BBS i‘V’ COPENHAGEN BUSINESS SCHOOL

HANDELSHAJSKOLEN

Designs for Accounting Information Systems using Distributed
Ledger Technology

Swegaard, Jonas Sveistrup

Document Version
Final published version

Publication date:
2021

License
Unspecified

Citation for published version (APA):
Sggaard, J. S. (2021). Designs for Accounting Information Systems using Distributed Ledger Technology.
Copenhagen Business School [Phd]. PhD Series No. 33.2021

Link to publication in CBS Research Portal

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us (research.lib@cbs.dk) providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 04. Jul. 2025

1

L AMBA ()CEMS P M

ACCREDITED



https://research.cbs.dk/en/publications/a21daa9d-e04f-4492-959c-4bfcb9e4b1d4

COPENHAGEN BUSINESS SCHOOL
SOLBJERG PLADS 3

DK-2000 FREDERIKSBERG
DANMARK

WWVW.CBS.DK

ISSN 0906-6934

Print ISBN: ~ 978-87-7568-043-6
Online ISBN: 978-87-7568-044-3

A90T0NHJ3L 439031 0ILNGIYLSIO INISA SINLSAS NOILYINYOANI INILNNOIDY YO SNIISIO

T202'€E s8l18g Oud

Jonas Sveistrup Segaard

DESIGNS FOR ACCOUNTING
INFORMATION SYSTEMS
USING DISTRIBUTED LEDGER
TECHNOLOGY

CBS PhD Schoal ‘ PhD Series 33.2021

L




Designs for Accounting Information
Systems using Distributed Ledger
Technology

Jonas Sveistrup Sggaard

Supervisors:
Associate Professor Morten Holm

Professor Thomas Riise Johansen

Doctoral School of Businessand Management

Copenhagen Business School



Jonas Sveistrup Segaard
Designs for Accounting Information Systems
using Distributed Ledger Technology

1st edition 2021
PhD Series 33.2021

© Jonas Sveistrup Segaard

ISSN 0906-6934

Print ISBN:  978-87-7568-043-6
Online ISBN: 978-87-7568-044-3

The CBS PhD School is an active and international research environment at
Copenhagen Business School for PhD students working on theoretical and
empirical research projects, including interdisciplinary ones, related to economics
and the organisation and management of private businesses, as well as public and
voluntary institutions, at business, industry and country level.

All rights reserved.

No parts of this book may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, recording, or by any
information storage or retrieval system, without permission in writing from the

publisher.



ACKNOWLEDGEMENT

This thesis was created from January 2019 to June 2021 as an industrial PhD thesis with
affiliation with Deloitte and Copenhagen Business School, Department of Accounting. As a
PhD student, I have been thankful for the support from Deloitte, the Innovation Fund Denmark,
and the Danish Business Authority, both financially and in terms of insight into the problem
area. Becoming a PhD student has given me a new intellectual understanding of how rigor
supports relevance in business and beyond life as a doctoral student.

I am thankful for the guidance and valuable suggestions from my supervisors,
Morten Holm and Thomas Riise Johansen. The thesis has benefited significantly from our
discussions and your constant focus on overall research direction and essential details. Your
guidance has pushed the research papers to a better and more mature level. When | was in doubt
about the research direction, you successfully guided my research — not with force but with great
questions. I want to thank you for your interest in my research.

I want to thank my company supervisors, Rasmus Winther Mglbjerg and UlIf
Hilton, for paving the way for my research and shield it in a business environment that is not
used to long-term research projects. 1 am thankful to Deloitte for taking a chance on me and
especially: Tax (Thomas Svane Jensen), Audit & Assurance (Christian Lehman Nielsen and
Henrik Christian Grgnnegaard), Risk (Thomas Kuhn), and Consulting (Rasmus Winther
Mglbjerg and UIf Hilton). Furthermore, | would like to thank the NextGen team that | have
worked with daily as well as the international blockchain community in Deloitte.

Inaddition, I would like to thank the Department of Accounting employees for
creating an inviting environment and providing comments at my presentations, especially for the
comments and critique that | have received from my pre-defense opponents Deniz Appelbaum
and Pall Rikhardsson. | appreciate your time and effort.

I also want to thank the staff at Rutgers University for their willingness to invite
me for a research stay in New Jersey, USA. Even though the Corona pandemic forced the stay to
be shortened, | will forever be grateful for the time spent at 1 Washington Park in Newark, NJ.
Thank you, Barbara Jensen, for making me feel welcome, and all of the other faculty members
for helping me and my family settle in.

I want to extend my thanks to my co-authors, Michael Werner, William E.
McCarthy, G. Ken Holman, Peter Eklund, Jason Spasovski, and Lasse Herskind. Without our

discussions and your contributions, my PhD thesis would not provide this level of insight and



move the field forward.
Finally, 1 would like to thank my friends and family foryour support during my
PhD time. lda, you are the love of my life, and you support me in whatever I try to achieve.

Adam, Yrsa, and Saxo, you make my days brighter, and you make me remember that the PhD
thesis is also just a piece of paper. Thank you!

ENGLISH SUMMARY

This thesis seeks to provide designs for accounting information systems (AlS) using distributed
ledger technology (DLT) through a design science research (DSR) approach that academics and
practitioners can use and extend. Each of the four papers is summarized below.

Paper 1: Divide et Impera: Structuring Design Science Research Projects

Co-authored with Michael Werner

Design science research (DSR) is an important research approach that has gained increased
attention in information systems research (ISR) over the past decades. DSR is commonly carried
out in the form of research projects. These are complex and difficult to manage due to the
duality of the epistemological and design objectives that characterize DSR. It leads to large
research projects with diverse tasks and numerous stakeholders. This study deals with how DSR
projects can be structured to facilitate decisions regarding the division of research work, the
allocation of resources, and the overall management of such projects. It formally introduces a
framework to separate the content of DSR projects into well-defined and individually
manageable research segments. A case study illustrates how using the framework facilitates the
management and coordination of parallel and mutual research work within a typical DSR
project. Applying the presented framework to DSR projects described in scientific literature
confirms the general applicability of the framework. This illustrates that the framework is also

suitable to assess whether research projects are well-balanced in terms of research output.

Paper 2: A Blockchain-enabled Platform for VAT Settlement

Governments may unintentionally impose heavy administrative burdens on companies as they
want to ensure the flow of tax revenue. Drawing on an engagement involving the Danish
Business Authority and following a DSR approach, this paper develops a prototype of a
platform for value-added tax (VAT) settlement that is enabled by DLT and design principles for
designing DLT platforms. The proposed prototype and design principles demonstrate how AlS,



DLT, and public governance may be interrelated to enhance social welfare. Regarding its
practical implications, this paper provides a use case for governments seeking to reduce
administrative burdens on small and medium-sized enterprises (SMES) while still ensuring the

flow of tax revenue.

Paper 3: Crash vs. Byzantine Fault Tolerance at Scale: the Cost of Distributing Trust in a
(Trans)National Invoicing System

Co-authored with Peter Eklund, Lasse Herskind, and Jason Spasovski

This paper examines the feasibility of a blockchain solution for national and transnational
business-to-business and business-to-government (B2B/B2G) compliance frameworks, namely a
trustless, decentralized, self-regulating distributed ledger. In particular, the paper examines
whether blockchain platforms can be scaled to support national and transnational blockchain-
based invoicing platforms that are presented in paper 2. The case study looks at the resources
required to operate a B2B/B2G compliance framework in two different geographic scenarios.
The first considers a national scale based on Denmark, the tenth-largest European country by
GDP. The second scenario considers all 27 member states of the European Union (EU) (and the
UK). The paper addresses the performance of blockchain solutions; two are Byzantine fault
tolerant (BFT), and one is crash fault tolerant (CFT). Specifically, the paper measures the

additional cost of the trust that results from a BFT blockchain solution at scale compared to a
CFT blockchain solution.

Paper 4: Accounting Contracts in Collaboration Space

Co-authored with William E. McCarthy, Lasse Herskind, and G. Ken Holman

This paper proposes a design theory for accounting transaction systems that is based on the
resource-event-agent (REA) accounting ontology and DLT. Following a design science research
approach, we present a novel blockchain-based prototype that implements the REA ontology as
a business process state machine. Our prototype utilizes the unique features of DLT to ensure
data integrity and transparency among the economic agents in recorded and distributed
repositories that reside outside of the enterprise systems of those parties. This provides evidence
that the independent view of business transactions between companies and between companies
and government agencies — in what we call collaboration space — is technologically feasible and
opens avenues for exploring innovative ways of performing economic exchanges. Asour

business transaction choreography is orchestrated by accountability contracts for reciprocated



delivery of economic resources, we title our treatment accounting contracts in collaboration
space.

DANISH SUMMARY

Denne afhandling sgger at give designmgnstre til regnskabsinformationssystemer (AlS) ved
hjeelp af distribueret ledger-teknologi (DLT) gennem en design science research- (DSR) tilgang,
som akademikere og praktikere kan bruge og udvide. Nedenfor er hver af de fire artikler

opsummeret.

Artikel 1: Divide et Impera: Strukturering af design science research-projekter

Medforfatter: Michael Werner

Design science research (DSR) er en vigtig forskningsmetode, der har faet gget opmarksomhed
indenfor informationssystemforskning igennem de seneste artier. DSR udfgres almindeligvis i
form af forskningsprojekter. Disse er komplekse og vanskelige at handtere pa grund af
dualiteten i de epistemologiske og designmaessige mal, der kendetegner DSR. Det farer til store
forskningsprojekter med forskelligartede opgaver og adskillige interessenter. Denne artikel
handler om, hvordan DSR-projekter kan struktureres for at lette beslutninger vedrgrende
opdelingen af forskningsarbejdet, tildelingen af ressourcer og den overordnede styring af
sadanne projekter. Artiklen introducerer et rammeveerk til opdeling af DSR-projekters indhold i
veldefinerede og individuelt handterbare forskningssegmenter. Et casestudie illustrerer, hvordan
anvendelsen af rammevarket letter styringen og koordineringen af parallelt og feelles
forskningsarbejde indenfor et typisk DSR-projekt. Anvendelsen af det preesenterede rammeveerk
pa DSR-projekter, der er beskrevet i den videnskabelige litteratur, bekraefter rammeveerket

generelle anvendelighed. Dette illustrerer, at rammeverket ogsa er egnet til at vurdere, om
forskningsprojekter er velafbalancerede med hensyn til forskningsoutput.

Artikel 2: En Blockchainaktiveret platform til momsafregning

Staten kan utilsigtet paleegge virksomheder store administrative byrder, da de gnsker at sikre
strgmmen af skatteindtegter. Med udgangspunkt i et samarbejde, der involverer
Erhvervsstyrelsen, og som fglger en DSR-tilgang, udvikles der i denne artikel en prototype af en
momsafviklingsplatform, der er muliggjort af distribueret hovedbogsteknologi (DLT) og

designprincipper for design af DLT-platforme. Den foreslaede prototype og designprincipper



viser, hvordan regnskabsinformationssystemer, DLT og offentlig styring kan veere indbyrdes
forbundne i forhold til at forbedre velfeerden i samfundet. Med hensyn til prototypens praktiske
betydning giver artiklen en usecase til regeringer, der sgger at reducere sma og mellemstore

virksomheders administrative byrder, samtidig med at de sikrer stremmen af skatteindtaegter.

Artikel 3: Nedbruds- vs. byzantinsk fejltolerance i stor skala: omkostningerne ved at

distribuere tillid til et (trans)nationalt faktureringssystem

Medforfattere: Peter Eklund, Lasse Herskind og Jason Spasovski

| denne artikel undersgges muligheden for at indfgre en blockchainlgsning til nationale og
transnationale compliancerammeveerk indenfor virksomhedsnetveaerk (B2B) og netvaerk mellem
virksomheder og staten (B2G), nemlig en tillidsfri, decentraliseret og selvregulerende
distribueret hovedbog. Navnlig undersgges det i artiklen, om blockchainplatforme kan skaleres
til at understgtte nationale og transnationale blockchainbaserede faktureringsplatforme, der er
preesenteret i artikel 2. Casestudiet ser pa de ressourcer, der er pakravet til at drive et B2B-/
B2G-compliancerammeveerk i to forskellige geografiske scenarier. Det farste scenarie er i
national skala og vedrgrer Danmark, der er det tiende starste europeeiske land malt pA BNP. Det
andet scenarie vedragrer alle 27 medlemslande i EU (og Storbritannien). Artiklen omhandler
blockchainlgsningers ydeevne; to lgsninger er byzantinsk fejltolerante (BFT), og en er
nedbrudsfejltolerant (CFT). Specifikt maler artiklen de ekstra omkostninger, der er forbundet

med den tillid, derer fglger af skaleret BFT sammenlignet med CFT.

Artikel 4: Regnskabskontrakter i samarbejdsomradet

Medforfattere: William E. McCarthy, Lasse Herskind og G. Ken Holman

I denne artikel foreslas en designteori vedrgrende regnskabsmaessige transaktionssystemer, der
er baseret pa den regnskabsmassige ontologi resource-event-agent (REA) og distribueret
hovedbogsteknologi (DLT). I henhold til en DSR-metode praesenterer vi en ny
blockchainbaseret prototype, der implementerer REA-ontologien som en
forretningsprocestilstandsmaskine. Vores prototype udnytter de unikke funktioner i DLT til at
sikre dataintegritet og gennemsigtighed blandt de gkonomiske agenter i registrerede og
distribuerede arkiver, der ligger udenfor disse parters virksomhedssystemer. Dette beviser, at det

uafhaengige syn pa forretningstransaktioner mellem virksomheder og mellem virksomheder og



offentlige organer — i det, vi kalder samarbejdsomradet — er teknologisk muligt og abner
muligheder for at udforske innovative mader at gennemfare gkonomisk udveksling pa. Da vores
forretningstransaktionskoreografi er orkestreret af ansvarlighedskontrakter om gensidig levering

af gkonomiske ressourcer, betegner vi vores behandling som regnskabskontrakter i
samarbejdsomradet.
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SYNOPSIS

1. MOTIVATION

Accounting focuses on recordkeeping within organizations to create transparency and an
overview of the current state of the business. Internal transactions within the organization are
easier to manage compared to transactions outside the organization since the need for trust is, all
else being equal, greater when transacting with external parties. In its essence, the modern
organization’s structure being in individual entities with clear boundaries inherently designs for
information asymmetry. To address the information asymmetry problem between transacting
organizations, “managers, lawyers and judges, tax professionals, accountants, and auditors”
(Davidson et al., 2018, p. 1) have become an integral part of the market, infusing trust when
buyers and sellers transact. According to Davidson et al. (2018), these third parties accounted
for 35 percent of the US economy in 2010, and that does not include rating websites and other
social media rating mechanisms. In other words, the cost of trust using a third party takes up

more than one third of the economy.

Besides the added transaction cost incurred by third parties, companies also operate in an
environment where government compliance through tax and financial reporting forces
administrative burdens on them. Several governments, including those in Brazil, Mexico,
Hungary, Italy, and China, have prioritized retaining tax revenue at the expense of increasing
administrative burdens (see, for example, EY, 2018; Hungarian Tax Authority, 2018). This
means that the authorities force companies to obtain digital stamps of approval on their invoices
to comply with legislation and enable them to settle value-added tax (VAT). However, requiring
digitally signed invoices implies that governments add administrative burdens on companies.

Furthermore, business-to-government (B2G) reporting has been criticized in many countries for
being inefficient, complex, and often duplicative (Bozanic et al., 2012; Chen, 2012).

What if the information asymmetry problem could be addressed by a novel technology focusing
on recording transactions with the transacting parties and being tamper-resistant? 1n 2008,
Nakamoto introduced the Bitcoin blockchain and, as a result of this, created a new class of
technology called DLT. Nakamoto’s goal was to create a system that could replace banks as
middlemen when exchanging digital currencies. The design of the Bitcoin blockchain solved the
double-spending problem through a tamper-resistant audit log shared by the nodes in the

blockchain network, ensuring that a Bitcoin could only be spent once by its owner. This piece of
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innovation increased the transparency in transactions on the Bitcoin blockchain and is one of the
ingredients in solving the trust problem described in the first paragraph. In 2013, the
development community maintaining the Ethereum blockchain implemented a so-called smart
contract layer (Buterin, 2013), which allows for decentralized applications (d Apps) on top of the
blockchain layer. The smart contract layer enables users and developers to enforce mutual
contracts automatically, for example, the automatic settlement of VAT when a buyer and a seller
have agreed on a business transaction. In general terms, the smart contract layer acts as
autonomous agents on top of the tamper-resistant data layer (blockchain). Combining a tamper-
resistant data layer and a decentralized logic layer provides an opportunity for trustless
environments between buyers and sellers, not needing the trust-infusing parties anymore.

In the field of accounting, practical implementations begin to emerge.! For example, the US-
based company, Armanino, provides accounting services tailored to digital assets and
cryptocurrencies using its custom-built TrustExplorer that “... enhances trust and transparency
of digital asset service providers, asset-backed token issuers ... by enabling users to reconcile
on-chain data, such as token supply or address balances, to off-chain data, such as fiat reserves
or user platform accounts in real-time!”. The Big 4 all offer services ranging from assurance of
smart contracts, tax advisory on cryptocurrencies, implementation projects across all sectors,
and many more (Cointelegraph, 2020). In the academic literature, Schmitz and Leoni (2019)
summarize their research agenda for blockchain technology in the field of accounting, stating
that the current literature focuses on ... blockchain-enabled continuous audits, smart contract
applications and the paradigmatic shift in accountants’ and auditors’ roles.” (p. 331).
Specifically, Dai and Vasarhelyi (2017, pp. 5-6) argue that ... blockchain’s functions of

protecting data integrity, instant sharing of necessary information, as well as programmable and

1 There are already DLT systemsdeployed in many industries and use case areasoutside of blockchain
technology’s origin within decentralized finance (De-Fi) centered around the bitcoin and Ethereum ecosystems, for
example, interbank settlement (Zhao et al., 2018), central bank digital currencies (Sveriges Riksbank, 2021),the
TradeLensplatform focusing on optimizing the bill of lading on supply chain management (Jensenetal., 2019),
settlement of roamingfees in telecommunications (Lazaar, 2019), preventing financial fraud in public sector
services (Hyvérinen et al., 2017), tokenization of expensive sneakers (Infinite, 2021), and many more. The common

denominatorof the examples mentioned is to increase trust through a higher degree of transparency.
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automatic controls of processes, could facilitate the development of a new accounting

ecosystem.”

There is a collection of studies (Coyne & McMickle, 2017; Dai & Vasarhelyi, 2017; Kokina et
al., 2017; Rickeshduser, 2017; Yermack, 2017) that agree that DLT-based solutions are going to
change the accounting practice while the trends of increasing government compliance demands
continue as highlighted earlier in this section. However, the extent of these changes and the
timeline of when they occur are still unsure. To manage these uncertainties and be forward-
looking, some accounting scholars call for more normative, practice-oriented, and conceptual
modeling accounting research (Bennis & O’Toole, 2005; Corley & Gioia, 2011; McCarthy,
2012; Rajgopal, 2020; Waymire, 2012; Wood, 2016). Therefore, this thesis provides design
guidelines, design prototypes, and a design theory for practitioners and academics, ensuring both

rigor and relevance in designing AlS enabled by DLT.

2. POSITIONING AND CONTRIBUTION

This section starts with an overview of the thesis followed by a discussion of the publication
trends and faculty sentiment in the field of accounting to position this thesis. After the
discussion, a visual representation of the coherence of the thesis is presented, followed by a
short description of the different DSR contribution types. Finally, each paper’s positioning and

contribution to academia as well as impact on practice are discussed in four separate sections.

2.1 Overview of the thesis

Figure 1 provides an overview of the thesis and shows the relationship between the four papers.
As shown in the figure, paper 1 is isolated from the rest of the papers (the boxes within the
dotted lines) due to the focus of paper 1 on DSR projects in general, whereas paper 2, paper 3,
and paper 4 build on the same case study: a blockchain-based platform for VAT settlement.

Paper 1 is methodology-driven, meaning that it focuses on how DSR projects are structured, and
it uses paper 2 and paper 3 as input for the case study analysis.

13
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Figure 1. Overview of the relationship between the four papers

Paper 2 proposes a prototype and design principles formulated using Meth et al.’s (2015)
methodology that identifies requirements through interviews with multiple stakeholders and
evaluation data from the development and test cycles. Paper 3 asks if the prototype proposed in
paper 1 is feasible on an EU scale by creating in-the-wild experiments with three different
blockchain platforms and one non-blockchain platform. Paper 4 also originates from paper 2 but
is theory-driven. It embeds DLT into the existing REA accounting ontology formulated by
McCarthy (1982). It proposes a design theory and a more general prototype of the one in paper
2. The relationship described above justifies why all four papers are deemed relevant in the field
of AIS. Paper 1 guides how to perform a DSR project, paper 2 lays the case study foundation,
paper 3 runs a feasibility study, and lastly, paper 4 theorizes the findings in an academic sense.

2.2 Challenges in the field of accounting

This thesis proposes designs of solutions with novel technology that should be relevant for
practice and founded on academic rigor in accounting. Balancing rigor and relevance is a
longstanding issue in accounting research as the development of practical solutions is often
perceived as consulting work with little or no academic merit (Rajgopal, 2020). A pivotal aim of
this thesis is to demonstrate how DSR can help accounting researchers strike this balance and

develop practical solutions rigorously. Rajgopal uses Stoke’s quadrants (1997) on rigor and
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relevance as a framework for his discussion (see Figure 2). He states that: “The aspirational goal
is for accounting academic research to fall in Pasteur’s quadrant, where scholars seek a

fundamental understanding of phenomena with a desire to tackle problems relevant to practice.”
(p- 9). He continues: “Unfortunately, a vast majority of accounting research falls in the ‘N0o-No’

quadrant or, at best, in Bohr’s quadrant with no near-term plan to move to Pasteur’s quadrant.”
(. 9).
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Figure 2. Stokes’s Quadrants. Source: adapted from Stokes (1997)

To further understand the dynamics of a possible movement from Bohr’s toward Pasteur’s

quadrant in accounting, | will discuss rigor and relevance and explore the sentiment at the
accounting faculty.

The discussion on rigor and relevance is far from new in the field of accounting (Basu, 2012;
Chapman, 2012; Fogarty & Markarian, 2007; Gendron, 2008; Hermanson, 2017; Hopwood,
2007; Kaplan, 2011; McCarthy, 2012; Moser, 2012; Tuttle & Dillard, 2007; Waymire, 2012;
Wood, 2016). Dyckman and Zeff (1984) describe that before 1970, The Accounting Review
(TAR) and Journal of Accounting Research (JAR) regularly published papers that were
accessible to practitioners. However, that notion changed in the mid-1970s where Rashad
Abdel-Khalik (1976) found that the American Accounting Association’s (AAA) educators and
practitioner members wanted TAR to publish more applied and methodologically diverse studies

that related to the profession’s needs. As a result, in 1987, the AAA introduced a new journal,
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Accounting Horizons, that should focus on providing more practice-oriented studies.
Unfortunately, 30 years after the creation of the journal, the content and methodology used are
very close to TAR (Zeff & Dyckman, 2018).2 More recently, the Pathways Commission in 2012
and AAA Research Relevance Task Force in 2018 called for more practice-oriented research
and advocated for wider dissemination also focused on practitioners. Wood (2016) and Burton
et al. (2021) find evidence that the accounting faculty supports the AAA’s new directions.® Even
though initiatives have been initiated to change the focus in the field of accounting, Burton et al.
(2021), which is a continuation of the Wood (2016) survey, finds that “[accounting] academics
generally perceive that the overall process has not improved or has become worse since 2016”
(p. 1). The faculty also thinks that “reviewers focus too much on incremental contribution rigor
and method and that reviewers and editors give too little consideration for research that
contributes to practice.” (p.1). From the above, it is clear that research focused on practice has
been debated fora long time; the faculty wants to be more practice-oriented but feels that the

rewards and outlets do not create the right structure.

One reason why the accounting field has strayed away from practice could be the dominating
methodologies applied in Top 6 journals.* Summers and Wood (2017) categorize the published
papers as analytical, archival, experimental, and other. Except for the journal of Accounting,
Organizations and Society (AOS), the combined percentage of analytical and archival studies in
Top 6 is above 75 percent with Review of Accounting Studies at 98 percent. These results also
imply that experimental studies represent only up to 18 percent. When applying analytical and
archival methodologies, the results typically explain a relationship in historical data. These
insights can be of great value to both practice and academia if they reside in Pasteur’s quadrant.
The results from the quantitative analyses may quantify the problems that practitioners deal with

or surface underlying dynamics in the practitioner’s industry they did not know existed.

2 See Zeff & Dyckman (2018) for an elaborate historical analysis of 30 years with Accounting Horizons.

3 Burton et al. (2021) find that the perceptions are largely the same across editors, reviewers, the topic area,and

university ranking of respondents.

4 Defined asthe Top 3 (The Accounting Review [TAR], Journal of Accounting Research [JAR], and Journal of
Accounting and Economics [JAE]) or Top 6 (the Top 3 and Accounting, Organizations and Society [AOS],
Contemporary AccountingResearch [CAR], and Review of Accounting Studies [RAST]) (Summers & Wood,
2017).
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However, suppose the practitioners look for forward-looking guidance or designs on how to
tackle a future phenomenon. In that case, they may find it hard to translate the statistically
significant results into a solution to their business problem. Rajgopal (2020) points to one reason
why practitioners and academics sometimes find it hard to collaborate: ... [the] industry is
happy with approximately correct answers necessitated by considerations, such as time to
market.” However, Rajgopal (2020) also argues that this may pose an opportunity since: “[the]
industry’s quest for approximate solutions presents an opportunity for academic research to
discover the costs and benefits of relying on heuristics in the real world ... Perhaps academic
research can strike a balance between the microproblems of industry and the overly abstract
problems that intrigue scholars.” Furthermore, the need for speed may also introduce biases that
the rigorous methodology used by academics avoids and, in some areas, increase the
commercial outcome even though the time to market may be a bit slower.

The interest in bridging microproblems with overly abstract problems may not be enough
without changing some methodological foundations. As Zeff & Dyckman (2018) points to,
“normative argument no longer seems to be in vogue, and almost all of the publication outlets in
the practitioner world either have disappeared or have turned their backs on such research.” (pp.
126-127) and furthermore, Rajgopal (2020) explains how junior scholars respond when he
suggests a new question focused on practice: “Ah, but that question is not publishable because
referees would say the paper is normative or purely descriptive.” (p. 2). Therefore, | ask what if

practitioners would like normative conclusions that bring the vast knowledge base of the
academic field of accounting into play fora broader audience focusing on developing solutions?

Besides the orientation of the problem and methodology applied, accounting is, of course, also
influenced by an increasing degree of digitalization. The increased degree of digitalization
increases the speed at which changes to business processes and business models occur. One way
for accounting to manage these changes is to be inspired by Nobel laureate Herbert Simon’s
work. Simon was heavily influenced by engineering, medicine, and computer science when he
introduced the sciences of the artificial to social sciences. Inhis 1968 book, Simon argues that
designing and evaluating artifacts are essential for social sciences. He writes: “Schools of
engineering, as well as schools of architecture, business, education, law, and medicine, are all
centrally concerned with the process of design.” and “The intellectual activity that produces
material artifacts is no different fundamentally from the one that prescribes remedies for a sick

patient or the one that devises a new sales plan for a company or a social welfare policy for the
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state.” (Simon, 1996, p. 111). Simon’s design paradigm provides an opportunity to propose and
design artifacts that are solution-focused in a rigorous scientific manner.

Hevner et al. (2004) built on Simon’s work and introduced DSR that offers an alternative way of
encapsulating the forward-looking nature of designing new artifacts, typically enabled by
technology, with the rigorous evaluation methodologies, in which quantitative methods are as
common as qualitative ones. Historically, in accounting, the evaluation cycles have been long.
Looking at some of the largest innovations within accounting, Rajgopal (2020) points to four
areas after Ball and Brown (1968): 1) activity-based costing (Cooper & Kaplan, 1991) and the
balanced scorecard (Kaplan & Norton, 1992); 2) Edwards-Bell-Ohlson’s framework that
formalized residual income valuation models (Ohlson, 1995); 3) Sloan (1996) and Beneish
(1997) who identified accruals and other signals trading and Piotroski (2000) who built the
foundation for exchange-traded funds (ETFs); and lastly, 4) continuous auditing by Vasarhelyi
and Harper (1991) and REA accounting ontology by McCarthy (1982). These innovations have
all been evaluated ever since. However, the shorter evaluation cycles in DSR provide an
opportunity to propose, create, and evaluate artifacts rigorously (see, for example, Venable et
al., 2016) within one study. This rapid iterative approach to build and evaluate artifacts makes
DSR a good candidate for software solutions, in which the speed of digitalization increases the
demand for change. Even though DSR was introduced to the field of information systems (IS),
the DSR approach has been used in AIS for more than 25 years (see, for example, Dull et al.,
2006; G. Geerts, 2004; G L Geerts & Wang, 2007; Guido L. Geerts & McCarthy, 2000, 2006;
Grabski & Marsh, 1994; Murthy & Groomer, 2004) but has not been adopted by Top 6 journals,
in which only one study by Christ et al. (2021) has been published.

Every methodology has its advantages and limitations; DSR is no different. The ongoing
discussion related to IS shows that there are still areas of DSR that can be refined. Geerts (2011)
wants best practices for: “when a problem is considered relevant, how to articulate the research
contribution embedded in the artifact, how to select the most effective knowledge tools, what is
considered a sufficient demonstration ...” (p. 146). Since Geerts made his request for more best
practices, the field has advanced. For example, Gregor and Hevner (2013) have provided
guidelines for dissemination structure and contribution categorization, see Figure 3. Meth et al.
(2015) have provided a framework for analyzing qualitative datato identify design
requirements, design principles, and design features for IT artifacts using what they call

requirements mining. Regarding the evaluation of artifacts, Venable et al. (2016) have created
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an evaluation framework that offers different evaluation strategies dependent on which type of
artifact and context the researcher(s) wants to evaluate. Furthermore, Baskerville and Pries-Heje
(2019) have contributed with a framework for better projecting the life cycle and impact of DSR
artifacts and contributions. Lastly, vom Brocke et al. (2020) have presented “a model for
conceptualizing design knowledge as a resilient relationship between problem and solution

spaces” (p. 1). These examples show that DSR literature provides methodological guidance and
answers to some of the questions Geerts (2011) raised about best practices.

However, even with these recent methodological advances, Peffers et al. (2018) point out that
DSR scholars sometimes get confused due to ambiguous terminology and misunderstanding of
expectations from reviewers. Therefore, Peffers et al. suggest that any DSR project should be
categories into one of five potential genres of DSR; 1) IS design theory, 2) DSR methodology,
3) design-oriented IS research, 4) explanatory design theory, and 5) action design research. The
author(s) of a DSR project should state which genre the project belonged to let the reviewers
know which grounds the paper should be evaluated on. This could help both authors and
reviewers since the rules of engagement would be clearer. Lastly, it is not only within
accounting that the balance between rigor and relevance is being discussed. In the field of
decision support systems (DSS), a field that shares traits with AlS, Arnott and Pervant (2014)
state: “It is clear from the analysis that DSS is undergoing a transition from a field based on
statistical hypothesis testing and conceptual studies to one where DSR is the most popular
method.” (p. 269). Could this also happen to AIS? The review of the challenges within
accounting and DSR presented above let me conclude that DSR is a good fit for this thesis since
it provides a methodological answer to the question | posed at the beginning of this section.
DSR offers one alternative for moving accounting research, especially AIS, from Boht’s to

Pasteur’s quadrant.
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2.3 Contribution types

Now that the arguments for applying DSR to ensure both rigor and relevance and the
relationship between the four papers have been presented, it is vital to describe the different

types of DSR contributions before the exact positioning of each of the papers is presented.

The contributions of the four papers are categorized following Gregor and Hevner (2013). They
present three levels of DSR contribution ranging from level 1 representing situated
implementation of artifacts to level 2 representing nascent design theories, such as constructs,

methods, models, and design principles, and finally to level 3 representing design theories, see

Figure 3.
contribution types example artifacts
More abstract, complete, and mature Level 3. Well-developed design theory about Design theories (mid-range and grand
knowledge embedded phenomena theories)
Level 2. Nascent design theary — knowledge Constructs, methods, models, design
as operational principles/architecture principles, technological rules
More specific, limited, and less mature Level 1. Situated implementation of artifact Instantiations (software products or
knowledge implemented processes)

Figure 3. DSR contribution types. Adapted from Gregor and Hevner (2013)

Gregor and Hevner’s categorization uses the artifactsas examples of how to distinguish between
the three levels. According to Simon, an artifact is “an interface ... between an inner and ... an
outer environment”; here the inner being “the substance and organization of the artifact itself”
and the outer being “the surroundings in which it operates” (Simon, 1996). Further evolving the

field of 1S, March and Smith (1995) extended the literature with their categorization of artifacts
into four:

1. “Constructs or concepts form the vocabulary of a domain.” (p. 256)

2. “A model is a set of propositions or statements expressing relationships among
constructs.” (p. 256)

3. “A method is a set of steps (an algorithm or guideline) used to perform a task.” (p. 257)
4. “An instantiation is the realization of an artifact in its environment.” (p. 258)

Simon’s definition resonates across the four categorizations by March and Smith (1995) and is
the core of the DSR framework presented by Hevner et al. (2004).
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Before describing each of the positionings in writing, Figure 4 provides a visual representation
of the positioning and the contributions. First, each paper is described by locating the residing
knowledge bases and the building blocks used. Second, the building blocks are typically specific
artifacts from the knowledge bases but can also be broader constructs. Third, each of the
building blocks points toward the contribution(s) of each of the papers.
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2.4 Paper 1

Paper 1 resides within the knowledge bases of information systems research (ISR), project
management, and DSR while also applying DSR. The position of paper 1 within ISR builds on
the increased attention to DSR in the ISR community as an important research approach
(Vaishnavi & Kuechler, 2017). Several publications about the role and interaction of design
science, natural science (March & Smith, 1995), and social science (Gregor & Baskerville,
2012) have clarified the differences, relationships, and interactions between different research
approaches in the scientific domain. Scientists have made valuable contributions on how to
conduct DSR activities in a structured and rigorous manner (Hevner et al., 2004; Hevner &
Chatterjee, 2010; Osterle et al., 2011; Pefferset al., 2007), consider ethical aspects (Myers &
Venable, 2014), and position DSR results in the academic arena (Gregor & Hevner, 2013).
Although sophisticated models do exist that guide researchers in performing DSR (Alturki et al.,
2011; Gregor & Baskerville, 2012; Kuechler & Vaishnavi, 2008; Pefferset al., 2007), little
attention has yet been paid to the question of how DSR projects can be set up, structured, and
managed. The DSR methodology ensures project outcomes that contribute to rigor and moves
the academic field forward while ensuring relevance for practitioners. Since DSR projects often
engage with organizations, the project setup typically involves multiple stakeholders, which
increases the complexity and risks. Managing all the risks associated with DSR projects is no
trivial task (Pries-Heje et al., 2014; Venable et al., 2019). If these risks are not managed

properly, the research project may not provide the impact as hoped for, and valuable time and
resources have been wasted.

Paper 1 provides a framework for segmenting DSR projects that rely on a well-established
model in the field of information management that considers these aspects presented by Krcmar
(2015). This reference model describes the different levels of information management with the
aim of structuring information and the management hereof. The project management knowledge
base provides literature and methodologies for managing large and complex projects and how
they can be broken into smaller, more manageable components. It is a key requirement to
develop a suitable project management plan, to define, sequence, and monitor activities, as well
as making good decisions for allocating resources adequately (Project Management Institute,
2017). This is common practice in software development where long-established systems
development lifecycle models, such as the waterfall model, prototyping, iterative and

incremental development (O’Regan, 2017), and newer methodologies, such as agile
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programming (Dyba & Dingsgyr, 2008), guide researchers and practitioners in their efforts
alike. DSR is closely related to software development as the instantiation of an artifact as part of
DSR oftenincludes developing a software prototype. Whereas it is common to divide software
development projects into smaller segments, such as sprints in agile methodologies (Pries &
Quigley, 2010), and to manage these separately, such an approach does not seem to exist in
DSR.

2.4.1 Contributions to academia

With the positioning of paper 1 explained, see Figure 4, the contribution of the paper is a DSR
project segmentation framework that extends the DSR literature with a new model that helps
structure the content of DSR projects by dividing the overall research tasks into manageable
segments. The segmentation framework is a level 2 contribution and is relevant for academics
and practitioners who participate in DSR projects.

2.4.2 Implications for practice

This paper helps practitioners with a clear framework for project management when engaging
with DSR scholars. The visual representation of the entire project broken down into segments
makes it possible for multiple project members to discuss the scope of a given task
simultaneously. Furthermore, the visualization ensures that redundant work is minimized while
safeguarding that no gaps between segments are unaddressed unconsciously. The entity-

relationship diagram provided makes it easy to implement a working prototype of the

framework and adjust it to the organization’s needs in any database system.

