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terechtgekomen: de basis die daar gelegd is, is ook voor mij de fundering geweest dankzij
dewelke ik dit boekje heb kunnen afwerken. Bedankt meester Jos, Juf Rosette, Meester
Jef, Juf Myriam, Juf Nele, Juf Betty en meester Jean! Er is één iemand uit dat vroegere
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Abstract

Disclosure requirements are a primary regulatory issue for companies. Companies need
to externally report financial information for different purposes and according to multi-
ple formats (e.g., taxation, statutory filing, investor relations). In this regard, companies
can be obliged to report according to more than one set of Generally Accepted Ac-
counting Principles (GAAP). Moreover, both GAAP and regulatory environment tend
to change over time. Companies use Accounting Information Systems (AIS) to facilitate
their reporting requirements and these need to cope with changes in/of GAAP. There-
fore, evolvability of the AIS, the ease of further development, is a major characteristic of
interest for AIS management. In this dissertation we study the evolvability of multiple
GAAP AIS by using a mixed method approach of design science and case studies. The
research is conducted in three phases (problem identification, design and construct).

In the problem identification phase, we define and circumscribe the problem domain: pro-
cessing of accounting-related events according to multiple GAAP. The lack of literature
about evolvability and multiple GAAP makes our work largely exploratory. We conduct
five case studies to study multiple GAAP AIS in practice and document the designs of the
case-specific AIS. Next, we use Normalized Systems Theory to evaluate each of the case
designs with regard to evolvability. The result of the first research phase is the identifica-
tion of combinatorial effects (violations of evolvability). In the design phase, we use the
documented combinatorial effects in order to develop design principles. We theoretically
evaluate the design principles by relating them to prior literature and to the case studies.
Finally, in the construct phase, we build a prototype that serves as a proof-of-concept
for the design principles. We use Normalized Systems Theory to evaluate the prototype
with regard to evolvability.

We elaborate and document that evolvability is a major issue in current multiple GAAP
AIS and contribute to a solution for the problem by proposing design principles for
more evolvable AIS. The prototype that we construct, shows the relevance of the design
principles and the feasibility of building an evolvable multiple GAAP AIS according to
the principles from Normalized Systems Theory.
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Nederlandse Samenvatting

Rapporteringsvereisten zijn een primaire kwestie voor alle bedrijven. Bedrijven moeten
financiële informatie rapporteren aan de buitenwereld voor verschillende doeleinden en
in verschillende formaten (bv. belastingen, statutaire neerlegging, investeringsrelaties).
Vandaar kunnen bedrijven verplicht worden om volgens meer dan één rapporteringsstan-
daard deze informatie vrij te geven. Bovendien, zijn zowel deze rapporteringsstandaarden
als de regelgevende omgeving waarin een bedrijf opereert, onderhevig aan wijzigingen.
Bedrijven gebruiken accountinginformatiesystemen om hun rapporteringsvereisten te fa-
ciliteren en deze dienen daarom gevolg te geven aan de wijzigingen in/van de rapporte-
ringsstandaarden. Daarom is evolueerbaarheid, het gemak van toekomstige ontwikkeling,
een belangrijke eigenschap voor het beheer van accountinginformatiesystemen. In deze
doctoraatsthesis bestuderen we evolueerbaarheid van accountinginformatiesystemen die
meerdere rapporteringsstandaarden ondersteunen door het gebruik van een gemengde me-
thodologische aanpak van ontwerpwetenschappen en gevalstudies. Het onderzoek wordt
uitgevoerd in drie fases (probleemidentificatie, ontwerp en constructie).

In de probleemidentificatie fase, definiëren en omschrijven we het probleemdomein: het
verwerken van boekhoudkundig gerelateerde gebeurtenissen volgens meerdere rapporte-
ringsstandaarden. Het gebrek aan literatuur over evolueerbaarheid en het gebruik van
meerdere rapporteringsstandaarden maakt dat ons werk grotendeels exploratief is. We
voeren vijf gevalstudies uit om accountinginformatiesystemen die meerdere rapporterings-
standaarden ondersteunen in de praktijk te bestuderen en hun ontwerp te documenteren.
Vervolgens gebruiken we de Normalized Systems theorie om de ontwerpen te evalueren
wat betreft evolueerbaarheid. Het resultaat van deze eerste onderzoeksfase is het identi-
ficeren van combinatorische effecten (schendingen van evolueerbaarheid). In de ontwerp-
fase, gebruiken we deze gedocumenteerde combinatorische effecten om ontwerpprincipes
te ontwikkelen. We evalueren deze ontwerpprincipes theoretisch door ze aan voorafgaande
literatuur en de gevalstudies te relateren. In de constructiefase, bouwen we een prototype
dat dient als bewijs dat de ontwerpprincipes valabel zijn. We gebruiken de Normalized
Systems theorie om de evolueerbaarheid van het prototype te evalueren.

In deze doctoraatsthesis documenteren we het probleem van evolueerbaarheid in accoun-
tinginformatiesystemen die meerdere rapporteringsstandaarden ondersteunen. We wijden
hierover uit en dragen bij tot een oplossing voor het probleem door ontwerpprincipes voor
meer evolueerbare accountinginformatiesystemen voor te stellen. Het gebouwde proto-
type, toont de relevantie van de ontwerpprincipes en ook de haalbaarheid van het bouwen
van een evolueerbaar accountinginformatiesysteem dat meerdere rapporteringsstandaar-
den ondersteunt volgens de principes van de Normalized Systems theorie aan.
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Chapter 1

Introduction

The first chapter of this dissertation is concerned with the general introduction of the
research. More specifically we will introduce the research problem and motivation in
Section 1.1. Next, we explain the importance of evolvability in the context of Accounting
Information Systems in Section 1.2. In Section 1.4 we discuss the set of more specific re-
search questions and the research steps that we undertake to tackle the research problem.
Finally, we describe the outline of this dissertation in Section 1.5

1.1 The Issue of Multiple Generally Accepted

Accounting Principles

Regulatory requirements are a primary issue for all companies: they need to report finan-
cial information to the outside world. This issue is interesting to study, because different
Generally Accepted Accounting Principles (GAAP) exist and there are multiple reg-
ulations that specify in which GAAP a company needs to report. Moreover, specific
situations and regulations can lead to the need for a company to report financial infor-
mation according to multiple GAAP. Consequently, such a company needs to process its
economic events according to multiple GAAP to be able to comply with reporting re-
quirements. In this context we only consider external reporting and not internal reporting
needs like business intelligence or cost accounting.

There are several reasons why companies might need to adhere to multiple GAAP. A
first reason is that companies need to comply with local legislation, like local accounting
and tax regulation rules. For example, the declining balancing method is allowed as
depreciation method in Belgian tax legislation, although using this method might not
provide a true and fair view on reality, which is required by accounting regulation. Second,
companies belonging to an economic group need to report financial information to the
parent company, which imposes in which GAAP subsidiaries need to provide financial
information. A third and last reason are specific regulating mechanisms that require
additional financial reporting. For example, Basel II(I) for banks and Solvency II for
insurance companies.

1



CHAPTER 1. INTRODUCTION

Figure 1.1: Example of an insurance company that needs to adhere to multiple GAAP

We illustrate the need for multiple GAAP reporting with an example of a Belgian insur-
ance company in Figure 1.1. The company needs to adhere to the following GAAP:

• Belgian GAAP1 for statutory annual financial statements;

• Belgian tax legislation;

• International Financial Reporting Standards (IFRS) to report to the parent com-
pany, that is listed on a stock exchange;

• Solvency II, imposed by the EU for insurance companies.

Different GAAP prescribe different ways to record and process events related to the
financial position and performance of a company, which financial information to report
and how to present this information (Sinnett and Willis, 2009). There are two kinds of
changes we need to take into account: changes in which GAAP a company needs to report
its financial information and changes within the GAAP a company needs to comply with.

First, companies over time need to be able to change the GAAP according to which
they report. This can be caused by strategic decisions of the company which affect
the regulatory environment in which the company operates. For example, mergers and
acquisitions might change the GAAP in which the economic group reports and hence
influence the reporting GAAP for the individual subsidiaries. Another possibility is
additional regulation that is imposed on companies within a certain sector or companies
with certain activities. For example, the Solvency II regulation for insurance companies
since 2016.

Second, GAAP are subject to rapid expansion, increased complexity and frequent changes
(amendments) (Fisher, 2007). Therefore, companies need to adapt their systems to com-
ply with these new GAAP rules. For example, recent events like the credit crisis and
corporate fraud scandals have increased the demand for transparency, quality and rele-
vance of financial information. Another change is elaboration in the GAAP of specific
issues that were not addressed before. For example, issuance of IFRS 15 (IASB, 2014):
a new revenue standard that provides additional guidance on recognition criteria with
respect to the timing of recognizing revenue.

1We use the term Belgian GAAP to refer to both accounting legislation and additional guidance
provided by the Belgian Commission for Accounting Standards.
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1.2 Evolvability in Accounting Information Systems

Companies use Information Technology (IT) to support their business, which makes
them heavily dependent on technology and software (Mannaert et al., 2012b; Huysmans,
2011). This is even more true for accounting: accounting relies almost completely on
information systems, which makes the work of auditors more difficult, since they need to
audit through the information system (Debreceny and Curtis, 2015). Therefore, changes
in/of GAAP (as discussed in Section 1.1) also affect the information systems of companies,
more specifically the part that handles financial reporting. In the remainder of this
dissertation, we will use the broad term Accounting Information Systems (AIS) that
comprises all accounting-related tasks (like financial reporting, management accounting,
cost accounting, audit etc.) of the information system of a company.

Evolvability is the measure for the ability of an organization to implement needed changes
(Ciraci and van den Broek, 2006; Mäntylä and Lassenius, 2006; Anda, 2007; Mannaert
et al., 2012b). Applied in the context of this dissertation, evolvability is the ability to
adapt the AIS to changes in and of GAAP. However, different authors use other measures
for evolvability, like cost effectiveness (Cook et al., 2000) and “ease of further develop-
ment” (Mäntylä and Lassenius, 2006; Anda, 2007). These measures for evolvability are
rather vague and therefore require additional specification. Also in the closely-related
agility literature, where agility is the capability of an organization to detect and imple-
ment changes, the measures for agility remain vague, for example time, cost, ease, speed,
dexterity, efficiency and effectiveness (Fink and Neumann, 2007; Allen and Boynton, 1991;
Conboy and Fitzgerald, 2004; Gebauer and Schober, 2006; Mirani and Lederer, 1998; Baj-
goric, 2000; Chang and King, 2003; Börjesson and Mathiassen, 2005; Sambamurthy et al.,
2003; Weill et al., 2002; Tallon and Pinsonneault, 2011; Lee and Xia, 2010).

Normalized Systems Theory defines an evolvable information system as an information
system to which a set of anticipated changes can be applied easily (Mannaert and Verelst,
2009; Mannaert et al., 2011, 2012b). The use of the word “easy” in this definition remains
vague, but Normalized Systems Theory further specifies the meaning of easy, by using
the notion of combinatorial effects: the less combinatorial effects are caused by a change,
the more easy it is to change, the more evolvable the company is (Mannaert and Verelst,
2009; Mannaert et al., 2012b). The definition of changing easy then becomes: it is easy
to impose changes on the organizational design of a company when the change does not
induce combinatorial effects.

Now we define a combinatorial effect: a combinatorial effect is caused when a change that
is imposed on a system has an impact that is not only proportional to the nature of the
change, but also proportional to the size of the system on which it is imposed (Mannaert
and Verelst, 2009; Mannaert et al., 2012b). Applied to the context of multiple GAAP, a
combinatorial effect is caused when changes of GAAP rules or complying to a new GAAP
has an impact that is not only dependent on the change itself, but is also related to the
size of the system. We provide two examples in an accounting context.

The first example is the newly (January 2016) issued IFRS 16 standard about lease ac-
counting which requires to make a distinction between a financial lease and an operating
lease for the lessor, but the distinction should no longer be made for lessees. If we consider

3
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only the change for lessees that should account differently for leases now, since no distinc-
tion should be made between financial and operating lease, the impact of the change is
twofold: 1) the fact that somehow lessees need to change the way they account for leases,
2) all companies that use IFRS need to handle this change. The combinatorial effect is
related to the second impact: the fact that the impact of the change is proportional to the
number of companies that use IFRS and are lessees, which is a variable that represents
the size of the system. In this case, it is not obvious how to avoid this combinatorial
effect. Normalized Systems Theory prescribes principles and design patterns that can be
followed to avoid combinatorial effects in software but does not provide domain-specific
guidance.

For the second example, we consider two companies, A and B, that are completely similar,
except company A has an accounting system that accommodates three GAAP, company
B’s system accommodates only two GAAP. The impact of introducing a new GAAP in
the systems is a challenging task for both A and B. However, if we consider the AIS of
both companies to be evolvable (in the strict Normalized Systems Theory sense), the
change should not be more difficult for company A (that reports in three GAAP) than
for company B (that reports in two GAAP). If the impact of the change depends on the
number of GAAP the system of the company supports, the change causes one or more
combinatorial effects and hence, the system is not evolvable. This would be the case in
our example if the impact of the change is larger for company A than for company B. It
sounds contra-intuitive that it is more difficult for company A to support an additional
GAAP, but that is reality in non-evolvable IT systems: the larger the system, the more
combinatorial effects are caused by changes. These combinatorial effects are the cause for
the difficulty of applying the change. In Section 2.5 we explain more on the Normalized
Systems Theory, why it is relevant and how we use it in this dissertation.

1.3 Research Gap

Regulatory demands are the main driver for changes in the accounting domain that
affect AIS. Next to these regulatory demands, more and more accountants are asked to
broaden their contributions: reporting on non-financial measures, auditing information
systems, implementing management controls within information systems, and providing
management consulting services (Grabski et al., 2011). Also, changes in technology are
driving changes in the accounting domain (American Accounting Association & American
Institute of Certified Public Accountants, 2012; Grabski et al., 2011). An example of such
a change is XBRL: because of the development of the XBRL taxonomy, companies now
need to use the XBRL format for financial reporting (Grabski et al., 2011).

Although AIS need to cope with these changes and literature suggests research should be
done relating to these changes (like for example, business intelligence, decision support
systems, business analytics, IFRS, XBRL, security, audit, control,... (Grabski et al.,
2011)), there is no research about the design of evolvable AIS. This is odd, since we do
find literature that reports on the additional burdens put on companies by regulatory
requirements. Some examples are: 1) Pinsker and Li (2008) and Locke and Lowe (2007)
discuss the costly implications of XBRL reporting; 2) many companies adopt Enterprise
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Resource Planning (ERP) systems to comply with the Sarbanes-Oxley Act (Grabski
et al., 2011); 3) IFRS reporting (demanding more detailed reporting than most local
GAAP) has a significant impact on IT systems (Meall, 2004; Datardina et al., 2011;
KPMG, 2008; Steele, 2009).

Several authors acknowledge the need to study the issue of multiple GAAP in AIS,
although most research focuses on convergence to IFRS. Grabski et al. (2011) conclude
that little research exists about IFRS and ERP systems and that future research should
focus on best practices of implementing IFRS in ERP systems and evaluating the impact
of IFRS in audit and control procedures. This conclusion is somewhat surprising, since
IFRS is not a new issue. Guan et al. (2013) focus on the need to develop a domain
ontology about GAAP next to the need for further research about the Resources, Events
and Agents (REA) model. REA provides a shared and validated way of structuring
accounting phenomena (in the form of events, resources and agents) (Geerts et al., 2013)
to enable the use of the same primary data to derive information for different stakeholders
(McCarthy, 1982). We situate this “recording” of accounting phenomena in the input
phase of Figure 1.2. If recording is done in an innovative way, this primary data can
additionally be processed (the process phase of Figure 1.2) into regulatory reporting
requirements and business intelligence (Geerts et al., 2013).

Although Figure 1.2 suggests that REA is useful for this second processing phase, the
efforts in this area are limited. There is some REA literature about the design of busi-
ness processes (Geerts and McCarthy, 1999, 2000b, 2001) (to be able to provide a shared
enterprise-wide information architecture), however REA literature lacks specification of
any “accounting conclusions” (Geerts and McCarthy, 2002). This means that they do
not consider how the recorded accounting phenomena should be processed and reported
according to different GAAP: they do not contemplate journal entries or suggest an-
other structured way to process accounting-related events so the needed information for
reporting can be derived (for example, how to calculate the balance of accounts like
revenue). Moreover, the recording of events in REA is done independent of the GAAP
the company uses, which makes the model powerful, but since limited research is done
about the processing of these events, the multiple GAAP issue is an understudied area
in design-oriented AIS research.

