–3, pp. 115–142, 2020, doi: 10.1080/09537287.2019.1631460. 

[118] M. R. Rabbani, S. Khan, and E. I. Thalassinos, “FinTech, 
blockchain and Islamic finance: An extensive literature review,” Int. 

J. Econ. Bus. Adm., vol. 8, no. 2, pp. 65–86, 2020, doi: 
10.35808/ijeba/444. 

[119] P. Nadler and Y. Guo, “The fair value of a token: How do markets 
price cryptocurrencies?,” Res. Int. Bus. Financ., vol. 52, 2020, doi: 

10.1016/j.ribaf.2019.101108. 
[120] M. Saad, J. Choi, D. Nyang, J. Kim, and A. Mohaisen, “Toward 

characterizing blockchain-based cryptocurrencies for highly 
accurate predictions,” IEEE Syst. J., vol. 14, no. 1, pp. 321–332, 

2020, doi: 10.1109/JSYST.2019.2927707. 
[121] W. K. Härdle, C. R. Harvey, and R. C. G. Reule, “ Understanding 

Cryptocurrencies,” J. Financ. Econom., vol. 18, no. 2, pp. 181–208, 
2020, doi: 10.1093/jjfinec/nbz033. 

 
 

 
ADEEL NASIR is working as the assisting 
professor on tenor track system at Lahore 
College for Women University. He has 

eight years of teaching and research 
experience. He received the degree of M. 

Phil. Commerce from the University of 
Central Punjab. He completed a PhD in 

Management Sciences from COMSATS 
University Islamabad, Lahore Campus. His 

research interest includes integration of 
financial practices with computer 

programing languages, financial markets, management sciences and 
bibliometric analysis. Adeel Nasir has published thirteen research articles  

that are published in reputable local and international journals. He has 
presented his research at four international conferences. 

   
KAMRAN SHAUKAT is a PhD student at 
The University of Newcastle, Australia. He 
is author of many papers in the area of 

machine learning, databases and cyber 
security. He has complet ed his Master of 

Science in Computer Science from 
Mohammad Ali Jinnah University, Pakistan 

and obtained Gold Medal. He has served 
University of the Punjab, Pakistan for seven 

years as Lecturer. He has served as a 
reviewer to many journals, including IEEE Access. He has attended 

several international in conferences including USA, UK, Thailand, Turkey, 
and Pakistan. 

 

Kanwal Iqbal Khan earned her MPhil degree 
from University of Central Punjab, followed by 
a doctoral degree in Business Administration 

from National College of Business 
Administration & Economics. She has a 

noteworthy fi ft een years experience in teaching 
and research and presently working as an 

assistant professor in University of 
Engineering and Technology Lahore, Pakistan. 

Her interests lie in the integration of advanced  
econometrics techniques with financial  

management decisions, and bibliometric analysis. She has published 31 
articles in reputable local as well as international journals, and also 

presented her research in various international or national conferences, 
seminars, workshops and trainings. 



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2020.3046931, IEEE Access

 

VOLUME XX, 2017 9 

 

 

 

IBRAHIM A. HAMEED is Professor and 
Deputy Head of research and innovation, 
Head of the international master program in 

simulation & visualization at Faculty of 
Information Technology and Electrical  

Engineering, Norwegian University of 
Science and Technology, Norway. Since 

2015, he has been an Associate Professor with 
the Department of ICT and Natural Sciences, 

Norwegian University of Science and 
Technology, Trondheim, Norway. 

 
 

 

TALHA MAHBOOB ALAM  was done a 
bachelor of software engineering from the 
University of Management and Technology 

(UMT), Lahore in 2017, and currently 
completed a master's in computer science 

from the University of Engineering and 
Technology (UET), Lahore. He is a 

researcher and has several publications in 
international journals and conferences  

including IEEE Access and The Computer 
Journal.  His research interests include Data 

Science, Data Mining, Knowledge Discovery in Databases, 
Bioinformatics, Big Data, Information Retrieval, and AI.  

 

SUHUAI LUO is an associate professor in 
information technology at the University of 
Newcastle. He received Bachelor and Master 

Degrees from Nanjing University of Posts 
and Telecommunications, and PhD degree 

from the University of Sydney, all in 
Electrical Engineering. His main research 

interests include image processing, computer 
vision, machine learning, cyber security and 

media data mining. Luo has lectured and developed curricul a for courses  
in computer science, electrical engineering and information engineering.  

 

 

https://www.ntnu.edu/ie
https://www.ntnu.edu/ie
https://www.ntnu.edu/ie