2.5 Paper 2

Paper 2 resides within the knowledge bases of accounting, information systems (IS), and
computer science and applies DSR as a methodological approach, see Figure 4. When surveying
the literature, Fatz et al. (2019) have conducted a DSR project focusing on VAT systems using
DLT. Furthermore, Wijaya et al. (2017), Alkhodre et al. (2019), and Fatz et al. (2019) do not
present any general knowledge that is easily applied to other contexts, or that specifically

categorizes their artifacts.> Prototypes and case studies are useful since they are rich in their

5 See an extensive overview of all the literature surveyed in paper2, appendix B.
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description and provide context. However, for a more general-purpose, they have their
limitations. Therefore, this study does not only provide a prototype; it also provides general

design principles that both academics and practitioners can use and extend in the future.

Paper 2 also draws on fundamental studies of blockchain technology (Nakamoto, 2008) and
smart contracts (Szabo, 1997). The combination of blockchain technology and smart contracts
makes it possible to materialize distributed processes and shared truth without involving any

third parties (Berkeley, 2015). Furthermore, paper 2 utilizes academic taxonomical studies
(Glaser, 2017; Xuet al., 2019, 2017) of DLT to articulate the specificities of DLT design.

Paper 2 highlights the existing literature on DLT and VAT, and Ainsworth, Alwohaibi et al.
(2017), Ainsworth, Cheetham et al. (2017), and Ainsworth and Shact (2016) describe how
blockchain technology can address, at a conceptual level, the EU’s tax gap described in the
paper. From an accounting and DLT perspective, Brandon (2016) suggests that DLT replaces
traditional IS, Wang and Kogan (2018) propose a tokenized design to preserve privacy on public
blockchains, and Coyne and McMickle (2017) find that public blockchains are not fit for

accounting purposes. However, any of the prior studies mentioned do not offer any design
guidelines or prototypes indicating how to implement the conceptualizations presented.

2.5.1 Contributions to academia

Based on the above, paper 2 contributes with a prototype instantiation (level 1) and four general
design principles (level 2), extending the knowledge base of DLT literature within AlS and
VAT. | hope that other scholars want to extend the prototype and design principles by
evaluating them in other projects. See Figure 4 fora visualization of the positioning.

2.5.2 Implications for practice

Paper 2’s implication for practice is twofold. First, the prototype provided in the paper shows
how to use blockchain as a service (BaaS) to create real-life instances of blockchain applications
fast. It also highlights the errors we encountered during the development cycle. Together with
the source code of the smart contracts and a small animated video that demonstrates the core
principles of the prototype, these insights are shared on GitHub and provide a good starting
point. Second, the design principles should help practitioners apply a technology that may be
new to them and are intended to be a conversation starter with non-technical executives and
other team members when creating the vision for their blockchain project.
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2.6 Paper 3

Paper 3 is primarily positioned in the computer science knowledge base, specifically with the
building blocks of blockchain technology and distributed streaming platforms, see Figure 4. The
use of VAT is a building block of the accounting knowledge base and is inherited from paper 2.
This paper provides insight into multiple DLT platforms and their performance. These insight
could prove useful as DLT become an integral part of the AlS architecture in the future (Dai &
Vasarhelyi, 2016). Furthermore, the paper offers a conceptual framework for performance
testing other AIS, making it possible to compare and start a more informed discussion of

fundamental issues, such as the cost of trust when designing a new AlS.

Paper 3 employs a DSR methodology by creating the testing artifacts for each of the four
platforms and evaluating them based on the use case presented in paper 2. Performance studies
for blockchains (Hao et al., 2018; Pongnumkul et al., 2017; Spasovski & Eklund, 2017; Z. Wang
et al., 2018) usually follow common distributed system testing practices, keeping as many
parameters as possible constant to obtain the best like-for-like comparison of variability in
resource demand, throughput, and/or transaction latency. In these studies, it is easy to choose an
experimental setup that will bias for (or against) a given blockchain framework, so while such
studies are self-contained, it is impossible to conclude the performance between different
blockchain systems. To address this, some researchers have tried to create sophisticated testing
frameworks, Blockbench (Dinh et al., 2017) and Chainhammer (Krlger, 2019), but these are

still considered work in progress (Sund et al., 2020).

The downside of most existing blockchain performance tests is that they are mostly artificial, in
the sense that the topology of the network, its geographic distribution, message lengths, and
transaction volume are not realistic in terms of how the system will be deployed. Paper 3
addresses this; it aims for an in-the-wild distributed system test. This is possible because, in the
use case of paper 2, the national and transnational B2B/B2G invoicing system requirements
exactly determine performance expectations. This means that the size and number of

transactions arriving at the system will match the use case as closely as possible during
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empirical testing, while the number, geographic spread of nodes, and consensus validators will
likewise closely match the use case using common hardware and network infrastructure.

2.6.1 Contributions to academia

Paper 3 contributes at level 1 through four different instantiations of performance platform
evaluations. The results of these evaluations provide insights into academic studies of the
performance measures of blockchain technology and its implications. In particular, these
insights could be used in the field of accounting when designing new AlS. For example, the
design principles from paper 2 and the contributions from this paper provide an informed
foundation for designing new AIS with which it should be possible to handle large volumes of
data, such as invoices and other business documents that are important to the processes of
accounting. Accounting research normally does not consider scalability issues when proposing
digitalized solutions. However, this study shows that focus on scalability in scientifically
rigorous manner makes the contribution more practice-oriented preparing for the allegedly

increased digitalization of accounting in general.

2.6.2 Implications for practice

Practitioners should use these results as a starting point for platform selection and architectural
design since the results are obtained through real tests and not simulated ones. Practitioners who
design AIS or other IS could use the results from paper 3 when considering the non-functional
requirements of scalability. Since the scalability of a given system depends heavily on the
architecture, the conceptual test framework created in paper 3 could be used as a common

framework when experimenting with other designs. The paper also refers to resources that could
be helpful when conducting performance evaluations of different blockchain-based platforms.

As a result of the contributions and implications presented, paper 3 extends the knowledge base
within the performance evaluation domain by creating in-the-wild DLT tests through the use

case presented in paper 2.

2.7 Paper 4

Paper 4 resides within the knowledge bases of accounting, economics, computer science, and
standards while applying DSR to create the design theory and artifacts proposed, see Figure 4.

Within the field of accounting, paper 4 builds on the resource-event-agent (REA) accounting
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ontology (McCarthy, 1982) and is positioned as a response to David et al.’s (2003) paper on IS
that kept intercompany exchange transactions in an independent collaboration space, stored only
once. It is important to note that paper 4 does not compare REA with double-entry bookkeeping
(DEB) since the principles are fundamentally different and therefore offer an alternative to DEB
(McCarthy et al., 2021; Pazaitis, 2020; White & Clinton, 2014). As Pazaitis describes, the REA
ontology is a “generalized framework designed to cover accounting needs for enterprise
environments, utilizing shared data amongst their functional constituents. The main motivation
behind the development of REA was the limited capacity of double-entry bookkeeping to
facilitate information flows in post-industrial business entities. These limitations are addressed
by the REA framework through a semantic approach that aims to reflect real-world business

activities rather than double-entry accounting objects.” (pp. 5-6).

Focusing on the building blocks of economics, paper 4 uses and extends one of the central
components of Berg et al.’s (2019) analysis: the microfoundations of ledgers. This analysis is
founded on what they say is “institutional cryptoeconomics” (p. 1) and is the application of the
transaction cost economics of Ronald Coase, James Buchanan, Oliver Williamson, and Elinor
Nostrom to blockchains. Paper 4 proposes that Berg et al.’s (2019) essential concept of a
general ledger (which is not the same as the accounting master file of the same name®) be
replaced by components of the independent view of the REA accounting and economic
ontology. Inthe computer science knowledge base, paper 4 uses the same building blocks as

presented in paper 2.

Paper 4 is heavily influenced by two standards: 1) ISO/IEC 15944-21 (2020) and 2) Universal
Business Language (UBL). First, the 1SO standard provides a practical, non-technical
description of core concepts, such as the distributed business transaction repository (DBTR),
presented in the paper. Two of the authors of the paper have been part of the working groups
formulating the standard. Second, UBL helps with document standards and well-accepted
business communication procedures. The use of these two standards provides evidence that the
DSR methodology applied in this study not only guides the evaluation of the artifacts; it makes

the results relevant for practitioners since globally accepted standards are used and integrated

6 Berg, Davidson, and Potts (like the authors of this paper) consider double entry ledgers (“A collection of

accountingentries consisting of credits and debits™) (https://en.wiktionary.org/wiki/ledger) to be too limited of a

paradigm to constitute the semantic foundation of a blockchain ledger.
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into the design theory. It is important to note that current technical challenges, such as raising
the gas cost and general scalability, are considered out of scope. It does not mean that those
challenges should not be considered when designing DLT systems. Already today, platforms,
such as Hedera, Concordium, and Ethereum, move toward proof of stake, and many layer 2
solutions work heavily on meeting these challenges.

2.7.1 Contributions to academia

Paper 4 proposes a design theory that does not consider technical issues but rather builds on
well-established theory within accounting, economics, computer science, and widely accepted
standards resulting in a level 3 contribution to future DLT-based AlS. | encourage accounting
scholars to evaluate the design theory and develop it for more accounting contracts in
collaboration space. In short, this paper provides a foundation of where DLT finds a firm
theoretical accounting ontology — and REA finds a practical technology for implementation.

2.7.2 Implications for practice

The practical implications from paper 4 fall into two categories. First, the code is available for
anyone on GitHub, consisting of state machine descriptions in human- and machine-readable
formats and smart contract code in Solidity. Furthermore, a narrated video demonstrates the
principles behind accounting contracts in the collaboration space. Second, the standards used
(1SO 15944-4 and 1SO 15944-21)7 in paper 4 offer assurance that adopting these principles is
not just a design theory for academics to discuss but the implications are built on firm ground.

3. LIMITATIONS AND FUTURE RESEARCH

The limitations and future research opportunities are tightly coupled with the three levels of
DSR contributions (Gregor & Hevner, 2013). | will use the three levels as the framework for

this section.

At level 1, the core case of the thesis is situated in Denmark, where the public sector drives

digitalization through regulatory requirements and open data, which has resulted in Denmark

7 https://www.iso.org/obp/ui/#iso:std:iso-iec:15944:-4:ed-2:v1:en and https:/AMww.iso.org/obp/ui/#iso:std:iso-
iec:15944:-21:dis:ed-1:v1:en
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being named the world’s most digitalized country in 2018 (European Commission, 2018) and in
2020 being proclaimed to be the best country at e-government development (United Nations,
2020). This thesis rests on this context and tries to compensate by generalizing the contributions
to the largest extend possible. However, it would be interesting to see other scholars embark on
similar projects within another public administration to investigate similarities and differencesin
digital maturity, specifically DLT maturity and administrative burdens. It could also be less
complex projects that focus on instantiations of DLT-based AlS. Furthermore, the results from
paper 2 and paper 3 are limited to the selected DLT platforms. It would be of great interest to
see another BaaS to further develop the prototype of paper 2 and extend the in-the-wild test
concept of paper 3 used with other DLT platforms, different types of tests, and extended into

other use case domains.

For level 2, scholars are encouraged to use and extend the four design principles in other
contexts than those in paper 2. For example, which conclusions could be drawn from using the
design principles when applied to different organizational sizes (small, medium-sized, and
large), and do these design principles also apply to processes and IT systems outside of the
accounting domain? Since the DSR segmentation framework presented in paper 1 is initiated
from previous DSR projects, it would be interesting to see new DSR projects apply it and
provide feedback on the framework. This would create a real evaluation and help DSR scholars

and practitioners learn more about driving good DSR projects.

Finally, for level 3, scholars and practitioners are encouraged to use and extend the design
theory for accounting contracts in collaboration space (paper 4). For example, imminent studies
could examine other parts of the value chain than already done in the paper. Furthermore, future

research opportunities may focus on the transition and barriers to adopting the design theory in
its entirety and further developing the cryptoeconmics theory presented by Berg et al. (2019).
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ABSTRACT: Design Science Research (DSR) is an important research approach that has gained
increased attention in Information Systems Research (ISR) over the past decades. DSR is
commonly carried out in the form of research projects. These are complex and difficult to manage
due to the duality of the epistemological and design objectives that characterize DSR. It leads to
large research projects with diverse tasks and numerous stakeholders. This study deals with how
DSR projects can be structured to facilitate decisions regarding the division of research work, the
allocation of resources, and the overall management of such projects. It formally introduces a
framework to separate DSR projects' content into well-defined and individually manageable
research segments. A case study illustrates how its usage facilitates the management and the
coordination of parallel and mutual research work within a typical DSR project. Applying the
presented framework to DSR projects described in scientific literature confirms the model’s
general applicability. It illustrates that the framework is also suitable to assess whether research
projects are well-balanced in terms of research output.

KEYWORDS: design science research; research projects; research methodology; case study;
project management; philosophy of science
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1. INTRODUCTION

This study investigates how DSR projects can be structured to facilitate decisions regarding the
division of research work, resource allocation, and the overall management of such projects
through a segmentation framework. DSR projects typically consist of multiple stakeholders with
different backgrounds, professions, and aims for the project's outcome. Typically, these
stakeholder groups are academics, companies, public organizations, government agencies or the
public administration, and not-for-profit organizations (Werner, 2019). Further, this study aims to
provide a segmentation framework for these identified stakeholders when collaborating in a DSR
project, ensuring both rigor and relevance, as Hevner et al. (2004) introduced with the Information
Systems Research Framework. Practitioners get insight into the project management of DSR and
a higher degree of the process towards a solution to a relevant real-world problem.
Simultaneously, academics follow a rigorous framework for managing the creation and evaluation

of artifacts that can lead to streams of publications.

Over the last decades, DSR has gained increased attention in the ISR community as an important
research approach (Vaishnavi & Kuechler, 2017). Several publications about the role and
interaction of design science, natural science (March & Smith, 1995), and social science (Gregor
& Baskerville, 2012) have led to more clarity about the differences, relationships, and interactions
between different research approaches in the scientific domain. Scientists have made valuable
contributions on how to conduct DSR activities in a structured and rigorous manner (A. Hevner
& Chatterjee, 2010; Hevner et al., 2004; Osterle et al., 2010; Pefferset al., 2007), consider ethical
aspects (Myers & Venable, 2014), and position DSR results in the academic arena (Gregor &
Hevner, 2013). Although sophisticated models do exist that guide researchers in performing DSR
(Alturki et al., 2011; Gregor & Baskerville, 2012; Kuechler & Vaishnavi, 2008; Peffers et al.,
2007), little attention has yet been paid to the question of how DSR projects can be set up,
structured, and managed.

DSR projects are a complex phenomenon since they are affected by the duality of the
epistemological objective and the design objective that characterize DSR (Riege et al., 2009).
Besides contributing to the scientific knowledge base (the epistemological objective) — which
distinguishes it from routine design (Hevner et al., 2004) — DSR researchers strive to create useful

artifacts that can solve real-world problems and thus be applied in a specific practical environment
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(the design objective) (Baskerville et al., 2018; Hevner et al., 2004). Researchers involved in DSR
projects must deal with this complexity by simultaneously constructing a problem space and a
solution space (Baskerville et al., 2018). Creating artifacts that are valuable for practical purposes
requires stakeholder groups' involvement and participation from the application domain (Osterle
et al., 2010).

The research work itself is carried out in different phases (Gregor & Baskerville, 2012; Peffers et
al., 2007) that at least includes: analysis, design, evaluation, and diffusion (Osterle et al., 2010).
The completion of all phases is a resource- and time-consuming task. DSR projects can also be
conceived as longitudinal streams of research (Baskerville et al., 2018) that take place over a
relatively long period of time. A variety of different research methods are used throughout a DSR
project's lifecycle to carry out analysis, design, and evaluation (Werner, 2019). The evaluation of
designed artifacts is a crucial aspect of DSR (Riege et al., 2009; Venable et al., 2012). Typical
evaluation methods— such as simulations, labs, or field experiments —require instantiated artifacts
that can be used in natural or artificial evaluation environments (Venable et al., 2012). The
instantiation of designed artifacts requires other skills compared to those required in the analysis
or evaluation phases. Due to these characteristics, DSR projects usually span several years, and
various junior and senior researchers with different skill sets and project members from the partner
companies or organizations work together (Werner, 2019). DSR projects are usually funded by
external stakeholders, such as industry partners or associations, government institutions, or
supranational institutions, such as the European Union. The average project budget usually lies
between USD 250,000 and 500,000, although it can also reach several million USD (Werner,
2019). Design science, natural science (March & Smith, 1995), and social science research
(Gregor & Baskerville, 2012) rely on and reinforce each other. Successful DSR is therefore
important for the progress of ISR in general. Considering the significance and prevalence of DSR,
especially in continental Europe (Schauer, 2011), the appropriate management of DSR projects is
especially important. If DSR projects are not managed appropriately, it is likely that scarce
research resources are wasted, that projects get out of control, or that they do not deliver the
intended output, as is the case for any project. This does not only impede the progress of ISR as a
specific scientific discipline; it also results in a loss to society in general as DSR projects may fail

to achieve their intended social impact (De Leoz & Petter, 2018).
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Subdividing project deliverables and project work of a large and complex project into smaller,
more manageable components is a key requirement to develop a suitable project management
plan, to define, sequence, and monitor activities, as well as to make good decisions for allocating
resources adequately (Project Management Institute, 2013). This is common practice in software
development where long-established systems development lifecycle models, such as the waterfall
model, prototyping, iterative and incremental development (O’Regan, 2017), and newer
methodologies, such as agile programming (Dyba & Dingsgyr, 2008), guide researchers and
practitioners in their efforts alike. DSR is closely related to software development as the
instantiation of an artifactas part of DSR often includes developing a software prototype. Whereas
it is common to divide software development projects into smaller segments, such as sprints in
agile methodologies (Pries & Quigley, 2011), and to manage these separately, such an approach
does not seem to exist in DSR.

The research described in this study addresses this gap by describing and evaluating a framework
that makes it possible to improve the research process by giving guidance on how the research
content and tasks can be structured with the purpose to facilitate parallel research work by
simultaneously encouraging mutual research efforts and synergies. This differs from prior
research focusing on the research process and the different research activities in that process
(Alturki et al., 2011; Gregor & Baskerville, 2012; Kuechler & Vaishnavi, 2008; Peffers et al.,
2007).

The framework employs a divide-and-conguer approach to separate a DSR project into small and
manageable components. It contributes to the body of knowledge on research process
management (Leist & Rosemann, 2011), research processes (Peffers et al., 2006), methodologies
(Kuechler & Vaishnavi, 2008; Pefferset al., 2007) specific to DSR, and managing DSR projects
(vom Brocke & Lippe, 2010). It is not meant to serve as an all-embracing project management
framework on its own. Instead, the presented framework is meant to be a tool to facilitate decisions
about the assignment of research tasks to involved researchers, especially during the set-up and
the initial phase of a project, which is an essential part of successful project management
(Deutsches Institut fur Normung, 2009; Great Britain & Office of Government Commerce, 2009;

International Organization for Standardization, 2012; Project Management Institute, 2013).
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This study formalizes the segmentation framework used in other studies (Dé&uble et al., 2014;
Werner et al., 2014) by using conceptual modeling. It provides an additional case study to
illustrate how the framework can be used in real settings. This illustration is complemented by an
evaluation to test the general applicability of the framework. A set of scientific publications that
describe DSR studies has been reviewed for this purpose. The aim was to assess whether the
framework can capture the main components of the projects described in the literature and whether
its application would derive useful insights for improvement. The framework's applications in this
general sense also provided several additionalinsights into DSR projects' nature, the artifacts they
created, and the maturity of DSR in ISR.

This paper is structured as follows: Section 2 describes the research methodology. Section 3
provides information about the characteristics of the investigated phenomenon (DSR projects) in
combination with a discussion of related literature. Section 4 provides a formal presentation of
the segmentation framework. Section 5 describes a novel case study that deals withthe application
of the framework to a specific DSR project in the context of distributed ledger technology (DLT).
Section 6 describes the evaluation of the framework. In section 7, we reflect on the insights
derived from evaluation and the review of identified literature that describes DSR projects before

the study closes with a conclusion and outlook to future research in section 8.

2. METHODOLOGY

The research presented in this study follows a DSR methodology allowing for a multi-method
approach (Mingers, 2001) within Hevner et al.’s (2004) Information Systems Research
Framework (ISRF). The ISRF consists of three main parts; the knowledge base, the application
domain, and the IS research part that further comprises building and evaluating blocks. In this
study, the knowledge base is the entire DSR literature and Krcmar’s (2010) Model of Information
Management. Further, the knowledge base also includes methodologies and tools applied; in our
study, this also entails the Mingers (2001) multi-method approach, Yin (2008) case study
methodology, Empley and Thalheim (2011)’s framework for conceptual modeling, and Venable’s
(2012) methods for evaluation of artifacts. The application domain resides within research
projects involving academics and/or practitioners performing DSR projects. Within the IS
research part, the ‘build’ block is performed by extending the project segmentation framework

that was designed by amalgamating components from two existing and well-established models
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(Werner et al., 2014). The ‘evaluate’ block is performed by evaluating a case study and ten DSR
articles; see a detailed description in the next section.

Werner et al. (2014) presented the segmentation framework comprising the ISRF and the Model
of Information Management (Krcmar, 2010). The ISRF describes the essential characteristics of
DSR. Therefore, it describes fundamental aspects of DSR, which is useful to differentiate the
output, research tasks, and research methodology relevant in DSR projects according to whether
these relate primarily to the application domain or the scientific knowledge base. The Model of
Information Management (Krcmar, 2010) describes the different levels of information
management and focuses on the resource information, which is central to any research in ISR.
The hierarchical model makes it possible to determine which management level an artifact refers
to. Combining both models' elements makes it possible to capture essential features of DSR
projects in ISR for characterizing and splitting them into individual work packages. The
framework is formalized by relying on conceptual modeling (Embley & Thalheim, 2011). The
different components and relationships among them are described using an entity-relationship
diagram (ERD) (Jukic, 2014) following the unified modeling language (UML) specification
(Object Management Group, 2017). The models and their role in designing the segmentation

framework presented in this study are explained in detail in section 4.

The applicability of the framework was evaluated through a case study. Case study research —a
common form of qualitative-empirical research (Thomas Wilde & Hess, 2006) in ISR (Chen &
Hirschheim, 2004) —involves the close examination of people, topics, and issues (Hays, 2004). It
is especially suited for investigating complex phenomena in their natural environments. DSR
projects are complex undertakings. Many individuals with differing or sometimes even opposing
motivations interact in such projects (Werner, 2019; Werner et al., 2014) have to carry out diverse
research tasks within the different phases of DSR (Peffers et al., 2007). Case study research is a
suitable research method in this context for investigating in detail how the segmentation
framework can be applied to real-world projects. The included case study, described in section 5,
extends the research from prior case studies related to the use of the framework (D&uble et al.,
2014; Werner et al., 2014).

It is usually difficult to generalize results gained from case study research (Yin, 2008). While the

embedded case study demonstrates how the framework can be practically applied in a particular
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setting, the general applicability of the framework was evaluated by reviewing published
information about DSR studies in the scientific literature. This literature was reviewed to identify
information about the underlying DSR projects, artifacts presented, and research questions
answered. The following evaluation criteria were used to evaluate the general applicability of the

framework:

(@) Is it possible to instantiate the framework for each identified study?

(b) Can different artifacts be identified that clearly relate to specific segments?

If both criteria are met, the evaluation confirms the adequacy of the dimensions of the model ()
and its usefulness in dividing research content (b). The literature was coded independently by both
authors to discuss and commonly agree on the coding subsequently. Samples for the evaluation
were drawn from publications in the journals Decision Support Systems (DSS) and Management
Information Systems Quarterly (MISQ). This choice was made because seminal work on DSR
(Hevner et al., 2004; March & Smith, 1995), which greatly impacted the acceptance of DSR in
ISR (also at an international level (Schauer, 2011), was significantly influenced by these DSS and

MISQ publications as citation scores and related literature reveal.®

The analysis of publications showed that a comparatively rich body of DSR-related literature
exists in these journals.® The evaluation followed a similar approach used by (Baskerville & Pries-
Heje, 2019) and started with an analysis of MISQ publications in a dedicated special issue on
DSR from 2008 (Abbasi & Chen, 2008; Adomavicius et al., 2008; Lee et al., 2008; Parsons &
Wand, 2008; Pries-Heje & Baskerville, 2008). More recent DSR publications from both journals
(Carvalho, 2020; Horita et al., 2017; Reinecke & Bernstein, 2013; Sun Yat-sen University et al.,

2019; Wimmer & Yoon, 2017) were added to the sample until a state of saturation was reached

8 Several meta-studiesrelated to DSR rely on the conceptsdeveloped in these papers (e.g. (Baskerville et al., 2018;
Gregor, 2006; Gregor & Hevner, 2013; Kuechler & Vaishnavi, 2008; Peffers et al., 2007)).

954 DSR-related paperswere found and of those 37 paperswere identified that clearly used DSR to design

artifacts.
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where no further evidence was gathered by adding additional literature.1® Ten papers were
reviewed for the evaluation in total. The results of this analysis are described in detail in section

6. Appendix A provides an overview of the selected papers and summarized results.

The methodology described in this section describes and evaluates a framework designed to
improve the research process by guiding the structuring and dividing of DSR projects into small
and manageable components. Different studies have described the use of the framework in
different projects (Dduble et al., 2014; Werner et al., 2014), but this study extends the knowledge
base by providing:

a) A formalized definition of the framework using conceptual modeling (Embley &
Thalheim, 2011)

b) A case study (Yin, 2008) as an ex-post evaluation to test the applicability of the
framework in a natural setting (Venable et al., 2012)

c) An ex-post criterion-based evaluation (Venable et al., 2012) assesses its general

applicability across different DSR projects.

3. DSR PROJECTS AND RELATED LITERATURE
Although DSR is well-established in ISR, few studies provide empirical data about DSR work

and projects as such. Empirical dataon DSR projects are scarce and difficult to collect because
very little information on research project details is publicly available. Table 1 summarizes typical
characteristics of DSR projects according to an empirical study on DSR project characteristics,
which relied on information collected via semi-structured interviews with senior scholars
experienced in DSR (Werner, 2019). It illustrates that DSR projects are a complex phenomenon.
Various researchers and stakeholders work together and interact in typical medium-sized DSR
projects over several years. Such projects typically have a budget of several thousand USD, with
funding usually provided from different sources. Medium-sized projects are the norm;

significantly larger and smaller projects are less common (Werner, 2019).

10 Only those publicationswere considered, which showed a clear application of DSR (applied DSR studiges),

whereas theoretical studies about DSR (meta-DSR studies) were not considered for evaluation purposes.
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All DSR projects have in common that they differ from projects following other research
approaches because they focus on designing artifacts (March & Smith, 1995; Werner, 2019).
Another important characteristic is the engagement of users or contact persons from an application
domain for the evaluation of and the reflection on the research output, its relevance, and its utility
(Werner, 2019). DSR projects often involve larger research resources than other types of research
work (Werner, 2019). Due to its nature regarding the duality of the epistemological and design
objectives, DSR requires researchers to interact with practice. As a result, DSR projects have in
common that at least one project partner representing the application domain participates in such
projects. A variety of different research methods are used by scholars carrying out DSR. These
differ across the phases of a project. Consequently, researchers with different skill sets commonly

work together during typical DSR projects.

| Characteristics | Small | Medium | Large

Research group size 1-2 3-6 More than 6
Project partners 1 -4 More than 4

Project duration Less than 3 vears 3-4 years More than 4 years

Project budget Less than USD 250,000 USD 250,000-500,000 More than USD 500,000

Project funding Exclusively university Public grants Public grants

internal Industry partners Industry partners

University internal University internal
Publications!t 1-3 3-6 Mare than 6

Table 1. DSR Project Categories (Werner, 2019, p. 5711f.)

In recent years, several scholars have highlighted the need for structured and commonly agreed
research processes in the DSR community (Leist & Rosemann, 2011). Pefferset al. present a DSR
methodology (DSRM) (Peffers et al., 2007, 2006), which embodies six phases: (1) ldentify
problem and motivate, (2) Define the objectives of a solution, (3) design and development, (4)
demonstration, (5) evaluation, and (6) communication. Peffers et al.’s framework draws from a
review of existing publications related to the information systems' research process and related
research disciplines. Further, their research framework is composed of process elements that

scholars from different disciplines have identified, including information systems (Cole et al.,

11 The figures relate to the numberof publicationsthat describes the actualresearch output of the DSR project itself.
Not considered are those publicationsthat might be a result of the reflection onthe actualprojectthatcan be

considered as meta-research output.
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2005; Hevner et al., 2004; Nunamaker et al., 1991; Takeda et al., 1990; Walls et al., 1992) and
engineering (Archer, 1984; Eekels & Roozenburg, 1991). The authors argue that the maturity of
DSR in general calls for a segmentation through DSR genres since the diversity of methodologies
and mental models has increased to a point where reviewers and editors are unsure about which

standards to apply to particular research submissions.

Osterle et al. (2010) suggest four phases: (1) analysis, (2) design, (3) evaluation, and (4) diffusion.
Gregor and Baskerville (2012) examine the research process to provide a framework for the
combination of design science and social science research. The presented research process
consists of the phases: (A) Construct and test artifacts, (B) Formulate prescriptive knowledge and
theory, (C) Study artifact(s) in use, (D) Test knowledge of artifacts in use, and (E) Formulate
descriptive knowledge. Kuechler and Vaishnavi (2008) describe a five-step process for reasoning
in the design science research cycle, which embeds abductive and deductive phases. All authors
explicitly emphasize the iterative relationship between the different research steps in each model.
Alturki et al. (2011) present a more detailed modelthat consists of 14 research steps. These authors

also present an extensive summary of relevant literature.

Closely related to DSR is Action Design Research (ADR). Coenen et al. (2018) have described
how their project shifted from the application of the DSRM (Pefferset al., 2007) to ADR (Sein et
al., 2011) during the project lifecycle as the development effort became increasingly steered by
organizational requirements. The shift provides an example of how DSR projects change in
nature, requiring researchers to be equipped with good methods and tools to respond to those
changes. Mullarkey and Hevner (Mullarkey & Hevner, 2019) provide an elaborated action design
research process model extending the ARD approach (Sein et al., 2011). They identify four
distinct types of ADR cycles: diagnosis, design, implementation, and evolution of the growing
artifact-based solution. Each ADR cycle moves through problem formulation, artifact creation,

evaluation, reflection, and learning.

Moving even closer to practice, Nagle et al. (2017) present the Practitioners Design Science
Research (PDSR) Canvas, a visual guide for practitioners undertaking DSR. The study suggests
that the gap between practice and academia can be closed if the ISR community is willing to
change and rethink its definition of engaged scholarship from one that solely focuses on the

academic as the researcher to one that also includes the practitioner (Nagle et al., 2017, p. 161)
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(p. 414). Further, staying within the practical focus, De Leoz and Petter (2018) argue that DSR
studies tend to be (too) techno-centric, and they suggest that researchers should include a societal
focus on DSR by following the authors’ proposed guidelines based on the DSRM, ensuring that
social impacts are considered appropriately.

The aforementioned studies provide guidance on how an individual researcher should undertake
DSR. They describe what the necessary steps are to conduct DSR successfully. Although they
provide valuable information for this purpose, they do not explicitly consider the fact that DSR
projects are commonly complex endeavors consisting of multiple sub-tasks in which several
people are involved. Such projects must be managed appropriately to allocate scarce resources

efficiently and to achieve the project objectives.

Well-established international (International Organization for Standardization, 2012) and national
guidelines (Deutsches Institut fir Normung, 2009; Great Britain & Office of Government
Commerce, 2009; Project Management Institute, 2013) provide guidance on project management.
It seems that knowledge embodied in these guidelines has rarely been considered in the context
of DSR yet, although research work carried out in DSR projects has many similarities with
traditional project work. Vom Brocke and Lippe try to build a bridge between research processes
and project management in the context of DSR in particular (vom Brocke & Lippe, 2010) and
collaborative research projects in ISR in general (vom Brocke & Lippe, 2013, 2011). These
authors conclude that DSR projects' outcome is uncertain to a certain degree, and necessary
project procedures —the necessary research steps —are a prior unknown. The goals of such projects
and the methods for achieving these are ill-defined. According to Turner's and Cochrane's
classification model, these characteristics are typical of soft projects (Crawford & Pollack, 2004)
of type 4 (Turner & Cochrane, 1993). Vom Brocke and Lippe (2010) use a deductive approach to
identify common characteristics of DSR work and classical project work and significant
differences, such as creativity in designing artifacts or uncertainty in terms of the research method
or outcomes. They point out the need to tailor existing project management guidelines for DSR

projects.

The research presented in this study complements the work mentioned above. It focuses on a
broader view of DSR projects' phenomenon by considering that DSR commonly consists of
diverse research tasks carried out by a group of researchers and project partners. Researchers

responsible for DSR projects can use the presented framework to divide a DSR project into
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smaller segments. The researchers who work on a specific segment can then refer to the
guidelines, for example, published by Pefferset al. (2007), to carry out the research work for the
particular segment and to follow relevant management suggestions (vom Brocke & Lippe, 2013,
2011).

4. SEGMENTATION FRAMEWORK

Previous research has indicated that DSR projects are challenging endeavors. Such projects are
typically complex in terms of the research scope, interaction of participating project members, the
diversity of stakeholders, and the overall duration. This section describes a framework for
structuring typical design science-oriented research projects. It relies on two different models that
formed the basis for the development of the framework. These are the Information Systems
Research Framework (Hevner et al., 2004) and the Model of Information Management (Krcmar,
2010).

4.1 Information Systems Research Framework

Hevner et al. (2004) present a research framework that describes fundamental aspects of DSR. It
provides an illustration of how aspects of ISR relate to each other, as shown in Figure 1. It
describes the relationships between the main research activities for design science (build and
evaluate) and behavioral science (develop and justify) research, the environment, and the
knowledge base. The environment or application domain defines the problem space. The
phenomena of interest for design science-oriented research are derived from the environment. The
knowledge base represents the already existing body of knowledge. DSR should be informed by
already existing knowledge to execute the research activities. The objective of DSR is to provide
useful artifacts to the application domain and to add generalized knowledge to the knowledge
base. DSR is therefore characterized by the duality of the design and the epistemological
objectives (Riege et al., 2009).
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Figure 1. Information Systems Research Framework [1 p. 80]

This duality is illustrated by the feedback loops going from the research activities to the
environment and the knowledge base. Feedback from the field indicates that this duality creates
significant challenges for researchers during their daily research work (Werner, 2019). Research
output in the form of a designed artifact that provides a benefit for the application domain
commonly does not provide a theoretical contribution to the application domain per se. The
epistemological objective can only be reached if a certain level of generalization is achieved,
which creates knowledge that is not only useful for a specific case or organization but can be seen
asan additiontothescientific knowledge base. The difficulty of reaching the ontological objective
and communicating it appropriately is also evident from the literature that provides guidelines
(Gregor & Hevner, 2013) and examples (Cascavilla et al., 2018) to DSR scholars about how to
position and present their research and in which it is argued that these contributions can be of

descriptive or prescriptive nature (Baskerville et al., 2018).

It can be summarized that the duality of the design and epistemological objectives in DSR is an
essential characteristic that distinguishes it from other forms of research and which creates
significant challenges for involved researchers. Evidence from case studies (Daeuble et al., 2015;
Werner et al., 2014) and interviews with DSR scholars (Werner, 2019) indicate that achieving the
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epistemological objective and communicating corresponding results is particularly difficult. If this
observation is considered, it can also be the starting point for structuring or analyzing a given
DSR project by defining or analyzing which contributions to the application domain and
knowledge base should be or are generated by a specific project. The duality can serve as a
criterion todistinguish between the generated output and, in particular, to assess if both objectives
are addressed appropriately with a DSR project and whether they are balanced in this regard.
Figure 2 shows how the research contribution can serve as a first dimension to segment research

output and tasks accordingly.

Research
segments ~~ _
\

Figure 2. Research Contribution Dimension
4.2 Model of Information Management

Gregor (2006) points out that the distinguishing characteristic of ISR is the consideration of both
worlds — technology and humans — and the investigation of phenomena that emerge from their
interaction in socio-technical systems. The main subjects of interest in ISR are information
technologies and the man/machine interaction in all its diversity (Shirley Gregor, 2006) “to
understand and improve the ways people create value with information” (Giboney et al., 2019, p.
12). Osterle et al. (2010) emphasize that design science-oriented ISR is related to both
organizations and individuals. Information systems are considered socio-technical phenomena
related to three object types: people, information and communication technology, and
organizational concepts. A framework for structuring research work in ISR should therefore

consider technological but also human interaction aspects.
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A model well-established in information management that considers these aspects is presented by
Krcmar (Krcmar, 2010).12 This reference model describes the different levels of information
management with the aim to structure information and the management hereof. It distinguishes
between three different levels of management tasks, which are shown in Figure 3. These are
accompanied by independent leadership tasks that are relevant for all levels. According to this
model, information management is considered a task that has todeal with all three different levels.
The object of consideration at the highest level is resource information. It deals with decisions
regarding information supply, demand, and usage. The human aspect is primarily considered at
the highest level regarding which information is needed within the organization and its purpose.
This forms the requirements relevant for the lower levels defined based on the needs of human
information recipients and users of the applications, processes, data, and technology managed at

the lower levels.