Figure 1.2: Accounting Information Systems Global Environment, adapted from Hunton
(2002) (Geerts et al., 2013)
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Fischer and Marsh (2012) acknowledge that multinational companies complain that they
need to report in multiple GAAP for regulatory purposes, because they find it hard to
maintain multiple sets of records. This indicates that AIS are not designed to handle
multiple GAAP. Meall (2004) states that it is difficult to adapt AIS to be able to report
according to multiple GAAP. Adapting an AIS to comply with IFRS is even more difficult,
because, as we already mentioned, IFRS requires a lot more detailed reporting (Meall,
2004; Datardina et al., 2011; KPMG, 2008; Steele, 2009).

One could argue that with the efforts to harmonize GAAP, the issue of compliance with
multiple GAAP will disappear over time. However, we believe this is not the case because
of multiple reasons. First, convergence of GAAP is still far from reality: GAAP are too
different (for example, rules-based US GAAP and principles-based IFRS) and it is not
yet clear whether the costs of convergence will outweigh the benefits (Fischer and Marsh,
2012). Second, we see that although in the EU listed companies need to report their
consolidated financial statements in IFRS since 2005, currently local regulations are only
gradually converging to IFRS. Which implies that for statutory purposes, companies still
need to use local GAAP. Third, a risk of convergence towards IFRS is that IFRS might
not be relevant/appropriate for all companies all over the world, because of different
environmental influences (Fischer and Marsh, 2012). Fourth, we should consider the
possibility that harmonization might decrease the quality of reporting since all financial
information is provided in only one standard that, like mentioned in our third reason,
might not capture the specificity of the company and its environment (Ding et al., 2007).

1.4 From Problem Definition to Research Questions

We have identified the following problems in the previous sections:

• The AIS literature does not study evolvability. We uncover references to evolvability
in IT literature, where we find Normalized Systems Theory (which is mainly a
software theory) as the most relevant, because it defines evolvability by using the
concept of combinatorial effects;

• Multiple GAAP reporting is a burden for some companies, but we do not uncover
guidance in literature on how companies can comply with multiple GAAP in an
effective and efficient way by using their AIS;

• The changes in GAAP (both which GAAP and changes to the GAAP themselves)
require considerable efforts and companies seem not to be able to deal with these
changes in an evolvable way.

In this dissertation we use a design science research approach to contribute to a solution
for these problems. This is appropriate, because unlike purely empirical research, we want
to propose improvements for multiple GAAP AIS with respect to evolvability (March
and Smith, 1995). To complement existing research, we do not focus on how to register
events, but we focus on how to process accounting-relevant events in multiple GAAP. As
we discuss in Section 1.3, REA is mature with regard to its use for the recording activity
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(see Figure 1.2), but provides little guidance on processing and reporting of these recorded
accounting-related events (In REA an economic event is defined as follows: “Economic
Event represents either an increment or a decrement in the value of economic resources
that are under the control of the enterprise.” (Hruby et al., 2006, p. 4)). We propose the
following problem domain for this dissertation:

The design of evolvable AIS that support processing of accounting-relevant events in mul-
tiple GAAP

We contribute to a solution for the problem by building and evaluating an artifact (Hevner
et al., 2004): a prototype of an evolvable AIS that processes accounting-relevant events
in multiple GAAP. We use the design science research process of Sonnenberg and vom
Brocke (2012) as methodological framework and carry out the first three core activities of
the framework (problem identification, design and construct) and their respective evalu-
ation in this dissertation. To design each evaluation activity, we use the Framework for
Evaluation in Design Science research (FEDS) of Venable et al. (2014). In Figure 1.3, we
show how the different chapters in this dissertation relate to the design science research
process of Sonnenberg and vom Brocke (2012). The remainder of this section addresses
the different activities we conduct and which research questions we put forward for each
activity.

Figure 1.3: Use of the design science research process of Sonnenberg and vom Brocke
(2012) in this dissertation

The first activity of the design science research process of Sonnenberg and vom Brocke
(2012) is identifying the problem: we situate the problem of evolvable multiple GAAP AIS
in Sections 1.1, 1.2 and 1.3 of this chapter. To be able to advance to the second activity,
the approach of Sonnenberg and vom Brocke (2012) requires to justify the problem.
Because, we find little literature to support the problem statement, we turn to practice:
it might be that the reason why we do not uncover literature about evolvable multiple
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GAAP AIS is because there is already a good practical solution. Therefore, we perform
case studies to study the problem in practice. This approach makes the methodology of
this dissertation a mixed method approach (Huysmans and De Bruyn, 2013) (we elaborate
on this approach in Section 3.1). We assume that multiple GAAP AIS in practice are
effective (with effective we mean that we assume that the AIS serve the purpose they
are designed for, being reporting in multiple GAAP) and evaluate whether they are
evolvable, by using Normalized Systems Theory. This allows us to structure and analyze
the problem. The research question we handle in the first activity hence is:

Research Question 1: Which violations of the evolvability criterion (combinatorial effects)
are present in multiple GAAP AIS in practice?

In the AIS designs in the case studies we reveal combinatorial effects. We can justify the
problem and research gap of evolvable multiple GAAP AIS, since we find little relevant
literature and we have evidence that the problem is not solved (and thus relevant) in
practice. In the second activity (design) of the design science research process we develop
design specifications for AIS that are evolvable and support multiple GAAP. Using the
combinatorial effects from the case studies, we develop design principles that prevent
those combinatorial effects in the design of future systems. Therefore, we propose the
following research question regarding the second activity:

Research Question 2: Which design principles can be used to design evolvable AIS that
can process accounting-related events according to multiple GAAP?

These design principles need to be evaluated for justification. We evaluate the design
principles theoretically by relating them to the case studies and Normalized Systems
Theory literature. In the third activity (construct) of the design science research pro-
cess, we build a prototype. This prototype serves as a proof-of-concept for the design
principles of the second activity: we test the relevance and the feasibility of the design
principles. Therefore, we choose to build a prototype that has a specific, limited amount
of functionality, but that provides actual examples. In this way, the design principles are
translated into a tangible, concrete design and do not remain vague. However, the result-
ing prototype cannot be tested in a practical setting because of its limited functionality.
Therefore, the research question regarding the third activity is:

Research Question 3: What do we learn from implementing the design principles in a
proof-of-concept AIS?

This research question is somewhat general. Therefore, we use more fine-grained sub-
questions to scope the research question:

• Can we enforce the design principles?

• If not, how can we redefine them?

• What do we need in addition to the design principles to be able to build evolvable
multiple GAAP AIS?

• How feasible is it to build evolvable multiple GAAP AIS?
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After building the prototype, we need to evaluate its evolvability. We do this by testing
whether the combinatorial effects identified in the problem identification activity still
occur in the prototype or not.

1.5 Outline of Dissertation

The design of evolvable multiple GAAP AIS is the problem we identify in this chapter . In
Chapter 2, we discuss related literature: the AIS literature (Section 2.1), we elaborate on
REA literature (Section 2.2) and we discuss differences in multiple GAAP (Section 2.3).
Next, we elaborate on the concept of evolvability in Section 2.4, including reasons to
select Normalized Systems Theory as theoretical backbone for this dissertation. Lastly,
we provide a more into depth overview of Normalized Systems Theory in Section 2.5.

Next, we discuss the methodological approach in Chapter 3: we use the design science re-
search process of Sonnenberg and vom Brocke (2012) in this dissertation, we use the FEDS
of Venable et al. (2014) to design evaluation phases and we discuss how these approaches
are related to other design science research literature. We execute three activities from
that process in Chapters 4, 5 and 6 (also graphically represented in Figure 1.3).

In the first activity (Chapter 4), problem identification, we first argue the need to study
the multiple GAAP problem in practice (Section 4.1). Next, we discuss the case studies
in Section 4.2 and the motivation to study SAP extensively in this thesis in Section 4.3.
Then we describe the designs of the multiple GAAP AIS from the cases in Section 4.4.
The approach of evaluating the designs of the case studies with respect to evolvability is
the subject of Section 4.5, the actual evaluation of the designs by identifying combinatorial
effects in the designs is discussed in Section 4.6. We conclude in Section 4.7 that multiple
GAAP in evolvable AIS is a justified problem to research.

The second activity is the subject of Chapter 5: we develop and evaluate design principles
to prevent combinatorial effects. In the introduction of the chapter we discuss our ap-
proach. Next, we discuss the development of the design principles: each section describes
the manifestation of the combinatorial effect(s), proposes one or more design principles
and discusses the evaluation of the principle(s). In Section 5.5 we briefly describe our
findings.

Constructing the prototype is the third activity and the subject of Chapter 6. The general
approach of building the prototype is described in the introduction of the chapter. In
Sections 6.1 to 6.8 we report on the iterative building of the prototype: we develop the
prototype incrementally, based on the design principles, propose changes (we use the same
changes as in Section 4.6) to the prototype and evaluate the impact of these changes.
Next, we illustrate the functionality of the prototype in Section 6.10. In Section 6.11 we
briefly describe our findings.

We conclude this dissertation in Chapter 7. Here we first discuss the answers to the
research questions in Section 7.1. Then we provide a short conclusion, including our
contribution to literature in Section 7.2. Further, we discuss the limitations (Section 7.3),
and avenues for further research (Section 7.4).
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Chapter 2

Literature Review

In this chapter we discuss literature that is relevant to this dissertation. We start by
providing a general overview of the most important topics and methods in AIS literature
in Section 2.1. Next, we explain the Resources, Events and Agents model from AIS
literature into more detail in Section 2.2, since it is relevant to this dissertation. In
Section 2.3 we discuss how GAAP can differ from each other, which is relevant in studying
the issue. Since evolvability is an important design goal in this dissertation, we provide an
overview of evolvability literature in Section 2.4. Lastly, we discuss Normalized Systems
Theory and how we use it in this dissertation in Section 2.5.

2.1 Accounting Information Systems Literature

The AIS literature is multidisciplinary in nature, since it is the discipline that sits be-
tween two main disciplines: accounting and auditing on the one hand and computer
science and management information systems on the other hand (Debreceny and Curtis,
2015; Debreceny, 2011). Debreceny and Curtis (2015) consider research as AIS related as
soon as it can align with the AIS discipline. Main topics in AIS research are: auditing
(IT audit and continuous auditing), enterprise systems, accounting systems design, inter-
nal controls, IT governance, decision aids (and IT-enabled decision making), information
integrity and assurance, internet financial reporting and XBRL, technology adoption and
measurement of return on IT investment (Debreceny and Curtis, 2015). Little research
is conducted in the following areas: management accounting, small-business and not-for-
profit, the impact of AIS on the ethical judgment and behavior (Debreceny and Curtis,
2015). Another classification of AIS topics in order of importance (Ferguson and Seow,
2011): organization and management of an information system, internal control and
auditing, judgment and decision-making, capital market, expert systems, artificial intelli-
gence and decision aids, general AIS frameworks, educational issues, the accounting and
consulting profession and databases.

In AIS research a wide variety of research methods are used, where empirical and experi-
mental methods are the most popular (Ferguson and Seow, 2011). Model building is also
an important research method, but has lost some of its appeal in more recent research in
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favor of empirical and experimental methods (Ferguson and Seow, 2011). This is caused
by the long-standing debate about balancing empirical methods and design science re-
search (Debreceny, 2011; March and Smith, 1995; Hevner et al., 2004). Before recent work
on design science research methodology in information systems (research like Hevner et al.
(2004), Gregor and Jones (2007), Peffers et al. (2007) and Gregor and Hevner (2013))
emerged, it was harder to convince an audience of the value of design research (Debre-
ceny, 2011; Geerts, 2011). Nevertheless, in the AIS field, design research has always had
its place (Geerts, 2011). Regarding the theoretical framework AIS researchers use, the
most popular are theories from economics and cognitive psychology, whereas theories
from computer science have been used less and less over the years (Ferguson and Seow,
2011).

However rich the AIS field is, we do not uncover any literature regarding evolvability
in AIS. If we specifically look into design literature in AIS, we uncover literature about
for example continuous audit (Alles et al., 2006, 2008; Kuhn Jr. and Sutton, 2006) and
process mining (Jans et al., 2010, 2011, 2013). However, these designs cannot be used in
the context of multiple GAAP reporting. The most relevant design literature in AIS with
regard to our problem statement, is the research about the Resources - Events - Agents
(REA) model (McCarthy, 1982; Geerts and McCarthy, 2002). Therefore, we discuss the
REA literature in the next section (2.2).

2.2 The Resources, Events and Agents (REA)

Literature

The REA accounting model was first introduced by McCarthy (1982) as a way of ex-
tending the conventional accounting model by providing opportunities to meet other
(management) information needs. According to Geerts and McCarthy (2002), REA can
be considered an ontology as it is a specification of a conceptualization (Gruber, 1993) in
the sense that it provides a shared vocabulary, taxonomy and definition for objects (and
their relations) to be used in the modeling of a specific domain, in this case accounting
applications. REA was extended to serve as a theory to design within-enterprise sys-
tems (Geerts and McCarthy, 1999) and between-enterprise systems (ISO, 2015). The
basic modeling objects or entities are economic events, economic resources and economic
agents and are defined as follows:

• “Economic Event represents either an increment or a decrement in the value of
economic resources that are under the control of the enterprise.” (Hruby et al.,
2006, p. 4)

• “Economic Resource is a thing that is scarce, and has utility for economic agents,
and is something users of business applications want to plan, monitor, and control.”
(Hruby et al., 2006, p. 4)

• “Economic Agent is an individual or organization capable of having control over
economic resources, and transferring or receiving the control to or from other indi-
viduals or organizations.” (Hruby et al., 2006, p. 4)
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By using this elementary presentation of data, all stakeholders can derive their informa-
tion from the same primary data (McCarthy, 1982). The resulting model can then be
used to design a database which represents an organizations information needs (Geerts,
1993). Over the years REA literature has grown and now REA is presented as an ontology
(Geerts and McCarthy, 2000a).

There is still a need to develop the REA ontology further: 1) in the procedural direction,
where it is needed that “accounting conclusions” (like revenue and profit, we also refer
to Section 1.3 and Figure 1.2) are specified, 2) in the declarative direction, where there is
a need to fit the REA ontology into more general and more specific, existing frameworks
(Geerts and McCarthy, 2002). We can conclude regarding REA that it provides a shared
and validated way of structuring accounting phenomena (in the form of events, resources
and agents) (Geerts et al., 2013) so it becomes possible to use the same primary data to
derive information for different stakeholders (McCarthy, 1982) and this in innovative ways
of processing this primary data into business intelligence (Geerts et al., 2013). However,
as mentioned above, how accounting conclusions are specified is not yet researched. This
dissertation contributes by addressing the processing of events (as defined in the REA
model) into information that can be readily reported (like for example the processing of
events into journal entries).

Figure 2.1: The REA accounting model, adapted from Hruby et al. (2006)

Now, we briefly discuss some additional characteristics of the REA model. In Figure 2.1
the REA model as presented by Hruby et al. (2006) is shown. The three basic elements
of the REA model are resources, events and agents. Additionally, the model contains
relationships between these elements: duality, stock-flow, control (provide and receive in
Figure 2.1). The duality relation is the link between two economic events, where one of
the events implies a decrease and the other an increase in the resources of the enterprise
(Dunn and McCarthy, 1997). This duality relationship can be represented by a process
that combines the two economic events (Hruby et al., 2006; Geerts and McCarthy, 2001).
There are two kinds of processes: 1) in an exchange process resources are exchanged
between parties, 2) in a conversion process resources are used or consumed to produce
(or modify) other resources (Hruby et al., 2006).
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The stock-flow relationship describes the relationship between economic resources and
economic events: production, consumption, use, inflow (also called give) and outflow
(also called take) (Geerts and McCarthy, 2000a; Dunn and McCarthy, 1997). The control
relationship depicts the relation between the economic agents and the economic events:
the provide and receive relationship determines who loses and who receives control over
the economic resource as a result of the economic event (Hruby et al., 2006).

Next, there are three restrictions in the REA ontology, presented as axioms (Geerts and
McCarthy, 2000a, p. 12):

• “Axiom 1 – At least one inflow event and one outflow event exist for each economic
resource; conversely inflow and outflow events must affect identifiable resources.

• Axiom 2 – All events effecting an outflow must be eventually paired in duality rela-
tionships with events effecting an inflow and vice-versa.

• Axiom 3 – Each exchange needs an instance of both the inside and outside subsets.”