The second level deals with the management of information systems. Information systems are
considered systems that combine specific interrelated elements of organizational and technical
nature that meet the users’ information demands. The core activities at this level are the
management of processes, applications, their lifecycles, and the datathat these create. This level
provides the information resources that are consumed at the usage level.

The lowest level concerns the tasks related to the management of the technical infrastructure that
is necessary for the use of information and communication technology at the higher levels. This
includes the management of data storage, communication technologies, and technological
infrastructure, which is referred to as a technology bundle in this context. This level deals with

providing the physical foundation to operate the applications at the higher levels.

The Model of Information Management addresses both elements that are subject to research in
information system science: information systems and human interaction in socio-technical
systems. The two lowest levels mainly concern the technical aspects of information management,

whereas the human aspect is considered at the highest level. The model is primarily addressing

12 The model refers to the models originally introduced by Wollnik (Wollnik, 1998) and Szyperski and Winand
(Szyperski & Winand, 1989). The three levels of the information management model relate to the levels of
information usage, information and communication systems, and infrastructure of the information processing and

communication in Wollnik’s reference model (Wollnik, 1998).
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information management tasks in organizations and, therefore, clearly has a practical focus. The
same is the case for DSR, which aims to provide solutions for practice in contrast to purely
theoretical research. While the Model of Information Management makes it possible to
differentiate management tasks in organizations, it can also be used for determining which level
an artifact refers to in terms of its contribution to an application domain. It helps identify whether
an artifact generated as an output of a DSR project primarily relates to the level of usage, system,
or infrastructure.

The three levels — usage, system, and infrastructure — can be combined as an additional human-
technical dimension to the research contribution dimension derived from the ISR framework

shown in Figure 2. The result is shown in Figure 4.
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Figure 3. Model of Information Management Figure 4. Integration of the Human-Technical
(adapted from Krcmar 2010 p. 50) Dimension

4.3 Research Question Dimension

Different individuals usually work together in DSR projects. They deal with specific research
tasks and research questions (Daeuble et al., 2015; Werner et al., 2014). DSR projects' output
commonly consists of different interrelated sub-artifacts that provide a solution to the research
problem (Werner, 2019). The overall research question in a DSR project can usually be
decomposed into several sub-questions, such as: What are the requirements for the artifacts to be

designed, how should they be designed, put into place, and evaluated, or what is the impact of
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their implementation for an organization? Researchers must find answers to these sub-questions
to find solutions to the overall research problem. The different sub-artifacts in DSR projects are
usually the answer to a specific sub-question. The review of DSR publications as part of this study
confirms this assumption. Dividing an overall complex research question into lower-level research
questions can serve as a categorization criterion for a third dimension to segment a DSR project.
The integration of a third dimension into the framework is useful to identify more fine-grained
segments that have proven helpful in the field (Daeuble et al., 2015; Werner et al., 2014). The
number of lower-level research questions per project may differ from project to project and is
arbitrary toa certain degree. Figure 5 exemplarily shows the effect if the overall research question
is divided into several lower-level research questions. For illustration purposes, the diagram in
Figure 5 shows three different values for the research question dimension. The choice of the
number of detailed lower-level research questions determines how granular research tasks can be

assigned to the involved project members.
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Figure 5. Integration of the Research Question Dimension

4.4 Formalizationand Usage

The application of all three dimensions, as shown in Figure 5, divides a given research project
into separate segments. Its location describes each segment in the framework (X = research
contribution dimension (RCD), Y = human-technical dimension (HTD), Z = research question

dimension (RQD)), considered separately, and be assigned to specific researchers. The division
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into research segments can be considered a divide-and-conquer approach. The overall research
project is decomposed into manageable components that can be dealt with individually. This
approach is similar to breaking down a product backlog into sprint backlogs in Scrum (Pries &
Quigley, 2011).

How this can be used is illustrated in Figure 6, which highlights a single segment from an
instantiated model of the framework. For each segment (or set of segments), it is possible to
identify and describe different components essential for managing each segment from a research
perspective. Each segment should be associated with a specific artifact that constitutes the output
of this segment. The research methods for the analysis, design, evaluation, and diffusion type
(Osterle et al., 2010) can be described. A template for such a description is illustrated in Table 2.
While each segment should be associated with one (or more) artifact(s), the same artifact can also

relate to different segments.

e (D

W2 Related artifact

Research methods

Analysis
Design
Evaluation

Type name

Figure 6. Research Segment Table 2. Segment Description

Human-Technical Dimension (HTD)
1

Anmieine s

Figure 7 shows an ERD that formally describes the relationship of the model components. The
ERD shows the minimum number of entities, attributes, and relationships necessary to instantiate
the model. Additional entities can be added if, for example, the involvement of a project partner
is supposed to be critical for the management of the project. The proposed framework illustrates
that each project has a unique project number and non-key attributes, such as project name, project
description, project start, and project end-date. Each project is characterized by the three
dimensions discussed before 1) research contribution, 2) human-technical, and 3) research

questions contribution dimension. They constitute the framework axes X, Y, and Z. Each
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dimension can have different values and names (e.g. { (1, “natural disaster management in
Brazil”); (2, “business process management”)} for dimension research contribution (RCD).13
Only the human-technical dimension has a fixed number of values: {(1, “infrastructure level”);
(2, “system level”); (3, “usage level”)}.2* The number of values for the research contribution and
research question dimensions are arbitrary and depend on each specific project. Each DSR project
consists of a number of segments, and each segment refers to exactly three different dimension
values: one value from each dimension. These form the segment coordinates, which also serve as
the primary key for each segment. The segment shown in Figure 6, for example, has the
coordinates (1; 2; 3).

18 1 1
characterized DSR Project 1
a3 by N i
Project Number
[T T R R I S
Project Name
Framework Axis
..................................... Project Description
Dimnesion Name P
AP Project Start Date SO
has Project End Date
1w
5 ) 1 ) 1
Dimension Value 3 & Project Member 7]
Dimnesion Value Number ] gl L Project Member D
------------------------------------- efers | Segment — 1 [E e e
Dimnesion Value Name to 1 N is Project Member Name 1S
‘—N Segment Coordinates (X, Y, 2) | responsible aSSltﬂnEd
...................................... 1 0
Segment Name "1" q
1
Segment Start Date N 1
N 1 1 | Research Scope ]
1 Segment End Date COVErS 1
- N M N Research Scope Name
knowledge i creates
e output 1l m
1|m L Research Artefact
M
Diffusion Type . Research Method Research Artefact Number
Diffusion Tyme Name Reseach Method Name Research Artefact Name

Figure 7. ERD for the Segmentation Framework

Each segment creates output. March and Smith (March & Smith, 1995) define four types of

research artifacts that form the primary output of DSR: constructs, methods, models, and

13 This example was derived from (Horita et al., 2017).

14 This definition canalso be amended if it is deemed to be appropriate to modelmore detailed differences on this

dimension asshown in (Daeuble et al., 2015; Werner et al., 2014).
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instantiations. Gregor (2006) argues that design theories are also an important outcome of design
science-oriented research, while design principles (Baskerville et al., 2018; Gregor & Hevner,
2013) and technological rules (Gregor & Hevner, 2013) are also seen as typical examples of
artifacts created by DSR. Each artifact that is supposed to be created in a DSR project should
receive a name and distinctive number. It is not necessarily the case that a specific artifact just
relates to a single segment; quite the opposite is usually the case. A software prototype, for
example, usually stretches across the human-technical dimension. It requires the consideration of
data storage and necessary infrastructure components, algorithms at the system level that define
the operations of the software, and a user interface component that is necessary to meet the user

requirements in terms of information consumption.

Different research methods are used to perform the research tasks, which are necessary to create
the research output of each segment. A variety of research methods exist for analysis, design, and
evaluation purposes (March & Smith, 1995; Osterle et al., 2010; Palvia et al., 2003, 2004; T.
Wilde & Hess, 2007). Usually, different research methods are necessary to analyze requirements
and to design and evaluate (Venable et al., 2012) an artifact. Different research methods can be
used to carry out the research work represented by an individual segment, while the same research
method can be employed for different segments in a research project. Carrying out analysis of
design requirements, for example, using interviews or observations from the field, can inform the
design of a variety of artifacts withina DSR project.

Each segment creates knowledge that is either relevant for the application domain or the scientific
knowledge base. The type of knowledge distribution or diffusion (Osterle et al., 2010) can be
determined by referring to the knowledge contribution level of design science-oriented research
(Gregor & Hevner, 2013). Possible outlets for the diffusion of contributions to the knowledge
base can be, for example, conference or workshop presentations and journal publications, while
outlets for the diffusion of knowledge relevant for the application domain can be, for example,
the participation at industry-specific fairs, distribution via professional organizations, or standard-

setting activities.

Several researchers can work on the same segment, while each segment should have one member
assigned to it who is responsible for it. Segments can be grouped into different research scopes.
Each research scope covers one or several segments and is assigned to an individual project

member. They may be overlapping. The usage of research scopes makes it possible to clearly
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delineate the research content and boundaries for each involved researcher. An example of a
research scope is shown in Figure 8. It highlights five segments that constitute a research scope,
which is assigned to an individual researcher. The example also shows that it is not necessarily
the case that a research segment exists in a project for every possible combination of dimension
values. The evaluation results discussed later in this study indicate that this was indeed the case
for all analyzed projects. Case studies using the framework showed that specific segments were
explicitly excluded from the project scope to focus on the most important artifacts that were most
relevant to find an overall research solution (Daeuble et al., 2015; Werner et al., 2014). Another

explanation may be that some projects were simply ill-defined.

|
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|~. Research Scope
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o~

Human-Technical Dimension (HTD)

Figure 8. Example Research Scope

This section has introduced a segmentation framework for dividing a typical DSR project, which is
inherently complex due to the common characteristics of DSR, into well-defined and manageable
segments. It has provided a formal definition of the framework in combination with an illustration of
how the framework can conceptually be used. The next section deals with describing the instantiation
and usage of the framework in relation to a real-life DSR project, which falls into the category of
typical medium-sized DSR projects. This description aims to illustrate how the framework can be used
in a realistic contextand highlight potential benefits and limitations of its usage in addition to already

existing examples (Daeuble et al., 2015; Werner et al., 2014).
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5. CASE STUDY EXAMPLE OF A BLOCKCHAIN DSR PROJECT

The case study refers to a research project that deals with the settlement of value-added tax (VAT)
for small and medium-sized enterprises (SME) in Denmark (Innovationsfonden, 2020; Sggaard,
2021). Denmark is leading worldwide in terms of digitalizing businesses and society (European
Commission, 2020a, 2020b). The Danish government launched a new cross-public sector
digitalization strategy (ny feaellesoffentlig digitaliseringsstrategi) in 2016. One of the themes being
part of the strategy is automatic business reporting. The Danish government strives “zo remove
the administrative burdens on companies related to reporting to the public sector through

automatic business reporting” (Ministry of Finance et al., 2016, p. 1).

The public sector in Denmark is driving digitalization through imposing regulations and using the
concept of open data. With effect from 2004, every Danish business-to-government (B2G) invoice
must follow a Danish invoicing standard, OIOUBL (Offentlig Information Online Universal
Business Languages). In April 2020, this standard was converted into a pan-European public
procurement online standard (PEPPOL) to comply with EU regulation (EU Commission, 2014)
(Erhvervsstyrelsen, 2020). Danish companies file their VAT statement, including financial
statements and other obligatory reports, as part of their year-end financial reporting
(Retsinformation, 2020). 99 percent of the approximately 300,000 Danish companies are SMESs.
These firms have to submit their annual statements digitally in XBRL format (Danish Business
Authority, 2019). While annual VAT returns are filed as part of the year-end financial reporting,
input and output VAT is also declared in monthly, quarterly, or bi-yearly preliminary summary
reports. These are submitted to a custom-built online platform using unique electronic
identification numbers (e-ID). The infrastructure is provided by the Danish tax authorities
(Agency of Digitalization, 2010).

Due to the digitalization of business reporting in the past, Danish companies and public
organizations already meet basic requirements to benefit from advances of a novel distributed
ledger technology (DLT). Two fundamental components for the usage of DLT in business
reporting is the existence of a digital identity and data standards, particularly for implementing
permissioned blockchains. As this is the case for Denmark, it places the country in a unique
position to leverage the advantages of DLT. The project’s objective is to find solutions to help

SMEs in Denmark settle VAT underthe new regulations. The primary research ideais touse DLT
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to create a prototype of a blockchain-based invoicing platform, which is capable of automatically
processing VAT settlements among the involved parties. It is also evaluated whether the
technology provides the anticipated benefits to help SMEs and the Danish Business Authority
(DBA) comply with the new requirements that resulted from Denmark’s new digital strategy.

The project can be categorized as a typical medium-sized DSR project in accordance with
empirical findings (Werner, 2019). Five different stakeholders participate in the project:
Copenhagen Business School (CBS), Deakin University in Melbourne, Deloitte Denmark
(Deloitte Statsautoriseret Revisionspartnerselskab), the DBA, and the Danish Innovation Fund.
The core project team consists of a Ph.D. student and an associate professor from CBS, a professor
from Deakin University, a software developer, a blockchain architect, and a project manager from
Deloitte. Three subject matter experts from the DBA participate as representatives of the
application domain. Two SMEs operating in the service and production industries have been
involved as additional project partners for requirements analysis and evaluation purposes. A
steering committee comprising of decision-makers from CBS, Deloitte, and the DBA as the key

stakeholders was established at the beginning of the project.

The degree of involvement of the different stakeholders and research project members has varied
with the project's progress (Werner, 2019). As it is common for DSR projects, it is not easy to
clearly define the project's duration. Parts of the project have been funded externally by the DBA
for aperiod of nine months. The Danish Innovation Fund has partially funded the involved Ph.D.
student externally over three years. The externally funded project budget amounts to USD 190,000
so far. The other stakeholders have funded their resources mostly internally. The research project
started by identifying the research problem, preparing the research, and preparing funding
proposals in 2018. It is still ongoing and expected to finish at the beginning of 2022. Overall, the
duration lies well betweenthe average length of typical medium-sized DSR projects with a period

of about four to five years.

The primary application domain for the research project is tax accounting in SMEs — specifically
the settlement of VAT. DLT and novel accounting procedures have been perceived as being the
most important scientific disciplines that form the knowledge base for researching the project.

The project was guided by the overall research question shown in Table 3.
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(Overall Research Question) “How can VAT settlement be automated by designing an IT artifact that is offered by
the Danish Business Authority to SMEs to reduce the administrative burden related

to financial reporting while maintaining the level of government tax revenue from VAT

collection?”

Table 3. Overall Research Question for Case Study Blockchain DSR Project

The main component of the project required by different project stakeholders has been the
development of a software prototype. This prototype was supposed to be a blockchain-based
invoicing platform as DLT was assumed to be a suitable technology when the project was
initiated. The design of a prototype was required for the creation of valuable artifacts for the
application domain and derived design principles for the knowledge base.

The different stakeholders have a common goal with the project. However, the understanding of
the output and the form differed in the beginning. It was thus necessary to identify which research
outputs were critical for the success of the research project, how these related to each other, which
scientific approach was adequate for the development and evaluation of research artifacts, and
which project team member fitted best to accomplish the different research tasks according to
available expertise and skills. It was also necessary to decide on the roles and responsibilities
related to the communication with the different stakeholders for specific research aspects, such as
the requirements analysis, software development, and evaluation approaches.

To structure the project and divide it into manageable segments, it was decided to use the
segmentation framework during the project's set-up phase. The overall research question was
broken down into more specific granular research questions as shown in Table 4 to populate the

research question dimension.
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(Impacton SMEs) To what extent will SMEs be affected by a new way of VAT settlement if a
blockchain-based invoicing platform is implemented, and what will be the
consequences?

(VAT Settlement Automation) Which design principles should be considered when designing a solution to
automate VAT settlement, and how should they be embodied to create a
blockchain-based invoice platform?

(Integration and Usage) How cana blockchain-based invoice platform be embedded into existing business

procedures, and will it be useful?

Table 4. Research Sub-Questions for Case Study Blockchain DSR Project

The instantiated framework in Figure 9 shows how the project was separated into separate
segments. The first part of the project focused on understanding the environment and gathering
requirements to build a prototype. Two SMESs, a car repair shop and a production company,
participated as representatives from the application domain among participants from DBA. Semi-
structured interviews and content analysis were used to gain a sophisticated understanding of the
environment and its actors. This built the foundation for formulating four design principles. The
principles guided the development of the prototype and were used when making technical design
decisions regarding appropriate DLT and data storage types, the application implementation,

including smart contracts design alternatives, as well as user and key management.>

15 When using blockchain technology in enterprise settings (private, permissioned), it is importantto have
mechanisms for creating, distributing, and recovering keys equivalentto user and password management. These
requirements are different from public permissionless blockchains (E.g. Bitcoin and Ethereum.) where keys cannot

be restored once lost.
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Figure 9. Instantiated Framework for Example Blockchain DSR Project

This process's outcome was a blockchain-based prototype that made it possible to settle VAT in
near real-time using smart contracts. Both artifacts and how they relate to the different segments
are shown in Figure 10. The diagram shows that each artifact is related to two different segments.
Detailed information on the analysis, design, evaluation methods, and diffusion types for one
segment is listed in Table 5. The blockchain prototype's design relied on the results gained from
the conducted interviews (Gubrium & Holstein, 2002) and content analysis of collected
documents. The artifact was designed using prototyping (Naumann & Jenkins, 1982) in iterative
implementation cycles and evaluated using computational experiments in an artificial lab
environment (Venable et al., 2012) with a purely technical focus on the feasibility of settling VAT
in near real-time. The design did not focus explicitly on considering a graphical user interface,
usability aspects, or adequacy of information visualization, which were supposed to be designed
by involved project partners at later stages of the project. Therefore, the artifact is primarily related

to the system and infrastructure levels of the human-technical dimension.
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Figure 10. Example Relationship between Table 5. Example Segment Description
Segments and Artifacts

Whereas the prototype was explicitly designed for VAT settlement, the design principles were
considered to act primarily as contributions to the DLT technology knowledge base. The design
principles provide general guidance on design decisions on the infrastructure and system,
independent of the specific environment that such technology is supposed to operate in. This
example illustrates how the different artifacts interacted with each other. The design principles
informed the software artifact's prototyping, while the implementation of this artifact also served

as a technical evaluation of the principles.

The second part of the project focused on technical feasibility in terms of scalability. The ability
to process large amounts of data was perceived as a key requirement for integrating the prototype
into business operations and for the usage by companies and public entities. The aim was to
determine whether the proposed invoicing platform could also be extended from a national to a
European context. Three DLT platforms (Quorum (J.P. Morgan, 2018), Tendermint (Buchman,
2016), Hyperledger Fabric (The Hyperledger Foundation, 2020)), and a centralized ordering
technology (Kafka (Kreps et al., 2011)) were analyzed as to their technical features. It was
investigated whether the architectural choices of the prototype, which were proposed in the first
part of the paper, provided a suitable basis for future scaling into a real-world scenario using the

different platforms to be able to process more than 17 billion invoices annually in the European
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market (Danish National Bank, 2020). The evaluation method was a computational experiment in
an artificial lab environment. The test set-up was as close as possible to a real-world scenario. 28
nodes each represented a member state of the European Union (including the UK) spread across
five geographies in Europe on a Microsoft Azure (Microsoft, 2019) cloud infrastructure. The
results showed that Kafka was approximately 300-650 times faster than Quorum, Tendermint, and

Hyperledger Fabric when using the same transaction size and infrastructure.

The previous examples have illustrated how it is possible to use the segmentation framework to
identify individual research segments, artifacts, and corresponding research methods. Inaddition,
the framework is also useful to identify dependencies between individual segments and group
interdependent segments. Such segment groups can be assigned to individual researchers based
on motivational preferences, expertise, and skills. Figure 11 illustrates how the overall research
project was divided into three different research scopes that reflect the overall project's different

parts. Parts one and two have been completed whereas part three is currently being conducted.

Part | Part 11 Part 11
Prototype Development Scalability Integration and Usability

%2
%
i
Hi
2z

Figure 11. Research Scopes

The illustration also shows that some segments in the model are not covered. This is the case for
the segments (1,1,1), (1,1,2), (1,2,1), and (1,2,2). Research relating to (1,1,1) and (1,1,2) could,
forexample, deal with the question of what impact the implementation of blockchain systems for
VAT settlement has on the SMEs’ IT infrastructure and IT landscape. It was decided that these
aspects were out of the scope of the research project. This is an example of how the framework
can effectively set the boundaries for a DSR project and guide to define its scope precisely
consciously. The example also shows a balance between those research efforts dedicated to the

research segments related tothe application domain and those relating to the knowledge base. The
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identification of segments and segment groups can also foster the publication planning for the
involved researchers. Inthis case, it was the aim to produce at least one major publication for each

research scope.

6. FRAMEWORK EVALUATION

Although the DSR project segmentation framework has been applied in several DSR projects
successfully, it remains unclear whether it is generally applicable. This section deals with
answering that question and describes theresults from reviewing selected DSR literature. The aim
was to identify information about the underlying DSR projects, described artifacts, and research

questions.

The framework relies on different dimensions. The first two were embedded from well-
established models used in DSR and ISR. The third one is derived based on empirical evidence
about the nature of DSR projects and practical experience in different DSR projects. Although it
may be assumed that the dimensions should be generally applicable due to their generic nature, it
has not been proved. The first evaluation criterion refers to the adequacy of the model dimensions

to test whether:

(@) Itis possible to instantiate the different dimensions of the framework.

The second criterion refers to the usefulness of the framework to divide research content. The aim
of using the segmentation framework is to facilitate parallel research work by simultaneously
encouraging mutual research efforts and synergies by structuring research content and tasks in
DSR projects into well-defined pieces. This requires that segments and related artifactscan clearly

be identified. The second criterion addressed this requirement by evaluating whether:

(b) Differentartifacts can be identified that clearly relate to specific segments.

Ten articles published in DSS and MISQ were reviewed and coded by two researchers
independently. The evaluation of the framework stopped when we reached the point of saturation
where the incremental new insight provided by one additional article diminished. An overview of

the analyzed papers is shown in Table 6. Detailed information is available in Appendix A.
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Figure 12 shows the instantiation of the segmentation framework for paper #6. It refers to the
most complex DSR study found and nicely demonstrates the complexity of real DSR projects.
Four research sub-questions were identified that span the RQD. Seven different artifacts related

to eleven segments.
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Figure 12. Installation of the Segmentation Framework for Paper #6

Table 6 demonstrates that it was possible to instantiate the framework and to identify separate
artifacts and their relation to specific segments for each reviewed study. The overall applicability
(criterion a) and the framework's usefulness to separate a DSR project into well-defined segments
(criterion b) can therefore be confirmed. Nostudies were identified where applying the framework
was assessed to be unsuitable. However, several observations and limitations should be considered
when interpreting the evaluation results. It was assumed that enough information could be gained
for the evaluation from reviewing the selected articles. This was the case in general, but the level
of detail related to the DSR projects, research questions, and designed artifacts varied significantly
among the analyzed studies. A trend was observable to more precise and informative descriptions

in newer publications, whereas the information, especially for those published as part of the MISQ
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special issue in 2008, was partly rather rudimentary. The more details were provided, the easier it

was to establish the segmentation framework.

Usually, several publications result from a single DSR project. It is unlikely that all research sub-
questions relevant for a specific DSR project are identified by reviewing a single research paper
resulting from that project. This is likely to be the case, especially for those projects from which
only one or two research sub-questions could be identified (#2 to #5 and #10). The instantiated
frameworks most likely only provide an overview of parts of the underlying DSR projects.

The cubes representing the instantiated frameworks were sparse. On average, just a third of the
identified segments could be linked to artifacts. This is not surprising because a single publication
usually only refers to a subset of created artifacts in a DSR project and a specific research scope
as reported in related empirical studies (Daeuble et al., 2015; Werner et al., 2014) and not the

complete output of the underlying DSR project.

The literature review confirmed previous empirical studiesas it revealed that DSR studies usually
produce multiple artifacts (Werner, 2019). Several artifacts and sub-artifacts were identified for
each study, which is individually listed in Appendix A. This observation emphasizes the inherent
complexity of DSR projects. An identified artifact commonly related to several segments (#1, #2,
#4, #5, #6, #7, #9, #10) and different artifacts can relate to the same segment (observed in all
reviewed studies), which is in line with the relationships modeled in Figure 7. 39.13 percent of
identified artifacts were instantiations and thus level 1 contribution according to Gregor and
Hevner’s (2013) classification scheme. 60.87 percent of identified artifacts were constructs,
methods, and models constituting level 2 contributions. Although no level 3 contributions in terms
of design theories were identified, it could be observed that 45.65 percent of the artifacts
contributed to a scientific knowledge base. 60.78 percent of the described artifacts contributed to
the application domain.1® A higher degree of imbalance may have been expected when taking into
account discussions about the nature of contributions and the sometimes discussed lack of
theoretical contributions generated by DSR (Avison & Malaurent, 2014; Beck et al., 2013). Italso

clearly demonstrates that theory is not necessarily a prerequisite for creating scientific knowledge.

16 10,87 percent of identified artifacts contributed to the application domain aswell asto the knowledge base.
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The majority of identified artifacts related to the system level (69.57 percent), whereas relatively
few artifacts related to the infrastructure level (19.57 percent) and about a third to the usage level
(32.61 percent).1” This finding is in line with the understanding of ISR as an interdisciplinary
research domain located between its reference disciplines, computer science and business
economics (Keen, 1980), where less emphasis exists regarding technical issues that relate to
fundamental infrastructural aspects, which would primarily fall into the domain of computer
science. However, it remains unclear why only a relatively small number of artifacts relate to the

usage level. This may be an interesting investigation for future research.

Although the knowledge base's contributions were comparatively balanced on average, this was
not the case forall individual studies. All artifacts described in study #9, for example, are primarily
related to the application domain, none to the knowledge base. As the cubes representing the
instantiated frameworks were sparse, gaps in the underlying research projects in terms of
contributions to the knowledge base or application domain at different levels can easily be
detected. When inspecting the instantiated framework for study #6, for example, it could be
considered whether it is possible to derive generalized knowledge from the designed web
application prototype and its evaluation for clustering user behavior due to cultural background.
This may be a relevant contribution to the field of cultural classification or social anthropology in
general. The framework can also be used to assess at a detailed level whether the output is
balanced on the different dimensions or whether additional research may be necessary to fill in
important gaps or at least to consciously decide not to cover certain aspects as described in the

case study discussed before.

7. DISCUSSION AND CONCLUSION

This study deals with a segmentation framework for DSR projects following a DSR approach.
The segmentation framework has been used in several DSR projects and has proven its usefulness
(Daeuble et al., 2015; Werner et al., 2014). The evaluation of the framework, following Venable
et al. (2012), confirms that it is generally applicable, that it can be instantiated for different
projects, and that it is useful to separate the DSR project's content. These projects are usually
complex, and any means to structure them and assign research parts directed by the skills and

preferences of those involved in these projects are crucial to success. The segmentation framework

17.19.57 percent of the identified artifactsrelated to more than one level.
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itself is not meant to be a project management method for DSR projects in general. A project
consists of different phases in which different activities occur (International Organization for
Standardization, 2012; Project Management Institute, 2013), and DSR projects are no exception.
The segmentation framework is primarily considered to support the set-up and initiation phases
of a DSR project, in which resources are assigned to specific tasks. How DSR projects can be
managed across the whole project management lifecycle and/or how DSR projects translate into

the agile methodology is supposed to be covered in future research.

The evaluation was carried out to a point where no further insights could be gained by reviewing
additional DSR studies. In other words, to the point of saturation. Although some observations
regarding the nature of DSR projects and designed artifacts are described in this study, it is not
meant to be a quantitative study investigating DSR projects' nature in general. However, the
framework proved to be a very useful tool to carry out such an analysis. An extended analysis
would likely provide interesting insights that could enrich debates in the research community
about the role of DSR in ISR by providing empirical evidence. The framework can also be helpful
for reviewers who have to assess DSR studies by providing information about the research set-up
of astudy, the coherence of described artifacts, and any mismatch betweenthe objective of a study

in terms of its contributions and the provided artifacts.

DSR is an important research approach in the information systems research community. A variety
of publications exist that provide guidance on how to conduct design science-oriented research.
However, little attention has yet been paid to the question of how voluminous and complex
research projects can be structured, set up, and managed. DSR differsfrom other types of research
due to the duality of the design and epistemological research objectives. This duality commonly
leads to research projects that are characterized by the involvement of numerous researchers and
stakeholders, long runtimes, large budgets, extensive research scopes, and diversity of research
activities and outputs. Research on DSR projects is scarce, although they pose significant
challenges to the involved researchers and consume large amounts of research resources. Design
science, natural science, and social science research are linked and reinforce each other. Managing
DSR projects using adequate tools and methodologies increases the chance that they achieve their
desired outcome in terms of contributions to practice and science. Successful DSR projects are
important for the progress of ISR in general, and any means to improve the management of DSR

projects are likely to have a positive impact.
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In conclusion, this study describes and evaluates a segmentation framework that helps structure
DSR projects' content by dividing the overall research tasks into manageable segments. The
desired outputs and necessary research tasks can be separated and analyzed depending on how
they relate to different dimensions. The framework facilitates the coordination of parallel and
mutual research work between multiple stakeholders with different aims to successfully conduct
voluminous and complex research projects. The framework ensures relevance forthe practitioners
and rigor for theacademics. The applicability of the framework and the benefits that can be gained
by applying it has been described utilizing a case study. The evaluation of the general applicability
of the framework and its usefulness in terms of dividing segments into smaller components and
identifying related artifacts was carried out by reviewing a set of DSR studies published in leading
ISR publication outlets. The evaluation confirmed that the framework is generally applicable and
useful to identify clearly separated research segments that can be allocated to different researchers
in a DSR project team. We hope that it will be useful to design science researchers when setting

up their projects.
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Appendix A

Appendix A should be considered as one table. However, due to limited space, the table is broken down into three separate tables. The “Paper

#”column binds the data points to the given paper. Further, above each of the tables are few abbreviations explained to read the table.
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Not available = N/A

No direct information. Assumed the authors = N/I
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Article title

Author(s)

Source
title

Gategory

Research
group size

Project partners

Duration

Budget

Funding

Application domain

Primary Knowledge
Base

CyberGate: A Design Abbasi, Ahmed; Chen, Hsinchun 2008 MISO Medium N/ no project partners N/A N/A N/A Sartifacts Computer-mediated Communications
Framework and System mentioned neither for (including communication systems research
for Text Analysis of analysis nor for evaluation software
Computer-Mediated prototype)
Communication
Making Sense of Adomavicius, Gediminas; 2008 MISO Small N/ Two case studies (but N/A N/A N/A 4artifacts (o | Information technology IT Investment
Technology Trends in Bockstedt, Jesse C. ;Gupta, Alok without project partners) software management (in particular
the Information :Kauffman, Robert J. plus semi-structured prototype) information technology
Technology Landscape: interview with 12 IT industry investment decisions)
A Design Science experts (Examples: Digital music & Wi-
Approach Fi Technology)
Process Gramma as a Lee, Jintae; Wyner, George 2008 MISO Small N/I no project partners N/A N/A N/A 4artifacts Business process design Grammar-based design
Tool for Business M..Pentland, BrianT. mentioned neither for (including (example: sales process)
Process Design analysis nor for evaluation software
prototype)
The Design Theory Pries-Heje, Jan; Richard Baskervile | 2008 MISO Medium to N/l Several, the number of Jyears INIK} Clients 4artifacts (o | Decision-making processes for | Multiple criteria
Nexus large companies is rather unclear. mil. and software wicked problems (examples: decision making of
At one paint, the text says university | prototype, - choice of alternative change | wicked problems
four larger organizations in just management approaches
the financial sector, then it spreadsheet - user involvement
talks of three additional tool) approaches)
companies
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Using cognitive Parsons, Jeffrey 2008 MISO Small N/1 No information, evaluation N/A N/A N/A Jartifacts (o | Systems modeling / Software Conceptual modeling
principles to guide took place with 10 modeling software engineering (Model for
classificationin Wand, Yair and domain experts from prototype) characterizing what may be
information systems different organizations considered useful classes ina
modelling given context based on the

inferences that can be drawn

from membership in a class.

e.0., for requirement

specifications for IT systems.)
Knowing What a User Reinecke, Katharina; Bernstein, 2013 MISO Medium N/I No partners were mentioned. | N/A N/A N/A 7(5) artifacts | Webpage design and user Cultural classification
Likes: A Design Science | Abraham However, survey participants (including interfaces (example: to-do list
Approach to Interfaces are recruited at the software web application)
that Automatically University of Bangkok, the prototype)
Adapt to Culture National University of

Rwanda, and the University
of Zirich.

Bridging the gap Horita, FlavioEA.; 2017 IR Medium N/1 National Center for Disaster Data N/A N/A 4artifacts (o | Natural Disaster Management | Business Process
between decision- de Albuguerque, Joao Porto; Risk Management in Brazil collection software in Brazil Management
making and emerging Marchezini, Victor ; Mendiondo, inJan prototype)
big data sources: An Eduardo M. and Feb
application of a model- 2016

based framework to
disaster management in
Brazil
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Counterfeit product Wimmer, Hayden; Yoon, VictoriaY. | 2017 IR Medium N/1 No information; evaluation N/A N/A N/A 7 artifacts E-commerce platforms Online product
detection: Bridging the through Amazon M Turk, 283 (including (example: Amazon) authentication
gap between design data observations. Do not software
science and behaviourd know if data obs. equals prototype)
science in information number of participants
systems research
A permissioned Carvalho, Arthur 2019 I Small N/ No information, evaluation N/A N/A N/A 2 main Prediction markets Blockchain Technology
blockehain-based just covered the technical artifacts with
implementation of functionality but not several sub-
LMSR prediction usefulness components
markets (including
software
prototype)
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10

Operationalizing
regulatory focus in the
digital age: Evidence
from an e-commerce
context

Wu, Ji; Huang, Ligiang; Zhao, J.
Leon

2019

MISO

Small

N/

Online retail store that
provided the data, evaluation
via guestionnaires sent out to
customers econometric
analysis

N/A

N/A

Partially
supporte
d by
research
grants
from
National
Natura
Science
Foundatio
n of
China,
Research
Grants
Council of
Hong
Kong, m
City
University
of Hong
Kong

Just one
artifact, the
text mentions
alsoan T
artifact, but
this is not
further
explained

E-commerce platforms
(example: Asia proprietary e-

commerce platform and forum)

Regulatory focus theory
(RFT)
Econometrics
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I=Infrastructure-level, S=System-level, U=Usage-level, AD=Application domain, KB=Knowledge base

‘ Paper # Artifact # Artifact name/description Artifact type Level2 | Leveld | I |

1 1 Design framework for CMC text analysis systems (Fig. 1. CyberGate System Design) Model 1 1 1
2 CyberGate System (software prototype) Instantiation 1 1 1
3 Visualizations (write prints (a), parallel coordinates (b), radar charts(c) MOS plots (d)) Instantiation 1 1 1
4 Write prints Process (Fig. 6.) Method 1 1 1
5 Ink Blats process (Fig. 7.) Method 1 1 1

2 1 Model for representing relationships between IT components, products, and infrastructure (Tab. 1., Fig. 1. & 2.) Model 1 1 1
2 Methad for identifying and representing pattems of technology evolution (Tab. 3.) Method 1 1 1 1
3 Patterns of digital music technology evolution (Fig. 3.) and Digital music technology graph-based state diagram (Fig. 4.) Instantiation 1 1 1
4 State Diagram for 802.11b and 802.11g generations and WPAL and WPA? generations (Fig. 9 & 10:) Instantiation 1 1 1

3 1 Method 1: Building a Process Grammar Method 1 1 1
2 Method 2: Using / exploring a Process Grammar for Process Design Method 1 1 1
3 Gramma editor (Fig. 1. and 2.) Instantiation 1 1 1
4 Process explorer Instantiation 1 1 1

4 1 General method for constructing a design theory nexus Method 1 1 1 1
2 General design theory nexus (Fig. 2.) (including goals, enviranment, altemative design theories, design solutions) Model 1 1 1 1
3 Design theory nexus instantiation / tool (spreadsheet) Instantiation 1 1 1 1 1
4 Figure 4. The Strategic Change Nexus Design Theory Instantiation 1 1 1

5 1 Model of good classification structures Model 1 1 1 1 1
2 Classification principles to develop and formalize a model and rules for constructing good classes (method for constructing structures) Method 1 1 1 1 1
3 Partial Conceptual Schema following Classification Rules (Fig. 2) Instantiation 1 1 1
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1 Cultural user model ontology (Fig. 2) (artifact 1) Model 1
2 Algorithm to approximate a person's cultural background (Eq. 1 -2) (artifact 2) Method

3 User interface adaptation rules (artifact 3) Method

4 MOCCA's adaptation possibilities (Tab. 3.) Instantiation

] User interface adaptation ontology (Fig. AL) (artifact 4) Model

b \Web application prototype for a culturally adaptive system (artifact 5) Instantiation 1
7 Technical Implementation of MOCCA (Fig. B1.) Model

1 Extended model and notation (oDMN+ metamodel) (Fig. 2.) Model

2 Modeling process (Fig.d) Method

3 Instantiation for a procurement process (Fig. 1.) Instantiation

4 Instantiation for a disaster management (Fig. 5. - 6.) Instantiation

1 Online counterfeit detection score (OnCDS) consisting of five components Instantiation

2 Behavioral research madel / PLS-SEM (Fig. 1. & 5.) Model 1
3 0nCDS system architecture (Fig. 2.) Model

4 Conceptualization of counterfeit score (Eg. 1 -4) Construct

] Browser add-on Instantiation 1
b Conceptualization of counterfeit score display (Fig. 4.) Model 1
1 Prediction Market Model Model

la Business network model for LIMSR (Fig. 2.) Construct

1b Permission rules (Fig. 3.-5.) Construct

Ic Java script code for the transactions (Appendix) Method

2a Hyperledger Composer playground (Fig. 6. & 13.- 14.) Instantiation 1
2b BNA files Instantiation

2 JSON data files (Fig. 7-12.) Instantiation
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10 1 Regulatory Focus Discovery (Fig. 1.) Method 1 1 1

2 Review intensity variable Construct 1 1

I=Infrastructure-level, S=System-level, U=Usage-level, RQ=Research question

‘ | Application domain (1,y,2) ‘ Knowledge base (2,y,2) Research question (x,y,2) Research questions
Paper | Artifa | I | S22 | vn3a ‘ 1212 | S U232 RO2 | RO3 | RO4 General RO
ct# (112 2,.2,2) (xy.2) (xy3) | x4l
1 1 0 0 0 0 1 0 1 1 0 How can patterns be detectedin OVIC | HowcanCMCtext | How  and | Which
text messages? analysis systems | which text | visualizatio
2 0 0 1 0 0 0 1 0 0 be designed which | features n
3 0 0 1 0 0 0 0 0 1 support  varioss | should  be | technigues
information types | select? should be
4 0 0 0 0 1 0 0 0 1 found in message employed?
; 0 0 0 0 1 0 0 0 1 text?
2 1 0 0 0 0 1 0 0 1 Howcan informationbestructuredfor | How can the IT | How  can
> i 7 i i i improving information technology | landscape  and | information
1 1 1 investment decisions byusing tods to | trends in IT be | about the T
3 0 1 0 0 0 0 1 1 aid IT decision-makers inidentifying, | formally landscape
analyzing, and predicting trends in the | identified? and trends in
4 0 1 0 0 0 0 1 1 IT landscape? m be
visualized?
3 1 0 0 0 0 1 0 1 0 How can process designers be | How can process [ How  can
supported to design process model | model alternatives | irrelevant
2 0 0 0 0 1 0 0 1 alternatives by using process | be generated | process
3 0 0 1 0 0 0 1 0 grammars? using  process | model
grammars? variants  be
4 0 0 1 0 0 0 0 1 filtered out?
4 1 0 0 0 0 1 1 1 1 How can the design of problem- | How can | How can the
solving approaches be improved | alternative highly- | fit of
2 0 0 0 0 1 1 1 0 where @ number of highly dissimilar | dissimilar alternative
3 1 1 1 0 0 0 1 0 competing approaches exist? competing approaches
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solutions be
identified?

be
determined?

How can classifications be made
effectively and efficiently?

How can the
choice of classes
in a collection be
limited to those
that are useful?

How can user interfaces he
personalized in a comprehensive
manner by taking into account a
user’s cultural background?

How can a users
cultural
background  be
analyzed by not
just relying on the
user’s location?

How  can
interfaces be
adapted to
cater to
users of any
national
culture, as
well as to
users  who
have  been
influenced by
several
different
national
cultures?

How  well
can a
culturally
adaptive
system
such — as
MOCCA
predict
user
interface
preference
S by
knowing
only a
person’s
(extended)
national
culture?

Can U
preferenc
es be
clustered
by
culture?

How can the decision-maker’s tasks
be connected to emerging big data
sources?

How can data

SOUrces be
integrated into
modeling
notations?

How  can
information
be obtained
about
conceptual
elements
from
decision-
makers of the
application
context?

How can
guidance
be

provided
for  the
modeling
of business
decisions
or the
relationshi
p between
decisions
and data
sources?
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How can the consumer's decision-
making process be improved by
identifying counterfeit goods based
on consumer product reviews?

How can CDS be
designed for
online
marketplaces?

How can COS
be integrated
into
consumer's
decision-
making
process?

Does a COS
improve a
consumer’

s decision-

making?

la

1b

Ic

2a

b

2

How can the availability, security, ad
privacy problems in LMSR be
overcome?

Why and how can
be a prediction
market model be
implemented
using
permissioned
blockchains?

How can DSR
be used to
develop
blockchain
models?

How can
modern
tools
model and
evaluate
permission
ed
blockchain
s be used?

10

What is the effect of participationin
a customer brand community on
purchase behavior contingent on the
customer’s Regulatory Focus?

Which online
brand community
participation has a
positive impact on
the purchase
frequency of
promotion-
focused
customers but a
negative  impact
on the purchase
frequency of
prevention-
focused
customers?
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PAPER 2

A Blockchain-enabled Platform for VAT Settlement

Jonas Sveistrup Sggaard

Copenhagen Business School | Department of Accounting | jss.acc@cbs.dk

ABSTRACT: Governments may unintentionally impose heavy administrative burdens on
companies as they want to ensure the flow of tax revenue. Drawing on an engagement involving
the Danish Business Authority and following a design science research (DSR) approach, this
paper develops a prototype of a platform for value-added tax (VAT) settlement that is enabled
by distributed ledger technology (DLT) and design principles for designing DLT platforms. The
proposed prototype and design principles demonstrate how accounting information systems,
DLT, and public governance may be interrelated to enhance social welfare. Regarding its
practical implications, this paper provides a use case for governments seeking to reduce
administrative burdens on small and medium-sized enterprises (SMEs) while still ensuring the
flow of tax revenue.

KEYWORDS: blockchain, distributed ledger technology, VAT, design science research, tax,
public sector
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1. INTRODUCTION

In the context of increasing digitalization, governments face the challenge of balancing the goal
of retaining tax revenue not to impose heavy administrative burdens on companies.'® Several
governments, including those in Brazil, Mexico, Hungary, Italy, and China, have prioritized to

retain tax revenue at the expense of increasing administrative burdens (see, e.g., EY, 2018;
Hungarian Tax Authority, 2018).

Inthe Eurozone, the yearly uncollected VAT amounts to EUR 151.5bn. This enormous loss
corresponds to more than one percent of the GDP of the 27 EU member states and the UK
(Institute for Advanced Studies, 2018, p. 16). In the pursuit of collecting taxes, government
efforts to monitor and control business transactions between companies are undertaken through
centralization to ensure compliance with reporting and VAT regulations, thereby discouraging
fraudulent behavior. The tax authorities in the countries mentioned in the first paragraph force
companies to obtain digital stamps of approval on their invoices to comply with legislation and
enable them to settle VAT. Requiring digitally signed invoices implies, however, that
governments add administrative burdens on companies. Further, fueling critiques of business-to-
government (B2G) reporting has been criticized in many countries for being inefficient,
complex, and often duplicative (Bozanic et al., 2012; Chen, 2012). It is also significantly more

expensive to comply with regulations for small and SMEs than for large companies, which calls
for a more straightforward solution focused on SMEs (Ntaliani and Costopoulou, 2017).

Surveying the literature on administrative burdens, the VAT, DLT, and design science research
(DSR) make it conceptually evident that blockchain technology holds the potential to solve this
challenge of minimizing the VAT gap without imposing excessive administrative burdens on
companies (Ainsworth et al., 2019, 2016; Ainsworth and Shact, 2016). Regarding administrative

burdens, Ntaliani and Costopoulou (2018) provide an example of web-based tools for SMEs that

18 Administrative burdens focus primarily on relationships between citizens and public agencies (e.g. Bozeman,
2007; Burdenet al., 2012). However, this study focuseson relationships between companies, especially SMEs, and
the tax authoritiesand adoptsthe compliance costsfocusfrom Allers (1994)who defines administrative burdensas

the costs that companieshave to pay to comply with regulations.
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vastly lower administrative burdens related to information search.1® Three previous studies have
examined DLT and VATSs. Wijaya et al. (2017) and Alkhodre et al. (2019) present blockchain-
based VAT solutions from Indonesia and Saudi Arabia, respectively. Fatz etal. (2019, p. 559)
present a “conceptual design and a prototype for compliant process execution in the context of
value-added taxes,” focusing on customs documents through an Ethereum blockchain-based
prototype. However, none of the proposed prototypes is empirically evaluated, and no general
knowledge that can easily be applied to other contexts is presented.2° In examining areas related
to tax compliance, Hyvdrinen et al. (2017) present a blockchain-based information technology
(IT) artifact that avoids double taxation of dividends for investors. Hyvérinen et al. (2017, p.
455) report “the first practical evidence of the applicability of blockchain technology in the
public sector” and suggest that related fields, such as VAT settlement, provide a natural next
step for authorities to take in addressing the balance of imposing minimal administrative

burdens on companies while ensuring tax compliance.?!

The abovementioned studies emphasize the benefits of the digitalization of administrative
processes for both the governments and companies involved, alluding to the need to extend the
existing, albeit limited, literature in the area of administrative burdens, DLT, and VATS with
more general design knowledge. At the same time, the aim of this paper is to provide an
alternative path to the prevailing bureaucratic solutions that use digitalization to centralize and

execute bureaucratic procedures.

This research exploits a unique opportunity to engage with the Danish Business Authority that
launched a new digital strategy in 2016. The strategy focuses on reducing administrative
burdens, with the theme of “automatic business reporting” specifically focused on the SME
segment as such companies are paying a relatively higher price for complying with regulatory

duties compared with larger companies and at the same time form the backbone of many

19 In this study, SMEs are defined according to the Danish Financial Statements Act, section 7 (Danish
Government,2020). This meansthat SMEs are companieswith up to 250 full-time equivalents,a balance sheet
totalof DKK 156m,and netsales of DKK 313m.

20 |n this study, general knowledge and general design knowledge are defined asknowledge thatcanbeused in a

variety of contextsand notonly in the study where it is created.

21 VAT settlement is the process of settling the VAT on a given transaction.
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economies (Ntaliani and Costopoulou, 2017). Furthermore, the government has an ambitious
vision “to remove the companies’ administrative burdens related to financial reporting,
including VAT, to the public sector through automatic business reporting” (Ministry of Finance
et al., 2016, p. 1). This strategy led to a novel research collaboration between the Danish
Business Authority, Deloitte, and this researcher to consider how DLT may be used to meet
such a vision in regard to VAT compliance. Specifically, this study addresses the following
research question:

“How can an IT artifact be designed for VAT settlement so that government revenue is ensured,
while the administrative burden on SMEs is reduced?”

This research question is answered via a design science research (DSR) approach that
demonstrates how an instantiation of an IT artifact provides an innovative solution for VAT
settlement. The IT artifact is designed as a prototype of a nationwide blockchain-based
invoicing platform for VAT settlement. Through a purely technical evaluation of the artifact
(Venable etal., 2016) and guided by four design principles, the results obtained offer insights
into how DLT, with its distinct capabilities, such as tamper-resistant data storage and validated
transactions with cryptographic signatures, can be used for VAT settlement.

The evaluation provides insights for both academics and practitioners into the accounting
information systems (AIS) field. As a theoretical contribution to the knowledge base, the present
work develops four design principles and provides design guidance to AlS researchers, and may
be used as a starting point for further studying and designing DLT solutions. Many areas remain
to be explored, and therefore this paper does not focus on user adoption strategies, on-chain
versus off-chain patterns, electronic identity (e-ID) management, or choices of standard formats
for e-invoicing. These areas need further exploration to create a truly global platform ready for

production.

The remainder of this paper proceeds with sections 2-4, providing a background to the study, a
literature review, and the study’s methodology. Sections 5-7 present design requirements, design
principles, and design features, leading to sections 8-9, in which the artifact design is introduced
and evaluated. Lastly, in sections 10-11, the study’s implications are discussed, and the paper
concluded.

102



2. BACKGROUND — THE DANISH CONTEXT AND PROJECT INITIATION
Danish companies are obligated by law to report their financial status through their annual
financial statements, to complete VAT statement forms, and to provide financial statistics.22
Approximately 99 percent of the approximately 300,000 active Danish limited companies are
SMEs, for which it is mandatory to submit financial statements digitally in XBRL format
(Danish Business Authority, 2019). Furthermore, using an e-I1D, Danish companies are required

toreport VAT amounts monthly, quarterly, or bi-annually via a customized portal provided by
the tax authorities (Agency for Digitisation, 2010).

As shown in Figure 1, the current VAT settlement process for Danish companies is a five-step
process. Step 1 involves transactions between corporate trading partners and the execution of
actual business transactions. Step 2 involves recording transactions onto an accounting ledger
using an AIS (most companies use an enterprise resource planning (ERP) system). Instep 3, a
VAT statement is prepared. Some ERP systems perform this step automatically. Depending on
the software used and/or the complexity of the transactions involved in a given time period, the
preparation of VAT statements may require manual work. Step 4 involves uploading the VAT
statement to the tax authorities’ web portal by entering figures or uploading a file. Step 5
assumes that a company will either pay VAT to or get a VAT refund from the tax authorities

depending on whether input VAT (related to purchasing) or output VAT (related to sales)
comprise the larger figure.

: 1) O ——© ——©O :
: 1 . Led i Prep. VAT Upload VAT Pay/deduct ;
: ransactions ——| Ledger postings ——>| oot | statement [ VAT |

Figure 1. Current VAT settlement process

The public sector in Denmark is driving digitalization through regulatory requirements and open
data. This has resulted in Denmark being named the world’s most digitalized country in 2018
(European Commission, 2018a), and in 2020, Denmark was proclaimed to be the best at e-
government development (United Nations, 2020). Since 2004, every Danish business-to-

government (B2G) invoice has been required to follow a Danish invoicing standard (Danish

22 A VAT statement s a report that provides the basis of whata company needsto pay to or candeduct.
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Government, 2004), which, at the point of writing, will be converted into the pan-European
public procurement online standard (PEPPOL) to comply with EU regulations. The PEPPOL
standard is being deployed throughout Europe following the EU directive 2014/55/EU on e-
invoicing, for implementation by April 18, 2019 (European Commission, 2014a). Two
components (digital identity and data standards)?2 are cornerstones of every permissioned DLT
solution, placing Denmark in a unique position to take advantage of the capabilities of DLT
systems.

3. LITERATURE REVIEW OF KNOWLEDGE BASES

This study draws on several fields, theoretically, methodologically, and practically. The work’s
theoretical foundation is built on constructs and models rooted in the field of DLT and applied
in the field of information exchange and specifically related to invoice data sharing and VAT
settlement calculations. Interactions between these two fields are commonly referred to as AlS.
In surveying the literature on these respective fields with a focus on blockchain-based VAT
artifacts, it became evident that the field is currently under-researched. As shown in Appendix
B, only Fatz et al. (2019) have conducted DSR with a focus on VAT using DLT. As mentioned
in the introduction, though, Wijaya et al. (2017), Alkhodre et al. (2019), and Fatz et al. (2019)
do not present any general knowledge that is easily applied to other contexts or that specifically
categorize their artifacts.

To contribute to the (existing) literature on VAT and DLT within the AIS field, this study draws
on fundamental studies of blockchain technology (Nakamoto, 2008) and smart contracts (Szabo,
1997). The combination of blockchain and smart contracts makes it possible to materialize
distributed processes and shared truth without involving any third parties (Berkeley, 2015).
Furthermore, this study utilizes academic taxonomical studies (Glaser, 2017; Xuet al., 2019,
2017) of DLT toarticulate the specificities of DLT design. In particular, Xu et al. (2017, 2019)
discuss blockchain architecture witha focus on more classical software and begin by

categorizing DLT systems into four groups: 1) permissioned, 2) permissionless, 3) private, and

23 A digital identity is information on an entity that computersystems use to represent an external agent, in this case
companiesand citizens. The information contained in a digital identity allows forthe assessmentand authentication
of a user who is interacting with a business system on the web without the involvement of human operators (Feher,
2019). Data standardsare the rules by which data are described and recorded. To facilitate the sharing, exchange,

and comprehension of data, standardization definesthe formataswell asthe meaning (Houlding, 2001).
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4) public. The public/private groups refer to who is allowed access to the network, whereas the
permissioned/permissionless groups refer to the data access rights. E.g., the Bitcoin and
Ethereum protocols are categorized as public, permissionless blockchains since everyone can
join and since there are no permissions on who can see which transactions; it is open to
everyone. On the other hand, a Hyperledger Fabric or Corda implementation is a private,
permissioned blockchain. Glaser (2017) presents a blockchain architecture in the context of a
three-tier architecture, including two blockchain-specific layers: the decentralized application
layer and the decentralized fabric layer. In contrast to Glaser’s work, Xu et al. (2019) present a
more component-based view, providing a perspective through which the DLT system fits within
the rest of the enterprise architecture. For further elaboration of DLT in accounting, see Kokina
et al. (2017).

As mentioned in the introduction, the existing literature on DLT and VATSs conceptually
describes how blockchain technology can address the EU’s tax gap (Ainsworth et al., 2019,
2016; Ainsworth and Shact, 2016). Prior studies do not, however, offer any design guidelines or
prototypes indicating how this should be done. In moving from the VAT literature into AIS
literature, a discussion of new capabilities represented by DLT for accounting and auditing
processes should pave the way for a range of opportunities for highly secure information
processing and transactional transparency, which are limited in current ERP systems and other
AIS. With regard to accounting, Brandon (2016) suggests that DLT replaces traditional
information systems, Wang and Kogan (2018) propose a tokenized design to preserve privacy
on public blockchains, and Coyne and McMickle (2017) find that public blockchains are not fit
for accounting purposes. In focusing on auditing and DLT, Dai and Vasarhelyi (2017, p. 5)
describe a new interconnected paradigm with their concept of Audit 4.0 (2016) and continue the
discussion regarding whether DLT “could enable a real-time, verifiable, and transparent
accounting ecosystem.” Rozario and Vasarhelyi (2018) and Rozario and Thomas (2019) show
how smart contracts are utilized within the audit process. For accounting and external auditing,
there is, however, no consensus regarding how DLT will make an impact. The abovementioned
literature may be categorized as conceptual, leaving room for the further empirical validation of
DLT in accounting. Many prior studies will, however, be used to inform the design principles
proposed in this study (see Appendix B).
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4. METHODOLOGY

This study builds on Hevner et al.’s (2004) information systems research framework as a
methodological starting point and adopts Peffers et al.’s (2007) six activities in combination
with Meth et al.’s (2015) requirement mining system (design requirements, design principles,
and design features).2* This approach is similar to that adopted in Coenen et al. (2018).
Furthermore, applying Gregor and Hevner’s (2013) classification of DSR contributions, this

study contributes with four design principles (level 2) and a prototype instantiation (level 1).

Access to data, including meetings and evaluations of the artifacts, was granted by all
participants2®, including ethical clearance by the Copenhagen Business School, on the condition
that it would be used only for research purposes and documented through a project logbook. 26
Furthermore, external desk research was applied using both online sources and government-
published data provided by the Danish Business Authority. The duration of the
interviews/working meetings was between 30 and 80 minutes. An overview of the 14
interviews/meetings conducted and the ten evaluations held is included in Appendix A.

Technology-agnostic design principles were derived as general design statements based on
design feature categories derived from the literature on DLT, AlS, and VAT (see Appendix B)
combined with the identified design requirements. The implementation of design features
followed an agile method for developing the instantiation of the prototype. Information from
failed tests and deployments on the Azure Blockchain Workbench was collected and used in the
subsequent iteration. The development of the prototype occurred over seven five-day sprints to

complete the prototype.2” During this period, the design principles were the overarching

24 See Geerts et al. (2001) for how DSR methodology is used within the field of AlS.

25 The Danish Business Authority, the Copenhagen Business School, Deloitte, a production company,and anauto

repair company.

26 While conducting this study (actively participating), | was employed at Deloitte as an industrial PhD focusing on
blockchain technology’s impact on accounting. The project was funded by Deloitte and the Innovation Fund
Denmark. The Danish Business Authority was part of the project’s steering committee, allowing project

information to be used for publication.

27 A sprint is a time-boxed eventthat serves asa container for project activities. Sprints were conducted

consecutively without intermediate gaps.
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guidelines used to evaluate the artifact's instantiation, following Venable et al.’s (2016) “purely
technical” strategy from their Framework for Evaluation in Design Science. As described in
their paper, the setting for a purely technical evaluation is carried out “without human users”
(Venable etal., 2016, p. 82). This formative, artificial evaluation strategy resonates with the
research question as this paper wanted to explore technical possibilities of near real-time VAT
settlement with a DLT-based artifact.

5. DESIGN REQUIREMENTS

5.1 Design requirement 1. Increase efficiency and transparency in VAT handling

The main concern of end-users (controllers in finance departments in the auto and production
industries and owners of small companies) was to spend time by focusing on value-creating
activities rather than on filing VAT statements in fear of misunderstanding the regulations and
being fined for not filing the right VAT amount (interview #2 and interview #12 with SME1 and
SME2, respectively).28 Design requirement 1 is derived from these observations and concurs
with the general discussion in the literature regarding administrative burdens, providing greater
transparency into tax authorities described as “black boxes” (Jgrgensen and Bozeman, 2007;
Peeters and Widlak, 2018).

5.2 Design requirement 2. Ease the identificationand comparability of VAT handling

Interviews with the Danish Business Authority employees focused on regulation and on
reducing barriers to doing business in Denmark (interview #3 with DBA and DDT, interview #4
with DBA, interview #10 with DBA, interview #11 with DBA). The main insights from these
interviews focus on the Danish Business Authority’s need to determine who has and has not
been paying VATSs and the need to utilize established standards for reporting and invoice

documents.

28The Danish Business Authority = DBA, Deloitte developmentteam = DDT, Deloitte auditors= DA, Author = A,
ERP vendor= EV, auto repair company =SMEL, production company =SME2. See Appendix A foranoverview

of all interviews.
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5.3 Design requirement 3. Ensure data privacy and compliance (GDPR)

All interviewees emphasize that complying with GDPR is non-negotiable as it is required by
law (interview #4 with DBA, interviews #9-#11 with DBA, interview #13 with DBA and DDT),

which is why design requirement 3 is about data privacy and compliance.

5.4 Design requirement 4. Ensure platform scalability

Estimates provided in reports by Deloitte (Deloitte, 2017) and the Danish National Bank
(Danmarks Nationalbank, 2019) show that the Danish B2B and B2G markets handle
approximately 230 million invoices per year; figures that were also confirmed in interviews #5-
#7 with DA, EV1, and EV2. These figures set the requirement for the platform’s performance
and its capacity to scale.

6. DESIGN PRINCIPLES

To visualize the clear links between the design requirements, design guidelines, and design
features, Figure 2 provides an overview of how the constructs are interrelated. The following
section provides insights into how the design principles were derived from empirical dataand

prior literature.

Design requirements

DR1. Increase efficiency and
transparency in VAT handling

Design principles

DP1. High level of user access
security

DR2. Ease the identification and
comparability of VAT handling

[P2. High level of data access
security

DR3. Ensure data privacy and
compliance (GDPR)

[P3. High level of scalability

[DR4. Ensure platform scalability

[DP4. Component-based structure

I

Design features

DF1. Transaction trail overview

DF2. Monitoring dashboard

DF3. Split payment

DF4. Permissioned private
blockchain implementation

Figure 2. Design requirements, principles, and features

6.1 Design principle 1: High level of user access security

This design principle focuses on how a user accesses the platform and which data are visible to
that user. The platform needs to offer digital user authentication through a unique identifier used

when signing each transaction. This principle is also in line with prior literature (Ainsworth et
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al., 2019, 2016; Ainsworth and Shact, 2016; Alkhodre et al., 2019; Fatz et al., 2019; Hyvérinen
et al., 2017; McCallig et al., 2019) and interview #2 with SME1, interviews #4-#6 with DBA,
DA, and EV1, interview#10 with DBA, interview #12 with SME2, and interview #13 with DBA
and DDT. The digital identification component is ensured by using governmental e-1Ds, which
are already deployed in Europe through the eIDAS directive (European Commission, 2014b)
and in similar initiatives carried out in Asian countries. The European Blockchain Services
Infrastructure program has selected self-sovereign identity as one of its first use cases (European
Commission, 2019), indicating the importance of digital identification. 2°

6.2 Design principle 2. High level of data access security

The data access security principle applies to techniques for working with data protection and
local data regulations. The solution must accommodate the necessary information transparency
requirements for VAT settlement in B2B and B2G transactions. Companies (buyers and sellers)
must be able to trust that the solution sends their invoice data only to the relevant actor(s). For
example, a seller may want only the buyer to see an offer and would therefore want assurance
that a competitor cannot view the seller’s private data. Furthermore, to enable companies to feel
safe when reporting transactions to the government in a standardized manner (Fatz et al., 2019),
assurance must be provided by the government that companies can trust that their data are
tamper-resistant when a VAT statement is created. Today, many tax authorities are black boxes
for companies, meaning that companies do not experience transparency in the services they
receive from public agencies (Jargensen and Bozeman, 2007). Given the existing tension
between governments and companies, this design principle must ensure a high level of
transparency for both companies and government institutions, which is also discussed in the
literature (Bogdanov et al., 2015; Fatz et al., 2019; Wang and Kogan, 2018) and confirmed in
interview #2 with SMEL, interviews #4-#6 with DBA, DA, and EV1, interview #10 with DBA,
interview #12 with SME2, and interview #13 with DBA and DDT.

Further, the platform must comply with local data regulations, which in the EU means the
GDPR (European Commission, 2018b), and address how regulations and guidelines can be

29 In this paper, the term “use case”is understood and used asin software and systems engineering (Jacobsonet al.,
1992). A use caseis a list of actionsor event steps defining the interactions between actors (companies, banks,
authorities, and auditors) and systems (the prototype) designed to achieve a goal (exchanging business documents
and settling VATS).
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synched with local legislation on VAT statements. For example, the GDPR principle regarding
the right to be forgotten denotes that companies and people have the right to have their personal
data destroyed unless there is good reason to store them, e.g., for government reporting where
the name, address, and payment information included in an invoice header are considered
information for personal identification. However, the lines between specific reporting purposes
and the GDPR remain blurred and must be investigated further. Insofar as most prior research
relevant to this study is not EU-focused, GDPR principles are not considered. The privacy-
preserving design presented in Wang and Kogan (2018) resonates with this design principle,
however, and was confirmed in interview #4 with DBA, interviews #9-#11 with DBA, and
interview #13 with DBA and DDT.

6.3 Design principle 3. High level of scalability

Scalability includes two elements: storage and speed. For the storage element, it is assumed that
for every transaction executed (the 230 million presented in design requirement 4), an average
of five information exchange transactions between a buyer and a seller (e.g., the invoice,
purchase order, offer, or a credit note) takes place, which is known as related traffic. This means
that Denmark experiences a total of 1.13 billion transactions annually. As mentioned in section
3, Denmark employs a standard for e-invoices that represents invoices in extensible mark-up
language (XML). The invoices' size varies from the worst case of 50 kilobytes (KB) to below 1
KB. An average invoice is 2 KB, resulting in a data storage need corresponding to 0.4-10.6
terabytes per year. Interms of speed, the number of transactions presented will not follow an
average distribution on weekdays for a whole year (interview #4 with DBA, interview #11 with
DBA, and interview #13 with DBA and DDT). Therefore, peak intervals are estimated as it is
highly likely that most transactions are conducted during business hours (8 a.m.-6 p.m.) from
Monday through to Friday, even though many businesses operate 365 days a year and seasonal
peaks occur. The peak intervals also represent an upper limit of the load on the platform. Itis
estimated that the system must be able to manage 130-150 transactions per average peak second,

based on the 1.13 billion transactions figure.3°

Number of Invoices X Related Traffic =Total Traffic

30 The estimate is derived using this formula: ; :
12 (months) X 20 ~(working days) X 10~ (working hours)
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6.4 Design principle 4. Component-based (loosely coupled) structure

One of the objectives of this artifact is to test whether DLT is suitable for a nationwide invoicing
platform. It is already known that other components are part of the solution architecture
(interview #2, interviews #11-#12). Existing tax systems and DLT components are found, for
example, in various configurations, as mentioned by Xu et al. (2018), with the general
(im)maturity of DLT being defined asonly 12 years. Therefore, it is important to apply a
component-based structure to the solution so that it is possible to exchange components without
compromising the entire architecture. As another important argument for formulating this
principle, business requirements will most likely change over time, and without a component-
based structure, the required agility level is very difficult to provide from a solution architecture
perspective.

7. DESIGN FEATURES

In this section, design choices will be described, and the implementation of the smart contract
layer and consensus mechanism. Descriptions of the overall solution architecture and data
storage as well as front-end, key, and user management components are presented in the GitHub
repository.

7.1 Design feature 1. Transaction trail overview

Immutability through Merkle tree structures and the logic of the smart contract code ensure that
it is impossible for actors, including authorities, companies, banks, or auditors, to alter data on

their own without the other actors knowing.31:32

31 In cryptography and computerscience, a hash or Merkle tree is a tree in which every leaf node is labeled with the
cryptographic hash of a data block,and every non-leaf node is labeled with the cryptographic hash of the labels of
its child nodes. Hash trees allow for the efficient and secure verification of the content of large data structures. Hash

trees are a generalization of hash lists and hash chains.

32 In this repository, https://git.io/Jfu7x, the code from the smart contracts and dashboard is found.

111



Id State Modified By  Medified Komrmentar ris Moms Filsti Digitalt fingeraftryk
! - - . - -
“Revision godkendt Seelger Ro 06/29/18 Antallet var.. 2 aktura_ke h1602ab8. cd294 42
! - - . - -
2 “Revision godkendt Seelger Ro 06/29/18 aktura_ke d56b9788e 2dc86277a446

“Faktura oprettet

06/29/18

g

Figure 3. Digital fingerprint

Figure 3 shows a screenshot from the prototype (headings in Danish) to demonstrate how an
invoice (the contract) is made available in the buyer’s and seller’s lists. It also shows the hashed

value of the invoice in the column titled Digitalt fingeraftryk.33

7.2 Design feature 2. Monitoring dashboard

Based on design feature 1, the authorities can monitor the use of the platform through a
dashboard.

© skaT Overblik

J.I:““h“ S X

Figure 4. VAT dashboard

The two graphs shown in the upper part of Figure 4 show the number of VAT transactions
executed and their values over a given period. This near real-time information delivery makes it

easier to identify cases of fraud and abuse as the data are disaggregated at the company level.

33 *Digitalt fingeraftryk”in Danish means,,digital fingerprint‘.
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The lower part of the dashboard visualizes the use of the platform through three pre-made
matrices:

1. The number of invoices sent through the platform in a given period
2. The response rate (how many issued invoices are answered)
3. The number of corrections made (how many transactions are renegotiated).

Authorities are thus provided direct insight into companies’ business transaction patterns.
Today, authorities have very few touchpoints with companies before they self-declare VATs and

submit annual financial reporting.

7.3 Design feature 3. Split payments

The split payment mechanism enables the smart contract to calculate the VAT amount and
automates VAT settlement within every transaction as opposed to every month, quarter, or year
as in the current VAT settlement paradigm. Whenever a buyer and a seller agree on a
transaction, the smart contract performs the split payment from the buyer to the seller and the
authorities. Indoing so, the smart contract removes the administrative burden on transacting
parties of declaring the VAT while ensuring a better basis for the authorities to ensure the VAT
revenue flow. The implementation in the artifact is limited to trivial VAT calculations at a fixed
rate. As shown in Figure 3, the transacting parties can use the column “Moms” to see the VAT

associated with each transaction.34

7.4 Design feature 4. Permissioned, private blockchain implementation

Several important findings emerge from analyzing actors’ design requirements, design
principles, and process flows of the use case. On the one hand, the unambiguous identity of the
company, as well as those acting on its behalf, must be determined. This unavoidable
requirement speaks for the selection of a private DLT. On the other hand, the design principles —
providing a high level of user access security and a high level of data access security — meet the
requirements for access management and data protection. This would imply a need to select a
permissioned DLT. After considering both aspects, a permissioned, private DLT implementation

appears to be the right fit and is consistent with what other scholars have found (Pedersen et al.,

34 “Moms” in Danish means “VAT”.
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2019). Bogdanov et al. (2015) present a secure multi-party approach to balance fraud and
privacy concerns in the context of VAT collection in Estonia. The solution also, however,
introduces a trusted third party and presents scalability issues, which is why a blockchain set-up

was chosen.

Likewise, the key users of the solution are known to be Danish SMEs, the Danish Business
Authority, the Danish tax authorities, banks, and auditors. SMEs gain access to the platform
only when using the national e-ID (NemID), which ensures an unambiguous identity. The Azure
Blockchain Workbench (version 1.1.0) was chosen because it offers an enterprise-oriented
platform in which DLT components act as single pieces when deploying large-scale solutions,
which is in accordance with design principles that focus on a component-based structure.
Furthermore, the Azure Blockchain Workbench offers an Ethereum implementation with a

proof-of-authority (P0A) consensus mechanism called Aura.

In the PoA paradigm, validator nodes take the place of traditional miner nodes, which are used
in the Bitcoin protocol (Nakamoto, 2008), and the public, permissionless Ethereum platform
(Buterin, 2013). The Aura implementation of consensus is essentially an optimized proof-of-
stake model that utilizes identity as the type of stake rather than staking tokens (Parity, 2019).
The identity is staked by a group of validators who are pre-approved to validate transactions and
blocks within their respective networks. If this platform is to be a Danish implementation only,
the governance model will imply a high degree of centralization toward authorities, raising
questions as to why this use case needsa DLT system. When scaling the solution to include
transnational transactions, though, one means of scaling would involve adding validator nodes
representing authorities (tax authorities, business registry agencies, national statistics, etc.) from
other countries. In this way, the power among network participants (countries) is evenly
distributed and by design eliminates this degree of centralization (Lamport et al., 1982). This
pattern (segregation of wallets and validator nodes) follows the de facto standards applicable in
many other blockchain implementations, e.g., Bitcoin and Ethereum. 3%

35 Insome DLT systems, it is possible to be both a wallet and a node. In this case, though, the chosen design

separatestheseroles.
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Blockchain critics (e.g., Coyne and McMickle, 2017) may argue that many of the benefits of
blockchain technology are lost using consensus mechanisms such as POA. However, because the
actors within this network are known, we can relax the assumptions of anonymity that result in
the need to use the Proof-of-Work consensus mechanism. In this study, POA ensures that the
actors involved are afforded immutability of data and audit trails while ensuring low energy
consumption in comparison with Proof-of-Work. Alternative messaging technologies (e.g.,
Kafka or Spark) offer a distributed deployment (Chintapalli et al., 2016; Kreps et al., 2011), but
the audit trail and immutability based on consensus across nodes are not available. In other
words, this implementation of a private, permissionless blockchain becomes a true autonomous
notary function that opens the black box.

8. ARTIFACT INSTANTIATION

8.1 Artifact ecosystem

Figure 5 visualizes four types of key actors involved in the artifact ecosystem related to VAT
processes:3® SMEs (buyers and sellers), banks, authorities, and auditors (Troshani et al., 2018).
Appendix B provides an overview of the key actors referenced in prior literature.

é Buver < > @ Seller
A h

y I ] A A
m Bank
e i\ Authorities B —
Wallet

@ Validating node
] oracles

— Smart contracts

A

v

Auditor

Figure 5. The artifact ecosystem

36 In biology, an ecosystem is a community of organismsliving in conjunction with nonliving components of their
environmentand interacting asa system (Tansley, 1935). Translated into the context of this study, the artifact
ecosystem consists of actors (SMEs, banks, authorities, and auditors) and systemsthat interact through processes

and in the realm of Danish legislation.
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SMEs (buyers and sellers) are the key actors within the ecosystem as they carry out transactions.
Buyers and sellers are also depicted as wallets, meaning that they interact (through a software
application) with the blockchain by proposing, accepting, and/or rejecting business transactions.
They do not validate transactions, though, as that would require them to have access to all
transactions in the DLT system. An auditor may audit every transaction executed in a controlled

environment with cryptographically signed transactions from buyers, sellers, and banks.