In practice, events that are not (yet) balanced by another event (in a duality relationship)
might occur. When this happens, one agent has a claim towards another agent: for
example, a purchase has occurred on credit, so a cash disbursement event has not yet
taken place (McCarthy, 1982). It is not required by REA to model all claims, but if they
are modeled, they are called materialized claims (Hruby et al., 2006). The stock-flow
relation between the different processes binds them into a value-chain (or scenario). It
provides insight into how an enterprise acquires resources and converts them through
different processes into cash. The value chain approach allows building a cascade of
models at different levels: from the complete value chain through the task level (Geerts
and McCarthy, 1997; Geerts, 1993). The REA methodology advises to identify economic
events on the level that decision makers need information to plan, design, follow-up and
evaluate activities. To avoid splitting up events gradually, Geerts and McCarthy (2001)
suggest an additional and more granular level, the task level.

To represent the task level, system flowcharts and other existing modeling techniques like
workflow management and data flow diagrams are used (Geerts and McCarthy, 2001). In
addition to creating an event, the task level can be used for the following reasons: when
the process is strongly dependent on technology, when the task can only be materialized
after the completion of all process tasks or when there is a one to one cardinality between
the task and a certain event (Geerts and McCarthy, 2001).

2.3 Multiple GAAP

In this section we discuss how GAAP differ from each other. There are five ways in which
the GAAP rules can differ from each other and two additional issues that we should take
into account. First, GAAP can differ regarding the definition of concepts, the recog-
nition criteria, the measurement methods, the presentation requirements and disclosure
requirements. Second, GAAP alternatives and lack of requirements also influence the way
a company handles multiple GAAP. These differences therefore have multiple dimensions
which are reflected in the design of the AIS.
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First, GAAP can differ in five ways (Fischer and Marsh, 2012):

• Concept definition: basic concepts (assets, equity, liabilities, income and expenses)
and definitions used by specific standards (for example, revenue: which sale con-
tracts are covered by the standard and which are not) can differ.

• Recognition criteria: determine if, when and how an item that matches with a defi-
nition of an element of financial statements, is recorded in the financial statements.
For example, revenue recognition on delivery of goods or when legal title passes.

• Measurement methods: determine the amount included in the financial statements,
based on an attribute or model. For example, to record an asset at Fair Value or
at historical cost.

• Presentation: differences in presentation style of financial statements regarding
terminology, classification, sections to use and type of accounts to use. For example,
revenue should be reported separately in the statement of profit or loss.

• Disclosure: differences in additional information to include in the notes to the
financial statements and format/depth of these disclosures. For example, report
segment information about revenue in the notes.

Second, two additional issues should be taken into account (Fischer and Marsh, 2012):

• Alternatives: GAAP allow alternative recognition and measurement rules (account-
ing choice). For example, IFRS allows both weighted average and FIFO for inven-
tory measurement.

• Lack of requirements or guidance: when one GAAP alternative does not address an
issue that is specifically addressed in another GAAP. For example, IAS 18/IFRS
15 (IASB, 2001, 2014) prescribe revenue recognition criteria, whereas in Belgian
GAAP such guidelines do not exist.

2.4 Evolvability literature

The subject of this section is the concept of evolvability. In Section 2.4.1 we provide an
overview of what changes drive the accounting domain and how little research is conducted
in AIS literature about change. Next we introduce the concepts of agility, evolvability and
flexibility from IS literature. In Section 2.4.2 we argue why evolvability is an important
IS characteristic. We discuss modularity literature and its shortcomings in Section 2.4.3.
Lastly, we argue why we choose Normalized Systems Theory as theoretical framework for
this dissertation in Section 2.4.4.

2.4.1 Evolvability and related concepts

The business environment is changing every day and organizations need to be able to
respond to it quickly (Harmon, 2014; Tallon and Pinsonneault, 2011; Malhotra and Tem-
poni, 2010; Botha et al., 2008). The volatility of the current business environment in-
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creases the need for companies to handle changes, to react to threats and react to new
business opportunities (Lu and Ramamurthy, 2011). Changes in a company are reflected
in the way the company operates, which we call the organizational design: this can im-
ply changes in the business processes, products, services and/or organizational structures
(De Bruyn, 2014). A changing organizational design can have far reaching consequences:
we illustrate this further by using accounting examples in the following paragraphs.

Companies use IT to support their business, which makes them heavily dependent on
technology and software (Mannaert et al., 2012b; Huysmans, 2011). This is even more true
for accounting, which relies almost completely on information systems and hence makes
the work of auditors more difficult, since they need to audit through the information
system (Debreceny and Curtis, 2015). This implies that changes in the organizational
design are reflected in the IT design (De Bruyn, 2014).

We discuss the significance and importance of changes in the context of accounting and
more specifically multiple GAAP in Section 1.1 and the lack of research about this in AIS
literature in Section 1.3. In the next paragraphs we discuss research from other fields,
mainly IT-related, that are useful for our problem domain. In IT, research conclusions
can be drawn on different levels: usually three different levels are distinguished being
the enterprise level, the business process level and the software level. Terminology in
this respect is important, since when the term “system” is used, it refers to the entire
organization of a company, which includes the IT system, but also the business processes
and other organizational aggregations. Therefore, some of the research is conducted at
the organizational level, other at the software level or the business process level.

We find relevant research about (organizational) agility, which is the ability of a company
to adapt to changes (Neumann, 1994; Fink and Neumann, 2007; Dove, 2002; Weill et al.,
2002; Sambamurthy et al., 2003). Agility consists of both detecting needed changes
and implementing new solutions to react to the changes (Overby et al., 2006; Samba-
murthy et al., 2003). As mentioned above, technology and software are important for
organizations and therefore agility of the IT systems is crucial to achieve agility at the
organizational level (Breu et al., 2002). Fink and Neumann (2007) summarize different
agility definitions from literature by considering three different kinds of IT dependent
agility, which they describe as follows:

• IT dependent system agility: “The ability to accommodate change in information
systems without incurring significant penalty in time or cost” (Fink and Neumann,
2007, p. 442) (based on prior studies by Allen and Boynton (1991), Conboy and
Fitzgerald (2004), Gebauer and Schober (2006) and Mirani and Lederer (1998));

• IT dependent information agility: “The ability to easily accommodate change in
the way organizational users access and use information resources” (Fink and Neu-
mann, 2007, p. 442) (based on prior studies by Bajgoric (2000), Chang and King
(2003) and Mirani and Lederer (1998));

• IT dependent strategic agility: “The ability to respond efficiently and effectively to
emerging market opportunities by taking advantage of existing IT capabilities” (Fink
and Neumann, 2007, p. 442) (based on prior studies by Börjesson and Mathiassen
(2005), Sambamurthy et al. (2003) and Weill et al. (2002)).
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Detection of needed changes is quite straight-forward in the context of multiple GAAP
since the main change drivers are regulation and internal changes in the company, which
are not difficult to detect. The real issue in multiple GAAP accounting is the actual
implementation of these changes, the second part of the agility definition. Therefore,
we do not use the term agility in this dissertation, instead we use the term evolvability.
Evolvability is the measure for the ability of the organization to implement the needed
changes (Ciraci and van den Broek, 2006; Mäntylä and Lassenius, 2006; Anda, 2007;
Mannaert et al., 2012b), which only refers to the second part of the agility definition and
therefore is more suited in the context of this dissertation.

Another closely related concept is flexibility, which we define as the more stringent prop-
erty of a system that allows it to change with respect to a pre-set number of parameters
that are included in the software design, whereas both evolvability and agility refer to
the capability to rapidly reconfigure the software by using new parameters (Bernardes
and Hanna, 2009).

To attain agility, evolvability and/or flexibility, literature agrees that good modular design
is important (Chung et al., 2005; Baldwin and Clark, 2000; Giachetti et al., 2003; Hoetker
et al., 2007; Sanchez and Mahoney, 1996) to prevent that a change or adaption in one
module impacts other modules (De Bruyn, 2014; Gershenson et al., 2003; Sanchez and
Mahoney, 1996; Parnas, 1972; Schilling, 2000). A survey conducted by Nasir and Iqbal
(2008) confirms that the most important characteristics of an evolvable system are design,
architecture and encapsultation.

2.4.2 The Importance of Evolvability in System Design

In this section, we argue why evolvability is important when designing software. Agility
literature is empirical in nature, starting from the concept of agility and using it to
deduct a measure that can be obtained through, for example, a survey. However, this
stream of literature does provide us with the measures identified in literature for agile
systems: time, cost, ease, efficiency and effectiveness (Fink and Neumann, 2007; Allen
and Boynton, 1991; Conboy and Fitzgerald, 2004; Gebauer and Schober, 2006; Mirani
and Lederer, 1998; Bajgoric, 2000; Chang and King, 2003; Börjesson and Mathiassen,
2005; Sambamurthy et al., 2003; Weill et al., 2002; Tallon and Pinsonneault, 2011; Lee
and Xia, 2010). We find more recent research confirming these measures: Tallon and
Pinsonneault (2011) use ease, speed and dexterity in their agility definition and Lee and
Xia (2010) efficiency and effectiveness. Therefore, we can conclude that for a system that
is agile: 1) changes to the system can be applied easily, 2) it does not cost too much time
(it is fast), 3) the costs are relatively low and 4) it can be done in an efficient and/or
effective way.

In the more specific evolvability literature, Cook et al. (2000) propose cost effectiveness
as a measure for evolvability. Research also suggests to use both structural measures as
expert opinions to measure evolvability (Anda, 2007). Other authors like Mäntylä and
Lassenius (2006), Anda (2007) and Mannaert et al. (2012b) refer to the “ease of further
development” in their evolvability definitions. All these measures are rather vague (e.g.,
an expert opinion) and can only be used to compare systems that have certain similar
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characteristics to which the measures are designed. However, these measures reflect the
advantages of an agile/evolvable system: they can be adapted faster, at a low price, in
an efficient and effective way, easy, etc.

Although agility seems an advantageous characteristic for a system, many studies state
that organizational agility in response to the quickly changing environment is problematic
(Beer and Nohria, 2000; Hammer and Champy, 1993; Huysmans, 2011). In particular,
in software the maintenance cost is frequently identified as one of the most challenging
and costly aspects of the life-cycle of software applications (Lientz and Swanson, 1981;
Mookerjee, 2005; Rajlich, 2014; Li et al., 2014; Sun et al., 2015; The Standish Group
International Incorporated, 2013): research shows that the cost of software maintenance
has increased to up to 90% of the total cost of software projects (Rashid et al., 2009).
Moreover, we find several (fairly recent) studies that research possibilities to decrease
the cost and effort of software maintenance (de Vasconcelos et al., 2016; Midha and
Bhattacherjee, 2012; Serna and Serna, 2014). They argue the need for this kind of research
because of the high maintenance costs. Since evolvability of a system is the ability to
adapt it more quickly, these changes are related to the maintenance of the system in the
long run. As maintenance is identified as the most costly domain in software, designing
more evolvable systems can significantly reduce maintenance costs.

To explain the lack of evolvability in current systems, we need to investigate the design of
software. In this respect three (of the eight) laws of software evolution of Manny Lehman
(Lehman, 1980; Lehman and Ramil, 2001) are relevant:

• The law of continuing change: changes need to be imposed on the system to keep
the system working in a satisfactory way (Lehman and Ramil, 2001). For example,
keep on updating a multiple GAAP AIS to the newest GAAP regulation.

• The law of increasing complexity: if changes are imposed on the system over time,
its complexity will increase unless specific action is taken to prevent/reduce it
(Lehman and Ramil, 2001). When complexity increases, future changes are more
difficult to apply to the system (Prater et al., 2001). For example, when all current
and past regulation is added to a multiple GAAP AIS, the system needs to be
organized in such a way that one can easily see when which rules are applicable. If
this is not done, it is more difficult to change the system with regard to new GAAP
regulation, since one should figure out how the rules are applied in the system first.

• The law of continuing growth: a system needs to grow in functional capabilities
over time to guarantee user satisfaction over the lifetime of the system (Lehman
and Ramil, 2001). For example, when regulation becomes more complex, users will
require more assistance from the system to be able to comply with the new rules.

From these laws we learn that any system is going to change and grow and measures
should be taken to make sure the complexity of the system does not increase over time
(Lehman, 1980; Lehman and Ramil, 2001). Despite the fact that this is not a new
issue (Lehman identified them in the 1970’s and 1980’s), the issue is still not solved
as reflected by the increasing costs of software maintenance. Reducing complexity and
hence increasing evolvability is mainly studied in modularity literature. The idea of a
modular structure dates back to McIlroy (1968), who proposes software as an assembly
of modular pieces of software like building blocks. In his view the building blocks can
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be used, re-used, changed, upgraded, combined in a simple and evolvable way, without
impacting other modules (Gershenson et al., 2003; Sanchez and Mahoney, 1996; Parnas,
1972; Schilling, 2000). Since then a lot of research about modularity has been conducted:
about modular structure design, but also about the advantages of good modular design.
De Bruyn (2014) provides an overview of some advantages at the modular level (Baldwin
and Clark, 2000; Gershenson et al., 2003; Sanchez and Mahoney, 1996; Arnheiter and
Harren, 2005):

• The use of modular operators as proposed by Baldwin and Clark (2000):
these operators can be applied to modular structures and improve their evolvability
as such. For example, substituting an old version of a module by a new one (which
is better in performance than the previous one).

• Complexity reduction: each module is concerned with one small functionality
and does not need to take into account the functionality of other modules.

• Reusability: since each module is concerned with a limited functionality, this
functionality can be reused more easily than a larger block of different functionalities
together.

• Diagnostability: communication between modules is very visible and transparent,
therefore it is easy to track down problems to the module that caused them.

• Project management efficiencies: after determining the functionality of each
module, they can be developed separately (even parallel).

These advantages can be translated into economic advantages on the organizational level:
because modules can be standardized, they can be easily replaced and even outsourced
(Huysmans, 2011). Huysmans (2011) and Van Nuffel (2011) provide an overview of
advantages and disadvantages related to an increased organizational performance because
of use of modularity:

• Advantages

– ”Simultaneously reconciling flexibility and cost efficiency (e.g., Djelic and
Ainamo, 1999).

– Quick adaption to external or internal changes (e.g., Nadler and Tushman,
1999; Sanchez, 1999).

– Ensuring resources decoupling through the reutilization of process specification
and best practices (e.g., Worren et al., 2002).

– Increased design options (e.g., Baldwin and Clark, 2000; Mikkola, 2006; Yigit
and Allahverdi, 2003).

– Reduce testing cost (e.g., Loch et al., 2001; Sanchez1999).

– Reduced development and production time (e.g., Ulrich, 1995; Yigit and Al-
lahverdi, 2003).

– Enable innovation by substituting modules (e.g., Baldwin and Clark, 1997;
Garud and Kumaraswamy, 1995).” (Huysmans, 2011)

• Disadvantages

– ”Performance trade-off of designing an overmodular structure (Ethiraj and
Levinthal, 2004)
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– Increasing danger of imitation by competitors (Ethiraj et al., 2008)

– Modular structures are difficult to design (Baldwin and Clark, 1997)

– Competitive dynamics and cognitive complexity limit the applicability of mod-
ularity (Ernst, 2005)” (Huysmans, 2011)

As shown above, modularity of a system can have a number of advantages related to cost-
efficiency and flexibility (which is related to evolvability), but as the disadvantages show
there is a trade-off between efficiency and modularity and it is difficult to design a modular
system. This trade-off is also reflected in the fact that there is no general agreement
on how to assess modularity (Gershenson et al., 2003). There are four parameters to
describe a modular design problem that each need to be “appropriate”: 1) the number
of modules, 2) the mapping of design elements to the modules, 3) interactions among the
design elements within each module and 4) interfaces or interactions between modules
(Van Nuffel, 2011; Ethiraj and Levinthal, 2004). The difficulty and vagueness lies in
defining what “appropriate” means (Ethiraj and Levinthal, 2004; Gershenson et al., 2003).

We can therefore argue that it is generally accepted that using modularity to attain
evolvability leads to cost reductions (both in the development of a system as in mainte-
nance) and other flexibility advantages. In this way we have illustrated the importance
and advantages of evolvability (by applying modularity) in the design of systems. How-
ever, we also identify possible issues like the difficulty of applying modularity and the
costs of a structure that is too modular. In the next section, we first introduce the most
important modularity principles from literature and discuss their shortcomings. Later,
in Section 2.4.4, we explain why the approach of Normalized Systems Theory is the most
useful for the design of modular, evolvable systems.

2.4.3 Modularity Literature

We stated before that to obtain agility and hence evolvability, the use of modularity in
the design of a system is essential, therefore, we provide an overview of literature related
to modularity. Modularity is used in several scientific domains like for example, computer
science, management, engineering and manufacturing (Baldwin and Clark, 1997, 2000).
There is not one uniform definition for modularity, but it is generally accepted to asso-
ciate modularity with “the process of subdividing or decomposing a system into several
subsystems” (De Bruyn, 2014; Campagnolo and Camuffo, 2010). The use of modularity
principles reduces the complexity of a system (Simon, 1962) by decomposing the main
problem into smaller sub-problems. Advantages of such a modular design are that it
facilitates change (Sanchez and Mahoney, 1996; Baldwin and Clark, 1997, 2000), because
the sub-modules can be adapted and replaced easily, which enables re-use (sub-modules
can be plugged in easily). To be able to achieve these advantages a module of a system
should have certain characteristics which are defined by Baldwin and Clark (2000, p. 63)
as follows: a module is “a unit whose structural elements are powerfully connected among
themselves and relatively weakly connected to elements in other units”.

This definition of a module refers to characteristics that are described by other authors as
coupling and cohesion, where they characterize a good modular design with a low degree
of inter-modular coupling and a high degree of intra-modular cohesion (Jacobson, 1992;
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Ethiraj and Levinthal, 2004). The amount of coupling is proportional to the number of
other modules on which the module depends (Abran and Moore, 2004; Orton and Weick,
1990; Page-Jones, 1980). Coupling is related to the interface of the module: the interface
is visible to all other modules, the rest of the internal workings of the module is hidden
by the principle of information hiding (introduced by Parnas (1972)). The amount of
cohesion is proportional to the degree in which the parts of the module are related to one
another (Page-Jones, 1980).

Now we discussed the main concepts of modularity, we discuss whether they suffice to
actually build evolvable software. The principle of information hiding of Parnas (1972)
and further literature about coupling and cohesion is still growing today, elaborating
the guidance on how to build a system with low coupling and high cohesion. However,
no straightforward answer is given to that question: design patterns exist that decrease
coupling and increase cohesion, but these patterns cannot be directly translated into
software code, they remain vague and are not sufficient to take clear decisions regarding
a specific design or implementation issue (Mannaert and Verelst, 2009; Mannaert et al.,
2016). The vagueness of the prescriptive knowledge that exists to design and build
evolvable software can also be expressed as a lack of fundamental laws in software design
(Porter, 1997; Kruchten, 2005). Moreover, when designers do try to apply the guidance
provided, they face time and budget constraints and find it very difficult at a technical
level to actually systematically apply the principles (Mannaert et al., 2016).

De Bruyn (2014) summarizes the problem of modularity in a nice way: “Hence, current
designs of modular systems at the software level do not seem to be able to capture all
anticipated benefits related to the use of modularity. A theory which prescribes proven
and unambiguous principles to guide the design of a good modular software system seems
therefore highly desirable within this application domain”. He only talks about the soft-
ware level, but later in his thesis he draws a similar conclusion for the organizational
level (De Bruyn, 2014): most studies about modularity at the organizational level are
merely descriptive (Campagnolo and Camuffo, 2010) and hence research about how to
partition designs into modules is missing for organizations and business processes (Ethi-
raj and Levinthal, 2004; Reijers and Mendling, 2008). Reijers and Mendling (2008) and
Reijers et al. (2010) state that there is a need for explicit guidelines regarding modularity
in business processes, since currently modularization happens ad-hoc. Also Van Nuffel
(2011) acknowledges that both the business process modeling domain (Hull, 2008; Cook
et al., 2006; Smith, 2003) and the related service-oriented architecture domain (Arsanjani
et al., 2009) suffer from a lack of available deterministic guidelines.

2.4.4 Electing Normalized Systems Theory to Define
Evolvability

All mentioned attempts of research have failed to provide straightforward, prescriptive
rules to design modular and hence evolvable systems. Therefore, we choose to use Normal-
ized Systems Theory as theoretical framework for evolvable system design: Normalized
Systems Theory applies modularity thoroughly and provides a specific measure for evolv-
ability (being absence of combinatorial effects) that can be used (Huysmans, 2011). We
believe their approach is the most useful since it is grounded on systems theoretic stability
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(Mannaert et al., 2011, 2012b). Other approaches miss the detail (and explicitness) of
applying modularity (Huysmans, 2011), lack a specific measure for evolvability that can
be used to design evolvable systems (their measures can only be used to compare existing
systems) and are tied to a specific context (Mannaert et al., 2011, 2012b). Moreover,
Normalized Systems Theory, although a theory initiated at the software level (Mannaert
and Verelst, 2009; Mannaert et al., 2012b), has shown its relevance in the design of busi-
ness processes (Van Nuffel, 2011; De Bruyn et al., 2011; Van Nuffel et al., 2010) and at
the enterprise level (Huysmans, 2011). De Bruyn (2014) generalizes the use of Normal-
ized Systems Theory to modular structures in general. This transferability of the basic
concepts of Normalized Systems Theory shows its strength for a general use in solving
evolvability questions.

Normalized Systems Theory defines an evolvable information system as an information
system to which a set of anticipated changes can be applied easily (Mannaert and Verelst,
2009; Mannaert et al., 2011, 2012b). The use of the word “easy” in this definition re-
mains vague, but is further explicated by the use of the notion of combinatorial effects:
the less combinatorial effects are caused by a change, the more easy it is to change, the
more evolvable the company is (Mannaert and Verelst, 2009; Mannaert et al., 2012b).
The definition of changing easy then becomes: it is easy to impose changes on the orga-
nizational design of a company when the change does not induce combinatorial effects.
A combinatorial effect can then be defined as: an effect that is caused when a change
that is imposed on a system has an impact that is not only proportional to the nature of
the change, but also proportional to the size of the system on which it is imposed. We
already provided an example of a combinatorial effect in an AIS context in Section 1.2.
In the next section, we will explain Normalized Systems Theory into more depth.

2.5 Normalized Systems Theory

Normalized Systems Theory uses the concepts of stability (from systems theory) and
entropy (from thermodynamics) to deduct principles for the design of information systems
(Mannaert and Verelst, 2009; Mannaert et al., 2012a). Originally Normalized Systems
Theory was applied in software design (Mannaert and Verelst, 2009; Mannaert et al.,
2011), but the generalization of the theory by De Bruyn (2014) extends the applicability
of the theory to the design of modular structures. A modular structure can be every
system that can be split into smaller parts, this can be software, biological systems,
physical systems, symbolic systems (book or music) or social systems (De Bruyn, 2014;
Simon, 1996).

In the next sections, we will discuss Normalized Systems Theory and how we use it in
more depth. To be able to do this, we choose accounting examples and hence the modular
structure we identify from our case studies, which we describe into detail in Chapter 4.
Therefore, we already include (and repeat) a figure of this modular structure here, in
Figure 2.2. We also include and repeat the explanation of this modular structure in
Section 4.4.
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Figure 2.2: Modular structure

2.5.1 Modular Structure in Accounting

By analyzing the case material and consulting the SAP website (SAP AG, 2013) (the use
of SAP in this dissertation is explained in Section 4.3), we identify the main components
that all AIS from the cases (to be described in Section 4.2) have in common: ledger,
accounts, charts of account, entry processing module, journal entry, company code and
event. Together these components constitute the modular structure we study, which is
generic for reporting in one GAAP and graphically represented in Figure 2.2.

An entry processing module contains five tasks (entry processing tasks) that need to be
carried out to determine how to process events, according to the GAAP used. These
tasks are: identification and qualification of concepts, recognition criteria, measurement
methods, presentation requirements and disclosure requirements. The result of the entry
processing tasks is a journal entry, consisting of the accounts that increase and/or decrease
and the respective amounts. This implies that we do not consider presentation and
disclosure issues that result in other requirements (for example, additional information
that needs to be provided in the notes) than posting a journal entry.

Journal entries are posted to a ledger. Next to containing all journal entries, the ledger
keeps the totals of each account by adding all amounts posted to the account. The ac-
counts used by the journal entries and collected in the ledger, are hierarchically structured
according to a chart of accounts (with an account name and an account number) using
a logical categorization of accounts (for example, assets, equity, liabilities, expenses and
income).

Company codes are used to separate the financial information of multiple legally separated
entities in the same system. Hence, events are always recorded and processed in a specific
company code. Therefore, a ledger belongs to one company code. But one company code
can hold multiple ledgers. A chart of accounts and an entry processing module can be
used by ledgers from multiple company codes. In SAP (SAP AG, 2013) two additional
principles have to be applied: 1) within the same company code, all ledgers need to use
the same chart of accounts; 2) in order to aggregate financial information from different
company codes a separate consolidation module is required.
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2.5.2 Primitives, Stability and Entropy

Every modular structure consists of “primitives”. This term refers to the building blocks
of the studied structure in a certain domain. For example, software consists of primitives
that represent data and actions. Data can be defined as the information (attributes) about
a certain object (for example, an invoice, an employee,...) that is kept in the information
system. An action is an operation/task in an information system that needs to be carried
out. The input and output of an action are data (Mannaert and Verelst, 2009). In
accounting, we identify the primitives from the modular structure in Figure 4.1: event,
entry processing module (with entry processing tasks), journal entry, ledger, company
code, accounts and chart of accounts. Another example of primitives in the domain of
business processes are the different tasks in a business process, which are the building
blocks of the business process.

A modular structure that is stable, is a structure where new changes (which are bounded)
can be applied with a bounded impact, even when an unlimited time horizon is considered
(i.e. when we assume that the system is subject to new changes over an unlimited
time horizon). This bounded impact needs to be interpreted as an impact that is only
proportional to the nature of the change and is not proportional to the size of the modular
structure it is imposed on. A violation of this stability principle, is called a combinatorial
effect. A combinatorial effect hence occurs when a change to a system has an impact
that is not only dependent on the change itself, but is also dependent on the size of
the system in which the change is applied (Mannaert and Verelst, 2009; Mannaert et al.,
2011). A stable modular structure is structured/built in such a way that no combinatorial
effects occur when changes are applied, even when the system keeps on evolving/growing
indefinitely. In this dissertation we identify combinatorial effects in AIS designs from case
studies in Section 4.6 by proposing changes to the designs and evaluating whether these
changes cause (a) comabinatorial effect(s).

In order to clarify the concept of a combinatorial effect, let us consider the following
example. The modular structure we consider is a multinational company with a number
of subsidiaries which each have their own AIS. We assume that all subsidiaries report
to the parent using US GAAP. Now assume that the parent wants to use the option of
measurement at fair value for financial instruments instead of measurement at historical
cost. The impact of the change is proportional to the number of subsidiaries: each
subsidiary needs to change its AIS. Since the change is dependent on the size of the
modular structure, it causes a combinatorial effect.

In practice we often see that certain changes are not applied, precisely because their
impact is so large (the combinatorial effect(s) is (are) large). Assume the same multina-
tional from the last example that wants to change the internal reporting standard from
US GAAP to IFRS, because it wants to list on a European stock exchange. The impact
of the change is proportional to the number of subsidiaries, hence the change induces
a combinatorial effect. This change is considered difficult and would result in a large,
costly project in every subsidiary.

Entropy in statistical thermodynamics is a measure for uncertainty in the system (Boltz-
mann, 1995; De Bruyn, 2014). The measurement of entropy is dependent on the relation-
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ship between macro states and micro states of the system. Boltzmann (1995) defines a
macro state as the whole of external, observable and measurable properties of the system
and a micro state as a set of internal properties of the system that is underlying with
respect to the macro state, but is not observable. Entropy then is a function that is
dependent on the number of possible micro states that correspond to one macro state
in a system (Boltzmann, 1995). Described as a measure for uncertainty in the system:
entropy occurs when the same macro state (observable properties of the system) can
be caused by different combinations of micro states (not observable), the details of all
properties of the systems are unknown and hence it is not certain how the macro state
is caused (De Bruyn, 2014). In De Bruyn et al. (2013), the concept of entropy is applied
to business processes: entropy increases when detailed information about the process is
lost. The macro state then is the state of the whole business process, the micro states
are the underlying states of all parts of the business process that determine the macro
state. Entropy increases when the macro state can be caused by multiple combinations
of micro states, so no information of the parts of the business process is available.

To illustrate entropy, we consider the entry processing module from the modular structure
represented in Figure 4.1 as a business process with the entry processing tasks as parts.
Now assume that the entry processing module only has one macro state to indicate that
something went wrong, namely “error has occurred”, then there is no detailed information
about the error available. Multiple micro states are possible: the error can be caused
in either the concept, recognition, measurement, presentation or disclosure task. Since
one macro state (the error) corresponds with multiple possible micro states (error can be
caused by all entry processing tasks), entropy is present.

To prevent entropy, a macro state needs to represent the underlying micro states com-
pletely and unambiguously (De Bruyn, 2014). Applied to the previous example, the
macro state (the error) needs to indicate in which entry processing task the error oc-
curred. We can extend this reasoning at a lower level of detail, saying that we want
to know what exactly went wrong in the execution of the entry processing task. For
example, information is missing or the calculation could not be executed because of a
system overload. In a similar way, you can always refine the level at which the macro
state provides information, which means that the uncertainty effect reduces and hence
also entropy reduces.

2.5.3 The Theorems from Normalized Systems Theory

To prevent combinatorial and uncertainty effects, the Normalized Systems Theory pro-
poses theorems, derived from the concepts of stability and entropy, to which designers of
information systems need to strictly adhere (Mannaert and Verelst, 2009; Mannaert et al.,
2012a). We use these theorems to evaluate the design principles in Chapter 5. De Bruyn
(2014) generalizes the theorems in order to be able to apply them to modular structures.
Therefore we use this generalization to exemplify the theorems. De Bruyn (2014) formu-
lates the Normalized Systems Theory theorems as we describe in the following sections
(examples are based on the modular structure from Figure 4.1).
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2.5.3.1 Separation of concerns

Theorem: every primitive can only contain one concern (De Bruyn, 2014).

From the stability requirement a concern is a change driver. A change driver is ev-
ery part of the modular structure that changes independently (Mannaert and Verelst,
2009; Mannaert et al., 2012b). Hence, every primitive can only contain one independent
change driver, otherwise stated, separate change drivers need to be separated in a system
(De Bruyn, 2014). For example, in a system where two GAAP are used, the GAAP need
to be considered as separate change drivers, because they can change independently. This
means that an entry processing module cannot depend on more than one GAAP. When
the separation of concerns principle is violated, the parts of an entry processing module
need to be adjusted every time one of the GAAP changes. In that way new versions of the
entry processing module are created in which only one entry processing task is different
from previous versions. If a new change needs to be applied to one of the entry processing
tasks that occurs in multiple entry processing modules, the impact of the change is equal
to the number of duplicated tasks occurring in the different modules. Since the impact
is dependent on the size of the system, the change causes a combinatorial effect.

Entropy considers a concern as an information unit. An information unit is a part of
the modular structure of which we want to keep information about its execution sepa-
rate (Mannaert et al., 2012a). Every primitive can only contain one information unit,
otherwise stated, information units need to be separated from each other (De Bruyn,
2014). We illustrate this with the example about the error state. If we want information
about errors on the level of the entry processing tasks, we consider these tasks as the
information units of the system. We need to separate these information units, following
the separation of concerns principle. When the principle is violated, an uncertainty effect
occurs, since there is only one macro state that states that an error occurred, but it does
not portray in which task the error occurred.

2.5.3.2 Separation of states

Theorem: when a primitive uses another primitive in its execution, a state
needs to be kept (De Bruyn, 2014).

For example, several measurement entry processing tasks use the Fair Value technique.
We identify the primitive entry processing task that uses Fair Value in its execution (next
to other tasks that, for example, handle customer discount). A state needs to be kept
when executing both primitives, according to the theorem.

If we explain this theorem from a stability point of view, the Fair Value technique needs
to keep a state so the entry processing task primitive can retrieve whether the Fair Value
is determined or not. This is necessary because if state keeping is not done, the entry
processing task needs to be able to handle all possible error states that might occur in
the calculation of the Fair Value. It is likely that the Fair Value calculation changes over
time: for example, because external information that is needed to be able to determine
Fair Value now is automatically obtained through a web service, where it used to be

26



CHAPTER 2. LITERATURE REVIEW

entered manually. This implies that new errors can occur as a result of this change,
for example, the external information is not available or not up to date. If no state
keeping is used, the new errors need to be handled by each entry processing task that
uses the Fair Value technique: since the impact of this change is proportional to the
number of processing tasks that use the Fair Value technique, the impact is proportional
to the size of the system, hence the change causes a combinatorial effect. Keeping states
after each execution of each entry processing task and task in the execution of the Fair
Value technique, prevents this need: the Fair Value technique itself can handle the error
situations by defining tasks that need to be executed when a certain error state is reached.
The entry processing task using the Fair Value technique can simply observe the state of
the Fair Value technique to know whether it is still in progress of determining the Fair
Value.