During the interview with auditors (interview #5), the question of the auditor’s role was brought
up. The argument for not appointing the auditor with the responsibility of auditing the smart
contract is that a distributed ledger aims to create transparency and remove third parties, such as
an auditor. Every participant in the network (companies, authorities, banks, and auditors) can
see and review the smart contract code. If the public needed assurance by an auditor that the
smart contract code is valid, we could use conventional technology, which needs an element of
trust by its users. However, removing the need for third-party trust is the aim of distributed
ledger technology. Nevertheless, this does not mean that an auditor should not implement VAT
settlement rules, but the auditor’s stamp of approval should not stand on its own. E.g., there are
some scandals on the Ethereum blockchain where audited smart contracts get hacked by
nefarious actors; hence relying on a single stamp of approval from the auditor is the very thing
DLT want to change.3” However, for the scope of this prototype, the auditor’s role, inspired by

Rozario and Thomas (2019), is instantiated as a smart contract function.

Both banks and auditors are categorized as oracles, meaning that they operate outside of the
DLT system but provide services on which key actors in the DLT system can be trusted. For this
prototype, banks provide payment services, and the auditor provides an opinion on every
transaction. The authorities (the Danish tax authorities and the Danish Business Authority) play
essential roles as they create policies and legislation for Danish companies' taxation and
financial reporting requirements. Furthermore, Figure 5 also shows the authorities as validating
nodes that infuse trust into the DLT system by validating transactions.

37 See https://www.rekt.news/deathbed-confessions-c3pr/ and https://www.rekt.news/akropolis-rekt/ for examples

of hacks of audited smart contracts.
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8.2 Artifact description

Seller Buyer Auditor Seller's Bank Authority
loop [Negotiation of transaction] : . : .

E Createlnvoice(Receiver, Bank, Auditor, Invoice, Price, VAT) E E E E

3 AcceptNegotiation() : : : :

E AcceptNegotiationEnd() i E E E

L PaymentReceived() : | | E

| : I ' VATReceived() |

1 1 1 |——_>|

' AuditOK() ! ' : :

A

Figure 6. Sequence diagram of a valid transaction — a trivial example

To make the prototype accessible, the built-in web app in Azure Blockchain Workbench was

used. The platform also provided user management, which made it possible to meet the design

requirements and design principles presented in sections 5 and 6 by presenting only relevant

information to the relevant users. For example, to accept a negotiation, a seller must be involved

in a transaction. This step was implemented through the smart contract but was also enforced in

the user interface. The Azure Blockchain Workbench uses two files to manage the flow of the

application and the logic of use cases. The first file is a JSON file containing various metadata

on the smart contract. These metadata refer to application roles (buyer, seller, authority, bank,

and auditor) and workflows, including properties, constructors, functions, and states. The second

file is a Solidity file containing the actual smart contract code. The prototype uses Solidity as the

smart contract language as Azure Blockchain Workbench Parity was chosen as the DLT

component. Intotal, the prototype included four roles (seller, buyer, auditor, and bank), and it

shows relevant data for these roles only. Figure 3 shows a screenshot of parts of the interface.

The role of the authority was presented with a dashboard as the interface (see Figure 4),

providing an overview of platform use.

Figure 6 shows a trivial dialog between the actors involved in a business transaction with no

renegotiations or rejections — in other words: the “happy path” of this scenario. By

implementing the smart contract, it is possible to handle more complex transactions as well,

which the state diagram also shows (see Figure 7). The business transactions start off-chain with

the buyer indicating its interest in a product or service that the seller offers. Once the willingness
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to buy has been declared, the on-chain “conversation” begins with the function Createlnvoice.
In the prototype, the seller populates the fields for the buyer, the bank, the auditor, the price of
the product or service, and the VAT amount, as well as a path on the seller’s computer to the
invoice file. The function, Createlnvoice, sets the parameters provided by the seller and creates
a hash of the invoice. The hash of the invoice makes it unique and easy to verify later in the
process if a disagreement occurs. Storing a hash of the invoice only and not the entire file
minimizes the on-chain data load. The function, Createlnvoice, updates the state to “Created”.
After the states “CanBeNegotiated”, “IsNegotiating”, and “Created” are reached, the function
Negotiate is invoked. Depending on where in the “conversation” the buyer and the seller are,
this function is used over and over again, which the loop in Figure 6 indicates. If the buyer
accepts the negotiation, the AcceptNegotiation function is called, which changes the state to
“CanBeNegotiated”. Up to this point, both the buyer and the seller have the option to cancel the
transaction. However, if they want to accept the negotiation, they need to accept the invoice,
which is accomplished with the Acceptinvoice function, updating the state to
“InvoiceAccepted”.

‘ » | CanBe Negotiated
Created /
Cancelled
Invoice Accepted | < IsNegotiating
Paid

/N o i
®@® 5

[] state
Failed Passed

Figure 7. State machine

Once the acceptance of the invoice has taken place, the seller and the buyer have a shared

overview of the signed transaction that provides the immutability and audit trail. The bank can

118



accept the payment by calling AcceptPayment after it learns of the amount that the seller has to
receive and the VAT amount that the authority has to receive, with the state changing to
“Paid”.38 After the payment takes place, the auditor can either accept or reject the transaction. In
this case, the auditor accepts the transaction by calling AuditOK and changing the state to
“Passed”. The transaction is completed, and all of the steps are recorded on the blockchain with

cryptographic signatures. All the resources needed for deployment and a video of the process
described above can be found on GitHub.3°

9. EVALUATION

The evaluation of the design features is guided by the design principles (Gregor and Hevner
2013) and presents evidence that the proposed artifact is useful. Evidence obtained from the
evaluation both internally within each sprint and externally from the Danish Business Authority,
the production company, and the auto repair company indicates that revenue is ensured for
government agencies, while the administrative burden on companies is lessened. Even though
not all design principles were adhered to throughout the design process, this research
nevertheless concludes that the created DLT-based artifact is proven useful. If all design
principles had been met, the developed solution would have been ready for production. Table 1

summarizes the evaluation of the four design principles and is followed by a discussion.

38 |n this prototype, the payment layer has not been implemented because the purpose of the prototype wasto
demonstrate thatadministrative burdens can be reduced by eliminating the compliance cost from the conversation
about the business transactions, ratherthan to demonstrate which payment channelis optimalknowing that the
PSD2 regulation is in placeand is widely utilized in the EU market (e.g. Nordic APl Gateway). Another option
could have beento implementa cryptocurrency payment mechanism on-chain using an ERC20 standard. However,
the maturity of centralbank digital currency (CBDC) initiatives across the world and in the Nordic region is still

too low to implement token schemesthatwould (possibly) fita CBDC.

39 In this repository, the code from the smart contractsand dashboard can be found at https://qit.io/Jfu7x.
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‘ Category ‘ Design principle ‘ Evaluation GComments

High level of user access Partly met e-10 should have been integrated
security

Data
High level of data access Not met Metadata leakage and split payment
security mechanism
High level of scalability Met

Architecture
Companent-based structure Met

Table 1. Design principle evaluation

9.1 High level of user access security

The Azure Blockchain Workbench ensures that the communication between parties is encrypted
at the point of distribution so that only the buyer, the seller, their banks, and their auditors can
view invoice information distributed across the blockchain. An entire invoice is transferred to
bytes and hashed, and its value is added as a part of the transaction. The development team
logged in with other users to evaluate whether the access control component of the design
principle was complied with through design feature 1 — the transaction trail overview.

Today, authorities have very few touchpoints with companies before the companies self-declare
VATSs and submit annual financial reporting, which is why design feature 2 — the monitoring
dashboard — provides near real-time insight into the Danish economy. It can, therefore, be
concluded that DLT features should follow this design principle. In conclusion, because there is
no integration with e-1D, the design principle is only partly met. Achieving such integration
could strengthen access control and increase companies’ trust in the platform, but as such
integration would require the creation of a company registration number and a service fee, its
added benefit to the evaluation of the prototype would have been minimal and was therefore not

pursued.

9.2 High level of data access security

The artifact does not meet the data access security principle, as all information is on-chain. Even
though the data are encrypted, it is possible for other actors to see whether company A and
company B have made transactions, which is identified as a case of metadata leakage. Further,

the prototype does not comply with regulations on data privacy in a European context (GDPR)
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as the blockchain's immutability capabilities do not allow participants to delete content. A first
step toward addressing these problems would involve spending more time analyzing what an on-
chain/off-chain architecture would resemble for an improved version of the artifact following
the architecture proposed by Xu et al. (2017). Another research area with great potential for
enhancing data protection is zero-knowledge proof, which offers ways to manage this design
principle (e.g., Wang and Kogan 2018). Further, design feature 3 — split payments — does not
integrate with bank accounts in the present artifact. It would be possible to utilize a token on the
blockchain. It would be feasible to utilize the PSD2 directive and connect to European banks

through standardized APIs or cryptocurrency platforms in future iterations.

9.3 High level of scalability

During building and evaluation iterations, this research found that some transactions were not
processed because of the DLT watcher's malfunction. The DLT watcher monitors events
occurring on blockchains attached to the Azure Blockchain Workbench, e.g., creating new
contract instances, the execution of transactions, and changes in the state of the blockchain.
These events are captured and sent to the outbound message broker to be consumed by
downstream consumers. This issue was corrected during the seven sprints, but its occurrence
shows that the platform remains in its infancy. Documentation of the Azure Blockchain
Workbench, however, claims the following: “Using simple transactions, we have benchmarked
an average of 400 transactions per second with a network deployed across multiple regions”
(Microsoft, 2019). During the evaluation, this researcher did not test this claim, and Microsoft
did not explain what “simple transactions” means. However, this claim means that the current
level of maturity achieved is likely to manage approximately 230 million invoices per year (130-
150 transactions per average peak second), which implies that the current set-up meets this
design principle. While this design principle is met in Denmark's case, extensive scalability tests
are recommended if the solution is to be extended to other countries. Recently developed DL T
solutions, e.g., Hederaand VeChain (Baird et al., 2020; VVeChain, 2018), are claimed to offer

more mature and scalable solutions.

9.4 Component-based structure

One of the key arguments for using the Azure Blockchain Workbench as the platform for
instantiation lies in its component-based structure. Having worked with the Azure Blockchain

Workbench and seen the progress and road map from Microsoft’s development team, this
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researcher judge that it has met the expectations. The component-based structures (31
components in total) of the Azure Blockchain Workbench, which are all interlinked,
demonstrate the complexity of a blockchain-as-a-service (BaaS) platform. It can be concluded
that the artifact meets this design principle. Further, other scholars are encouraged to test
alternative types of BaaS platforms, including those provided by Amazon, Baidu, Google, and
IBM. There are still many unknown aspects of the emerging area of BaaS. Based on this study
alone, it seems as if some integrations of components (the DLT watcher in this study) may

create hidden bottlenecks that must be identified.

9.5 Overall evaluation

The present purely technical evaluation of the instantiation shows that DLT is useful in the
context of VAT settlement. While not all design principles were met, the artifact clearly shows
that VAT settlements made in near real-time can be managed by a DLT system. As illustrated in
Figure 8, the prototype (the line is shown below the process) shows that after starting and
agreeing on step 1, i.e., business transactions, the following steps 2-5 can be automated with the

use of a smart contract. Step 5 is underlined with a dotted line because this step may include a
future cryptocurrency layer, whose implications further research can explore.
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Figure 8. DLT-enabled VAT settlement process

10. DISCUSSION
10.1 Methodology

During the seven sprints of building and evaluating the artifact, this researcher was an integral
part of the development team. This researcher did not play the classical role of the merely
observant researcher but was an active part in building the artifacts following the DSR approach
(Peffers et al., 2007), which builds on Nunamaker et al.’s (1991) work on system development
research methodology through the inclusion of action design research (Sein et al., 2011). Being

an integral part of the environment being studied introduces the risk of bias. However, the set-up
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for evaluating the prototype was conducted internally by the development team and externally
by the Danish Business Authority's leadership teams, the auto repair company, and the
production company. This set-up has mitigated the risk that confirmation bias would color the
evaluations' outcome, and it provided the necessary feedback on the proposed design. Further,
Meth et al.’s (2015) framework also shows how the empirical dataand the literature link the
design requirements and design principles to the implemented and evaluated design features,
which again limits any bias this researchers’ role may have introduced, assuring full

transparency.

10.2 Design principles

This paper's generalizable contribution is represented by the four design principles, which were
derived from the empirical data, and the literature categorization presented in Appendix B. The
appendix makes it evident that no single study presents design principles; they rather focus on
specific components of the VAT and/or DLT. This paper extends the literature by formulating
design principles in the context of public agencies working on reducing administrative burdens
on companies while ensuring compliance (e.g., Bogdanov et al., 2015). Inthe case of VAT
settlement, however, the design principles could be migrated to affiliated areas. Further, this
paper shows how design requirements create the basis for design principles that are
implemented as design features using a combination of the components presented in the
literature. For example, six of the 22 papers mentioned in Appendix B describe digital identity
as a core component (Ainsworth et al., 2019; Ainsworth and Shact, 2016; Alkhodre et al., 2019;
Brandon, 2016; Fatz et al., 2019; Hyvarinen et al., 2017). The combination of the components
from the literature and the context of Denmark provides a novel contribution to AlS research in
the public sector field.

10.3 Administrative burdens

Traditional centralized solutions, as indicated by the examples provided in the introduction, do
not consider the cost of administrative burdens imposed on companies. This study does not
quantify the potential reduction in administrative burdens, as in Ntaliani and Costopoulou
(2018) and Braunerhjelm et al. (2019), but it does provide a basis that would enable other
researchers to quantify the impact of the artifact presented and extend the literature. Further, the
invoicing platform's ultimate purpose is not to serve Danish companies only, and therefore the

platform must reduce barriers that prevent governments from coming together. The case of
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Denmark as a small, highly digitalized country serves as a useful example and can, and it is
hoped, spread across the Nordic countries and the EU and thus address some of the issues that
Ainsworth and Shact (2016) and Hyvarinen et al. (2017) point out.

10.4 Generalizing local findings

One of the core challenges of DSR projects involves balancing the identification of solutions to
real-world problems, which are typically very context-specific, with contributing to design
knowledge that is useful for both scholars and practitioners outside of a specific context. This is
what Poppelbul3 and Goeken (2015) call artifact mutability, and they show that it can be
interpreted in various ways along 19 dimensions. One way to transcend this study’s findings
would be to generalize certain context-specific components: 1) the automatic business reporting
program that the Danish Business Authority must deliver, 2) the legacy of Danish invoice
standards for B2G transactions, and 3) the capacity to uniquely identify companies and persons
through e-I1Ds in the digital world. These local components could be generalized to a global
context, including 1) through government willingness and resources to invest in removing the
administrative burdens on companies when preparing VAT reports for authorities,*? 2) by
enforcing (by law) data standards for exchanging invoices, and 3) by enforcing the use of e-IDs
issued by the government itself or by other highly trusted organizations or communities. Further,

the formulation of the technology-agnostic design principle should also support increased
artifact mutability.

11. CONCLUSION

This study has created and evaluated an IT artifact for VAT settlement with a strong
commitment to reducing administrative burdens designed in collaboration with the Danish

Business Authority and Deloitte. From a purely technical perspective, the present work

40 Already in 2007, the EU program “Reducing Administrative Burdens in the European Union” was established
with atarget to reduce administrative burdens stemming from EU law by 25 percent by 2012. In 2012, evaluation
of the program concluded that the 25 percent reduction in administrative burdens has been implemented. However,
in the category of taxations/customs, including VAT, there was still EUR 4.4bn in pending adoption by local
authorities, which is equivalentto 3.5 percent of all administrative burdens in the EU (European Commission,
2012).
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concludes that DLT is useful for VAT settlement in near real-time. The paper contributes to
design knowledge as it presents four design principles and one instantiation of a prototype and
thus extends the knowledge bases of VAT and AIS with a focus on DLT. Further, this paper
adds practical value to government agencies and other practitioners within the ecosystem. This
researcher wants to stress Klein and Meyers’s (1999, p. 71) point regarding the need for scholars
and practitioners to recognize that “(design) principles are not similar to bureaucratic rules of
conduct because the application of one or more of them still requires considerable creative
thought.” Hence, the design principles that this study offers are principles that should be

contextualized and thus should not be considered explicit rules for implementation.

The potential impact of this artifact extends beyond Denmark. One needs, however, to consider
the maturity of the Danish e-government services, which is the best in the world (United
Nations, 2020), and the limitation of the study by which it focuses only on the communication
layer (invoices) and not on problems resulting from linking physical goods to digital ones.
Despite these limitations, this paper provides a platform for conducting future research from
various perspectives, e.g., from the technical perspective by extending the proposed prototype to
other DLT platforms, altering the consensus mechanism, optimizing smart contracts, integrating
ERP systems, addressing scalability issues, etc. From an accounting and external auditing
perspective, one can ask: What are the implications of such a platform in terms of accounting
and auditing standards and practice, and which new skills must an accountant or auditor
acquire? Further, from a governance and ecosystem perspective, how should an ecosystem be
managed and by whom? How do we make sure that all transactions are recorded on the platform
and not just the ones companies want the tax authorities to see? What are the consequences of
shared cross-national ownership? These and related questions represent promising research
opportunities to further explore the links between AIS, DLT, and how governments can balance

the need to maintain tax revenue flows with minimizing administrative burdens.
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APPENDIX A. OVERVIEW OF THE EMPIRICAL BASIS AND EVALUATION
The following abbreviations are used: Danish Business Authority = DBA, Deloitte development
team = DDT, Deloitte auditors = DA, Author = A, ERP vendor = EV, Auto repair company =
SMEL, Production company = SME2

‘ # ‘ Type of encounter ‘ Participants ‘ Duration
1 Kick-off meeting for the entire project DBA, DOT, A 60 mins.
¢ Environment: interview with SMEs SMEL, A 45 mins.
3 Use case selection DBA, DOT, A 60 mins.
4 People: interview focusing on VAT settlement and reporting needs | DBA, A 33 mins.
for SMEs

5 People: interview focusing on VAT settlement and reporting needs | DA, A 35 mins.
for SMEs

b People: interview faocusing on VAT settlement and reporting needs EVI, A 57 mins.
for SMEs

7 People: interview focusing on VAT settlement and reporting needs EV2, A 60 mins.
for SMEs

8 Steering committee meeting: reporting progress DBA, DOT, A 60 mins.

9 Organization: interview focusing on DBA's strategic agenda DBA, A 80 mins.

10 Organization: interview focusing on DBA's operationalization of OBA, A 50 mins.

automatic business reporting program

11 Technology: interview focusing on the current VAT process for 0BA,A 28 mins.
SMEs
12 Environment: interview with SMEs SMEZ, A 65 mins.
13 IS research: warkshap focusing on design principles OBA, ODT, A 49 mins.
14 Steering committee meeting: reporting progress OBA, DOT, A 60 mins.
15-21 | Internal evaluation after every sprint - seven in total 00T, A N/A
22 External evaluation focusing on SMES SMEL, A N/A
24 External evaluation focusing on SMEs SMEZ, A N/A
20 External evaluation focusing on authorities, DBA OBA, DOT, A N/A
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APPENDIX B. DESIGN PRINCIPLES INFORMED BY THE LITERATURE

Author VAT Actors identified

Hyvérinen et al. (2017)

1) Regulatory agencies, 2)
Financial third party, 4) Investors

Inform design principles

1) Digital identity, 2) Smart

contracts

Brandon (2016)

1) Accountants, 2) Auditors

1) Blockchain ecosystems, 2)
Digital identity

Alkhodre et al. (2019)

1) Companies, 2) the European
Unian, 3) Regulatory agencies, 4)
Auditors

1) Digital identity, 2)
Permissioned blockchain

McCallig et al. (2019)

1) Auditars, 2) Companies

1) Digital identity

Wang and Kogan
(2018)

1) Companies, 2) Auditors, 3)
Regulatory agencies, 4) Financial
third party

1) Zero-knowledge proof, 2)
Tokenization

Rozario and Vasarhelyi
(2018)

1) Auditors, 2) Regulatory
agencies, 3) Investors, 4) Auditors

1) Smart contracts

Coyne and McMickle
(2017)

1) Companies

1) Permissioned blockchain

Dai and Vasarhelyi
(2016)

1) Companies, 2) Auditors, 3)
Financial third party

1) No design input

Rozario and Thomas
(2019)

1) Auditars, 2) Investors, 3)
Regulatory agencies

1) Smart contracts, 2)
Blockchain ecosystems, 3)
Government participation in
blockchain ecosystems

Dai and Vasarhelyi
(2017)

1) Managers, 2) Accountants, 3)
Auditors, 4) Companies

1) Smart contracts, 2) ERP
blockchain integration, 3)
Tokenization

Fatz et al. (2019)

1) Auditors, 2) Companies, 3)
Regulatory agencies, 4) N/A

1) Standardization, 2) Digital
identity, 3) Tokenization, 4)
Zero-knowledge proof

Xu et al. (2019) 1) N/A 1) Blockchain taxonomy
Glaser (2017) 1) N/A 1) Blockchain taxanomy
Xu et al. (2017) 1) N/A 1) Blockchain taxonomy
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Ainsworth and Shact
(2016)

1) Companies, 2) the European
Union, 3) Regulatary agencies, 4)
Companies

1) Digital identity

Ainsworth, Alwahaibi,
Cheetham (2016)

1) Companies, 2) European Unian,

J) Regulatory agencies, 4)
Companies

1) Tokenization, 2) Smart
contracts 3) Digital [dentity

Ainsworth et al.
(2019)

1) Companies, 2) the European
Union, 3) Regulatory agencies, 4)
N/A

1) Digital identity

Nakamoto (2008)

1IN/A

1) Blockchain taxanomy

Szaho (1997)

1IN/A

1) Smart contracts

Wijava et al. (2017)

1) Regulatory agencies, 2)
Companies, 3) Financial third

party

1) Tokenization

Bogdanov et al. (2015)

1) Regulatory agencies, 2)
Companies

1) Privacy for companies, 2)
Data utility for investigatars, 3)
Transparency, 4) Performance
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ABSTRACT: This paper examines the feasibility of a blockchain solution for national and
transnational business-to-business and business-to-government (B2B/B2G) compliance
frameworks, namely a trust-less, decentralized, self-regulating distributed ledger. In particular,
the paper examines whether blockchain platforms scale to support national and transnational
blockchain-based invoicing platforms, presented in paper 2. The case study looks at the resources
required to operate a B2B/B2G compliance framework in twodifferent geographic scenarios. The
first considers a national scale based on Denmark, the tenth-largest European country by GDP.
The second scenario considers all 27-member states of the European Union (EU) (and the UK).
The paper addresses blockchain solutions' performance; two are Byzantine fault tolerant (BFT),
and one is crash fault tolerant (CFT). Specifically, the paper measures the additional cost of the
trust that results from BFT at scale compared to CFT.

KEYWORDS: distributed ledger; blockchain; survey of system performance; distributed
network scalability.
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1. INTRODUCTION

Architectural and performance-related challenges are critical when deploying national and/or
transnational information technology (IT) infrastructure. These challenges are especially present
when countries want to support the growth of economies on new digital infrastructure. E.g., in
China, the Blockchain-based Service Network (BSN) was launched in April 2020 and is intended
to be deployed in 200 Chinese cities by the end of 2020 (Stockton, 2020). That effort reflects the
emerging idea of adopting blockchain technology as a national business ecosystem. In Europe,
compliance to a transnational peer-to-peer business ecosystem has a different purpose to China's
BSN efforts. More specifically, Sggaard (2021) presents a Danish case where the Danish business
authority examines a blockchain-based platform for value-added tax (VAT) reporting and the
implications of tax revenue collection and administrative burdens on small and medium-sized
enterprises. The Danish case shows that European countries focus on financial reporting and
compliance reporting to government agencies (e.g., VAT) rather than controlling participation in
the economy as the Chinese BSN does. Nonetheless, European-scale confronts similar
architectural and performance-related challenges on the prospect for a national/transnational e-

commerce trading platform.

Specific features of blockchain systems are their peer-to-peer distributed (often decentralized)
trust network, their tamper-resistant record of events, and their ability — in the second generation
— to execute domain-specific languages within the distributive ledger architecture itself. They are
implementing adistributed virtual machine where the persistent logic rules are framed in terms of
"smart contracts" (Szabo, 1994).

These characteristics recommend blockchain systems as a decentralized business ledger with
embedded transactional logic, accessible for B2B transactions and B2G reporting and compliance.
Additionally, some blockchains are highly resistant to malicious nodes and can tolerate up to f
malicious or faulty processes out of n s.t. n > 3f + 1; this is called Byzantine Fault Tolerance
(BFT) (Lamport, Shostak, & Pease, 1982). The BFT security property comes with an additional
cost of agreement. However, if the environment is not considered hostile, i.e., the only fault that
may occur is machine unavailability, it may be good enough toallow up to n/2 unavailable nodes;
this is called Crash Fault Tolerance (CFT).

This paper compares the performance of two well-known BFT blockchain architectures, Quorum

(ConsenSys, 2021) and Tendermint (Buchman, 2016), against the non-BFT Hyperledger Fabric
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version 1.4 using Kafka (Vukoli¢, 2017). Kafka is a centralized, replicated, and distributed
database (Kreps, Narkhede, & Rao, 2011) and one of the ordering mechanisms that can be used
in Hyperledger Fabric (the other is Raft, see Table 1). Further, since Kafkais CFT and not BFT,
we also want to isolate Hyperledger Fabric's effect by running similar tests when only deploying
Kafka. The premise is that CFT-based protocols should be much faster than BFT variants, and the
difference between their performance is a measure of the cost of the additional trust that BFT
provides. One could also anticipate that the CFT blockchain variant, Hyperledger Fabric, would
be faster than its BFT cousins, a claim often made*! and tested by this paper. Curiously, and for
reasons that we will explore in detail, this proves not to be the case.

A first use-case considers the scenario of a national e-commerce trading system based around the
volume of transactions in Denmark, a nation with the tenth-largest GDP in the EU and a well-
developed digital economy. According to reports from Deloitte (Deloitte, 2017) and the Danish
National Bank (Danmarks Nationalbank, 2019), the Danish B2B and B2G markets handle 225 to
235 million invoices each year. However, before an invoice is finalized between buyer and seller,
there are, on average, five documents exchanged (offer, purchase order, invoice, acceptance note,

credit note), which we call related traffic.2

This implies a national e-commerce trading system able to handle the entire volume of B2B and
B2G traffic will need to manage 1.12 to 1.17 billion transactions annually. Standards for e-
invoices in Denmark (Danish Business Authority, 2019) and the EU*3 mean that the maximum
size of the document exchanged is 50 kilobytes (KB). However, on average, these documents are
estimated to be 10 KB (OpenPEPPOL, 2019). Computing the product of this quantity of data by
the volume of transactions yields (worst case) a data storage requirement for a blockchain
corresponding to 11.5 to 12.0 terabytes (TB) p.a., three times larger than the current size of the

Ethereum blockchain — for Denmark alone. 44

41 https://hyperledger-fabric.readthedocs.io/en/release-2.2/whatis.htm #performance-and-scalability

42 For simplicity, related traffic documentsare assumed to be the same size asan invoice.

43 PEPPOL is the Pan-European Public Procurement on-Line According to EU Directive 2014/55/EUon e-
Invoicing (implemented April 2019).

44 https://www.statista.com/statistics/647523/worldwide-bitcoin-blockchain-size/
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In terms of throughput, the number of e-commerce transactions entering the B2B/B2G system is
not uniform. Most transactions occur during business hours (0800 to 1800) Monday to Friday, on
workdays, and traffic peaks around the end-of-calendar-month, end-of-quarter, and end-of-
financial-year. Based on peak intervals and transaction volume, the Danish scenario is described
by the formula:

Number of Invoices X Related Traffic = Total Traffic
12 (months) X 20 (working days) X 10 (working hours)

Applying the formula above results in the range of 130 to 135 transactions per second (tps) during
peak periods. There are no hard requirements for response time since the use-case deals with
invoices and related traffic only. Payment is assumed to occur off-chain using traditional financial
settlement systems, so real-time responses, similar to those required for credit card settlements,
are not required.

A second scenario considers a transnational e-commerce trading system for the EU. Extending
the use-case across a 27-member EU (and the UK) requires a system that can manage 17-billion
invoices (Betalingsradet, 2015). If the system handles 17-billion transactions, it requires around
2,000 tps. However, when related traffic is included in the calculation, 9,000 to 10,000 tps is a
credible upper range for peak throughput. Because the use-case is both B2B and B2G, there is a
strong governance aspect concerning who can read/write to the ledger; thus, another requirement
is that the blockchain is permissioned. The two scenarios' results present valuable insight into the
feasibility of a blockchain-based invoicing platform presented in Sggaard (2021).

This paper is structured as follows. In section 2, the research design is discussed, the design
science research methodology, the possible permissioned blockchains for the study, including
those that were excluded and why. A description of the two BFT blockchain technologies chosen
is offered, and the CFT enterprise blockchain is presented. In section 3, the paper describes the
test protocols, the test platform, and the specific configuration settings for each test. Section 4
presents empirical results. Section 5 discusses the key findings, and in section 6 the paper draws

its conclusions.
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2. RESEARCH DESIGN

2.1 Design science research

This study employs the design science research (DSR) methodology consisting of the
environment, the knowledge base, and information systems (IS) research (Hevner, March, Park,
& Ram, 2004). The environment represents problem relevance through people, organizations, and
technologies. In this case, the environment consists of the two scenarios described above, the EU
zone's VAT problem and the distributed ledger technology (DLT). The knowledge base represents
academic rigor and is represented by the field of blockchain performance literature, see Table 1
and the case study by Segaard (2021) calling for action on “addressing scalability issues” (p. 14).
The 1S research consists of two components; build and evaluate. The build component is where
we deploy the four platforms ready for testing on the same cloud infrastructure. In the evaluate
component, we follow Venable et al.’s (2016) evaluation framework using the “Technical Risk &
Efficacy” strategy, since the criterion of “... If a critical goal of the evaluation is to rigorously
establish that the utility/benefit is dueto the artefact, not something else” (p. 82) match the purpose
of this paper. Sections 2.2, 2.3, and 3 explain how the selection of the platforms happened, which
benchmarking methodology is used during the evaluation, and the testing framework. Note that
the learning from the build and evaluate components is an integral part of the relationship between

the two components and therefore had multiple iterations of the cycle.

2.2 Selection of platforms

To assemble a list of candidate blockchain platforms, we surveyed (Beck, Eklund, & Spasovski,
2019; Buchman, 2016; Cachin & Vukolic, 2017) and recorded the performance claims in Table
1. Inthe context of our "in-the-wild" use-case, we select the most popular permissioned enterprise
blockchain platform (Gonczol, Katsikouli, Herskind, & Dragoni, 2020), namely Hyperledger
Fabric, to serve as a performance baseline. To benchmark against Hyperledger Fabric, three
criteria for selection were developed. First, the performance claims found in the literature had to
match at least the requirements set by the Danish national scenario, and preferably the EU
scenario. The second is the need to secure consensus in the presence of bad actors. Therefore,
blockchain platforms' consensus mechanism had to be BFT, so more secure than Hyperledger
Fabric. Third, the platform had to be readily available, not proprietary, or performance-limited

(throttled). These selection criteria narrowed the pool to three BFT blockchain solutions: Hedera,
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Quorum Istanbul, and Tendermint. Hedera's consensus service, which would have been well-
suited to test for this use-case, had an arbitrary limit of 500 tps set by Hedera's development team

at the time of writing, which could not be re-negotiated. This leaves us two BFT blockchain

platforms; Quorum Istanbul and Tendermint.

Framework Type Consensus Algorithm OpenSource  Throughput Responsetime

Name (tps) (secs)

Bitcoin Open PoW Y J-5 >500

Ethereum Open PoW Y 15-30 £l

Kadena Open Scalable PoW-BFT N 10,000 <01

Hedera Open Hashgraph (aBFT) (Y) 10,000 <01

[0TA Semi- Tangle Y 200 N/A
open

NEQ Semi- Delegated-BFT Y 10,000 15-20
open

EOS Semi- Delegated BFT Y 3,996 <1
apen

Ripple Closed | RPCA (Ripple Protocol Consensus Y 50,000 4

Algorithm)

Hyperledger Fabric | Closed Kafka/Raft Y >3,500 <1

Hyperledger Closed Proof of Elapsed Time (PoET) Y >80,000 <1

Sawtooth

MultiChain Closed PBFT + MultiChain Y 1000-1500 5-10

Quorum Closed Istanbul BFT (IBFT) Y 600-900 )

Tendermint Closed Tendermint BFT Y 4,000-14,000 <1

Red Belly Closed Democratic-BFT N 660,000 2-4

Table 1. Some blockchain performance claims, extended from Beck & Eklund (2019), Buchmand (2016), and
Cachin & Vukolic (2017). The staging of each experiment reporting throughput. Types of blockchain; Open =

Public permissionless; Semi-open = Public Permissioned; Closed = Private Permissionless.

In the above-mentioned selection criteria, we do not emphasize security and performance, as we
argue that if a system cannot handle the throughput requirements, then security becomes
irrelevant. However, in the inverse scenario, where a less-secure system exists, performance is
still relevant. If the performance requirements for this use-case are not met using a BFT platform,
we wish to measure the cost of distributing trust by comparing CFT vs. BFT. This puts a value on
the cost of BFT trust in blockchains. Hyperledger Fabric using Kafka is selected to identifya CFT

blockchain's baseline that runs on identical hardware and network infrastructure as the BFT
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blockchain platforms. In our experiments, Hyperledger Fabric using Kafka under-performed, so
we decided to test a pure CFT implementation without the blockchain Hyperledger Fabric

wrapping, this being the reason to run the same tests with Kafka only.

2.2.1 The Quorum blockchain

Quorum (ConsenSys, 2021) is a permissioned implementation of the public permissionless
blockchain Ethereum. Being permissioned means that participation in the blockchain is limited to
a known set of provisioned nodes in the network. By default, Quorum provides RAFT
consensus (Ongaro & Ousterhout, 2014) and Istanbul BFT (IBFT) (Moniz, 2020). Because BFT
is required, IBFT consensus is chosen. To understand Quorum, it is essential to highlight some
specifics about the Ethereum blockchain. Ethereum can be characterized as a large distributed
finite state machine, where transactions can be viewed as state transitions, i.e., a block is a list of
transitions. Transactions (and hence transitions) should be well-formed (have the correct number
of values) and carry a valid signature (there are other rules, see the Ethereum whitepaper (Buterin
first published 2013)). A developer can define the specifics of transactions, and these
programmable state transitions are known as smart contracts. In other words, a smart contract is
a way to encode a state transition.*> As Ethereum stores the complete ordered list of transactions
(state transitions), it is possible to re-run the blockchain by replaying every state transition from
the original state: this occurs when a node is synchronizing.

An example of a state transition is shown in Figure 1, which illustrates how a smart contract
located at bb752980 transitions the State to State'.

45 For additional rules, please see: https://github.com/ethereum/wiki/wiki/White-Paper#ethereum-state-transition-
function
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State State’
14c5f8ba: 14c5f8ba:
- 1024 eth - 1014 eth
bb752980: Transaction bb752980:
- 5202 eth - -5212eth
if Icontract.storagel tx.datal0]1: léicﬁfBBa if Icontract.storageltx.datal 0]1:
contract.storageltx.datal01] = tx.datal 1] To: contract.storageltx.datal01] = tx.data[1]
[0, 235235, 0, ALICE ... bh75a980 [0, 235235, CHARLIE, ALICE ...
» | Value: >
8920192 10 8920192
-Deth Data: -Deth
send(tx.value / 3, contract.storageltx.datal0]): 2, send(tx.value / 3, contract.storageltx.datal0]):
send(tx.value / 3, contract.storageltx.datal1]): CHARLIE send(tx.value / 3, contract.storageltx.datal1]):
send(tx.value / 3, contract.storageltx.datal2]): Sig: send(tx.value / 3, contract.storageltx.datal2]):
J0452fdedbad
[ALICE, BOB, CHARLIE 1 £795012cebBal [ALICE, BOB, CHARLIE 1
4096adob: 4096adbb:
- 77 eth - 77 eth

Figure 1. The Ethereum state transition, adopted from the Ethereum whitepaper (Buterin first published
2013)%

When a developer defines a smart contract, she must define where data is to be stored. In
Ethereum, three locations are available that allow data to persist; these are Storage, Memory, and
Calldata, and each of these locations has its own merits and gas-costs. Variables located in
Storage are written into the State for the defined smart contract, i.e., the name CHARLIE is
located in Storage, and therefore written into State’. In this way, variables written into the State
persist and can be accessed through a smart contract at a later point in time. Cryptocurrencies built
on Ethereum use Storage to keep track of wallet balances. Memory is a temporary location for
mutable variables in a smart contract. Variables in Memory do not update the State and are not
later accessible via smart contracts; they persist only within the smart contract execution scope.
Lastly, Calldata, is an immutable version of Memory that can only be passed from an external
address as parameters to a function defined with the scope of a smart contract. Recall that
Ethereum stores and orders all the transactions that have occurred in the system, so data passed
as arguments in any transaction or used internally as a variable in a smart contract remain

accessible by examining the transaction, even though they are not retrievable from a smart

46 https://github.com/ethereum/wiki/wiki/White-Paper#ethereum-statetransition-

function
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contract. In Figure 1, the data used in the central transaction (Memory), or the parameters passed
when it was called, Calldata will still be on-chain without changing the State. Since the use-case
does not require later access via a smart contract, only "proof"” that a specific actor committed
data, an alternative to recording data in a State, is possible. This allows us to utilize on-chain data-
availability and use Memory or Calldata to create a persistent record of databy passing arguments
into a noop (no operation) smart contract, thus avoiding writing them into the State. Inso doing,
a transaction containing data and a signature is recorded that represents proof that data has been
committed. In thisway, it is possible for anyone to later look at a specific transaction and examine
the data committed to the blockchain.

As a final note, the performance figures in Table 1 for Quorum are quoted from a non-peer-
reviewed study by Baliga et al. (2018). That study informs our work; in particular, we use the

same 30-second time-frame to generate transactions.

2.2.2 The Tendermint blockchain

Tendermint consists of two core components: (i) a consensus engine and (ii) a generic application
interface (Buchman, 2016). The consensus engine, called Tendermint Core, ensures that the same
transactions are recorded on every machine in the same order. The Tendermint protocol can be
configured to support two groups of nodes that comprise the system, namely validators and non-
validators. Only the validators participate in consensus, and non-validators are restricted to read-
only access. Unlike many public blockchains, Tendermint does not have a cryptotoken and
provides BFT with a claimed throughput of 14,000 tps (Buchman, 2016). The consensus engine
utilizes a BFT-based voting algorithm that works similarly to classic BFT algorithms such as
Practical BFT (PBFT) (Castro & Liskov, 1999). This enforces multiple rounds of voting before
data is committed. One main difference between Tendermint's BFT-based algorithm and classical
algorithms, such as PBFT, is the introduction of voting power; this allows certain validator nodes
to have greater decision-making power within the network. The generic Tendermint API called
an Application BlockChain Interface (ABCI), allows smart contracts to be implemented in any
programming language, so long as that language implements the ABCI. Smart contracts deployed
on Tendermint run on individual nodes as opposed to Quorum, where all smart contracts are run
simultaneously across all nodes via the Ethereum Virtual Machine (EVM). Thus smart contracts

on Tendermint are not decentralized.
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2.2.3 Hyperledger Fabric

Hyperledger Fabric is an open-source permissioned DLT platform designed with enterprises in
mind and is established under the Linux Foundation (The Hyperledger Foundation, 2019).
Hyperledger Fabric has a modular and configurable architecture that offers a smart contract layer
in Java, Go, and node.js and supports so-called "pluggable consensus protocols™ (Vukolic,
2017). The standard implementation of the consensus protocols is delivered either in Kafka or
Raft (up until version 1.4, Kafka was standard where Raft is standard from version 2.0). Kafka
and Raft are ordering mechanisms rather than blockchain consensus protocols. A new project
between Hedera and Hyperledger Foundation integrates the Hedera Consensus Service with
Hyperledger Fabric and provides an alternative BFT consensus mechanism. Hyperledger Fabric
leverages the ordering mechanisms and does not require a native cryptocurrency to incent mining
or fuel smart contract execution. Hyperledger Fabric introduces their own terminology defining
different key constructs such as peers, organisations, orderers, and Certificate Authority (CA).
An organization consists of peers who participate in one or more channels ordered by an ordering
service ata high level. A channel is a private blockchain betweenits participating "organizations,”
meaning that users can only interact with contracts in channels where their organization
participates. For further clarification on the terminology, see the official glossary (The Linux
Foundation, 2020).

2.2.4 Kafka streaming platform

Apache Kafka is a distributed streaming platform first introduced by LinkedIn engineers and later
open-sourced (Kreps et al., 2011). Kafka consists of three key capabilities: (i) publish and
subscribe to streams of records; (ii) store streams of records in a fault-tolerant durable way; (iii)
process streams records in the order they occur. The Kafka architecture has three main
components, specifically; producers, brokers, and consumers. The producer creates data and
sends them to a broker, who receives, categorizes, and stores data before the consumer pulls data
from the broker. The categorization of data is done through topics, and one or more topics are
stored in partitions on the broker(s). Records writtento the partitions are in the form of key, value,
and timestamp triples which are: immutable, persistent, and added to an append-only list to
preserve message order (Apache Kafka, 2020). The consumers maintain their state and poll for
new data when needed. This allows Kafka to persist a single message independently from the
number of consumers, resulting in high-throughput for read and write operations (Magnoni,
2015).
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2.3 Benchmarking methodology

Performance studies for blockchains (Hao, Li, Dong, Fang, & Chen, 2018; Pongnumkul,
Siripanpornchana, & Thajchayapong, 2017; Spasovski & Eklund, 2017; Wang, Dong, Li, Fang,
& Chen, 2018) usually follow common distributed system testing practices, keeping as many
parameters as possible constant to obtain the best like-for-like comparison around variability in
resource demand, throughput and/or transaction latency. In these studies, it is easy to choose an
experimental setup that will bias for (or against) a given blockchain framework, so while such
studies are self-contained, it is impossible to conclude the performance of different blockchain
systems between them. To addressthis, some researchers have tried to create sophisticated testing
frameworks, Blockbench (Dinh et al., 2017) and Chainhammer (Kruger, 2019) are examples, but

these are still considered works in progress (Sund et al., 2020).

The downside of most existing blockchain performance tests is that they are mostly artificial, in
the sense that the topology of the network, its geographic distribution, message lengths, and
transaction volume are not realistic in terms of how the system will be deployed. This paper
addresses this; it aims for an "in-the-wild" distributed system test. This is possible because the
national and transnational B2B/B2G invoicing system requirements exactly determine
performance expectations. This means that during empirical testing, the size and number of
transactions arriving at the system will match the use-case as closely as possible, while the
number, geographic spread of nodes, and consensus validators will likewise closely match the
use-case using common hardware and network infrastructure.

In summary, the test parameters include the following: (i) the number of transacting nodes; (ii)
the size of the individual transactions; (iii) the number of nodes that participate in

consensus/ordering (for the platforms) and; (iv) the volume of transactions per unit time.

3. TESTING FRAMEWORK

3.1 Testing scenarios

The use-case focuses on sharing documents, invoices, and related business documents, as
described in section 1. Each of the test platforms will be described in detail, but each shares the

following features:

146



1. transactions that simulate compressed average PEPPOL4’ invoices (2-KB in size) over a
testing time of 30 seconds;

2. transactions that simulate non-compressed average size PEPPOL invoices (10-KB in size)
and a testing time of 30 seconds.

3.2 Testing environments

Transactions forall four platforms (Quorum, Tendermint, Hyperledger Fabric, and Apache Kafka)
are sent using slave machines. These are virtual machines (VMs) (see details in section 3.2.1)
deployed in the Microsoft Azure cloud and controlled by a master testing machine, also on
Microsoft Azure. Each slave runs a given test script distributed from the master to the slaves (cf.
Figure 2). All test scripts used in this study contain a method for randomizing the order of node
addresses to ensure that transactions are randomly distributed among the 28 nodes for the
blockchain platforms, namely not following the same order for every user sending transactions.
For the Kafka test, each transaction is sent to one of the five brokers and automatically distributed
from there to a partition. The test scripts communicate through web calls to each of the
nodes/brokers of the four platforms. Logs of transmission data (timestamped when the transaction
IS sent, success status, and transaction hash) are collected and stored on the master VM. For the
blockchain platforms, after all the transactions have been sent and processed from the slaves, a
Python script extracts information (time-of-mining, block number, and block size) about the
specific transactions using the transaction hash from the transmission data log. These data points
make it possible to calculate tps and further provide the foundation for the visualizations shown

in section 4 (cf. Figures 3, 4, and 5).

47 PEPPOL is the Pan-European Public Procurement on-Line According to EU Directive 2014/55/EUon e-
Invoicing (implemented April 2019).
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O Orderer/Broker
[ Peer/Consumer
[ DLT node

M Test master

i} Test slave

<"+ Orderer single VM

Figure 2. Overview of testing environment
3.2.1 Testing machines

The tests simulate up to 5,000 concurrent users over a 30-second period, and if these tests are
executed on a single machine, it induces the JVM garbage collector (GC) mid-test, an artifact of
the use of JMeter being used as the measuring instrument, thus polluting test results. The
minimum and maximum heap of the JVM is set to be 256-MB and 14-GB, respectively, and the
young generation (Eden) of the heap is maximized to ensure that GC induced by JMeter does not
pollute the results, GC will not trigger until Edenstarts to get close to full. The verbose GC setting
is used throughout all tests to provide all GC information. For this reason, all tests are distributed
over five slave test machines, cf. section 4 for an overview. All test machines are hosted in
Microsoft Azure within the same subnet, located in Western Europe, and the master machine is
controlled via an Ubuntu console. All slave machines (and their master) are Azure D4s_v3 with
four virtual cores (vCPU) based ona 2.3 GHz Intel XEON E5-2673 v4 (Broadwell) processor, 16
GB RAM, and 32 GB SSD hard disk (Microsoft, 2019). Each of the slave machines runs a Docker
image of the slave environment to ensure consistency across thetests (Campean, 2019). The RAM

and CPU of the testing machines are monitored throughout the tests.
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Parameter Value

Ouorum
istanbul.blockperiod 98
cache 14GB
txpool.globalslots 100,000 tx
txpool.globalgueue 1,000,000 tx
txpool.accountqueue 1,000,000 tx
block.gasLimit 50,000,000 gas
Tendermint
mempool.size 560,000 tx
mempool.cache_size 600,000 tx
mempool.max_txs_bytes 1GB
mempool.recheck false
Hyperledger Fabric
endorsement policy Any
batchsize 300 tx
kafka_default_replication_factor 5
kafka_min_insync_replicas 3
Katka
num.network.threads 8
num.io.threads 8
offsets.topic.replication.factor J
transaction.state.log.replication.factor 5
transaction.state.log.min.isr J

Table 2. Configuration for Quorum, Tendermint, Hyperledger, and Kafka.

3.3 Cloud computing configuration

Throughout the tests, 28 nodes are spread over the five geographic regions that Microsoft Azure
provides in Europe at the time of writing.#® The infrastructure's geographical spread attempts to
replicate a real-world scenario where the nodes are distributed between a consortium of EU-
member states (and the UK). The validator nodes are hosted in Microsoft Azure and are likewise

D4s v3s, with the exact specification described above. The validator nodes run Ubuntu Version

48 Northern Europe, Western Europe, France Central, UK South, and UK West.
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18.04 as an OS and are monitored for CPU utilization and RAM usage to ensure that the servers

hosting the platform are appropriately provisioned.

3.3.1 Quorum

Quorum has a number of configuration options, see Table 2. Before running the tests, we
experimented with various configurations in order to optimize the setup to meet the requirements
of use-case best. We experimented with different block periods; 1, 3, 5, and 10 seconds. Maximum
throughput is achieved by optimizing for the minimum block period where consensus is reached.
In this case, a block period of 5 seconds.

The validator node cache is the amount of memory allocated to internal caching and is set to 14-
GB, leaving 2-GB of memory for the OS. In comparison, a default full node on Ethereum'’s main
net has 4-GB allocated to cache. The transaction pool for global slots was set to 100,000
transactions (the default is 4,096), which is the maximum global number of executable transaction
slots for all accounts. The transaction pool global and account queue is set to 1,000,000
transactions (the default is 1,024), which is the maximum number of global and account non-
executable transaction slots for all accounts. We experimented using 20,000 transactions for
global slots and queues, based on the performance review on Quorum's GitHub page*®, but in our
experiments, we achieved optimal performance using a value of 100,000. We reserve a single

thread for the OS and allocate all remaining threads for each core to validator nodes.

When testing with the default value of 3,758,096,384 as of the gas limit, latency is significant,
and we receive a few very large blocks that require multiple minutes of processing each. To
optimize our use-case (a preference for a steady flow of blocks), we decreased the gas limit to
50,000,000 (as recommended by Microsoft).50

The two scenarios described in section 3.1 were tested with the three different data storage
methods allowed by the Quorum blockchain, specifically State, Memory and Calldata. These
three data storage methods are tested through the implementation of three different smart

contracts. Since Quorum is based on Ethereum, much of the terminology and functionality is the

49 See more here: https://github.com/ConsenSys/quorum/issues/46 7#issuecomment-412536373.

50 See more on https://docs.microsoft.com/en-us/azure/blockchain/templates/ethereum-poa-deployment
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same, e.g., the concept of gas as the computational measure of executing smart contracts. Further,
each block has an upper limit on the allowed computational effort (measured in gas). Since the
three storage methods have different gas costs, it is important to investigate the performance

implications.

3.3.2 Tendermint

As with Quorum, Tendermint has configurable settings that impact performance c.f. Table 2. As
our use-case only requires the data to be stored and not otherwise processed, we utilize
Tendermint's built-in noop "smart contract." Other optimal settings, such as a minimum block
time of 1-second, are used, alongside changing the underlying default database (LevelDB) from
the GOLANG to the C implementation. We chose to make this swap to the C as it has proven to
improve performance under heavy loads.>! To ensure that the number of test transactions fit within
the mempool, its size increased to 560,000 transactions and max_tps_bytes to one GB. The cache
size is set to 600,000 transactions, which allows for the filtering of up to 600,000 transactions
already processed, meaning no two identical transactions in our tests are processed more than
once. To optimize throughput, we set recheck=false, meaning Tendermint does not recheck if a
transaction is still valid after another transaction has been included in a block. The reasoning
behind this choice is that all transactions are independent; they do not interact or influence each
other — if a financial system were to be evaluated, this would not be the case, and transactions

would need to be ordered to avoid double-spending.

3.3.3 Hyperledger Fabric

To fit the Hyperledger Fabric terminology to the use case in the best possible way, 28
organizations were created, SO an organization maps to a country, where each of the organizations
had one peer, each representing one company per country. We wanted to create an orderer instance
containing one Kafka and one Zookeeper in five separate data centers across the Microsoft Azure
EU data centers. However, multi-hosting an environment across multiple locations is not
presented in the official Hyperledger Fabric documentation. This leads us to a single orderer VM
containing five Kafka instances and five zookeepers in one data center. If anything, this

configuration should be favorable to overall system performance.

51 See more on https://github.com/tendermint/tendermint/blob/master/docs/tendermint-core/running-in-

production.md
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Surveying the literature on Hyperledger Fabric performance tests (Gorenflo, Lee, Golab, &
Keshav, 2020; Kuzlu, Pipattanasomporn, Gurses, & Rahman, 2019; Sukhwani, Martinez, Chang,
Trivedi, & Rindos, 2017; Sukhwani, Wang, Trivedi, & Rindos, 2018; Thakkar, Nathan, &
Viswanathan, 2018) and referring to Hyperledger's own performance benchmark tool, Caliper®?,
reveals that there have been no reported "in-the-wild™ performance tests, at least none we could
find. Every performance study cited above uses large machines all located together. For the
Caliper benchmark tests, all of the roles, one orderer and two organizations with each one peer,
are hosted on a single machine. This means that variability resulting from network dynamics is
eliminated. This assumption is likewise applied in Thakkar et al. (2018, 12) and noted in their
conclusion: "we assumed that the network is not a bottleneck. However, in a real-world setup,
nodes can be geographically distributed and hence, the network might play a role”. This is
verified by Geneiatakis et al. (2020) where the effect of bandwidth limitations in a similar use

case across 28 nodes representing EU member states authorities is evaluated.

The batchsize parameter is set to 300 transactions per batch (block size), which was found to be
an optimum through own testing and confirms the findings of Thakkar et al. (2018). The
endorsement policy is set to any, which means that only one of the 28 peers needs to endorse a
transaction before it is sent to the orderer. The replication configuration is altered towardsthe use-
case of this paper. Since invoices are business-critical documents, the replication of data is
important to mitigate data loss. Therefore, we replicate data to all five Kafka instances with
replication to a minimum of three before dataare made available to peers. The three-out-of-five
Kafkarule creates leeway for downtime in two of the ordering services without crashing the entire
system, hence its crash fault tolerance property. Similar to Tendermint, we deployed a smart
contract in each of the channels calling a noop function. We run our tests through one, and four
channels with all 28 peers enrolled in each of the channels. This serves the purpose of
understanding and measuring if channels can be used as a way of scaling (Kuzlu et al., 2019;
Thakkar et al., 2018). The specifications and geographical distribution of the VMs used in the
Fabric test consist of 28 VVMs, each containing a peer and one VM containing the five orderers in

separate docker containers.

52 https://github.com/hyperledger/caliper-benchmarks/
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3.3.4 Kafka

The Kafka test aims not to optimize for marginal improvements on the throughput but rather to
obtain an indicative benchmark from another paradigm running on the identical infrastructure.
Therefore, the values of the parameters for network and 1/O threads shown in are chosen,
emphasizing the use-case and drawn from configurations from LinkedIn's performance
testing (Kreps, 2014). The replication configuration is equivalent to Fabric to achieve CFT. The
specifications of the VMs used in the Kafka test are identical to the Quorum, Tendermint, and
Hyperledger Fabric tests. In total, 33 VMs are used. Five brokers on separate VMs and 28 VMs
act as both producers and consumers to emulate the scenario of companies both sending and
receiving invoices. The same geographical distribution applies, leaving one broker per geographic

region and five to six producers/consumers in each of the five geographic regions.

4. EXPERIMENTAL RESULTS AND ANALYSIS

4.1 Quorum, results, and analysis
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Figure 3. Quorum throughput over time in both KB per second (top) and tps (bottom). All three data storage

methods (Calldata, Memory, and State) are compared using both 2-KB and 10-KB transactions. Each
marker represents a new block.
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As shown in Figure 3, the throughput for Memory and Calldata with 2-KB messages (black and
blue lines), which replicates the average compressed transaction size, lies primarily around 300
tps, with occasional spikes above 600 tps. For State (light blue lines), results are around 200 tps,
with short bursts of lower throughput. The results show that storage methods that store
transactions in history (Calldata and Memory) outperform the storage method that saves data to
the State. The figure also shows that Calldata and Memory are almost identical in performance,
with only marginal differences.

The 10-KB tests in (dotted blue, black and light blue lines) show similar patterns to the 2-KB test,
where Memory and Calldata significantly outperform writing datato the State. The same pattem
is observed for the 10-KB test, however, ranging between 70 and 140 tps for Memory and
Calldata, while between 20 and 40 tps for State. When increasing the volume of transactions and
the number of concurrent users, the same phenomena is observed with an increase in the difference
between average highs and average lows. During tests, we observed that the network often
requires spin-up time before it comes up-to-speed. This is very visible in the results for 2-KB in
Figure 3, where the first 20 to 50 seconds are not used to process transactions. This is because
transaction data are passed to the nodes, which create and sign the transactions before they are

distributed into the network.

Test scenario Type Max (7zs)  Average (Zzs)

2 KB Lalldata 62?2 360
Memory 620 323
State 208 182
10KB Lallgata 139 125
Memory 139 120
State 43 39

Table 3. Quorum throughput results
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The results of the Quorumtests are found in Table 3. In conclusion, from the Quorum tests, at this
level of performance, results would satisfy the national B2B/B2G use case for a country the size
of Denmark with a need for 130 to 135 tps throughput. However, the requirement from the entire

Euro-zone of 9,000 to 10,000 tps is far from satisfied.

4.2 Tendermint, results and analysis
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Figure 4. Tendermint throughput over time in both KB per second (top graph) and tps (bottom graph). 2-
MB and 4-MB block sizes are compared using both 2KB and 10 KB-sized transactions. Each marker
represents a new block.

As seen in Figure 4, the transaction throughput of Tendermint is impacted significantly by the
size of thetransactions exemplified in the differencesin the bottomgraph fromthe 2-KB test (blue
and black lines) and the 10-KB test (light blue and dotted black lines). However, the throughput
(measured in bytes) is unaffected by the block and transaction size, see top graph in Figure 4. As
shown in the graphs, there is an initial spike in throughput across tests; this is due to a commonly
known Tendermint performance bottleneck related to indexing transactions when using larger

block sizes®3. Compared to the Quorum tests, Tendermint resembles the Quorum run that writes

53 https://github.com/tendermint/tendermint/issues/1835#issuecomment-402054099 and

https://aithub.com/syndtr/goleveldb/issues/226
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all datato the State. Nevertheless, we posit that Tendermint outperforms Quorum in cases where
transactions are more computationally intensive due to its smart contracts utilizing GOLANG and
running on a single node rather than being executed simultaneously across all nodes on the EVM
as is the case with Quorum. When comparing the Tendermint test results with the performance
claims from Table 1, it is clear that the two are not comparable. This discrepancy can be solely
explained by the transaction size used in the tests carried out by Buchman (Buchman, 2016), as
tests were never conducted using transactions larger than 250 bytes. To confirm that Buchman's
performance claims hold, we tested our Tendermint setup using a transaction size of 32 bytes and
obtained a throughout-peak of over 10,000 tps. The Tendermint tests’ results can be seen in Table
4 and confirm that the level of performance delivered by Tendermint would only just satisfy the
national B2B/B2G use case for a country the size of Denmark of 130 to 135 tps when 2-KB
transactions are used. As with Quorum, the entire Euro-zone requirement of 9,000 to 10,000 tps

is far from being satisfied using Tendermint.

Size  Block size Max //zs) Average /i7s/

2KB  2MB 337 164
4 MB 472 120
10KB 2 MmB 76 31
4B o8 29

Table 4. Tendermint throughput results
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4.3 Hyperledger Fabric, results and analysis
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Figure 5. Hyperledger Fabric and Kafka throughput over time, in both KB per second (top) and tps
(bottom). Comparing 2-KB and 10-KB transactions.

Figure 5 shows that the peak and initial throughput of Hyperledger Fabric are indifferent to
message size because Kafka is the underlying messaging protocol. However, throughput reduces
significantly after the first 35-45 seconds, indicating that Hyperledger Fabric struggles under
sustained load. Table 5 shows that peak throughput is significantly larger than average
performance and that Hyperledger Fabric handles large increases in message-size well. As noted
by Thakker et al. (2018) and Kuzlu et al. (2019), Hyperledger Fabric can utilize channels to run
multiple "contracts” in parallel and, in so doing, increase transaction throughput. We increased
the number of channels, but our experimental results do not reflect this finding. This may be
because of limited computing power. To test this assumption, tests were re-run with a larger
machine as the orderer. We observed that performance increases 3% for the single-channel case
and 18% for the four-channel case, indicating that channels have some overhead but increase
throughput when used with more computing power. As noted by Thakker et al. (2018), the

endorsement policy is identified as a performance bottleneck. However, our test results did not
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show any significant difference between the policies majority and any. Comparing our results to
the literature (Geneiatakis et al., 2020; Kuzlu et al., 2019; Sukhwani et al., 2017, 2018; Thakkar

et al., 2018) and Hyperledger’s Caliper tests %4, a comparable performance was observed.

‘Size #ich  Max /s Average (7s)

2 KB 1 763 245
4 723 142
10KB 1 714 137
4 678 130

Table 5. Hyperledger Fabric throughput results
4.4 Kafka, results and analysis

Apache Kafka can be expected to be much faster than Quorum and Tendermint and not much
faster than Hyperledger Fabric since it is used as in the ordering service in Hyperledger Fabric.
For Quorum and Tendermint, this proves to be the case. However, for Hyperledger Fabric, it is
not what we found. The results, shown in Figure 5, show asignificant difference. At peak, for the
2-KB test, Kafka achieves 241,124 tps, and on average, around 107,187 tps. The spikes seen in
are consistent with the phenomena observed by Le Noach et al. (2017) and are the result of re-
balancing. The re-balancing feature used in Kafka clients (and/or the Kafka coordinator) allows
the formation of a common group and distributes a set of resources among the members of that
group. Re-balancing occurs every time a member joins or leaves a group. In our case, since we
cannot start every producer at the same time, a script starts sequentially, leaving the producers
and consumers to gradually join and leave the group over the period of the test run resulting in re-

balancing, and therefore a re-allocation of the resources occurs, hence the spikes in performance.

54 https://hyperledger.github.io/caliper-benchmarks/fabric/performance/2.1.0/goContract/nodeSDK/submit/create -

asset/
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When comparing these results to other Kafka studies (Du et al., 2018; Le Noac’h, Costan, &
Bougé, 2017; Nguyen, Luckow, Duffy, Kennedy, & Apon, 2018), we note that they deploy larger
broker machines to manage more transactions. 1f we had deployed larger machines for the Kafka

test, system performance would be better than those we observed.

4.5 Comparison of test results

For the initial comparison, we will look at the most performant 2-KB test across the blockchain
platforms. In short, Quorum achieves 360 tps with Calldata, Tendermint achieves 164 tps with 4-
MB blocks, and Hyperledger 245 tps with a single channel. Working with smaller messages, we
observe that Quorum is fastest, with Hyperledger Fabric second followed by Tendermint. This
result is unexpected as Hyperledger is often communicated as a highly scalable blockchain®®. In
practice, this means that the "consensus" is performed by fewer peers, increasing the centralization
and theoretically throughput as well. When we compare these blockchain solutions to more
standardized cloud technologies such as Kafka, the difference is staggering. Kafka is on average
more than 298 times faster than Quorum, 654 times faster than Tendermint, and 437 times faster

than Hyperledger Fabric.

The purpose of the Kafka test was not to optimize for more tps, instead create a baseline for
comparison on the same use case, and with the same "in-the-wild" distributed test approach, and
draw some conclusions about the efficiency of Kafka as an ordering service in Hyperledger
Fabric. The core difference between Hyperledger Fabric and Kafka is the inbuilt components as
smart contracts and identity management that Hyperledger Fabric provides. Kafka can satisfy the
national B2B/B2G use case for a country the size of Denmark and satisfy the requirement for the

entire EU-zone using standardized cloud infrastructure, under the condition that CFT suffices.

5. KEY FINDINGS

A key finding from the tests presented in this paper is the understanding of the relationship
between use case and platform selection to achieve a high-performance distributed replication
system. From the Quorum tests, we learned that the difference between writing to State and
Calldata or Memory is larger than a factor of three, evidenced from the throughput in KB per

second from Figure 3. Even though this finding might be logical, even obvious, the concrete

55 https://www.ibm.com/blogs/blockchain/2019/04/does-hyperledger-fabric-perform-at-scale/

159


https://www.ibm.com/blogs/blockchain/2019/04/does-hyperledger-fabric-perform-at-scale/

measure of the differences is a valuable contribution; it serves to remind system designers how
important it is to consider how much data is needed to be stored in State and how much can be
more efficiently handled in Memory or via Calldata. It is also clear that the difference in
throughput in KB for Quorum is independent of the transactions' size when updating the State.
From the performance claims made in Table 1, we assumed that Tendermint would be faster than
Quorum because the smart contract layer is implemented in GOLANG compared to the
implementation of smart contracts in Quorum running on the distributed EVM. This proved not
to be the case using our testing regime. However, Tendermint might still outperform Quorum in
a computational intensive use case — one relying on the presence of many smart contracts.
Moreover, this opinion also underscores important learning: tuning the platform choice to the
application use case is important and will influence future systems' design choices. System
developers need to ask themselves, how much smart contract activity is anticipated and how
important are smart contract transactions to the orderly operation of the business ecosystem?
Hyperledger Fabric was included as a baseline since it is the most popular enterprise blockchain
framework, and while it is not BFT, it is CFT and would be expected to be faster than its BFT
rivals. This proved not to be the case. Kafka, decoupled from Hyperledger Fabric, was tested to
have a distributed CFT alternative that runs on the same infrastructure to understand the
performance gap between distributed systems that are BFT and more conventional CFT systems
in identical circumstances. The enormous performance difference represents the cost of BFT over
conventional CFT and thereby putting a price on distributed trust.

From the evidence in Table 5, the findings are that Hyperledger Fabric handles large messages
surprisingly well compared to its overall performance. Furthermore, Hyperledger Fabric incurs a
performance penalty when using multiple channels with 28 participants on small machines. Even
though other work (Thakkar et al., 2018) has shown that endorsement policies are highly
influential on performance, our results show that this is not the case for smaller machines as the

ordering service is then bounded by computation.

Kafka's performance advantage is achieved because it can write data in parallel; it does not have
to achieve consensus before it adds data. This observation implies that systems designers need to
consider the cost and need for distributed trust: especially if the proposed system has the nature
of being permissioned and private. The question needs to be asked, is BFT necessary when
participants are known to each other and have a vested interest in the system being trustworthy?

In use cases dealing with large dynamic business ecosystems, where one can anticipate bad actors'
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presence, the overhead of distributed trust may be worthwhile. This is one reason that blockchains
are so attractive in applications forsupply chain logistics (Sund et al., 2020) because supply chains
are dynamic, multi-agent business ecosystems where there is an ever-present economic incentive
to disrupt authenticity. System designers need to offset the costs of not trusting data, e.g.,
reconciling and monitoring the authenticity of data is labor-intensive. A significant hit on system
performance might be an acceptable price to pay for immutability with decentralized and inbuilt
trust.

6. CONCLUSION

This paper is driven by the use case of operating an e-commerce platform in Europe deploying an
"in-the-wild" testing method using four distributed data replication platforms. The use case
provides the benchmark for system performance and the topology of the network and
infrastructure. Two readily available BFT blockchain platforms, Quorum and Tendermint, one
CFT blockchain, Hyperledger Fabric, and one CFT data streaming platform, Apache Kafka, are
tested and compared. The overall finding is that the CFT data streaming implementation is
significantly faster than the BFT platforms is unsurprising.

Surprising, however, is that the CFT blockchain, Hyperledger Fabric, which uses Kafka as an
ordering service, performs so differently from a stand-alone implementation of Apache Kafka.
One would expect a more uniform performance improvement. Nevertheless, Gorenflo et al.
(2020) present a study of the bottlenecks in Hyperledger Fabric, which can be summarized as
message communication overhead internal to architecture.

However, this paper's main contribution is to quantify how much faster CFT laid bare is compared
to BFT for the same use case running on the same hardware and network infrastructure.
Quantifying this difference is a way of putting a price on decentralized trust as a system feature
and provides robust evidence to consider carefully whether the decentralized trust is essential.
Concerning the use case, it is also clear that BFT protocols, running on standardized cloud
infrastructure with realistic transaction volumes and sizes, are not sufficiently performant on an
EU scale and only just adequate to work on a national scale. These results imply that the

implication on accounting and compliance reporting based on this study is limited.
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ABSTRACT: This paper proposes a design theory for accounting transaction systems that is
based on the resource-event-agent (REA) accounting ontology and distributed ledger technology
(DLT). Following a design science research approach, we present a novel blockchain-based
prototype that implements the REA ontology as a business process state machine. Our prototype
utilizes the unique features of DLT to ensure data integrity and transparency among the economic
agents in recorded and distributed repositories that reside outside of the enterprise systems of
those parties. This provides evidence that the independent view of business transactions between
and among companies and government agencies - in what we call collaboration space - is
technologically feasible and opens avenues for exploring innovative ways for performing
economic exchanges. Because our business transaction choreography is orchestrated by
accountability contracts for reciprocated delivery of economic resources, we title our treatment
“accounting contracts in collaboration space.”

KEYWORDS: accounting, Resource-Event-Agent (REA) ontology, blockchain, design science

research, independent view, collaboration space, distributed ledger technology, distributed
business transaction repository (DBTR).
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1. INTRODUCTION

In May of 2003, an article on the evolution of accounting and enterprise software practices was
published in Communications of the ACM by David, McCarthy, and Sommer (2003). That paper
examined the landscape of accounting and enterprise business software solutions and typed the
various software packages they found in the marketplace into three overall groupings with ten
individual categories:

i. No organizing rationale: packages that simply tracked transactions and obligations (#1);
ii. Inwardly organized rationale with two subcategories:
a. packages based on double-entry accounting principles (#2, #3, #4);
b. packages based on enterprise-wide value chains (#5, #6, #7);
iii. Outwardly organized rationale with two subcategories:
a. packages that integrated enterprise computing with upstream and downstream
trading partners (#8, #9)
b. packages that kept intercompany exchange transactions in an independent
collaboration space, stored only once (#10).
These ten categories are displayed in a simpler categorical scheme in Figure 1.

Single Entry Double Entry Value Chain

Accounting Accounting Accounting Value Network Accounting

Trading Partner View Independent View

W
174 W W

1T T e
R

i

Collaboration
Space

1 2-3-4 5-6-7 8-9 10

Figure 1. The evolution of accounting systems (adapted from David, McCarthy, and Sommer 2003)

David et al. (2003) noted the emergence of application service providers and portals as mutations

in their software ecosystems that might lead to further innovation. Indeed their analysis was

correct as categories 1-9 eventually evolved into a mix of on-premise and cloud-based solutions,
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like software-as-a-service (SaaS), plus best-of-breed Enterprise Resource Planning (ERP)
Systems (Hale, 2019).

Category 10 — independent-view repositories of transaction data — was clearly the boldest and
most speculative of their groupings, as (unlike categories 1-9) there were no actual software
packages to put into that category, nor was there a clear technological path to adoption of such
ideas. Indeed, the adjectives applied to their community-based assemblages (trading partner to
#8 and #9, and independent to #10) had originated from a draft of an International Organization
for Standardization (1SO) specification on collaboration space computing for which one of the
authors (McCarthy) was the editor. The enabling technology for the purest application of that
standard did not exist in 2003, but its theoretical foundationdid in the form of the Resource-Event-
Agent (REA) accounting ontology (Geerts & McCarthy, 2002; McCarthy, 1982), so REA became
the backbone of independent-view collaboration space definitions. When the actual standard —
ISO/IEC 15944-4 (2007) — was finally published after a long international vetting process, that
enabling implementation technology still did not exist, even though its conceptual foundation had
been specified. Independent view computing — which for example, would merge a ‘sale requited
with a cash-receipt by firm-a” with a ”’purchase requited with a cash-disbursement by firm-b”
into one collaboration space swap of ”goods for money” -- was clearly possible but not yet

implementable.

Then, the blockchain revolution started by Satoshi Nakamoto in 2008 (Nakamoto, 2008)
completely changed the possibilities for collaboration space independent view commerce. The
merging of two redundant trading partner views of an atomic swap within two separate ERP
systems maintained by the seller and the buyer onto one ‘single source of the truth” blockchain
repository was an achievable vision. As of 2021, that blockchain revolution of Nakamoto has
proceeded slowly with a mix of private permissioned (like the enterprise blockchains Hyperledger
Fabric, Corda, ConsenSys Quorum as the most mature), public permissioned (like Hedera and
Concordium), and public permissionless (like Bitcoin and Ethereum) implementations.> It is the

purpose of this paper to explore how we think category 10 of Figure 1 (the independent view) will

56 Hyperledger Fabric: https://www.hyperledger.org/use/fabric , Corda: https://www.r3.com/corda-platform/,

ConsenSys Qourum: https://consensys.net/quorum/, Hedera: https:/hedera.com/, Concordium:

https://concordium.com/, Bitcoin: https://bitcoin.ora/en/ , Ethereum: https://ethereum.ora/en/
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eventually evolve within accounting and enterprise practice. We intend to do this by using design
science methodology (Gregor & Hevner, 2013; Hevner et al., 2004) to construct a working
prototype (proof of concept) of multiple business transactions, as they are constrained and ordered
by REA-enabled business process state machines. This prototype uses Universal Business
Language (UBL) documents to trigger state changes as economic contracts between a buyer, and
a seller is formulated, formalized, and fulfilled in independent blockchain collaboration space.>’
Since the collaboration space is a radical new way of doing business, it also calls for a new way
of doing accounting. This is why we are proposing here a design theory for accounting transaction
systems 8-10 years into the future when blockchain ideas and efficiencies become more developed
and when the economic structures of parties and firms using those new competencies evolve to

become less hierarchical (as in Berg etal. 2019)

Our projected work here also fits in well with recent calls for integrating information technology
into accounting research by Geerts, Graham, Mauldin, McCarthy, and Richardson (2013), and
with additional requests for integrating practice into accounting research by Rajgopal (2020). Both
of these appeals specifically mention the REA model as a possible research vehicle for advancing
accounting practice-improvement ideas, and such a strategy is a key component of our research
plans. The rest of this paper proceeds with two sections for a literature review and an analysis of
our methodology. Sections 4-5 present our artifact description and design, followed by our
evaluation procedures. We finish in sections 6-7 by discussing the implications of our

implemented artifact and our analysis of this study’s overall contribution.