From the entropy point of view, we can explain this theorem by explaining the uncertainty
effect in the example above. If no state is kept and the entry processing task receives
an error from the Fair Value technique, the entry processing task has no way of knowing
what to do with the error, since it has no knowledge of what went wrong. Because the
entry processing task has no information about where (in which subtask of the Fair Value
technique) the error occurred, an uncertainty effect is present.

2.5.3.3 Version transparency

Theorem: every primitive needs to be able to change without causing in-
compatibility with other, unchanged primitives that use this first primitive
(De Bruyn, 2014).

For example, a GAAP changes its revenue recognition criteria and therefore the used
revenue entry processing module needs to be adjusted. Hence, according to this theorem
the change cannot cause a change in other primitives like for example, the journal entry.
This means that when we assume that a journal entry is a data element, the attributes of
the journal entry need to remain unchanged after the change in the recognition criteria
for revenue in the entry processing module.

When this principle is violated, a change in the revenue recognition criteria can require
a change in all primitives that use it, i.e. all journal entries related to revenue. Since the
impact is dependent on the size of the system, the change causes a combinatorial effect.

2.5.3.4 Instance traceability

Theorem: every result of an instance of a primitive needs to be traceable to
the specific version and instance of the primitive (De Bruyn, 2014).

An instance is the specific occurrence of a certain primitive from a model. For example
in the modular structure we propose, an event occurs in the model. In reality, many
different events are recorded by the system: every recorded event in the system is an
instantiation of the event from the model.
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For example, a GAAP changes its revenue recognition criteria as from January 2016.
Therefore the used entry processing module needs to be changed as from this date. After
January 2016, the system contains both journal entries posted with the old criteria as
with the new ones. The instance traceability theorem demands that every journal entry
needs to be traceable with respect to which version of the entry processing module (and
hence the recognition criteria) the journal entry is created and which instance of the entry
processing module is used.

When this theorem is violated, it is not traceable with which entry processing module
and which version of which GAAP a certain journal entry is created. Not being able to
trace this, is an uncertainty effect.

2.5.4 Elements as Building Blocks

As adhering to Normalized Systems Theory theorems has proven to be challenging, a set
of design patterns have been proposed in certain domains (De Bruyn, 2014). These pat-
terns are called elements and facilitate the application of the theorems in that particular
domain. They are the recurring building blocks used to construct the envisioned modu-
lar structure. Five elements have been proposed at the software level by Mannaert et al.
(2012b): data element, action (task) element, workflow element, connector element and
trigger element. As a consequence, the development of a working software application
prototype requires the identification of the different instances of each of these elements
for the considered domain. Based on the instantiation of these elements, major parts
of the actual software code can be generated (each element instance is expanded into
a predefined recurring software structure) providing basic out-of-the-box functionalities
such as CRUD (create, read, update and delete) screens, waterfall screens, data import,
document upload/download, basic user management, basic reporting, etc. Customiza-
tions (additional functional requirements which are not offered by the code expansion in
a standard way) can afterwards be added in a structured way by software developers, if
necessary. In Chapter 6, we use the elements in the construction of the prototype.

2.5.5 Creating Prototypes

Prototypes in Normalized Systems Theory, hence also the prototype in Chapter 6, are
built by using the Prime Radiant, a software tool developed by the Normalized Systems
Institute (NSI) and Normalized Systems eXpanders factory (NSX). Among other things,
this tool provides a graphical user interface (GUI) for the formulation of Normalized
Systems Theory software elements. It therefore allows a business analyst to insert the
specification of data elements, task elements and flow elements into the Prime Radiant.
The analyst can subsequently also expand (generate) and build (compile) software code
into a working software prototype. This way, the analyst 1) has a more concrete repre-
sentation of the envisioned application (a real working application vs. an abstract UML
diagram) to validate the completeness, consistency, accuracy, etc. of his model, 2) can
use this prototype to communicate and refine the functional requirements in consultation
with potential end users (a real working application vs. an abstract UML diagram or
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set of use cases), 3) can prove the actual feasibility of the development of a Normalized
Systems Theory compatible application of the considered model and domain, and 4) can
use this prototype as a starting point to interact with software developers adding custom
code into the generated application to provide non-generated functionality (Mannaert
et al., 2016). Moreover, it allows an iterative way of working in which a first version of a
prototype is built, feedback is given and incorporated in an updated model, after which
a new version of the prototype is developed, and so on.

2.5.6 Applying Normalized Systems Theory at the Level of
Business Processes

Next to the Normalized Systems Theory theorems, the application of the Theory at
the level of business processes and the resulting guidelines and business process design
patterns of Van Nuffel (2011) are also relevant for this study. Van Nuffel (2011) proposes
guidelines to design evolvable and modular business processes by the use of Normalized
Systems Theory. These guidelines are generally applicable, so they also apply in the
accounting domain. Discussing all 25 guidelines and the two design patterns proposed by
Van Nuffel (2011) would lead us too far from the topic of this dissertation, so we discuss
the ones that are relevant to this work: the business rule task and the aggregated business
process, which we refer to in Chapter 5 to evaluate the proposed design principles.

The business rule task guideline states that every business rule should be separated in
a single task (Van Nuffel, 2011). This guideline is a straightforward application of the
separation of concerns theorem: every business rule has a separate change driver that
should be separated from other business rules and tasks (Van Nuffel, 2011).

To explain the guideline of an aggregated business process, we first need to explain the
guideline of an elementary business process and the related concepts of the definition:

• The guideline of an elementary business process: “a business process should be
operating on one and only one life cycle information object” (Van Nuffel, 2011;
De Bruyn et al., 2014);

• An information object is “a concrete, identifiable, self-describing entity of infor-
mation”, typically an information object “has an enterprise-wide unique identity,
meaningful to a business user and can contain meta-data that describing its data
content” (De Bruyn et al., 2014; Van Nuffel, 2011, p. 343);

• A life cycle information object is the representation of the life cycle of an information
object as a business process (Van Nuffel, 2011);

• The elementary life cycle information object (the second guideline of Van Nuffel
(2011)) is defined as a non-state transparent information object (Van Nuffel, 2011;
De Bruyn et al., 2014).

Following these definitions, we conclude that in order to identify an elementary business
process, we should evaluate whether there is a need for the information object to keep
a state, because it is used by other primitives in the system, or not. For example (also
see Section 2.5.3), the Fair Value technique needs to be state transparent with regard
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to the entry processing task (remember that state transparency is always expressed as
a relation between two primitives). If we assume no other primitives in the system, the
entry processing task could be identified as an elementary life cycle information object.
However, if the entry processing task should also exhibit state transparency with regard
to, for example, its entry processing module, the entry processing module becomes the
elementary life cycle information object. When a life cycle information object is identified,
it is necessary to keep information about each task performed on the object (De Bruyn,
2014). Therefore, we need to evaluate whether the state transparent task called by the
identified elementary life cycle object can also be identified as another elementary life
cycle object. When the state transparent information object is completely incorporated
into the life cycle of the primitive using the information object, there is no reason to
define it as a separate life cycle information object (Van Nuffel, 2011). For example,
a journal entry and a journal entry line object: every action on journal entry lines is
originated via the journal entry. But if there are multiple evaluations, business rules and
tasks conducted in the same state transparent information object, it is necessary to also
identify it as a separate life cycle information object, being a separate business process
consisting of several state transitions (Van Nuffel, 2011). This is the case in the example
of the Fair Value technique task.

Now, we can explain the guideline of the aggregated business process: it is a business
process that only orchestrates several other business processes. An example is an order-
to-cash process that needs to be orchestrated, but contains several business processes
itself like order entry process, procurement process, production process, delivery process,
invoice process (Van Nuffel, 2011). Aggregating multiple elementary business processes
can only be justified if there is a need to keep information about the different elementary
business processes at an aggregated level (Van Nuffel, 2011).
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Research Methodology

In this dissertation, we use a design science research methodology. The use of design
science is mainly motivated by the perceived lack of professional relevance of IS research
(Benbasat and Zmud, 1999; Hirschheim and Klein, 2003). We address this by electing
a real-world problem: how to design evolvable AIS that are able to process accounting-
relevant events in multiple GAAP (March and Smith, 1995; Hevner et al., 2004). More-
over, we design an artifact that solves the problem or improves upon existing solutions,
being a prototype of an evolvable AIS that processes accounting-relevant events in mul-
tiple GAAP (March and Smith, 1995; Hevner et al., 2004).

Figure 3.1: The design science research process (Sonnenberg and vom Brocke, 2012)

We use the design science research process as presented by Sonnenberg and vom Brocke
(2012) and depicted in Figure 3.1. The advantage of this approach is the focus on
evaluation after each stage in the process. Most other approaches put more emphasis on
the building of the artifact than on its evaluation (Sein et al., 2011), whereas evaluation
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is considered an important part of design science research. Venable et al. (2014) address
the issue of the lack of guidance for evaluation in design science research literature by
providing a Framework for Evaluation in Design Science research (FEDS), for designing
individual evaluation episodes.

Sonnenberg and vom Brocke (2012) include four activities in their design science re-
search process: problem identification (identify problem), design, construction and use.
After each activity they propose an evaluation activity (numbered 1 through 4), which
is consistent with the FEDS (Venable et al., 2014). They emphasize that intermediate
results can also have a useful contribution to the design science research knowledge base,
if they are related to a generic problem and are rigorously evaluated (Sonnenberg and
vom Brocke, 2012). This dissertation reports on one design science research process that
conducts the first three activities (problem identification, design and construction) and
their respective evaluation. We cannot execute the use activity since the prototype of
the construct activity is only a proof-of-concept and lacks functionality to be actually
used in a practical context, we elaborate on this research limitation in the introduction
of Chapter 6. In Table 3.1, we describe the output of each activity, based on the table
depicted in Sonnenberg and vom Brocke (2012, p. 393-396). We use these outputs to
frame each activity and evaluation phase.

Activity Output of the Activity

Identify problem statement/observation of a problem, research need, design
Problem objectives, design theory and existing solutions to a practical problem
Eval 1 justified problem statement, justified research gap and justified design ob-

jectives
Design design specification, design objectives, stakeholders of the design specifi-

cation or design tool/design methodology
Eval 2 validated design specification and a justified design tool/methodology
Construct instance of an artifact (prototype)
Eval 3 validated artifact in an artificial setting (proof of applicability)

Table 3.1: Output of the Design Science Research Process Activities, adapted from Son-
nenberg and vom Brocke (2012, Table 3, p. 393-394)

The FEDS of Venable et al. (2014) prescribes into more detail how to evaluate in design
science research. The evaluation process consists of four steps: “1) explicate the goals of
the evaluation, 2) choose the evaluation strategy or strategies, 3) determine the properties
to evaluate and 4) design the individual evaluation episode(s)” (Venable et al., 2014). It
is especially for step two that additional guidance is provided: the framework requires to
answer the questions of why, when, how and what to evaluate (Venable et al., 2014). The
why depicts the functional purpose of the evaluation: a formative evaluation is aimed at
improvement, a summative evaluation at validation (Venable et al., 2014). Evaluation
can take place (the when of the evaluation) before design and construction (ex-ante) or
after (ex-post) (Venable et al., 2014). Artificial or naturalistic evaluation refers to the
how question of evaluating: if the setting in which the evaluation takes place is a real
environment, the evaluation is naturalistic, if not it is artificial (Venable et al., 2014).
What to evaluate refers to the properties that are evaluated (Stufflebeam, 2003; Venable
et al., 2014).
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Next we discuss the three cycle view of Hevner (2007): this paper describes design science
as three cycles 1) design cycle, 2) relevance cycle and 3) rigor cycle. In this view the design
cycle consists of building and evaluating an artifact, the relevance cycle connects the
design cycle with the environment and the rigor cycle connects the design cycle with the
knowledge base of scientific foundations, experience, and expertise (Hevner, 2007). The
relevance cycle provides feedback from the environment on the design to ensure that the
artifact is created with the purpose of addressing a certain problem which is unsolved and
important for business (Hevner et al., 2004; Hevner, 2007). The proposed artifact needs to
exhibit innovativeness and value, and needs to serve human purposes (March and Smith,
1995). Implicitly Hevner et al. (2004) refer that in this relevance cycle, certain objectives
or criteria need to be put forward that address a hitherto unsolved problem, March and
Smith (1995) refer to this as evaluation against predetermined criteria. Relevance triggers
the research by motivating why a certain design is necessary. After the artifact is built,
relevance can be tested by evaluating whether the artifact built is actually useful in the
environment.

The rigor cycle ensures the academic value of the research: before starting to design, aca-
demic literature should be consulted to identify a research gap (make sure the research is
innovative) and relevant design theories and past research in the same domain (Hevner,
2007). When the artifact is built, a contribution to the knowledge base should be made.
March and Smith (1995) stress the importance of theorizing (both about the artifact
itself and about its environment), because we not only need to determine what works,
we must also know why it works. Gregor and Hevner (2013) use the same “what” (de-
scriptive knowledge) and “how” (prescriptive knowledge), where descriptive knowledge
handles phenomena and sense-making, whereas prescriptive knowledge handles about
how artifacts should be build (constructs, models, methods, instantiations and design
theories). They use the same types of knowledge to describe the research used at the
start of building an artifact. The paper of Gregor and Hevner (2013) zooms in on the
importance of contributing to knowledge after building an artifact. They acknowledge
three levels of contribution types, where level 1 is situating an artifact, level 2 is nacent
design theory (knowledge as operational principles or architecture) and level 3 is a well
embedded design theory about embedded phenomena.

The design cycle is the core of design science research and most design science literature
describes it. In this cycle the artifact is built and evaluated. We interpret the artifact to
be build in the broadest sense of its meaning: a construct, a model, a method, an instanti-
ation (March and Smith, 1995; Hevner et al., 2004) or “new properties of technical, social,
and/or informational resources” (Järvinen, 2007). Regarding evaluation, we already dis-
cussed the FEDS (Venable et al. (2014)). Other authors are less clear about evaluation.
March and Smith (1995) argue that the artifacts performance should be evaluated with
respect to the predetermined criteria. Peffers et al. (2007) agree and add that evaluation
can include “any appropriate empirical evidence or logical proof”. Hevner et al. (2004)
specify that the artifact needs to be evaluated with respect to utility, quality and efficacy
in a rigorous way through well-executed methods.

In the next Sections 3.1, 3.2 and 3.3, we discuss the methodological aspects of each activity
in the design science research process further. We graphically represent the process and its
interaction with its environment (relevance) and the knowledge base (rigor) in Figure 3.2.
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Figure 3.2: The design science research process and its interaction with the environment
(relevance) and the knowledge base (rigor)
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3.1 First Activity: Problem Identification

In Table 3.1, we mention the output of each activity of the design science research process
of Sonnenberg and vom Brocke (2012). For the activity “identify problem”, the output
is problem statement/observation of a problem, research need, design objectives, design
theory and existing solutions to a practical problem; for the activity “eval 1” the output
is a justified problem statement, justified research and justified design objectives (Son-
nenberg and vom Brocke, 2012). In this section we elaborate on how we apply these
requirements in the set-up of our first activity.

In the Introduction (Chapter 1), we elaborate on the observation being the multiple
GAAP AIS problem, we identify the need for research in this area, we put evolvability
forward as the design objective and we propose Normalized Systems Theory as design
theory. This provides rigor for this research: we consult relevant literature of the knowl-
edge base (Hevner, 2007) and we use an existing design theory (classified as prescriptive
knowledge by Gregor and Hevner (2013)), being Normalized Systems Theory. We find
evidence (Meall, 2004; Fischer and Marsh, 2012) that multiple GAAP is an issue for com-
panies and that the main concern for companies are the changing GAAP rules, which
makes us believe evolvability is a real problem. Nevertheless, we found the evidence
is not convincing enough to start designing improved AIS. Moreover, since there is no
design science literature about multiple GAAP AIS or evolvability in accounting, defin-
ing the requirements of multiple GAAP AIS seems too difficult. Therefore, we suggest
additional research in this problem identification phase: study existing solutions to the
multiple GAAP problem to increase the relevance of this dissertation (Hevner, 2007).

Since we use both design science and case studies, we use the mixed methods methodology
of Huysmans and De Bruyn (2013) consisting of a design science component and a case
study component. This combination is accepted in literature: a case study as part of a
design research project (Huysmans and De Bruyn, 2013), in this case during the problem
identification phase. Using the classification of Huysmans and De Bruyn (2013), this
research design is concurrent exploratory. The theoretical drive of this project, also the
dominant component (Huysmans and De Bruyn, 2013), is the design science component.
This leaves the case study component as the supplementary component. Regarding pacing
of the components, we use a concurrent pacing with the problem identification phase of
the design research component as the point of interface.