2. LITERATURE REVIEW
2.1 The REA Ontology

2.1.1 REA introduction and review

The REA accounting and economic ontology constitute the design theory (Geerts et al., 2013) for

our proposed collaboration space contract artifact. The origin, structure, and objectives of the

57 OASIS Universal Business Language (UBL) ISO/IEC 19845:2015

At https://www.oasis-open.org/committees/tc_home.php?wqg_abbrev=ubl
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REA model were most recently summarized in an autonomous review by Alex Pazaitis, who
explained how REA features were used instead of double-entry accounting in an Open Value

Network (OVN) constructed and implemented by the Canadian consortium Sensorica:

The new formsof productive coordination and value creation surfacing in the digital economy
have exacerbated some of the limitations that double-entry bookkeepinghad already been facing
in covering the needs for accounting information. McCarthy (1982] identified four main categories
of such deficiencies:

1. Limited dimensions...

2. Not (always) appropriate classification schemes...

3. High-level aggregation for stored information...

4. Restricted degree of integration with other functionalareas of the enterprise...
Inthe face of these limitations, resources—events—agents (REA) hasbeen presented asa model for
accountingsystemsre-engineered for the information age. It was originally presented by McCarthy
(1982) asa generalized framework designed to cover accountingneeds for enterprise environments,
utilizing shared data amongst their functional constituents. The main motivation behind the
development of REA was the limited capacity of double-entry bookkeepingto facilitate
information flows in post-industrial business entities. These limitations are addressed by the REA
framework through a semantic approach thataimsto reflect real-world business activities rather
than double-entry accountingobjects. As the name implies, the modelcreates computerobjectsthat
represent: (a) resources (e.g., goods, services, cash, assets); (b) events (e.g., processes, transactions,
agreements, contracts); and (c) agents (e.g., individuals, groups of individuals, entities, machines).
REA preserves the duality of economic events that is typical of double-entry, retaining the causal
relationship between inflows and outflows... while providing the same options forfinancial
reporting... The REA [model] as a design theory can providea common vocabulary to enable the
coordination of all involved parties in integrated enterprise and inter-enterprise systems... It poses
asa discontinuity in the design paradigm of electronic accountingsystems, where instead of
focusing on the automation of traditionalaccountingartefacts, it conceptualizesa new way of
representing the complex economic reality.” (2020, 5-6)

Despite many technological advancessince 1980, we believe thatall of the double-entry criticisms
reiterated by Pazaitis (above) remain true today. That unmoving assessment of all four negative
features has been echoed recently by the Institute of Management Accounting (IMA) in its
conceptual costing structures work (White & Clinton, 2014). This was expanded further by
McCarthy, Geerts, and Gal (2021, 135), who add two more major weaknesses of account-based

double entry:

e |t cannot support automated reasoning because its embedded semantics are either nonexistent or very weak;
and

e |t cannot operate well in an independent-view distributed business transaction repository because the
fundamentalaccountingequation (A = L + OE), on which all accountsare based, is a trading-partnerview
of commerce. Taking one trading partner’s ledger accounts and balancing them with another trading
partner’s ledger simply does not work easily, and it may involve massive amounts of rewo rk to achieve an
accountingbalancingactthatis meaningless in open collaboration space.

Automated reasoning within accounting systems (Geerts & McCarthy, 2000) is beyond the scope
of this paper, but the second dysfunctional feature mentioned above (as inferred already) is a key

feature in our presentation here as we build our collaboration space artifact.
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The REA accounting model has been reviewed in the accounting and information systems
literature in multiple places over multiple time periods, most extensively by research teams led by
Cheryl Dunn. Two of her overviews are these:

1. Dunn and McCarthy (1997) — This review had two main objectives:

a. To clarify the historical contributions and links of accounting theorists like Goetz
(1939), Schmalenbach (1948), Mattessich (1964), Schrader (1962), Sorter (1969),
Colantoni, Manes, and Winston (1971), ljiri (1975), and McCarthy (1979) to REA
structures; and

b. To categorize by their essential orientations (database, semantic, and structuring)
innovative proposals for constructing newer types of accounting systems. Those
categories were: events accounting systems, database accounting systems,
semantically modeled accounting systems, and REA accounting systems.

2. Dunn, Gerard, and Grabski (2016) — This review was published in the mainstream
information systems literature, and it included a much more extensive literature review
over multiple REA sub-fields, including its design roots, its developed proofs of concept,
and its use in behavioral experiments. It also reviewed the use of REA in accounting
teaching (McCarthy, 2003) and in the construction of industrial strength enterprise

systems like the Workday ERP system (Nittler, 2018).

2.1.2 REA extensions by Geerts and McCarthy

As explained above by Pazaitis, the original REA model consisted of two symmetrical object
constellations of Resources-Events-Agents coupled by duality relationships that connected the
inputs of a business process (either a market exchange or an internal conversion (Coase, 1937) to
its outputs. In Figure 2, we illustrate this metamodel constellation near the bottom of the page as
the accountability layer of REA; this was the original constellation published in the 1982 paper
by McCarthy.
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Figure 2. The REA Metamodel (MOF Level-2) (adapted from McCarthy, Geerts, and Gal 2021)

In a series of papers by Geerts and McCarthy (1997, 1999, 2000, 2002, 2006), the original REA
model was extended in two different directions:

1.along the aggregation plane where business processes were first decomposed into a
workflow of business events (see the workflow level at the top of Figure 2), and

subsequently aggregated into value chains and into value networks (Porter, 1985)%8, and

58 Readers interested in a video overview of REA basic components, plus its temporaland aggregation expansions
may consult a presentation by W. McCarthy given at the 2020 American Accounting Association’s SPARK
conference: https://doi.org/10.26226/morressier.5ecd173d6abf9730c67a8385

173


https://doi.org/10.26226/morressier.5ecd173d6abf9730c67a8385

2.along the temporal plane to extend economic transactions of the past (normal accounting)
with scheduled contracts and policies (see the scheduling layer and the policy layer in
Figure 2).

In the REA monograph to be published in 2021 by the American Accounting Association
(McCarthy et al., 2021), expansions in the aggregation plane are explained in chapter 2, while
expansions along the temporal plane are explained in chapter 3. The bottom three layers exhibited
in Figure 2 are actually the metamodel for the REA ontology expressed at MOF (Meta Object
Facility) Level-M3 (Object Management Group, 2014). In MOF terminology, Level M3 is an
abstract description of ontology categories (boxes) and their associations (labeled connecting
lines). Later in the paper, we give a MOF Level M1 explanation of how that metamodel is applied
to a particular situation (in our case, an atomic swap of bicycles for currency in collaboration
space), and even later, we describe the particular instances (like an actual bike or an actual buying
person) for our prototype (MOF Level MO instances).

Before we leave our explanation of Figure 2, however, we propose an important additional
expansion to the REA metamodel for use in collaboration space. In McCarthy et al. (2021), the
accountability layer at the bottom of Figure 2 was recommended as the normative (i.e., required)
part of an accounting business process model, while the next two layers up (the scheduling layer
and the policy layer) were proposed as informative (i.e., not required). Here we start to remove
this distinction and propose that a full business process frame of semantic components (in bold)
be anchored on an REA economic contract that bundles one or more sets of commitments that
in turn are fulfilled by economic events. This structure is a full REA contract. Moreover, we
propose further in this paper that “self-executing ‘smart contracts’ — better understood as
algorithms that automatically execute transfers of value when preprogrammed conditions have
been met” Berg et al. (2019, 3) — in collaboration space be referred to as an REA smart contract
throughout our discussion and implementation. Inthe general blockchain literature, the definition
of ‘smart contracts” varies considerably from reference to reference, but our proposal here is to
limit that definition to full REA contract models with reciprocating promises. Thusly, we propose
to define “Accounting Contracts in Collaboration Space.” Overall, Figure 2 is the design theory
for this paper.
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2.2 Distributed ledger technology

As an ideological answer to the financial crisis in 2008, Satoshi Nakamoto made the Bitcoin
blockchain available forusers wanting “cryptographic proof instead of trust”. He was tired of the
“increases transaction costs, limiting the minimum practical transaction size and cutting off the
possibility for small casual transactions” (Nakamoto, 2008, p. 1). In doing so, Nakamoto
introduced the first blockchain system by combining existing technology (asymmetric
cryptography, Merkel Tree data structures, and Proof-of-Work consensus mechanism) to solve
“the double-spending problem using a peer-to-peer distributed timestamp server to generate
computational proof of the chronological order of transactions” (Nakamoto, 2008, p. 1). In 2013,
Vitalik Buterin (2013), introduced the Ethereum blockchain network that was a new generation
of DLT platforms introducing a logic layer that was programmable and thereby allowing
participants on the network to execute arbitrary logic for everyone to run and validate. The
underlying consensus mechanism and datastructure were the same. However, with its vast energy
consumption (Li et al., 2019), the Ethereum community is planning to change its consensus

mechanism away from Proof-of-Work to Proof-of-Stake.

The Bitcoin and Ethereum blockchain networks are categorized as public permissionless, which
means that everyone can join the network and everyone has full transparency into the transactions
on the network (Xu, Weber, and Staples 2019). Importantly, robust cryptographic techniques can
be deployed readily to protect the privacy of transaction information in such a transparent network
only to authorized participants. There are also private permissioned networks, which are typically
found in supply chain consortia, where the participants of an ecosystem determine how to become
a network member and decide which permissions each participant has, e.g., the large consortia of
banks, R3. The private permissioned network belongs to the trading partner view, whereas the
public permissionless network is the only technology to date that supports the vision of an
independent view and collaboration space. This also is a way - as stated in the introduction —
public permissionless DLT systems provide the shift to the core elements of modern economics
in terms of trust within a business transaction and inherently also paves the way for a new way of

doing accounting.
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2.3 DLT in Accounting

Studieson DLT in thedomain of accounting are still maturing. Dai and Vasarhelyi (2017) propose
a potential design for a triple-entry accounting information system using a blockchain as a
repository of “accounting tokens” that represent traditional double-entry postings in a company’s
ERP system. The tokens on the blockchain should “facilitate the implementation of automatic
confirmation by automatically matching the total token value with the supplier’s account
receivable balance”. Wang and Kogan (2018) present a design for a blockchain-based transaction
processing system through a prototype demonstration using zero-knowledge proof (ZKP) and
homomorphic encryption. The goal of the design is to create a transaction system that enables
“real-time accounting, continuous monitoring and fraud prevention”. Whereas the two studies
described above present conceptual designs, Carlin (2019) discusses the ”journey beyond double

entry” and sees blockchain technology as an enabler for that without proposing a specific design.

The core design principle of each of the three studies mentioned above still rests with double-
entry bookkeeping. This means that the technological features of DLT only incrementally make
accounting processes more efficient, and the designs proposed are not radically different since
they do not change the underlying accountability infrastructure.®® These studies can then be
categorized, according to David et al. (2003), as the “trading partner” view by focusing on what
is going on from the perspective of a commerce participant inside an organization rather than
providing the perspective of a neutral observer taking the “independent” view of the shared
collaboration space outside of any particular company. Therefore, it is our study’s intent to
provide a design theory and an artifact instantiation of how an independent view could affect
ontological and technical changes to the future of accounting. This quote encapsulates our vision:
“These higher-order systems will allow users to store, access, and format their information in a
manner suited to their own goals. Additionally, these systems may enable new organizational
structures. By reducing the cost of inter-organizational coordination, small, nimble firms that
focus on one activity in the value chain can flourish, relying on the communication capabilities of

firms providing complementary services.” (David et al., 2003, p. 68).

59 Radicalinnovation is interpreted an innovation that is novel and different from current trajectory of either the

current process or the current technology (See e.g. Lynnetal. (1996), Lynnand Akgiin (1998)).
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2.4 Institutional Cryptoeconomics

Institutional Cryptoeconomics is a term coined by Vitalik Buterin —the founder of Ethereum — in
2017, and we believe that it is best explained by Berg et al. (2019). At the beginning of their book
on understanding the blockchain economy, they say that “institutional cryptoeconomics” (p. 1) is
the application of the transaction cost economics of Ronald Coase, James Buchanan, Oliver
Williamson, and Elinor Nostrom to blockchains; the distributed ledger technology first invented
by the pseudonymous Satoshi Nakamoto for the development of the Bitcoin cryptocurrency. They
state further that “institutional cryptoeconomics is the study of how blockchains interact with our
existing and future social institutions, from the nature of contracts, to the shape of the firm, to the
structures of global trade, all the way to the dynamics of capitalism and geopolitics” (p.1). They
then proceed to study a number of blockchain topics including: (1) the institutional economics of
blockchain; (2) the universal Turing institution; (3) money, equity, and the barter economy of the
future; (4) supply chains and identity; and (5) the V-form organization and the future of the firm.
Near the end of their book (p.164), they deduce that “Blockchain adoption is beginning a process
of entrepreneurially unwinding layers of accumulated market intermediation and organisational
hierarchy, and is laying down [a] new economic infrastructure.” They conclude that “Capitalism

after Satoshi will be flatter, more distributed, more trustful, and less regulated” (p.164).

Williamson (1985) argues that if the parties involved in a deal promise cooperative behavior and
that if contracts are self-enforcing, the basis for an efficient transaction exists with no
opportunistic behavior, and therefore “most forms of complex transacting and hierarchy vanish”
(1993, 97). We know, however, that moral hazard and adverse selection occur and create a need
for trust-making third parties such as lawyers, accountants, banks, etc., which take up as much as
35 percent of the US economy (Davidson et al., 2018). Untangling the concept of trust, Rousseau,
Sitkin, Burt, and Camerer (1998) describe three types of trust: institutional trust, calculative trust,
and relational trust. Institutional trust is the underlying trust in systems and institutions that the
other party will comply with certain standards. Calculative trust is the remaining trust needed to
complete the transaction, otherwise known as the search cost. Relational trust is the trust built
over time through repeated interactions between two parties, replacing the need for calculative

trust.

DLT and public permissionless blockchains with a smart contract layer, in particular, have been

categorized as “Trust Machines” (Berg et al., 2020; Berkeley, 2015). The self-executing smart
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contract ensures that a contract's promise is executed by an autonomous agent that always acts
according to the code by which it is governed. The code, in public permissionless blockchains,
e.g., is available and open for everyone to validate. This means that DLT provides a trusted,
neutral agent that replaces the need for high institutional trust in, e.g., companies, brands, or
government. At the time when Williamson made his arguments, no technology existed to create
these conditions. However, such was satisfied with the introduction of smart contracts by Szabo
(1994, p. 1), whose purpose of the design was not only to eliminate trusted third parties but also
to reduce “fraud loss, arbitration and enforcement costs, and other transaction costs.” Even though
Szabo’s vision was grand, it was not until 2013 that the innovative combinations of blockchain

technology by Buterin through the Ethereum platform made that vision a reality.

This paper does not investigate, judge, or assimilate the Berg-Davidson-Potts economic analysis
enumerated above, although we consider it to be quite sound. However, as detailed below, we
intend to use and extend one of the central components of their analysis: the microfoundations of
ledgers (Berg et al., 2019). Briefly, we propose that their essential concept of a general ledger
(which is not the same as the accounting master file of the same name®®) be replaced by
components of the independent view of the REA accounting and economic ontology.

According to Berg et al. (2019), such ledgers are databases of economic transactions that provide
“an authoritative accounting of the state of the world at a given moment in time”. Further on, at
the end of their chapter on the micro-foundations of ledgers, Berg et al. (2019) belatedly announce:
“To the extent that the rules of ledgers are shared, they have the property of semantic
interoperability: harmonisation and mutual recognition of meaning, so that relationships
expressed in one ledger have ontological equivalence with those expressed in another” (p. 72).
We contend that the Berg-Davidson-Potts notion of a ledger is too loosely defined, and it does not
sufficiently avail itself of what REA provides in abundant quantities: semantic interoperability
via its development and maintenance as an “accounting and economic ontology” (McCarthy et
al., 2021). Additionally, their goal of “an authoritative accounting of the state of the world at a
given moment in time” demands additional computational development, which we propose to

provide detailed state machine mechanics in our computational artifact. If we (somewhat

60 Berg, Davidson, and Potts (like the authors of this paper) consider double entry ledgers (“A collection of

accountingentries consisting of credits and debits” (https://en.wiktionary.org/wiki/ledger ) to be too limited of a

paradigm to constitute the semantic foundation of a blockchain ledger.
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informally) consider an atomic swap between a buyer and a seller as a “deal,” then our REA
business process state machines should always be able to tell us “where we are in the conduct of
the deal” at all times.

In the rest of this paper, we develop a designed artifact that avails itself of the declarative
(imposing classifications on observations) and procedural (consulting those semantic structures

to create knowledge further) components of the REA ontology.

3. METHODOLOGY

The building blocks of design science research (DSR) originated from engineering and the
sciences of the artificial (Simon, 1996). These were further developed by Walls, Widmeyer, and
El Sawy (1992), who introduced a framework for information systems design theory. In 2004,
Hevner et al. (2004) presented a specific framework for information systems research which we
build on in this paper. According to Gregor and Hevner (2013), a DSR paper’s contribution can
be categorized into the four segments shown in Figure 3 (routine design, improvement, invention,

and exaptation) based on the maturity (high/low) of the application domain and existing solutions.

Invention: Invent new solution for

new problem

Our solution: "Accounting
Contracts in Collaboration Space”

Low Improvement: Develop new :

solutions for known problems

Collaboration
Space

REA Ontology (Independent View)
Solution Maturity

! Routine Design: Apply known Exaptation: Extend known
High solutions to known problems solutions to new problems
High Low

Application Domain Maturity
Distributed repositories

Figure 3. Invention of accounting contracts in collaborationspace. Source: adapted from Gregor and
Hevner (2013)
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Our study contributes to the invention segment since the solution we propose - Accounting
Contracts in Collaboration Space - is novel. The solution maturity of the independent view of the
REA ontology is low because actual applications are limited as of 2021, and the maturity of the
application domain of distributed repositories is also considered below. Thus, we place our
prototype efforts in the top-right invention box of Figure 3.

This study follows Peffers, Tuunanen, Rothenberger, and Chatterjee’s (2007) model of six
activities, which builds on the DSR paradigm presented by Hevner et al. (2004). In activity 1
(identify problem and motivation), we present the theoretical arguments described in our paper’s
initial sections. In activity 2 (define objectives of a solution), we define the scenarios that the
artifact should be able to run. Specifically, we choose two business-to-business transactions
between two companies exchanging bicycles: one transaction that runs straight through without
exceptions and one that is incomplete. We show that our state machine is able to handle different
types of exchange conversations. In activity 3 (design and development), we model the two
business transactions by unfolding the exchange of documents that follow the Universal Business
Language (UBL) standard and represent our scenario components in extensible markup language
(XML). While converting the scenarios from logic to XML, we build a Python-based XML-to-
Solidity converter so that the scenarios represented as XML state machines can be implemented
on a blockchain. Atthis point, we start to discuss our blockchain database as a distributed business
transaction repository (DBTR) as specified in ISO/IEC 15944-21 (2020). Our converter then
takes the XML and converts it into Solidity smart contract code. The reason we choose Solidity
asaprogramming language is that the Ethereum virtual machine (EVM) is implemented in various
platforms within the blockchain marketplace (for example, Quorum, Hedera, Tron). The authoring
of the state machines in XML is independent of any particular DLT and its programming
language, such that the scenarios are able to be implemented in any blockchain smart contract
environment.

In activities 4 and 5 of the Peffers et al. methodology (demonstration and evaluation), we assess
whether or not the smart contract behaves as expected (according to the prescribed scenarios) by
running tests using Truffle, which is a “testing framework and asset pipeline for blockchains using

the EVM” .61 Using Truffle optimizes the cycle time between the design, development, and test

61 Further explanation of the Truffle test framework is given here: https://www.trufflesuite.com/truffle
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phases of artifact design because Truffle creates a local blockchain on the computer that is
equivalent to an EVM-based blockchain such as Ethereum. It is important to notice that the
iteration along activities 2-5 happens fluently during our study, as Peffers et al.’s (2007) model
also explains. Further, the evaluation of the artifact is methodologically grounded in Venable,
Pries-Heje, and Baskerville’s (2016) “pure technical” appraisal since the nature of the setting is
artificial (no test persons), and the iterations of the evaluation move along the horizontal axis from
formative to summative as knowledge accumulates. Further, Venable et al. (2016) describe the
section criteria for purely technical artifacts as “If [the] artefact is purely technical (no social
aspects) or [if the] artefact use will be well in [the] future and not today,” This matches our
purpose here. Inactivity 6 (communication) of our paper, we discuss our contribution to the field
of accounting, and then we conclude with some last thoughts about the higher-level purposes of
our work. As a final note on methodology, we mention here that all code used to build and test
our artifact is available on GitHub. The use of this repository will enable scholars and practitioners

in their efforts to evaluate and extend our contributions 62

4. ARTIFACT DESCRIPTION

4.1 The Case of Bill’s Bikes Manufacturing

For our example proof of concept of an REA business process state machine in collaboration
space, we choose to use a simplified example developed from a graduate accounting database
design class: Bill’s Bikes Manufacturing (BBM) which sells bikes at wholesale to a variety of
retail bike shops, which in turn often customize those bikes for individual bikers.

A simplified REA value chain (a trading partner view of how a company purports to create value
(Porter, 1985)) for BBM s illustrated in Figure 4, where each oval represents a separate business
process (16 total in our example) that cumulatively builds the linkage to a final portfolio of

attributes of value presented to customers in the revenue cycle (Lancaster, 1975).

Each business process has at least two REA Economic Events: a decrement economic event
signaled by a minus sign and an increment economic event signaled by a plus sign. The labeled

arrows going into a business process represent economic resources consumed by the decrement

62 See the code on https://github.com/Jonassveistrup/accounting-contracts-in-collaboration-space
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events, while the arrows coming out of the business process represent economic resources
acquired by the increment events. The dotted arrows represent the acquisition and consumption
of employee labor. BBM proposes to move its revenue cycle (sales requited by cash receipts) out
to collaboration space where it will transact exchanges with bike shops like our chosen example
—Jonas’s Bike Shop (JBS). Using the language of Berg et al. (2019), this might be the first step
in transitioning to a flatter, less hierarchical, more distributed, and more trustful environment. For
example, in the future, they might consider inviting open participation in their three logistics
processes (truck acquisition, fuel acquisition, and logistics) or in their two advertising processes
(advertising services acquisition and advertising campaign construction). For our design artifact,
however, we will limit implementation to the BBM revenue cycle.
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The movement to collaboration space means that the redundant trading partner views of BBM’s
revenue cycle and JBS’s acquisition cycle now collapse to the non-redundant independent view
(one source of the truth) in the distributed business transaction repository (DBTR). We illustrate
this in Figure 5, where we portray the logistics cycle of BBM linked to the DBTR in
collaboration space and then further on to the customization process of JBS. The shipment

event in collaboration space could be seen as a sale for BBM and a purchase for JBS, but its data
is stored only once.
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Figure 5. The role of the distributed business transaction repository in the supply chain

More details on this REA process implementation are fully illustrated in Figure 6, which gives
actual attributes for each implemented business object on the DBTR. Readers should note that the
process datamodel (see Figure 6) is a MOF Level-1 REA implementation that conforms to the
independent view REA metamodel of Figure 2. Figure 6 portrays the architectural lattice for our

proposed business process state machine.
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Figure 6. The collaborationspace contract for BBM and JBS (MOF Level-1)

In Table 1, we partially illustrate some of the instance data for our artifact example with three

occurrences for the Party class, two occurrences for the Product Type class, and 16 occurrences

for the Product class. Readers should note that as we proceed downward in MOF levels from

Figure 2 (M2) to Figure 6 (M1) to Table 1 (MQO), we become less abstract and more concrete.
Figure 2 is the REA design theory for our artifact, Figure 6 is the application of that metamodel

to the collaboration space between BBM and JBS, and then, finally, Table 1 shows actual

instances, such as “PC001” which represents an actual green bike.

‘ HE Instance 1D Instance description

Party P100 BB\ - Bike manufacturer (seller)
Pe00 JBM - Bike shop (buyer)
P300 Taxing authority

Product type PTL Green sportbike
PT2 Red sportbike

Product PCO01-011 11 instances of green sports bike
PC100-104 5 instances of red sports bike

Table 1. Instance-level data for agents and resources (MOF Level-0)
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The orchestration of business events for an REA state machine follows the aggregation links
shown on the workflow level at the top of Figure 2. An Economic Contract (which is a bundle of
promises) governs the choreography for a Business Process. Business Processes, in turn, are
aggregations of Business Process Phases (planning, identification, negotiation, actualization, and
post-actualization) as specified in ISO/IEC 15944-1 (2001) and elaborated further in McCarthy et
al. (2021). And finally, the movement through phases is propelled by Business Events that change
the states of the business transaction objects. Those business objects are instances of the classes

specified in the M1 class diagram of Figure 6.

When two parties participate in a proposed exchange, the messaged conversations they engage in
are termed a “conversation for action” (Flores, 2012). In our example, the conversation for action
between BBM and JBB consists of a set of Business Events specified using the exchange of UBL
documents. In our artifact, we show two different business transaction occurrences between a
seller (BBM) and a buyer (JBS), one process fully completed, and one partially completed. The

conversation for action for the first is illustrated in Figure 7.

Buyer: Please send catalouge

Seller: Here is catalogue

Buyer: Do vou have the green bikes that | want?

Seller: Yes, | have the bikes that you want

Buver: Okay, here is an order (contract) for green bikes

Seller: Deal! The order is acceptable

Buver: Okay, here is the payment (to be released upon invoice receipt)
Seller: Thank vou, | have dispatched 10 green bikes

Buver: Thank vou, | have received 10 green bikes

. Seller: We're square, here is your invoice g

Planning

Identification

Negotiation

Actualization

. N ey N

b
(=)

Figure 7. An example “conversationfor action” — a choreography of business events that triggersstate
changes

4.2 Blockchain-artifact description

The artifact presented in this study is an instantiation type (March & Smith, 1995) and a prototype
of how a DLT system could look when representing a distributed business transactions repository.

This section describes the assumptions made during the creation of that artifact, our reasons for
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choosing a public platform, and a thorough description of our implementation with state machine

mechanics.

For the artifact, we assume that the REA smart-contract will be instantiated on a public ledger that
supports general computation. For our specific case, we instantiate it as a Solidity smart contract
for EVM-based blockchains. To ensure the integrity of the system, the contract shall be non-
updateable, and it should specify the transitions and rules of the REA state machine to the fullest.
Further, it must be a public ledger such that any party who wishes to can investigate the history
of the transaction. Given the history of the network, which is inherently stored in the ledger, it is
possible to fully playback the series of events if such a repetition is of interest. While we have
certain helper contracts, we will not go over these in detail as they are merely for convenience.
We introduce next the three main smart contracts of theartifact: (1) the currency, (2) the inventory,
and (3) the REA-contract. For demonstration purposes, we do not employ any of the cryptographic
techniques required to make the publicly available information protected for viewing by only

authorized participants.

The currency is a stablecoin emulating the Dai stablecoin.53 We have chosen Dai in our
instantiation because it is widely used in the Ethereum ecosystem and uses the Ethereum fungible
token standard ERC20, making it easy to integrate.®* The inventory is constructed so as to ensure
that a seller is incapable of double-spending goods (i.e., selling the same item multiple times
without being caught). The contract is a large store of items, where each item has a state, type,
price, description, and seller. The most important job of the inventory is to keep track of the states
of the item and make sure that only its seller can progress the state from available to unavailable
when the item is sold. We enforce these rules with a global store of states; hence, a transfer-
specific item state would provide no guarantees on the items' true availability. Furthermore, the
global inventory is a control mechanism, as it supports access controls on who can perform what
actions. This means that the inventory can be implemented so that only verified sellers can create
items. Because the access control is enforced directly in the contract, the granularity makes it

possible to specify what type of products a seller can create and sell.

63 See more aboutthe stablecoin DAI here: https://makerdao.com/en/

64 Read more aboutthe ERC20 standard here: https://ethereum.org/en/developers/docs/standards/tokens/erc-20/
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The REA smart contract is a mechanism for controlling the flow of a deal, a finite state machine

with clearly defined stimuli. Itis implemented, as seen in, enforcing rules on who can perform

what actions in which sequence. This means that it is impossible to progress the state of the deal

in an unspecified manner. Further, it implies that with a proper state machine specification, safety

is ensured, and the worst thing that can happen is that the deal does not progress. These defined

rules mean that certain business events such as a despatch-advice are only possible if all the items

are available, and payments are enforced in such a manner that either you pay value-added tax

(VAT) and the seller or no payment is performed at all.5°

request-

. catalogue
——»

response-simple

-accept

State 1 State 2 request- State 3
catalogue ) goutation —
0: planning —— | 0: planning —— | 0:identification
0: catalogue-requested D: catalogue-received D: guotation-requested
goutation
State b State 4
0: negotiation <«—— 0:identification
D: order-received D: quotation-received

response-simple-reject

response-
l counter order l

State 9 i State 8 State 7 State 6

L advice . . o
0: actualization 0: actualization 0: negotiation 0: post-actualization
D: paid D: order-accepted D: counter-order-received 0: abandoned

l despatch-advice

State 10 receipt- State 11 @ stat
0: actualization <« 2% | p. actualization LN @ @ End
D: despatched D: goods-received [] State

Figure 8. State machine

With the Figure 8 outline in mind, we provide a short description of the individual stimuli and the

states that occur throughout the flow of the deal. We have marked actions that only the seller can

65 See how the current VAT process works in the appendix
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perform with a dashed line and actions that only the buyer can perform with a dotted line (for
example, only the buyer in a deal can perform request-catalogue). Further, we note that users may
abandon the deal at any state, leading to the post-actualization abandoned state. We have not
drawn these edges in Figure 8 to enhance readability. Note that if a buyer was to abandon a deal
prior to payment, but after the goods have been sent, the blockchain contract can be used as

evidence that he or she acted opportunistically.

4.3 State machine mechanics

A state machine is a graph that consists of vertices (called states) and edges (called stimuli). For
a given state, it is possible to alter the state using the stimuli at an outgoing edge. If one provides
a stimulus to some state that does not have an outgoing edge with that stimulus, there is no change
in state, and the state transition is rejected. With this in mind, we review the different kinds of
stimuli that can be performed on our machine. The value “0” in the state is the Business Process
Overview state, and “D” is the Business Process Detail state.

Our state machine is initiated by request-catalogue where the buyer requests a catalog. The next
stimulus is the actual catalogue, where the seller provides a catalog to the buyer. The request-
quotation is carried out by a buyer who provides a list of goods that are needed for purchase from
the seller. The list is not binding. An example might be "1 blue bike and 1 bell.” Next is the
quotation where the seller provides a status on the goods that the buyer initially wanted. After
ensuring the availability of the quotation, the order is where the buyer provides a list of goods
that he is ordering. Note that this stimulus can be performed from two different states (5 and 7).
The cycle means that parties can negotiate until the seller either accepts (response-simple-accept)
or rejects (response-simple-reject) the order. If the seller wants to negotiate, he or she can provide
a response-counter, which is a rejection of the order that the buyer provided, but answers with a
counter-order. When the seller accepts the order, he or she will specify what exact items are to be
transferred.

Assuming that the buyer and seller agree at some point in time, the buyer will perform the
remittance-advice meaning that the buyer reserves in the smart contract the payment both to the
seller and to the tax agency. Following this payment, the despatch-advice shows when
the seller loads the goods. The state will only transition if every specified good is of the correct

type and is available in the inventory. The receipt-advice is where the buyer notes that the goods
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have been received, and the invoice is where the seller completes the business transaction, thus
triggering the transfer of the reserved funds out of the smart contract.

Figure 9 portrays the process-level DBTR mechanics for the first three steps of a business process,
and readers should note how it relates to the workflow structures at the top of Figure 2. A process
proceeds through its overview phases (planning, identification, negotiation, actualization, and
post-actualization) propelled by business events which are actually the exchanges of UBL

documents (Business Process Detail).

Processes 1 w Processes 1
Business Process Detail W Business Process Overview

Business Process Detail Business Process Overview

[ catalogue-requested
[ catalogue-received
[ quotation-requested
[ quotation-received
[J order-received

[J planning

[ identification

[ negotiation

[ actualization

[ post-actualization

request-catalogue

+ ] catalogue-requested
E [ catalogue-received
! [ quotation-requested
+ O quotation-received
+ O order-received

" [ planning

E: [ identification
:: [ negotiation
:: [ actualization

,E [ post-actualization

[ counter-order-received + O counter-order-received j* ==============«
O order-accepted + O order-accepted :
O paid : O paid :
O despatched Iniial State | Clnesgishal : State 1
[ goods-received ; [ goods-received !
[J abandoned 1 [J abandoned ’
[ completed + O completed 1

I

catalogue

Processes 1 w Processes 1 w Processes 1

, Processes 1

Business Process Detail 1w Business Process Overview Business Process Detal 1, Business Process Overview

E catalogue-requested
. [ catalogue-received
! O quotation-requested
+ O quotation-received
+ O order-received

E: planning

w [ planning . E
u [ identification :

' [X] catalogue-requested ' -
u [ identification -
L ]

E catalogue-received

! ™ quotation-requested
* O quotation-received

1 O order-received

:: [ negotiation
» D actualization
:: [ post-actualization

:E [ negotiation
4 [ actualization

w01 post-actualization request-quotation

+ O counter-order-received j==============« v O counter-order-received j*==============4
+ O order-accepted . + O order-accepted :

» O paid : + O paid :

E [ despatched E State 3 E [J despatched E State 2

: [ goods-received ' : [ goods-received :

' [ abandoned : + [ abandoned y

+ O completed i 1 O completed )

Figure 9. The DBTR state machine first three steps

190



5. EVALUATION

5.1 Scenarios

To instantiate our overall state machine, we outline two scenarios as practical examples of how
an independent view state machine would work. Scenario 1 starts on the 15t of June where the bike
shop (buyer) orders ten green bikes to be delivered on the 15" of June from the bike manufacturer
(seller). The payment for the ten green bikes, a total value of 12,000 Dai (1,200 Dai for each bike),
is completed on the 10™ of June. Scenario 2 startsa month later, on the 15tof July, where the bike
shop (buyer) orders five red bikes to be delivered on the 15" of July from the bike manufacturer
(seller). However, we pause the scenario on the 12 of July before the second bike shipment
occurs. In each scenario, planned payment and actual payment include the planned and actual

VAT amount based on the sales price.

5.2 Evaluation through Truffle

In our evaluation of the prototype, we instantiated scenario data (see Table 1) into Truffle. For
our instantiation, we had four parties: buyer, seller, tax agency, and bank. In the production
implementation, there should be no bank because we would use Dai directly. However, we used
a bank as the creator of some placeholder Dai for the purpose of showcasing the system.

As seen in Figure 10, we initially created the emulated Dai and transferred 100,000.00 to the
buyer. Afterproviding the buyer with funds, two item types were created (the green and red sports
bikes). After that, the seller instantiates 11 green bikes of 1,200.00 Dai each and five red bikes of
800.00 Dai each. Finally, JBS (the buyer) initiates an REA smart contract between itself and the

seller.
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beforeEach('Setup for each test', async function() {
// Setup currency, cap = 1 a
dat = await DAL.new({from: bankl});

// Transfer 100000 dai to the buyer. Recall 18 decimals.
await dai.transfer(buyer, BigNumber(100000).times(1e18), {from: bank}};

inventory = await Inventory.new(dai.address, {from: tax});

await inventory.createltemType("Green sports bike");
awalt inventory.createltemType("Red sports bike"};

// Create 11 green bikes of price 1208 and 5 Red of price 800
for (let 1 =8 ; 1 < 11; i++){
await inventory.createItem(®, "#" + i, BigNumber(1200).times(1el8), {from: seller}};
if (1< 5){
await inventory.createItem(l, "#" + i, BigNumber(800).times(1el8), {from: seller});
}
¥

// Create REA smart contract with between seller and buyer with the specified inventory.
rea = await REA.new(inventory.address, seller, {from: buyer})

1

Figure 10. Test instantiation

Figure 11 shows eight selected tests that we ran for the final evaluation. These eight were chosen

because they encapsulate the most critical aspects of our exchange process.

Contract: REA with inventory
v Happy path, no negotiation (1886ms)
v Happy path with re-negotiation (1785ms)
v Happy path with seller rejecting (1271ms)
v Buyer with (amount < funds < vat + amount) unable to execute remittance_advice (11042ms)
v Buyer unable to accept order on behalf of seller (727ms)
v Buyer unable to perform despatch (1573ms)
v Seller unable to perform receipt-advice (5044ms)
v Seller unable to double-spend items, e.g., have the same item in two orders (4310ms)

8 passing (1m)

Figure 11. Evaluation output of automated test

The first three tests are all in what is called the “happy path”, where no user behaves maliciously
or unexpectedly. Test 1 is the shortest path through the state machine, with everything going
according to plan. Intest 2, the buyer and the seller are negotiating (moving from state 5 to state
7 in Figure 8), and in test 3, the seller rejects the buyer (state 6). In test 4, the buyer has enough
money to pay the seller but notenough to pay the VAT to the tax agencies. Therefore, the machine
is unable to execute the entire transaction. Intest 5, the buyer tries to accept an order on behalf of
the seller but is unable to do that (which is the expected outcome). In test 6, we ensure that the
seller is the only one able to perform despatch-advice transition. Similarly, in test 7, we make sure
that it is only the buyer that can perform receipt-advice transitions. And finally, in test 8, we check
for double-spending of items meaning that we evaluate whether the same item can be sold twice

(it cannot).
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With all tests passed, we conclude that the implementation of the state machine follows the
specification and since the specification is useful, so is the artifact. Further, it proves the technical

feasibility of economic agents moving their transactions into the collaboration space.