We use case studies to analyze how companies design AIS to comply with multiple GAAP,
we describe the case study methodology in Section 4.2 and the AIS designs from these
cases in Section 4.4. Next we use the FEDS framework (Venable et al., 2014) from design
science literature to evaluate these designs with regard to evolvability, using Normalized
Systems Theory, we describe the evaluation approach in Section 4.5. The result of the
evaluation is a list of combinatorial effects (violations of Normalized Systems Theory),
which are described in Section 4.6. In Section 4.7 we summarize the results of the case
studies and their evaluation. We also judge whether the required output of the first
evaluation phase (being justified problem statement, justified research and justified design
objectives (Sonnenberg and vom Brocke, 2012)) is sufficient for proceeding with the design
and construct of evolvable multiple GAAP AIS.
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3.2 Second Activity: Design

After the multiple GAAP problem in evolvable AIS is identified as a valid problem to
study using design science, we can proceed to the next step in the design science research
process of Sonnenberg and vom Brocke (2012): design. In Table 3.1, we mention the
output of each activity of the design science research process of Sonnenberg and vom
Brocke (2012). For the activity “design”, the output is design specification, design ob-
jectives, stakeholders of the design specification or design tool/design methodology; for
the activity “eval 2” the output is a validated design specification and a justified design
tool/methodology (Sonnenberg and vom Brocke, 2012).

After identifying combinatorial effects in AIS from practice, we propose design principles
to be used for building future AIS that do not contain these combinatorial effects. These
design principles form the design specification (Sonnenberg and vom Brocke, 2012). The
way in which we derive these design principles is part of the design methodology (Sonnen-
berg and vom Brocke, 2012). We describe the details of this methodology in Chapter 5,
including the use of the FEDS of Venable et al. (2014).

Our evaluation approach, as described in Chapter 5, ensures both rigor and relevance
(Hevner, 2007) of the proposed design principles. We check the relevancy of the design
principles by relating them to the case studies and the rigor by relating them to relevant
literature. This evaluation provides validation for the design specification, being the
design principles. The design principles are a form of prescriptive knowledge and can
be considered a level 2 contribution according to the framework of Gregor and Hevner
(2013), as nacent design theory.

3.3 Third Activity: Construct

After specifying a design, the construct can be build. In Table 3.1, we mention the output
of each activity of the design science research process of Sonnenberg and vom Brocke
(2012). For the activity “construct”, the output is an instance of an artifact (prototype);
for the activity “eval 3” the output is a validated artifact in an artificial setting (proof
of applicability) (Sonnenberg and vom Brocke, 2012). Hence, in the construct phase we
build a prototype of an evolvable multiple GAAP AIS, using the design principles from
the design phase and in the evaluation we validate this artifact. We report on these
activities in Chapter 6, where we also provide more details on the methodology and the
evaluation (using the FEDS of Venable et al. (2014)).

Using the results of Chapters 4 and 5, we ensure the relevance of this third phase. We
do not test the prototype in a real live context, which is a possibility for future research.
Rigor in constructing this prototype is provided by the use of the Prime Radiant, which
allows us to easily build software that adheres to the Normalized Systems Theory the-
orems. As a contribution to the knowledge base, the prototype classifies as a level 1
contribution and is prescriptive in nature (Gregor and Hevner, 2013).
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Chapter 4

Problem Identification: Detecting
Evolvability Issues in the Designs of
AIS in Practice

4.1 Initial Problem Statement

In the Introduction (Chapter 1) of this dissertation, we elaborately describe the following
problems:

• The AIS literature does not study evolvability. We uncover references to evolvability
in IT literature, where we find Normalized Systems Theory (which is mainly a
software theory) as the most relevant, because it defines evolvability by using the
concept of combinatorial effects;

• Multiple GAAP reporting is a burden for some companies, but we do not uncover
guidance in literature on how companies can comply with multiple GAAP in an
effective and efficient way by using their AIS;

• The changes in GAAP (both which GAAP and changes to the GAAP themselves)
require considerable efforts and companies seem not to be able to deal with these
changes in an evolvable way.

Therefore, we derive the problem domain: “The design of evolvable AIS that support
processing of accounting-relevant events in multiple GAAP”. However, we also mention
that, although we believe that the lack of literature can justify the problem statement, we
do consider it is necessary to investigate the problem further in practice. Notwithstanding
literature that calls for research, it might still be possible that evolvability is not an issue
in practical multiple GAAP AIS, because a readily practical solution already exists. A
second reason to study the problem in practice is to see to what extend there are practical
solutions for the problem and to use these solutions as a starting point to further develop
multiple GAAP AIS.
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To study the problem in practice, we conduct case studies. We explain the methodological
approach of the case studies in Section 4.2. Because three out of five case companies use
SAP, we refer to SAP frequently. The other two case companies use custom-built software
and therefore, we did not study an AIS design from another vendor. Therefore, we
emphasize the reasons and rationale of the use of SAP in this dissertation in Section 4.3.
In Section 4.4 we describe the multiple GAAP AIS designs from the cases. Next we
explain how we will evaluate these designs with regard to their evolvability by using the
FEDS from Venable et al. (2014) in Section 4.5. We describe the result of the evaluation,
being the identified combinatorial effects in Section 4.6. After this practical study, we
conclude in Section 4.7 that it is justified to study the problem of evolvability in multiple
GAAP AIS, using design science methodology.

4.2 Case Studies

To gain more insight into the problem of multiple GAAP in practice we use case studies
and expert interviews. This is appropriate because we study a contemporary phenomenon
(multiple GAAP) in its natural setting to gain deeper insight into the matter (Benbasat
et al., 1987; Yin, 2003). Exploratory case studies are appropriate, since we apply a the-
oretical concept (Normalized Systems Theory) in a new setting (Marshall and Rossman,
2006; Huysmans, 2011).

We choose a collective case study approach and a heterogeneous sample to increase gen-
eralizability of the results: identifying combinatorial effects that are inherent in multiple
GAAP AIS (Ritchie et al., 2003; Huysmans, 2011). Therefore, we include companies
from different sectors: an insurance company, a manufacturer in the graphical and medi-
cal sector, a pharmaceutical manufacturer and two transportation firms. The population
from which we draw the cases are companies that report according to multiple GAAP.
Two case studies cooperate because of personal connections through colleagues. To select
additional cases we contact Belgian subsidiaries of listed companies, because they need
to prepare statutory annual financial statements using Belgian GAAP and report to the
parent company using another GAAP like for example, IFRS. The number of case studies
is limited, since we need a high level of detail to be able to analyze the results (Stake,
1994, 1998; Huysmans, 2011). We conduct five case studies: four of them were conducted
before the between-case analysis, the fifth case was added after all analysis were already
conducted and reported on (even the design principles were already developed). We ex-
perienced that the fifth case study only marginally adds to the results (only providing
more evidence for conclusions that were already drawn), giving us reasons to believe that
this number of case studies suffices, since we reach the point of theoretical saturation
(Eisenhardt, 1989). Moreover this number falls within the range of four to ten cases,
which is considered to be enough to draw valid conclusions (Eisenhardt, 1989).

We conduct interviews with employees in the financial accounting department and, in
two cases, also with key informants from the IT department who are involved in the AIS
design. The main focus of the interviews is the functional aspects of the AIS. Interviewing
multiple key informants provides us more insight into the specific design of the AIS. The
interviews are conducted at each company’s site by the author of this dissertation and
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last approximately 120 minutes each. During the interviews notes are taken, which are
electronically archived. Customary in exploratory research, we use open questions and
adapt the questions after each interview (Eisenhardt, 1989) which enables us to gain
considerable insight into the existing design of the AIS of the cases. However, we do
focus on the processing of events in multiple GAAP in these interviews, since this is the
focus of this dissertation.

Next to the case studies, we interview two practitioners: an SAP Belgium representative
who is responsible for localization (localization concerns country specific pre-configuration
of SAP to comply with local regulation) and someone who works as a business intelligence
consultant (for a software company) but permanently works with a client in the banking
sector. These interviews help us to gain deeper insight into the problems of multiple
GAAP, which allows us to analyze the case studies more thoroughly.

4.3 SAP in this Dissertation

In the remainder of this dissertation we refer to the SAP website (SAP AG, 2013) multiple
times and compare our results with the possibilities in SAP . Therefore, it deserves some
explanation why we use SAP as the reference ERP system and not the software of other
vendors like Oracle, Infor or Microsoft Dynamics AX.

When starting to conduct this research, we did not specifically include or exclude compa-
nies that use certain software or not (also see 4.2). Three out of the five case companies
we investigate use SAP, the two others use custom-build software. To explain this, we
look at figures of market shares of the different ERP vendors in Belgium: we summa-
rize them in Table 4.1. Although we are not completely convinced that these numbers
are correct (a drop from a 80% market share to a 21% market share in one year seems
strange), they do provide an indication of the ERP landscape in Belgium with SAP as
the market leader in the segment of companies over 500 employees. In 2016 the ICT
yearbook (Stoffels , 2016) does not report numbers for Oracle anymore, but puts more
emphasis on custom-made ERP software. Other sources confirm SAP as market leader
in Belgium with 29% of organizations with more than 50 employees that use an ERP
solution from SAP and a 69% market share in the segment of multinationals (figures
from March 2016 by Computer Profile (2016)). Moreover, we find figures that also con-
firm SAP as market leader worldwide with a market share dropping from 26% in 2013 to
23% in 2015 (Panorama Consulting Services, 2015; Columbus, 2014). Since our research
exactly targets multinational, large companies (because those are the companies that
need to handle multiple GAAP), it is not surprising that three out of five of our case
companies use SAP.

There are four reasons why we believe it is reasonable to base ourselves mainly on SAP
(and the documentation on its website: SAP AG (2013)). First, three of our five case
studies use SAP, which obliges us to refer to SAP multiple times. This also shows
that SAP has an important position in the market of companies that report in multiple
GAAP. Second, as we discuss in the first paragraph of this section, SAP has a market
leader position, which is the most apparent in the segment of large companies (>500

39



CHAPTER 4. PROBLEM IDENTIFICATION: DETECTING EVOLVABILITY
ISSUES IN THE DESIGNS OF AIS IN PRACTICE

Segment Year SAP Oracle Microsoft Custom made Other

<50 employees
2016 10% n.a. 14% 13% 63%
2015 8% 6% 18% n.a. 68%
2014 6% 6% 23% n.a. 65%
2013 11% 6% 28% n.a. 55%
2012 4% 4% 50% n.a. 40%

50-500 employees
2016 11% n.a. 16% 13% 60%
2015 14% 8% 17% n.a. 61%
2014 14% 7% 13% n.a. 66%
2013 42% 19% 4% n.a. 35%
2012 16% 10% 42% n.a. 32%

>500 employees
2016 17% n.a. 12% 12% 59%
2015 23% 9% 12% n.a. 56%
2014 21% 12% 15% n.a. 52%
2013 80% 12% 4% n.a. 4%
2012 69% 9% 0% n.a. 22%

Table 4.1: Market share of ERP vendors in the Belgian market, own composition based
on the ICT yearbooks: Smart Business Editiorial Office (2012), Visterin (2013), Visterin
(2014), Visterin (2015) and Stoffels (2016)
However, we believe the results are not completely correct, especially the numbers for
2012 and 2013 give a completely different view than the numbers for 2014-2016.

employees) which are the companies that use multiple GAAP reporting. Third, we are
also able to interview an expert from SAP Belgium, which provides us with additional
insights into the problem of multiple GAAP. Fourth, since our work is exploratory in
nature, we believe that focusing on SAP can be justified because of its strong position in
the market (and presence in our case studies).

4.4 The AIS Designs

Before we describe the AIS designs from the case studies, we first discuss some general
observations, which we can draw based on the case studies:

• In general, companies try to limit differences between GAAP: when they have a
choice, they choose a method that is allowed in all the GAAP they apply.

– For example, using FIFO inventory measurement because it is allowed by both
Belgian GAAP and IFRS, whereas LIFO is not allowed by IFRS.

– For example, using the diminishing balance depreciation method, because it
is allowed (and beneficiary) by tax legislation to limit the differences between
Belgian GAAP and tax legislation.

• Differences between GAAP are mainly about capital grants, financial instruments,
provisions, deferred taxes and pension benefits.
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• Generally speaking, companies use two different GAAP. In the case studies, we ob-
served the use of Belgian GAAP combined with IFRS or another European GAAP.
Except for the insurance company: as from 2016 it has to comply to Solvency II,
which can be considered an additional GAAP. Tax legislation is not considered as
a separate GAAP, and is hence not included in the AIS, rather spreadsheets1 are
used to calculate needed items for tax reporting.

• In general, companies choose one GAAP as their primary GAAP, according to
which they post all operational journal entries daily and report internally. Two of
the cases choose Belgian GAAP, the other three IFRS as their primary GAAP. The
choice for IFRS as primary GAAP is imposed by the respective parent companies
of the case companies, the two other cases were not forced by their parent company
to switch to IFRS.

• Out of five case companies two use a custom-built AIS, the other three use SAP.

To describe designs of AIS that report according to multiple GAAP, we use case studies
and expert interviews. Additionally, we use the SAP website (SAP AG, 2013) to gain
background information, since SAP is used by three cases and SAP has a market leader
position in the segment of companies that use multiple GAAP (the use of SAP in this
dissertation is further explained in Section 4.3).

By2 analyzing the case material and consulting the SAP website (SAP AG, 2013), we
identify the main components that all AIS from the cases have in common: ledger, ac-
counts, charts of account, entry processing module, journal entry, company code and
event. Together these components constitute the modular structure we study. We graph-
ically represent this modular structure in Figure 4.1. Note that in this modular structure,
we consider “event” as a given, since we do not consider how these events are recorded
in the AIS: in the cases we focus on the processing of recorded events in multiple GAAP.
This is logical since an AIS is not concerned with the recording of these events, this is
done in more operational modules like a Sales module: the AIS takes into account these
events and needs to process them in multiple GAAP for reporting purposes. Also, we
already noted in the literature review that more research (mainly REA literature) has
been conducted about how to record events so the needed accounting conclusions can
be drawn, but research is lacking in how to actually make these accounting conclusions.
Therefore, we repeat the definition of an event from REA literature: “Economic Event
represents either an increment or a decrement in the value of economic resources that are
under the control of the enterprise.” (Hruby et al., 2006, p. 4).

An entry processing module contains five tasks (entry processing tasks) that need to be
carried out to determine how to process events, according to the GAAP used. These
tasks are: identification and qualification of concepts, recognition criteria, measurement
methods, presentation requirements and disclosure requirements. The result of the entry
processing tasks is a journal entry, consisting of the accounts that increase and/or decrease
and the respective amounts. This implies that we do not consider presentation and

1The companies from our case study indicate that they use spreadsheets, because 1) they are easier
to control than adding tax legislation into the AIS and 2) tax reports are only made up once a year, so
the benefits of adding tax as a separate GAAP do not outweigh the effort/cost.

2The remainder of this paragraph and the following 3 paragraphs are (almost) a copy of Section 2.5.1.
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Figure 4.1: Modular structure

disclosure issues that result in other requirements (for example, additional information
that needs to be provided in the notes) than posting a journal entry.

Journal entries are posted to a ledger. Next to containing all journal entries, the ledger
keeps the totals of each account by adding all amounts posted to the account. The ac-
counts used by the journal entries and collected in the ledger, are hierarchically structured
according to a chart of accounts (with an account name and an account number) using
a logical categorization of accounts (for example, assets, equity, liabilities, expenses and
income).

Company codes are used to separate the financial information of multiple legally separated
entities in the same system. Hence, events are always recorded and processed in a specific
company code. Therefore, a ledger belongs to one company code. But one company code
can hold multiple ledgers. A chart of accounts and an entry processing module can be
used by ledgers from multiple company codes. In SAP (SAP AG, 2013) two additional
principles have to be applied:

• Within the same company code, all ledgers need to use the same chart of accounts.

• In order to aggregate financial information from different company codes a separate
consolidation module is required.

The modular structure described above is generic for reporting in one GAAP and needs to
be expanded to support multiple GAAP. This can be done in multiple ways which requires
making two design choices: the account design and the posting design. In Sections 4.4.1
and 4.4.2, we discuss these design choices and their implementation in the case studies. In
Chapter 6, we use the modular structure to identify data elements, their relationships and
attributes, to be able to design and construct the prototype. We graphically represent
the modular structure in an Entity Relationship Diagram (ERD) in Figure 6.1.