5.3 Materialization of Account Balances

In REA theory, the provision of account balances for uses like the preparation of financial
statements is (by default) effected with procedures instead of declarations (Gal & McCarthy,
1983, 1986); that is, such balances are database views (McCarthy, 1982; Nittler, 2018). McCarthy
et al. (2021) formalized this distinction and proposed a procedural hierarchy for account
materialization based on Statement of Financial Accounting Concepts No. 6 - Elements of Financial
Statements (Financial Accounting Standards Board, 1985) within a trading partner view of an
enterprise’s economic activities. As illustrated in Figure 12, this means that “Each trading partner

extracts information from the DBTR as if it is light seen through different prisms” (Holman,

2019).
Purchases Cash 1{:::;’3515"5 Sales Cash
Debit | Credit Credit : ™ EEETS = Credit  Debit
Debit | Credit Credit Buyer's prism S E % E seller's prism Credit Debit
The history of

Buyer’s journal g;g;}tggg; Seller’s journal
Date Debit actity Date Credit
Date Credit m Date Debit
Date Debit - Date Credit

Date Credit Date Debit

Figure 12. Components of general ledgers as database views. Source: Adapted from Ken Holman
presentation at Exchange Summit Singapore on November 4, 2019

For both JBS (the buyer) and BBM (the seller) in our example scenarios, views materialized
immediately after our two business transactions would necessitate the following:

e For BBMon transaction #1, entries toaccounts for sales, currency account balances, and
VATIn, plus quantity delivered for green bikes to be used in calculating cost-of-goods-

sold internally. For transaction #2 (incomplete), no entries would be needed.
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e For JBS on transaction #1, entries for purchases, currency account balances, and

VATOut, for transaction #2, entries for products-receivable and prepaidVATOuUL.

Code for producing these materializations was invoked for our prototype, with the results shown

in Figure 13. For actual companies, these materialization procedures would be done separately

for each firm, depending on their reporting requirements.

-~

SO NV R SN

Initial

"deals":{
"0x2E2D...ad":{

"productsreceivable”:"@",

"prepaidvatout":"e",
"expectedVat":"@",
"expectedAmount":"0",
"balance":"0"
T
"OxB6BA. ..4f":{

"productsreceivable":"@",

"prepaidvatOut":"e",
"expectedvat":"0",
"expectedAmount":"@",
"balance":"0"

s
"sellerBalance":"0",
"buyerBalance":"100000",
"taxBalance":"0",
"buyerItems":{

+
"sellerItems":{
"Green sports bike":11,
“Red sports bike":5
}

6. DISCUSSION

Intermediate

1{
2 "deals":{
3 "@x2E2D...ad":{
4 "productsreceivable”:0,
5 "prepaidvatOut”:0,
6 "sellervVatIn":"3000",
7 "buyerVatOut":"3000",
8 "sales":"12000",
9 "purchases":"12000",
10 "deliveries":{
11 "Green sports bike":10
12 s
13 "expectedVat":"3000",
14 "expectedAmount":"12000",
15 "balance":"0"
le T
17 "@x86BA. . .4f":{
18 "productsreceivable":"@",
19 "prepaidvatQOut":"@",
20 "expectedvat":"0",
21 "expectedAmount":" 0",
22 "balance":"0"
23 }
24 }

s
25 "sellerBalance":"12000",
26 "buyerBalance":"85000",
27 “taxBalance":"3000",

28 “buyerItems":{

29 "Green sports bike":10
3¢},

31 "sellerItems":{

32 "Green sports bike":1,
33 "Red sports bike":5

34 }

35 }

Figure 13. Materialization snapshots

6.1 Methodology for the DBTR state machine

Final

1
2 "deals":{

3 "Ox2E2D1. ..ad":{

4 "preductsreceivable”:o,
5 "prepaidvatOut":o,

6 "sellerVatIn":"3000",

7 "buyerVatOut":"3000",

8 "sales":"12000",

] "purchases":"12000",

10 "deliveries":{

11 “Green sports bike":10
12 s

13 "expectedVat":"3000",

14 "expectedAmount”:"12000",
15 "balance":"@"

16 o

17 "Ox86BA. . .4f":{

18 "productsreceivable":"4000",
19 "prepaidVatQut":"100@",
20 "expectedVat":"1000",
21 "expectedAmount" :"4000",
22 "balance":"5000"
23 }
24 }

s
25 "sellerBalance”:"12000",
26 "buyerBalance":"80008",
27 “taxBalance":"3000",

28 "buyerItems":{

29 "Green sports bike":10
30 5

31 "sellerItems":q{

32 "Green sports bike":1,
33 "Red sports bike":5

34 }

35 }

During our development and evaluation phases (activities 5 and 6), we used GitHub as a repository

for version control of the different iterations of state machines and the smart contract code. By

keeping track of the iterations and visualizing each of the state machines (see, for example, a

snapshot illustrated as Figure 14), the phase transitions between development and evaluation

happened easily and transparently as learning from each version was codified.
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Figure 14. The DBTR state machine snapshot

In doing our development this way, the changes became visible for every member of the research
team. This technique not only followed the core idea of Hevner et al. (2004) through the
build/evaluate loop and Peffers etal. (2007) for activities 5 and 6, it also aided knowledge creation
for the various fluctuations of the state machines and smart contract code within the team. This
approach also matched the evaluation strategy from Venable et al. (2016) as the iterations served
to accumulate knowledge and move from formative to summative on the horizontal axis in their

Framework for Evaluation in Design Science.

6.2 Implications for collaboration space

In section 2, we analyzed how the combination of DLT and REA might affect the economic
constructs of transaction cost, trust, and organizational boundaries in the context of a business-to-

business transaction. With the evaluation of the prototype, we can discuss what this means.
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Since the smart contract code and, therefore the REA state machine is available for everyone to
inspect, that platform institutionalizes the trust levels organizations need today to build and
prosper in e-commerce. The two strategic options, build or buy, have been discussed by managers
in practice and in the academic literature since the introduction of organizational boundaries by
Coase (1937). With the introduction of blockchain technology and the suggestion of collaboration
space use, firms need to consider a third option: network (as also mentioned by Berg etal. (2019)).
This means that instead of having a binary mindset of either/or, the network option provides an
opportunity for co-creating and co-owning information, assets, and individual representations of
assets in the forms of tokens in a network among suppliers, vendors, competitors, customers, and
governmental agents. Even without blockchain technology, organizations have been forming
such partnerships. However, the effectiveness of solidifying parts of a business contract into code
is the turning point that supports a true alternative to build or to buy. This third option may also
imply changes to what Simon (1996) conceptualizes as an artifact, an interface between an inner
and outer environment. Our artifact created a radical new interface between these two
environments since the interpretation of what constitutes inner vs. outer is not binary and includes

collaboration space instantiated as the DBTR.

6.3 Further developments

Future iterations of the prototype that we have for DBTR could include Zero-Knowledge Proofs
(ZKP) technique introduced by Goldwasser, Micali, and Rackoff (1989). A ZKP is a technique to
share knowledge without sharing data by using mathematical proof. For example, a seller could
prove a buyer having enough liquidity to pay for a given order without revealing how much
liquidity the buyer has. In the case of the DBTR, this would mean that designs including ZKP
could provide the needed and aspired transparency for transacting parties and tax agencies without
needing to reveal every detail of every transaction to everyone on the network. ZKP could prove
valuable in the search for replacing institutional trust with a trustless system, the combination of
REA smart contracts, DLT, and ZKP, such that transaction cost for all involved parties would
decrease while ensuring high levels of reporting and tax compliance. In the case of our prototype,
the business events could be contained within a ZKP. Even though Wang and Kogan (2018) use
ZKP in the context of double-entry bookkeeping, they still provide a good example of how ZKP

can be incorporated within the domain of DLT and accounting.
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7. CONCLUSIONS

Research that combines the field of accounting (which in the last 50 years is essentially positive
in research outlook with its empirical orientation) with the field of computer science (which is
essentially normative with its engineering orientation) is relatively rare in 2021. Fortunately, the
design science approach of Hevner et al. (2004), Peffers et al. (2007), and Gregor and Hevner
(2013) does provide us with a methodological road map for this combination. However, long
before Hevner et al. crystalized the term design science in 2004, there were notable computer
scientists who provided examples and inspirational guidance of a higher nature (societal benefit)
for such combination attempts. For us in particular, we notethe wordsof Alan Newell and Herbert
Simon in their Turing Award lecture (1976, 114):

“Computerscience is an empirical discipline. We would have called it an experimentalscience, but like astronomy,
economics, and geology, some of its unique forms of observation and experience do not fit a narrow stereotype of
the experimental method. None the less, they are experiments. Each new machine that is built is an experiment.
Actually constructing the machine posesa question to nature; and we listen for the answer by observing the machine
in operationandanalyzing it by all analyticaland measurement means available. Each new program that is built is
an experiment. It poses a question to nature, and its behavior offers clues to an answer. Neither machines nor
programs are black boxes; they are artifactsthat have been designed, both hardware and software, and we can open
them up and look inside.

We can relate their structure to their behaviorand draw many lessons from a single experiment...We build computers
and programs for many reasons. We build them to serve society and as tools for carrying out the economic tasks of
society. But as basic scientists we build machinesand programs as a way of discovering new phenomena and
analyzingphenomena we already knowabout. Society often becomesconfused about this, believing that computers
and programs are to be constructed only for the economic use that can be made of them (or asintermediate items in
a developmental sequence leading to such use). It needsto understand that the phenomena surrounding computers
are deep and obscure, requiring much experimentation to assess their nature. It needs to understand that, as in any
science, the gains thataccrue from such experimentation and understandingpay off in the permanent acquisition of
new techniques; and that it is these techniques that will create the instruments to help society in achieving its goals.”

We have followed the advice of these two exemplars in constructing new methods here for
building accounting contracts in the independent collaboration space of e-commerce, and we
certainly found some techniques (for example, REA state machine mechanics) that need further
examination. Our approach is built on two recently-conceived computer science advances: the
development of ontologies (as evidenced in accounting by McCarthy et al. (2021)) and the
development of DLT technology (as evidenced by Nakamoto (2008) and Buterin (2013)).
Schumpeter (1934, 1942) once described radical innovation as the key to economic development
through a process of creative destruction leading to a revolutionary change —a breakthrough in
product, process, or organization. We believe that here we have taken some of the early steps in

promoting radical innovation to build better accounting transaction systems.
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Appendix

Danish VAT settlement process

As shown in Figure 15, Danish companies must carry out the current VAT settlement process
follows a five-step procedure. Step 1 involves transactions between corporate trading partners and
the execution of actual business transactions. Step 2 involves recording transactions onto an
accounting record using an enterprise system (most companies use an ERP for this). Instep 3, a
VAT statement is prepared. Some ERP systems perform this step automatically. Depending on
the software used and/or the complexity of the transactions involved in a given time period, VAT
statements' preparation may require considerable manual work. Step 4 involves uploading the
VAT declaration to the tax authority web portals by keying in figures or uploading a file. Step 5
assumes that a company will either pay or receive a VAT to/from the tax authorities depending
on whether VAT receivables (related to purchases) or VAT payables (related to sales) comprise

the larger figure.

T ® 2 o 0 :
: T . i i Prep. VAT Upload VAT Pay/deduct :
| ransactions ——| Ledger postings ——>| oot | statement [ VAT :

Figure 15. Danish VAT settlement process
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samme drem?

Et phronetisk baseret casestudie af
frigerelsens og kontrollens sam-
eksistens | vaerdibaseret ledelse!

Kristina Birch
Statistical Modelling in Marketing

Signe Poulsen

Sense and sensibility:

The language of emotional appeals in
insurance marketing

Anders Bjerre Trolle
Essays on derivatives pricing and dyna-
mic asset allocation

Peter Feldhtter
Empirical Studies of Bond and Credit
Markets

Jens Henrik Eggert Christensen
Default and Recovery Risk Modeling
and Estimation

Maria Theresa Larsen

Academic Enterprise: A New Mission
for Universities or a Contradiction in
Terms?

Four papers on the long-term impli-
cations of increasing industry involve-
ment and commercialization in acade-
mia
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Morten Wellendorf
Postimplementering af teknologi i den
offentlige forvaltning

Analyser af en organisations konti-
nuerlige arbejde med informations-
teknologi

Ekaterina Mhaanna
Concept Relations for Terminological
Process Analysis

Stefan Ring Thorbjarnsen

Forsvaret i forandring

Et studie i officerers kapabiliteter un-
der pavirkning af omverdenens foran-
dringspres mod @get styring og leering

Christa Breum Amhg;

Det selvskabte medlemskab om ma-
nagementstaten, dens styringstekno-
logier og indbyggere

Karoline Bromose

Between Technological Turbulence and
Operational Stability

— An empirical case study of corporate
venturing in TDC

Susanne Justesen

Navigating the Paradoxes of Diversity
in Innovation Practice

— A Longitudinal study of six very
different innovation processes — in
practice

Luise Noring Henler
Conceptualising successful supply
chain partnerships

— Viewing supply chain partnerships
from an organisational culture per-
spective

Mark Mau

Kampen om telefonen

Det danske telefonveesen under den
tyske besaettelse 1940-45

Jakob Halskov

The semiautomatic expansion of
existing terminological ontologies
using knowledge patterns discovered



29.

30.

31.

32.

33.

34.

35.

36.

2008

on the WWW - an implementation
and evaluation

Gergana Koleva

European Policy Instruments Beyond
Networks and Structure: The Innova-
tive Medicines Initiative

Christian Geisler Asmussen
Global Strategy and International
Diversity: A Double-Edged Sword?

Christina Holm-Petersen

Stolthed og fordom

Kultur- og identitetsarbejde ved ska-
belsen af en ny sengeafdeling gennem
fusion

Hans Peter Olsen

Hybrid Governance of Standardized
States

Causes and Contours of the Global
Requlation of Government Auditing

Lars Bage Sgrensen
Risk Management in the Supply Chain

Peter Aagaard

Det unikkes dynamikker

De institutionelle mulighedsbetingel-
ser bag den individuelle udforskning i
professionelt og frivilligt arbejde

Yun Mi Antorini

Brand Community Innovation

An Intrinsic Case Study of the Adult
Fans of LEGO Community

Joachim Lynggaard Boll

Labor Related Corporate Social Perfor-
mance in Denmark

Organizational and Institutional Per-
spectives

Frederik Christian Vinten
Essays on Private Equity

Jesper Clement
Visual Influence of Packaging Design
on In-Store Buying Decisions
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Marius Brostream Kousgaard

Tid til kvalitetsmaling?

— Studier af indrulleringsprocesser i
forbindelse med introduktionen af
kliniske kvalitetsdatabaser i speciallae-
gepraksissektoren

Irene Skovgaard Smith
Management Consulting in Action
Value creation and ambiguity in
client-consultant relations

Anders Rom

Management accounting and inte-
grated information systems

How to exploit the potential for ma-
nagement accounting of information
technology

Marina Candi

Aesthetic Design as an Element of
Service Innovation in New Technology-
based Firms

Morten Schnack

Teknologi og tveerfaglighed

—en analyse af diskussionen omkring
indfarelse af EPJ pa en hospitalsafde-
ling

Helene Balslev Clausen

Juntos pero no revueltos — un estudio
sobre emigrantes norteamericanos en
un pueblo mexicano

Lise Justesen

Kunsten at skrive revisionsrapporter.
En beretning om forvaltningsrevisio-
nens beretninger

Michael E. Hansen

The politics of corporate responsibility:
CSR and the governance of child labor
and core labor rights in the 1990s

Anne Roepstorff

Holdning for handling — en etnologisk
underseqgelse af Virksomheders Sociale
Ansvar/CSR



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Claus Bajlum
Essays on Credit Risk and
Credit Derivatives

Anders Bojesen

The Performative Power of Competen-
ce —an Inquiry into Subjectivity and
Social Technologies at Work

Satu Reijonen

Green and Fragile

A Study on Markets and the Natural
Environment

llduara Busta
Corporate Governance in Banking
A European Study

Kristian Anders Hvass

A Boolean Analysis Predicting Industry
Change: Innovation, Imitation & Busi-
ness Models

The Winning Hybrid: A case study of
isomorphism in the airline industry

Trine Paludan

De uvidende og de udviklingsparate
Identitet som mulighed og restriktion
blandt fabriksarbejdere pa det aftaylo-
riserede fabriksqulv

Kristian Jakobsen
Foreign market entry in transition eco-
nomies: Entry timing and mode choice

Jakob Elming
Syntactic reordering in statistical ma-
chine translation

Lars Brgamsge Termansen

Regional Computable General Equili-
brium Models for Denmark

Three papers laying the foundation for
regional CGE models with agglomera-
tion characteristics

Mia Reinholt
The Motivational Foundations of
Knowledge Sharing
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Frederikke Krogh-Meibom

The Co-Evolution of Institutions and
Technology

— A Neo-Institutional Understanding of
Change Processes within the Business
Press — the Case Study of Financial
Times

Peter D. @rberg Jensen

OFFSHORING OF ADVANCED AND
HIGH-VALUE TECHNICAL SERVICES:
ANTECEDENTS, PROCESS DYNAMICS
AND FIRMLEVEL IMPACTS

Pham Thi Song Hanh

Functional Upgrading, Relational
Capability and Export Performance of
Vietnamese Wood Furniture Producers

Mads Vangkilde

Why wait?

An Exploration of first-mover advanta-
ges among Danish e-grocers through a
resource perspective

Hubert Buch-Hansen

Rethinking the History of European
Level Merger Control

A Critical Political Economy Perspective

Vivian Lindhardsen

From Independent Ratings to Commu-
nal Ratings: A Study of CWA Raters’
Decision-Making Behaviours

Gudrid Weihe
Public-Private Partnerships: Meaning
and Practice

Chris Ngkkentved

Enabling Supply Networks with Colla-
borative Information Infrastructures
An Empirical Investigation of Business
Model Innovation in Supplier Relation-
ship Management

Sara Louise Muhr
Wound, Interrupted — On the Vulner-
ability of Diversity Management
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Christine Sestoft
Forbrugeradfaerd i et Stats- og Livs-
formsteoretisk perspektiv

Michael Pedersen

Tune in, Breakdown, and Reboot: On
the production of the stress-fit self-
manaqging employee

Salla Lutz

Position and Reposition in Networks

— Exemplified by the Transformation of
the Danish Pine Furniture Manu-
facturers

Jens Forssbaeck
Essays on market discipline in
commercial and central banking

Tine Murphy

Sense from Silence — A Basis for Orga-
nised Action

How do Sensemaking Processes with
Minimal Sharing Relate to the Repro-
duction of Organised Action?

Sara Malou Strandvad

Inspirations for a new sociology of art:
A sociomaterial study of development
processes in the Danish film industry

Nicolaas Mouton

On the evolution of social scientific
metaphors:

A cognitive-historical enquiry into the
divergent trajectories of the idea that
collective entities — states and societies,
cities and corporations — are biological
organisms.

Lars Andreas Knutsen
Mobile Data Services:
Shaping of user engagements

Nikolaos Theodoros Korfiatis
Information Exchange and Behavior
A Multi-method Inquiry on Online
Communities
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Jens Albaek

Forestillinger om kvalitet og tvaerfaglig-
hed pa sygehuse

— skabelse af forestillinger i lsege- og
plejegrupperne angaende relevans af
nye idéer om kvalitetsudvikling gen-
nem tolkningsprocesser

Maja Lotz
The Business of Co-Creation — and the
Co-Creation of Business

Gitte P. Jakobsen

Narrative Construction of Leader Iden-
tity in a Leader Development Program
Context

Dorte Hermansen

“Living the brand” som en brandorien-
teret dialogisk praxis:

Om udvikling af medarbejdernes
brandorienterede demmekraft

Aseem Kinra
Supply Chain (logistics) Environmental
Complexity

Michael Ngrager

How to manage SMEs through the
transformation from non innovative to
innovative?

Kristin Wallevik
Corporate Governance in Family Firms
The Norwegian Maritime Sector

Bo Hansen Hansen
Beyond the Process
Enriching Software Process Improve-
ment with Knowledge Management

Annemette Skot-Hansen

Franske adjektivisk afledte adverbier,
der tager praepositionssyntagmer ind-
ledt med praepositionen a som arqu-
menter

En valensgrammatisk undersagelse

Line Gry Knudsen
Collaborative R&D Capabilities
In Search of Micro-Foundations
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Christian Scheuer
Employers meet employees
Essays on sorting and globalization

Rasmus Johnsen

The Great Health of Melancholy

A Study of the Pathologies of Perfor-
mativity

Ha Thi Van Pham

Internationalization, Competitiveness
Enhancement and Export Performance
of Emerging Market Firms:

Evidence from Vietnam

Henriette Balieu

Kontrolbegrebets betydning for kausa-
tivalternationen i spansk

En kognitiv-typologisk analyse

Yen Tran

Organizing Innovationin Turbulent
Fashion Market

Four papers on how fashion firms crea-
te and appropriate innovation value

Anders Raastrup Kristensen
Metaphysical Labour

Flexibility, Performance and Commit-
ment in Work-Life Management

Margrét Sigrun Sigurdardottir
Dependently independent
Co-existence of institutional logics in
the recorded music industry

Asta Dis Oladottir

Internationalization from a small do-
mestic base:

An empirical analysis of Economics and
Management

Christine Secher

E-deltagelse i praksis — politikernes og
forvaltningens medkonstruktion og
konsekvenserne heraf

Marianne Stang Valand
What we talk about when we talk
about space:
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End User Participation between Proces-
ses of Organizational and Architectural
Design

Rex Degnegaard

Strategic Change Management
Change Management Challenges in
the Danish Police Reform

Ulrik Schultz Brix

Veerdi i rekruttering — den sikre beslut-
ning

En pragmatisk analyse af perception
og synliggarelse af veerdi i rekrutte-
rings- og udvaelgelsesarbejdet

Jan Ole Simila

Kontraktsledelse

Relasjonen mellom virksomhetsledelse
oq kontraktshandtering, belyst via fire
norske virksomheter

Susanne Boch Waldorff

Emerging Organizations: In between
local translation, institutional logics
and discourse

Brian Kane

Performance Talk

Next Generation Management of
Organizational Performance

Lars Ohnemus

Brand Thrust: Strategic Branding and
Shareholder Value

An Empirical Reconciliation of two
Critical Concepts

Jesper Schlamovitz
Handtering af usikkerhed i film- og
byggeprojekter

Tommy Moesby-Jensen

Det faktiske livs forbindtlighed
Forsokratisk informeret, ny-aristotelisk
MBoc-teenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power
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Peter Beyer

Processer, sammenhaengskraft

oq fleksibilitet

Et empirisk casestudie af omstillings-
forlob i fire virksomheder

Adam Buchhorn

Markets of Good Intentions
Constructing and Organizing
Biogas Markets Amid Fragility
and Controversy

Cecilie K. Moesby-Jensen

Social leering og feelles praksis

Et mixed method studie, der belyser
leeringskonsekvenser af et lederkursus
for et praksisteellesskab af offentlige
mellemledere

Heidi Boye

Fadevarer og sundhed i sen-
modernismen

— En indsigt i hyggefeenomenet og
de relaterede fadevarepraksisser

Kristine Munkgard Pedersen
Flygtige forbindelser og midlertidige
mobiliseringer

Om kulturel produktion pa Roskilde
Festival

Oliver Jacob Weber

Causes of Intercompany Harmony in
Business Markets — An Empirical Inve-
stigation from a Dyad Perspective

Susanne Ekman

Authority and Autonomy
Paradoxes of Modern Knowledge
Work

Anette Frey Larsen

Kvalitetsledelse pa danske hospitaler

— Ledelsernes indflydelse pa introduk-
tion og vedligeholdelse af kvalitetsstra-
tegier i det danske sundhedsvaesen

Toyoko Sato

Performativity and Discourse: Japanese
Advertisements on the Aesthetic Edu-
cation of Desire
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Kenneth Brinch Jensen

Identifying the Last Planner System
Lean management in the construction
industry

Javier Busquets
Orchestrating Network Behavior
for Innovation

Luke Patey

The Power of Resistance: India’s Na-
tional Oil Company and International
Activism in Sudan

Mette Vedel

Value Creation in Triadic Business Rela-
tionships. Interaction, Interconnection
and Position

Kristian Tarning
Knowledge Management Systems in
Practice — A Work Place Study

Qingxin Shi

An Empirical Study of Thinking Aloud
Usability Testing from a Cultural
Perspective

Tanja Juul Christiansen
Corporate blogging: Medarbejderes
kommunikative handlekraft

Malgorzata Ciesielska

Hybrid Organisations.

A study of the Open Source — business
setting

Jens Dick-Nielsen
Three Essays on Corporate Bond
Market Liquidity

Sabrina Speiermann

Modstandens Politik
Kampagnestyring i Velfaerdsstaten.

En diskussion af trafikkampagners sty-
ringspotentiale

Julie Uldam

Fickle Commitment. Fostering political
engagement in 'the flighty world of
online activism’
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Annegrete Juul Nielsen
Traveling technologies and
transformations in health care

Athur Mihlen-Schulte

Organising Development

Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksgulvet

Et case-studie af kultur- og identitets-
arbejdet i Kvickly

Stefan Fraenkel

Key Success Factors for Sales Force
Readiness during New Product Launch
A Study of Product Launches in the
Swedish Pharmaceutical Industry

Christian Plesner Rossing
International Transfer Pricing in Theory
and Practice

Tobias Dam Hede

Samtalekunst og ledelsesdisciplin
—en analyse af coachingsdiskursens
genealogi og governmentality

Kim Pettersson
Essays on Audit Quality, Auditor Choi-
ce, and Equity Valuation

Henrik Merkelsen

The expert-lay controversy in risk
research and management. Effects of
institutional distances. Studies of risk
definitions, perceptions, management
and communication

Simon S. Torp

Employee Stock Ownership:

Effect on Strategic Management and
Performance

Mie Harder
Internal Antecedents of Management
Innovation
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Ole Helby Petersen

Public-Private Partnerships: Policy and
Requlation — With Comparative and
Multi-level Case Studies from Denmark
and Ireland

Morten Krogh Petersen
‘Good’ Outcomes. Handling Multipli-
city in Government Communication

Kristian Tangsgaard Hvelplund
Allocation of cognitive resources in
translation - an eye-tracking and key-
logging study

Moshe Yonatany
The Internationalization Process of
Digital Service Providers

Anne Vestergaard

Distance and Suffering

Humanitarian Discourse in the age of
Mediatization

Thorsten Mikkelsen
Personligsheds indflydelse pa forret-
ningsrelationer

Jane Thostrup Jagd

Hvorfor fortsaetter fusionsbalgen ud-
over “the tipping point”?

— en empirisk analyse af information
og kognitioner om fusioner

Gregory Gimpel

Value-driven Adoption and Consump-
tion of Technology: Understanding
Technology Decision Making

Thomas Stengade Sgnderskov

Den nye mulighed

Social innovation i en forretningsmaes-
sig kontekst

Jeppe Christoffersen
Donor supported strategic alliances in
developing countries

Vibeke Vad Baunsgaard
Dominant Ideological Modes of
Rationality: Cross functional
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26.
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29.

integration in the process of product
innovation

Throstur Olaf Sigurjonsson
Governance Failure and Icelands’s
Financial Collapse

Allan Sall Tang Andersen
Essays on the modeling of risks in
interest-rate and inflation markets

Heidi Tscherning
Mobile Devices in Social Contexts

Birgitte Gorm Hansen

Adapting in the Knowledge Economy
Lateral Strateqgies for Scientists and
Those Who Study Them

Kristina Vaarst Andersen

Optimal Levels of Embeddedness
The Contingent Value of Networked
Collaboration

Justine Grgnbaek Pors

Noisy Management

A History of Danish School Governing
from 1970-2010

Stefan Linder

Micro-foundations of Strategic
Entrepreneurship

Essays on Autonomous Strategic Action

Xin Li

Toward an Integrative Framework of
National Competitiveness

An application to China

Rune Thorbjgrn Clausen

Veerdifuld arkitektur

Et eksplorativt studie af bygningers
rolle i virksomheders vaerdiskabelse

Monica Viken
Markedsundersokelser som bevis i
varemerke- og markedstaringsrett

Christian Wymann

Tattooing

The Economic and Artistic Constitution
of a Social Phenomenon
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Sanne Frandsen

Productive Incoherence

A Case Study of Branding and
Identity Struggles in a Low-Prestige
Organization

Mads Stenbo Nielsen
Essays on Correlation Modelling

lvan Hauser

Folelse og sprog

Etablering af en ekspressiv kateqori,
eksemplificeret pa russisk

Sebastian Schwenen
Security of Supply in Electricity Markets

Peter Holm Andreasen

The Dynamics of Procurement
Management

- A Complexity Approach

Martin Haulrich
Data-Driven Bitext Dependency
Parsing and Alignment

Line Kirkegaard

Konsulenten i den anden nat
En undersagelse af det intense
arbejdsliv

Tonny Stenheim
Decision usefulness of goodwill
under IFRS

Morten Lind Larsen
Produktivitet, veekst og velferd
Industriradet og efterkrigstidens
Danmark 1945 - 1958

Petter Berg
Cartel Damages and Cost Asymmetries

Lynn Kahle

Experiential Discourse in Marketing
A methodical inquiry into practice
and theory

Anne Roelsgaard Obling
Management of Emotions
in Accelerated Medical Relationships
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Thomas Frandsen
Managing Modularity of
Service Processes Architecture

Carina Christine Skovmgller

CSR som noget szerligt

Et casestudie om styring og menings-
skabelse i relation til CSR ud fra en
intern optik

Michael Tell

Fradragsbeskeaering af selskabers
finansieringsudgifter

En skatteretlig analyse af SEL §§ 11,
11Bog 11C

Morten Holm

Customer Profitability Measurement
Models

Their Merits and Sophistication
across Contexts

Katja Joo Dyppel
Beskatning af derivater
En analyse af dansk skatteret

Esben Anton Schultz
Essays in Labor Economics
Evidence from Danish Micro Data

Carina Risvig Hansen
“Contracts not covered, or not fully
covered, by the Public Sector Directive”

Anja Svejgaard Pors

Iveerksaettelse af kommunikation

- patientfigurer | hospitalets strategiske
kommunikation

Frans Bévort

Making sense of management with
logics

An ethnographic study of accountants
who become managers

René Kallestrup
The Dynamics of Bank and Sovereign
Credit Risk

Brett Crawford

Revisiting the Phenomenon of Interests
in Organizational Institutionalism

The Case of U.S. Chambers of
Commerce
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Mario Daniele Amore
Essays on Empirical Corporate Finance

Arne Stjernholm Madsen

The evolution of innovation strategy
Studied in the context of medical
device activities at the pharmaceutical
company Novo Nordisk A/S in the
period 1980-2008

Jacob Holm Hansen

Is Social Integration Necessary for
Corporate Branding?

A study of corporate branding
strategies at Novo Nordisk

Stuart Webber
Corporate Profit Shifting and the
Multinational Enterprise

Helene Ratner

Promises of Reflexivity
Managing and Researching
Inclusive Schools

Therese Strand
The Owners and the Power: Insights
from Annual General Meetings

Robert Gavin Strand
In Praise of Corporate Social
Responsibility Bureaucracy

Nina Sormunen

Auditor’s going-concern reporting
Reporting decision and content of the
report

John Bang Mathiasen

Learning within a product development
working practice:

- an understanding anchored

in pragmatism

Philip Holst Riis
Understanding Role-Oriented Enterprise
Systems: From Vendors to Customers

Marie Lisa Dacanay

Social Enterprises and the Poor
Enhancing Social Entrepreneurship and
Stakeholder Theory
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Fumiko Kano Gluckstad

Bridging Remote Cultures: Cross-lingual
concept mapping based on the
information receiver’s prior-knowledge

Henrik Barslund Fosse
Empirical Essays in International Trade

Peter Alexander Albrecht
Foundational hybridity and its
reproduction

Security sector reform in Sierra Leone

Maja Rosenstock

CSR - hvor sveert kan det vaere?
Kulturanalytisk casestudie om
udfordringer og dilemmaer med at
forankre Coops CSR-strategi

Jeanette Rasmussen

Tweens, medier og forbrug

Et studie af 10-12 arige danske berns
brug af internettet, opfattelse og for-
staelse af markedsfering og forbrug

Ib Tunby Gulbrandsen

‘This page is not intended for a
US Audience’

A five-act spectacle on online
communication, collaboration
& organization.

Kasper Aalling Teilmann
Interactive Approaches to
Rural Development

Mette Mogensen

The Organization(s) of Well-being

and Productivity

(Re)assembling work in the Danish Post

Sgren Friis Mgller

From Disinterestedness to Engagement
Towards Relational Leadership In the
Cultural Sector

Nico Peter Berhausen

Management Control, Innovation and
Strategic Objectives — Interactions and
Convergence in Product Development
Networks
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Balder Onarheim

Creativity under Constraints
Creativity as Balancing
‘Constrainedness’

Haoyong Zhou
Essays on Family Firms

Elisabeth Naima Mikkelsen

Making sense of organisational conflict
An empirical study of enacted sense-
making in everyday conflict at work

Jacob Lyngsie
Entrepreneurship in an Organizational
Context

Signe Groth-Brodersen

Fra ledelse til selvet

En socialpsykologisk analyse af
forholdet imellem selvledelse, ledelse
og stress | det moderne arbejdsliv

Nis Hayrup Christensen

Shaping Markets: A Neoinstitutional
Analysis of the Emerging
Organizational Field of Renewable
Energy in China

Christian Edelvold Berg

As a matter of size

THE IMPORTANCE OF CRITICAL
MASS AND THE CONSEQUENCES OF
SCARCITY FOR TELEVISION MARKETS

Christine D. Isakson

Coworker Influence and Labor Mobility
Essays on Turnover, Entrepreneurship
and Location Choice in the Danish
Maritime Industry

Niels Joseph Jerne Lennon
Accounting Qualities in Practice
Rhizomatic stories of representational
faithfulness, decision making and
control

Shannon O’Donnell

Making Ensemble Possible

How special groups organize for
collaborative creativity in conditions
of spatial variability and distance
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Robert W. D. Veitch

Access Decisions in a

Partly-Digital World

Comparing Digital Piracy and Legal
Modes for Film and Music

Marie Mathiesen
Making Strateqy Work
An Organizational Ethnography

Avrisa Shollo
The role of business intelligence in
organizational decision-making

Mia Kaspersen
The construction of social and
environmental reporting

Marcus Mgller Larsen
The organizational design of offshoring

Mette Ohm Rgrdam

EU Law on Food Naming

The prohibition against misleading
names in an internal market context

Hans Peter Rasmussen

GIV EN GED!

Kan giver-idealtyper forklare stotte
til velgerenhed og understatte
relationsopbygning?

Ruben Schachtenhaufen
Fonetisk reduktion i dansk

Peter Koerver Schmidt

Dansk CFC-beskatning

| et internationalt og komparativt
perspektiv

Morten Froholdt

Strateqgi i den offentlige sektor

En kortleegning af styringsmeaessig
kontekst, strategisk tilgang, samt
anvendte redskaber og teknologier for
udvalgte danske statslige styrelser

Annette Camilla Sjerup
Cognitive effort in metaphor translation
An eye-tracking and key-logging study
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Tamara Stucchi

The Internationalization
of Emerging Market Firms:
A Context-Specific Study

Thomas Lopdrup-Hjorth
“Let’s Go Outside”:
The Value of Co-Creation

Ana AlaCovska

Genre and Autonomy in Cultural
Production

The case of travel guidebook
production

Marius Gudmand-Hayer
Stemningssindssygdommenes historie

i det 19. arhundrede

Omtydningen af melankolien og
manien som bipolzere stemningslidelser
i dansk sammenhaeng under hensyn til
dannelsen af det moderne folelseslivs
relative autonomi.

En problematiserings- og erfarings-
analytisk undersegelse

Lichen Alex Yu

Fabricating an S&OP Process
Circulating References and Matters
of Concern

Esben Alfort
The Expression of a Need
Understanding search

Trine Pallesen

Assembling Markets for Wind Power
An Inquiry into the Making of
Market Devices

Anders Koed Madsen

Web-Visions

Repurposing digital traces to organize
social attention

Laerke Hgjgaard Christiansen
BREWING ORGANIZATIONAL
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