42



CHAPTER 4. PROBLEM IDENTIFICATION: DETECTING EVOLVABILITY
ISSUES IN THE DESIGNS OF AIS IN PRACTICE

4.4.1 Account Designs

Different GAAP can require different processing of the same event. Therefore, a design
choice needs to be made to post the journal entries of different GAAP to separate ac-
counts, which we denominate the account design. In our case studies and from the SAP
website (SAP AG, 2013), we identify three ways to separate accounts: 1) parallel accounts
(account design 1): accounts for the different GAAP are duplicated in the same chart of
accounts; 2) parallel ledgers (account design 2): journal entries for different GAAP are
posted to separate ledgers and 3) separate company codes (account design 3): journal
entries for different GAAP are posted to separate company codes. Each of these designs
can be presented as an extension of the modular structure of Figure 4.1. We discuss
these designs respectively in the following Sections 4.4.1.1, 4.4.1.2 and 4.4.1.3. When we
illustrate the designs, we assume reporting is required in two GAAP.

4.4.1.1 Account Design 1 (a and b): Parallel Accounts

There are two ways to implement parallel accounts. The first possibility is used in two of
the cases: they duplicate accounts (account design 1a), which means that for each GAAP
all accounts are duplicated within the same chart of accounts.

If we relate this to the modular structure as presented in Figure 4.1, this design is related
to the concept of “Accounts” in that modular structure: instead of having one set of
accounts, an additional set of accounts is used in the same ledger. The actual extension of
the modular structure is situated in the chart of accounts where accounts are duplicated:
each GAAP has their own set of accounts in the same chart of accounts.

To distinguish the account numbers for the different GAAP, the first digit is used, the
other digits of the account number resemble for corresponding accounts. We graphically
represent an example of this account design in Figure 4.2. In this figure, we use 1, 2,
3 or 4 as the first digit for the accounts of the primary GAAP and 5, 6, 7 or 8 for the
accounts of the secondary GAAP. For example, a revenue account “Revenue product X”
exists twice in the chart of accounts with the number 4700000 for the primary GAAP
and 8700000 for the secondary GAAP.

Figure 4.2: Account design 1a: duplicated parallel accounts
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A second possibility to implement parallel accounts is the use of areas (account design
1b). Since none of the cases uses this design, we use the description on the SAP website
(SAP AG, 2013): one chart of accounts is divided into areas, being a common area and a
GAAP-specific area for each GAAP in which the company needs to report. The common
area contains the accounts to which journal entries are posted that are the same for
all GAAP. When the different GAAP require different journal entries, those entries are
posted to the accounts in the GAAP-specific areas.

Just as account design 1b, the extension of the modular structure to set up multiple
GAAP is situated in the chart of accounts in which the accounts used in the ledger are
listed. The number of accounts that are added depends on the number of GAAP in the
system: there are common accounts in the chart of accounts and specific accounts for
each GAAP.

To distinguish the areas, for example, the first digit of the account number designates
whether the account belongs to the common area or a GAAP-specific area, the other digits
of the account number resemble for corresponding accounts. We graphically represent
an example of this design in Figure 4.3: the first digit designates whether the account
belongs to the common area (0), the primary GAAP area (1) or the secondary GAAP
area (2). For example, when the journal entry for revenue posting is the same (same
amount and timing) for all GAAP, the revenue account belongs to the common area and
has the number 04700000. When the journal entry is different, two revenue accounts
exist in the GAAP-specific areas with the numbers 14700000 and 24700000.

Figure 4.3: Account design 1b: parallel accounts, areas design

4.4.1.2 Account Design 2: Parallel Ledgers

The use of parallel ledgers (account design 2) is available since version 5.0 (released
in 2004) of SAP. Because three cases already reported in multiple GAAP before they
implemented version 5.0 of SAP, they use a different account design. Therefore, none
of the cases use the parallel ledgers account design. Hence, we use the description on
the SAP website (SAP AG, 2013) to describe the account design: every GAAP has a
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separate ledger and all ledgers use the same chart of accounts. Every account occurs
once in the chart of accounts and is used by both ledgers. If we relate this design to the
modular structure of Figure 4.1, it is extended by adding ledgers so each GAAP has its
own ledger. We graphically represent the parallel ledgers account design in Figure 4.4.

Figure 4.4: Account design 2: parallel ledgers

In certain cases, an account is only needed for a certain GAAP. For example the account
“Impairment of treasury shares” is needed for a Belgian GAAP ledger, but cannot be
used in an IFRS ledger, since IFRS does not allow to impair treasury shares. In this
case the account specific for Belgian GAAP can be configured so it can only be used for
the Belgian GAAP ledger and not for the IFRS ledger. Another example are the specific
accounts needed for Other Comprehensive Income in IFRS, these kinds of accounts do
not exist in other GAAP, like for example in Belgian GAAP.

4.4.1.3 Account Design 3 (a, b and c): Separate Company Codes

In versions of SAP before 5.0 and the custom-built software packages of the case com-
panies it is not possible to create multiple ledgers in the same company code. That is
why we find three account designs where separate company codes are used to separate
accounts from different GAAP for the same company (legal entity).

Account design 3a is a design from SAP and is not used by any of the case studies.
However, it is described on the SAP website (SAP AG, 2013) as a design in which a
separate company code is used for each GAAP of the same company (legal entity) and
where each company code uses a different chart of accounts. The modular structure (of
Figure 4.1) is extended by adding company codes so each GAAP has its own company
code. Moreover, additional charts of accounts are added so each company code uses its
own chart of accounts. We graphically represent account design 3a in Figure 4.5. As
mentioned before, to report financial information from different company codes in one
report, SAP requires consolidation.
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Figure 4.5: Account design 3a: separate company codes, different chart of accounts

In account design 3b multiple company codes are created for each GAAP, but the com-
pany codes use the same chart of accounts. This design is also possible in SAP (SAP
AG, 2013), however, this design is used in the two case companies that have custom-built
software. The custom-built software of the case studies does not require consolidation
to report financial information from multiple company codes, like SAP does (SAP AG,
2013). The methods they use for reporting can be compared to the methods used by
SAP to report financial information for parallel ledgers. Therefore, the design of the
custom-built software from the cases strongly resembles account design 2, because the
only difference is the way they call the separation of the ledgers: as a parallel ledgers
design or as a company codes design.

The modular structure (of Figure 4.1) is extended by adding company codes so each
GAAP has its own company code. Each of these company codes uses of the same chart
of accounts. We graphically represent account design 3b in Figure 4.6.

Figure 4.6: Account design 3b: separate company codes, same chart of accounts
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Account design 3c is used by one of the case companies. The design requires four company
codes: 1) operational transactions for the primary GAAP, 2) operational transactions for
the secondary GAAP, 3) overhead related transactions for the primary GAAP and 4) over-
head related transactions for the secondary GAAP. Respectively, these company codes
are based on the same chart of accounts: one chart of accounts for overhead and one for
operational transactions. In this account design the modular structure (of Figure 4.1) is
extended by adding company codes and charts of accounts so each GAAP has a company
code for both overhead and operational transactions linked to the respective chart of
accounts. We graphically represent account design 3c in Figure 4.7.

Figure 4.7: Account design 3c: separate company codes and separation operational and
overhead

4.4.2 Posting Designs

The second design choice to set up multiple GAAP AIS, is the posting design. We
discuss four different ways to post journal entries to a ledger, which we identified in our
case studies and from the SAP website (SAP AG, 2013). In case of difference posting
(posting design 1), the appropriate accounts need to be selected for reporting, how this
is done is described in Section 4.4.2.2.

4.4.2.1 Posting Design 1: Difference Posting

Difference posting means that all journal entries are posted to the accounts of the primary
GAAP and only the difference between the primary and secondary GAAP is posted to
the accounts of the secondary GAAP.
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For example: linear yearly depreciation of a machine (acquisition cost e100,000) is 20% in
the primary and 25% in the secondary GAAP. If we use account design 1a from Figure 4.2
this results in the following journal entries:

To the primary ledger:
3630200 Depreciation of non-current fixed assets 20,000
@ 1241209 Machines - accumulated depreciation 20,000

To the secondary ledger (only the difference is posted):
7630200 Depreciation of non-current fixed assets 5,000
@ 5241209 Machines - accumulated depreciation 5,000

Note that, if the example would be: linear yearly depreciation of a machine (acquisition
cost e100,000) is 25% in the primary and 20% in the secondary GAAP, the resulting
journal entries are:

To the primary ledger:
3630200 Depreciation of non-current fixed assets 25,000
@ 1241209 Machines - accumulated depreciation 25,000

To the secondary ledger (only the difference is posted):
5241209 Machines - accumulated depreciation 5,000
@ 7630200 Depreciation of non-current fixed assets 5,000

To report according to a specific GAAP, the appropriate accounts need to be selected.
Which accounts need to be selected depends on the account design and the selection
method applied. We discuss the selection methods in the next section.

4.4.2.2 Selection methods

There are two possible approaches to select the appropriate accounts when reporting in
a specific GAAP: selection method 1) determine which accounts to include and/or add
and selection method 2) add all accounts, except for specific accounts not used in one of
the GAAP. The first approach is applicable for account designs 1a and 1b, the second
approach for account designs 2 and 3b.

We start out with the first approach (selection method 1): determine which accounts to
include for account designs 1a and 1b. For the primary GAAP we only need to specify
which accounts to select. For account design 1a, using Figure 4.2, we need to select all
accounts starting with 1, 2, 3 and 4. For account design 1b, using Figure 4.3, we need
to select the common accounts (01, 02, 03 and 04) and the GAAP-specific accounts (11,
12, 13 and 14).

For the secondary GAAP, we need to add accounts from the primary and the secondary
ledger. There are two ways to do this, which we distinguish as selection method 1a and 1b.
First, selection method 1a: selection by a detailed list with specification of accounts to
add. Applied to account design 1a from Figure 4.2, for example: account 4700000 needs
to be added with 8700000, account 4710000 with 8710000, etc. Applied to using account
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design 1b from Figure 4.3, all common accounts (starting with 0) need to be selected
and the accounts of the GAAP-specific areas need to be added pairwise, defined as a list:
for example, account 11700000 needs to be added with 21700000, account 11710000 with
21710000, etc.

Second, selection method 1b: selection by specifying ranges of accounts. These ranges
need to be added pairwise. Applied to account design 1a from Figure 4.2 we add accounts
starting with the number 1 with those starting with number 5 pairwise, 2+6, 3+7 and
4+8. In that way account 4700000 needs to be added with 8700000, account 4710000 with
8710000, etc. But compared to selection method 1a, this is defined by the ranges and
not for each individual account. For account design 1b from Figure 4.3 we add accounts
starting with 11 with those starting with 21, 12+22, 13+23 and 14+24, but we also need
to select the common accounts (01, 02, 03 and 04).

When using account design 2, for the primary GAAP all accounts of the primary ledger
need to be selected for reporting. For the secondary GAAP, accounts of the primary and
secondary GAAP need to be added pairwise. In both cases, we need a way to exclude
accounts that are not used in a specific GAAP, like in the impairment of treasury shares
example of Section 4.4.1.2. We can do that in two ways, which we label selection method
2a and 2b: in selection method 2a a “list of exceptions” is used for every GAAP
to exclude accounts not used in a GAAP (one list for every GAAP) and in selection
method 2b upon creation it is indicated whether an account is to be used in the different
GAAP.

In account designs 3a en 3b, for selecting the accounts for the primary GAAP, all accounts
in the primary GAAP company code need to be selected. Selection method 2a or 2b is
applicable if some accounts need to be excluded. For the secondary GAAP, account
design 3b requires to add accounts of the primary and secondary GAAP company codes.
Since these company codes use the same chart of accounts this is quite straightforward
and selection method 2a and 2b can be used to exclude accounts. Account design 3a
requires consolidation for selecting accounts for the secondary GAAP. Since the charts
of accounts are different for the primary and the secondary GAAP, selection methods 1a
and 1b are applicable to be able to report for the secondary GAAP.

For account design 3c, consolidation of two company codes is required for reporting in
the primary GAAP. Since the accounts are complementary, only selection methods 2a
and 2b might be applicable. For reporting in the secondary GAAP, account design 3c
requires to consolidate four company codes: two for complementary accounts for both
GAAP (overhead accounts and operational accounts) and two need to be added pairwise
(the ones of the respective GAAP), so all four (1a, 1b, 2a and 2b) selection methods are
relevant.

4.4.2.3 Posting Design 2: Complete Posting

The use of complete posting (posting design 2) means that separate journal entries are
posted to the accounts of the different GAAP, even when journal entries are identical.

49



CHAPTER 4. PROBLEM IDENTIFICATION: DETECTING EVOLVABILITY
ISSUES IN THE DESIGNS OF AIS IN PRACTICE

Applied to the depreciation example from Section 4.4.2.1, this results in the following
journal entries:

To the primary ledger:
3630200 Depreciation of non-current fixed assets 20,000
@ 1241209 Machines - accumulated depreciation 20,000

To the secondary ledger:
7630200 Depreciation of non-current fixed assets 25,000
@ 5241209 Machines - accumulated depreciation 25,000

To report according to a specific GAAP, the balance of an account can be found on the
GAAP-specific account when using posting design 2. No adding off accounts is needed,
therefore, the selection methods of Section 4.4.2.2 are not relevant. For example, for the
account with the number 5241209, the amounts posted to this account simply need to be
added to obtain the balance of the account for reporting.

4.4.2.4 Posting Design 3

Because of major differences between Belgian GAAP and IFRS regarding financial in-
struments, the insurance company from the case studies chooses to process every event
related to financial instruments independent for both GAAP. Posting design 3 uses com-
plete posting (posting design 2) for financial instruments, whereas all other journal entries
are posted by difference (posting design 1). But this requires a way to handle the mixing
of the two posting designs. Therefore, for all journal entries that use complete posting (in
this case the ones related to financial instruments) an additional journal entry is posted
to the secondary ledger, which is the reverse of the journal entry to the primary ledger.
The two journal entries (primary GAAP and reverse to secondary GAAP) eliminate each
other when the ledgers are added for reporting.

We illustrate posting design 3 by using the same depreciation example as for posting
design 1 and 2 (see Section 4.4.2.1 and 4.4.2.3). Under the assumption that in this
example posting design 3 is used for fixed assets. This results in the following journal
entries:

To the primary ledger:
3630200 Depreciation of non-current fixed assets 20,000
@ 1241209 Machines - accumulated depreciation 20,000

To the secondary ledger: the reverse of the journal entry to the primary
ledger and the journal entry for the secondary GAAP:
5241209 Machines - accumulated depreciation 20,000
@ 7630200 Depreciation of non-current fixed 20,000

7630200 Depreciation of non-current fixed assets 25,000
@ 5241209 Machines - accumulated depreciation 25,000

50



CHAPTER 4. PROBLEM IDENTIFICATION: DETECTING EVOLVABILITY
ISSUES IN THE DESIGNS OF AIS IN PRACTICE

4.4.2.5 Posting Design 4

One of the case studies uses difference posting, except for postings regarding fixed assets.
This case company uses the “asset accounting” module of SAP for managing and control-
ling their fixed assets and to record all details of related transactions. Therefore, they use
complete posting (posting design 2) for fixed assets. Journal entries for the fixed assets
use posting design 2 (also see examples from Section 4.4.2.3), all other journal entries use
posting design 1 (also see examples from Section 4.4.2.1).

In posting design 4 the mixture of two posting methods is handled by adjusting the
selection criteria for reporting: for the primary GAAP all primary GAAP accounts are
selected, for the secondary GAAP accounts of the primary and secondary GAAP need to
be added pairwise (like for posting design 1), except for the accounts for which posting
design 2 is used (in the example the fixed assets): there only the accounts for the secondary
GAAP need to be selected.

4.5 Evaluating the Case Study Results, using the

Framework for Evaluation in Design Science

Research (FEDS)

In this section, we discuss how we evaluate the designs from the case studies of the
previous section. After each interview with the case companies, we analyze the notes to
identify the structure of the AIS design of the case (Section 4.4). Then we evaluate these
designs with regard to evolvability. Since the AIS designs can be considered artifacts, we
use the FEDS of Venable et al. (2014) to increase the validity of the analysis. In this
framework, four steps need to be executed to evaluate an artifact.

The first step is to explicate the goals of the evaluation. Our goals are to reveal combi-
natorial effects in existing AIS and to provide evidence for the relevance of Normalized
Systems Theory in the accounting domain.

Step two is to choose an evaluation strategy consisting of why, when and how to evaluate.
Since we want to determine whether the case designs can be used as a starting point for
further development of evolvable multiple GAAP AIS, we use a summative (why) ex-ante
(when) evaluation. We evaluate (how) by proposing (theoretical) changes to the designs
of the AIS and ascertain whether the changes cause combinatorial effects in the respective
designs. We report on this evaluation in Section 4.6. This can be classified as an artificial
evaluation, since we do not test the AIS (and the proposed changes) in a natural setting.

Step three is to determine the properties to evaluate. The first goal is the most important
one: the property we want to evaluate is whether the AIS from the case studies contain
combinatorial effects.

Fourth and last step is to design the individual evaluation episodes, these are reported
in Section 4.6. In these evaluation episodes we first conduct a within-case analysis of
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each design. But we use a flexible and opportunistic data analysis (Benbasat et al., 1987;
Dubé and Paré, 2003; Eisenhardt, 1989; Yin, 2003): when revealing a combinatorial
effect in a case, we evaluate whether it also exists in previously analyzed cases. Then we
structure findings by cross-case comparison and by conducting additional analysis. This
results in the description of different structures used to set up multiple GAAP AIS and
the combinatorial effects resulting from different changes imposed on these structures.
Lastly, we use insights from the expert interviews and online documentation of SAP to
review and extend the analysis.

The use of Normalized Systems Theory increases the rigor (Hevner, 2007) of this work: we
use an existing design theory (classified as prescriptive knowledge by Gregor and Hevner
(2013)). Since we select a practical problem (multiple GAAP, described in more detail
in Chapter 1), we can argue that this work is relevant (Hevner, 2007). Moreover, the
combinatorial effects we identify contribute additionally to the relevance of this work,
since they show that evolvability is an issue in current multiple GAAP AIS. In the
classification of Gregor and Hevner (2013), the combinatorial effects are a contribution to
the descriptive knowledge base. Situating and relating different implementations of AIS
in practice, can also be classified as a level 1 contribution to the prescriptive knowledge
base (Gregor and Hevner, 2013).

4.6 The Combinatorial Effects

In this chapter we discuss the combinatorial effects that occur when we apply changes to
the designs we discussed in Section 4.4. We evaluate the impact of the following changes:

1. Creating a new account;

2. New version of an entry processing task for one GAAP (effect on journal entries);

3. New version of an entry processing task for one GAAP (effect on entry processing
module);

4. New version of an entry processing task for all GAAP;

5. Adding a new GAAP to the AIS.

To explain why we use these changes, we refer to the problem domain we address: “The
design of evolvable AIS that support processing of accounting-relevant events in multi-
ple GAAP”. The focus of this dissertation is on the processing of accounting-relevant
events. Therefore, we consider changes caused by GAAP that affect the processing of the
accounting-relevant events. These GAAP changes can be changes in the GAAP them-
selves or a change of the GAAP in which the company needs to report. A change in a
GAAP can always be expressed as a change of one or more entry processing tasks (con-
cept, recognition, measurement, presentation and disclosure) and it might require adding
a new account to the system. This explains the origin of the first four changes. Creating
a new account can also have another trigger: for example, a company starts selling a new
product and wants to register revenue for that product on a separate account, then a new
account needs to be added to the AIS. The fifth change reflects a change in the GAAP
a company needs to report in. We consider these changes as the anticipated changes
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for a multiple GAAP AIS: this means that the system should be able to handle these
changes without causing combinatorial effects. If combinatorial effects do occur when
these changes are imposed on the system, the system is not considered evolvable.

For every change we discuss the impact of the change in different designs by illustrating
different contexts. We assume the use of two GAAP: the primary and the secondary
GAAP. We identify a combinatorial effect if the impact of the change is not only pro-
portional to the complexity of the change itself but is also proportional to the size of the
system on which it is imposed. One possible variable that is related to the size of the
system is the number of used GAAP: this means a combinatorial effect is caused when
the impact of the change is proportional to the number of GAAP in the system.

4.6.1 Change 1: Creating a New Account

The first change we consider, is the creation of a new account. For example, a company
sells two products for which separate accounts exist in the AIS. They start selling a third
product and want to post revenue for that product on a separate account.

4.6.1.1 Context 1: Impact on Duplicated Parallel Account Design (Account
Design 1a)

To create a new account in account design 1a, a new account needs to be created in every
duplicated set of accounts. In the modular structure (as shown in Figure 4.1 and extended
in Figure 4.2), the new account needs to be added for each GAAP in the same chart of
accounts. For example, revenue for the two existing products is posted to the accounts
with the numbers 4700000 and 4701000 for the primary GAAP and to the accounts with
the numbers 8700000 and 8701000 for the secondary GAAP. For the new product, account
4702000 is created for the primary GAAP and 8702000 for the secondary GAAP. Since
the impact of creating a new account (here two accounts need to be created) in account
design 1a is proportional to the number of used GAAP (two in our example), the change
causes a combinatorial effect.

4.6.1.2 Context 2: Impact on Parallel Account Design using Areas (Account
Design 1b)

The impact of creating a new account using account design 1b, depends on where the
new (revenue) account needs to be added: in the common area or in a GAAP-specific
area.

In the common area: (revenue) accounts belong to the common area when journal
entries (for revenue) are the same for different GAAP. In the modular structure (as
shown in Figure 4.1 and extended in Figure 4.3), the new account needs to be added
in the common area of the chart of accounts. For example, revenue accounts have the
numbers 04700000 and 04701000. Adding a new revenue account requires creating a
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new account in the common area with the number 04702000. No combinatorial effect is
induced, since the impact of the change is only proportional to the change itself (creating
one new account).

In a GAAP-specific area: separate (revenue) accounts exist if GAAP require a differ-
ent processing (of revenue). In the modular structure, the new account needs to be added
in each GAAP-specific area of the chart of accounts. For example, because in one GAAP
revenue is recognized when the invoice is drafted and in another GAAP when the goods
are delivered. Using Figure 4.3, the revenue accounts have the numbers 14700000 and
14701000 for the primary GAAP and 24700000 and 24701000 for the secondary GAAP.
For the new product, two new accounts need to be created: 14702000 and 24702000. This
is a combinatorial effect, because new accounts need to be created for each GAAP: the
impact is proportional to the number of GAAP used.

4.6.1.3 Context 3: Impact on Selection Method 1

The change also has an impact on the selection criteria for reporting. In case account
design 1a or 1b is used, only selection method 1 is relevant. When selection method
1a is used, the newly created account(s) need(s) to be included into the reports of the
respective GAAP: the account(s) need(s) to be added to the list of “accounts to include”
for each GAAP that uses that account. A combinatorial effect occurs, since the impact is
proportional to the number of used GAAP: every list of each GAAP needs to be updated.
When selection method 1b is used, the created accounts fall within the defined ranges as
described in Section 4.4.2.1, hence the change does not result in a combinatorial effect.

4.6.1.4 Context 4: Impact on Parallel Ledgers (Account Design 2)

In a parallel ledger design, a new account needs to be added to the common chart of
accounts in the modular structure (shown in Figure 4.1 and extended in Figure 4.4).
For example, account numbers 4700000 and 4701000 are used for revenue of existing
products and account number 4702000 is created for the new product. Both ledgers use
these accounts. Since the impact of the change is only proportional to the change itself
(creating one new account) and not to the system size, no combinatorial effect is caused.

4.6.1.5 Context 5: Impact on Selection Method 2

In case account design 2 is used, selection method 2 becomes relevant and might cause
additional combinatorial effects. If the newly created account is an account that is only
used by one GAAP and selection method 2a is used, the account needs to be added to
the list of exceptions for all other GAAP. Since the impact of this change is proportional
to the number of GAAP in the system, the change causes a combinatorial effect. When
selection method 2b is used and upon creation of the account you need to indicate for
which GAAP the account is used, the impact of the change is not proportional to the
number of GAAP and hence does not cause a combinatorial effect.
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4.6.1.6 Context 6: Impact on Separate Company Codes Design (Account
Design 3a): Different Charts of Accounts

In account design 3a, the company codes all use a different chart of accounts. Therefore,
the impact of creating a new account is proportional to the number of charts of accounts
in use. Applied to the example and the modular structure of Figure 4.1, extended by
Figure 4.5: in chart of accounts 1 and 2, two accounts exist for the revenue of the
existing products with the account numbers 4700000 and 4701000. For the new product,
both charts of accounts need to add a new revenue account with the number 4702000.
Consequently, a combinatorial effect is caused, since the impact of creating a new account
is proportional to the number of charts of accounts (hence, the number of GAAP) used.

Regarding selection criteria, in account design 3a consolidation is required to add the dif-
ferent ledgers from the different company codes. Depending on the selection method(s)
used in the consolidation description combinatorial effects are induced or not. We al-
ready discussed the combinatorial effects caused by selection methods 1a and 2a in Sec-
tions 4.6.1.3 and 4.6.1.5.

4.6.1.7 Context 7: Impact on Separate Company Codes Design (Account
Design 3b): Same Chart of Accounts

When the same chart of accounts is used (account design 3b), the impact of creating a
new account is limited to adding only one account. In the modular structure of Figure 4.1
and the extension of Figure 4.6, the account is added to the chart of accounts, which is the
only chart used by the different company codes. For example, account numbers 4700000
and 4701000 are used for revenue of existing products and account number 4702000 is
created for the new product. Both company codes use these accounts. Since the impact
of the change is limited to creating one new account, no combinatorial effect is induced
by the change. The selection method that is applied, might induce a combinatorial effect,
as described in Section 4.6.1.5.

4.6.1.8 Context 8: Impact on Separate Company Codes Design (Account
Design 3c): Separate Overhead and Operational Chart of Accounts

In account design 3c the company codes use the same chart of accounts, but there is a
separate chart of accounts for operations and for overhead. Since an account is exclusively
present in the operations chart or the overhead chart, the impact of adding a new account
is the same as in account design 3b. In the modular structure (as shown in Figure 4.1 and
extended in Figure 4.7), the new account is added to or the overhead chart of accounts or
the operational chart of accounts. For example, account numbers 4700000 and 4701000
are used for revenue of existing products in the operational chart of accounts and account
number 4702000 is created in the operational chart of accounts for the new product. Since
the impact of the change is limited to creating one new account, no combinatorial effect
is induced by the change.
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Regarding selection criteria, in account design 3c consolidation is required to add the dif-
ferent ledgers from the different company codes. Depending on the selection method(s)
used in the consolidation description combinatorial effects are induced or not. We al-
ready discussed the combinatorial effects caused by selection methods 1a and 2a in Sec-
tions 4.6.1.3 and 4.6.1.5.

4.6.1.9 Summary of Impact of First Change (Creating a New Account)

In Table 4.2, we provide an overview of the impact of creating a new account when
using the different account designs and the additional impact, depending on the selection
method.

Impact of creating a new account
Context CE No CE
Account design 1a x
Account design 1b: add account in
⇒ common area x
⇒ GAAP-specific area x
Account design 2 x
Account design 3a x
Account design 3b x
Account design 3c x
Selection method 1a x
Selection method 1b x
Selection method 2a x
Selection method 2b x
Consolidation Depends on which selection method is used for

consolidation; impact of all selection methods
(1a, 1b, 2a and 2b) can be relevant

Table 4.2: Summary table of the impact of change 1: creating a new account

4.6.2 Change 2: New Version of an Entry Processing Task for
One GAAP (Effect on Journal Entries)

In this section we consider that a new version of an entry processing task for one GAAP
is introduced, but we only consider the effect on journal entries. We illustrate this change
with changing revenue recognition criteria, using the following example: a company sells
goods for e20,000: the sales contract is drafted on 01/08/2016, the goods are delivered
on 03/08/2016 and the invoice is drafted on 15/08/2016. We assume, like in change 1,
that revenue for the two existing products is recorded in separate accounts and reporting
is required according to two GAAP.

When we discuss this change, we need to take into account four possible situations.
Firstly, the impact is different whether the entry processing task changes for the primary
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or secondary GAAP. Secondly, there is a difference whether the criteria were the same in
the past for both GAAP or the journal entry between the GAAP was already different.
We label these four possible situations A, B, C and D and represent them in Table 4.3.

Of which GAAP do the
recognition criteria change?
Primary Secondary

Journal Entry in the past was:
The same A B
Different C D

Table 4.3: Possible situations when recognition criteria change

We apply the situations (Table 4.3) to the example before the change: for situations
A and B revenue is recognized when the invoice is drafted and for situations C and D
revenue is recognized for the primary GAAP when the sales contract is signed and for the
secondary GAAP when the invoice is drafted. In all four situations we consider the change
of revenue recognition criteria for a GAAP from their original criteria to recognition when
the goods are delivered3.

4.6.2.1 Context 1: Impact on Account Design

We evaluate the impact of a changing entry processing task on the account designs.
For account design 1b and in situations A and B (Table 4.3) the initial journal entries
are the same and the revenue accounts belong to the common area. For example, using
Figure 4.3, the revenue accounts have the numbers 04700000 and 04701000. When revenue
recognition criteria change, new accounts need to be created in all GAAP-specific areas,
since the ones from the common area can no longer be used. For example, 14700000,
14701000, 24700000 and 24701000 are created. Because the impact is proportional to
the number of GAAP, a combinatorial effect arises. In situations C and D (Table 4.3)
the revenue accounts already belong in the GAAP-specific areas. Hence, no additional
accounts need to be created.

For account designs 1a, 2, 3b and 3c, it is not necessary to create new accounts, since the
needed accounts already exist: for account design 1a accounts are duplicated and account
designs 2, 3b and 3c use the same chart of accounts.

Lastly for account design 3a, the impact depends on the way accounts are duplicated.
Firstly, when accounts are duplicated in all charts of accounts, no new accounts need to
be created when a new version of the revenue recognition criteria is imposed. Secondly,
when only the accounts needed for difference posting (posting design 1) are duplicated, the
impact depends on the situation as depicted in Table 4.3. In situation A, a new account
needs to be added for each additional GAAP. For example, in chart of accounts 1, revenue
is posted to accounts 4700000 and 4701000. After the change, the accounts 4700000 and

3The criteria for revenue recognition usually require a “transfer of the significant risks and rewards of
ownership of the goods” (IASB, 2001) like in the IAS 18 Revenue standard, which is amended in IFRS
15 to the notion of a performance obligation that refers to a transfer of control over the goods (IASB,
2014). However, other standards might not include specific guidance on the issue. For example, Belgian
accounting legislation does not address the issue of revenue recognition.
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4701000 need to be created in chart of accounts 2. This results in a combinatorial effect
since the impact is proportional to the number of charts of accounts (and hence, the
number of used GAAP). In situation B, the impact is limited to creating accounts for the
GAAP of which the revenue recognition criteria changes. In situations C and D, separate
accounts already exist, since there was already a difference in journal entries in the past
(in the example for revenue). So no combinatorial effect arises in situations B, C and D.

In the following contexts we use account design 2 and related Figure 4.4 to illustrate
the impact of the new version of an entry processing task, to avoid combinatorial effects
related to the other account designs.

4.6.2.2 Context 2: Impact on Difference Posting (Posting Design 1)

Here we discuss the impact of a new version of an entry processing task on difference
posting. The impact does not depend on the account design, but does depend on the
situations from Table 4.3. We illustrate this context, using the same example as in
Section 4.6.2. In that example, revenue recognition criteria change to recognition at
delivery date. Note that in this context, difference posting is used and hence only the
difference between the GAAP is posted as a journal entry to the secondary ledger.

Before the change: journal entries for situations A and B, revenue recog-
nition on invoice date

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 No entry

After the change: new journal entries for situation A, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@1404100 Invoices to be prepared 20,000
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Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
15/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000

In this changed situation, revenue is recognized at delivery date for the primary GAAP.
The criteria for the secondary GAAP did not change, but since difference posting is used
(posting design 1), journal entries to the secondary ledger need to be added so for the
secondary GAAP revenue is recognized at invoice date. We conclude that by changing
the recognition criteria for the primary GAAP, the journal entries to both the primary
and the secondary ledger need to be adjusted. This is because difference posting is used:
the journal entries to the secondary ledger depend on the ones to the primary ledger.
Changing the revenue recognition criteria for the primary GAAP changes the journal
entries to the primary ledger and hence the ones to the secondary ledger need to be
adjusted as well to make sure that revenue is recognized when the invoice is drafted upon
reporting for the secondary GAAP. In the first journal entry to the secondary ledger, the
journal entry to the primary ledger is reversed (revenue cannot yet be recognized for the
secondary GAAP). In the second journal entry revenue needs to be recognized, taking
into account the journal entries to the primary ledger.

We can expand this conclusion as follows: the impact of the change increases when the
number of GAAP used increases (if all GAAP post the difference with regard to the
primary GAAP). Since the impact of this change is not only proportional to the change
itself, but also to the number of GAAP used, the change causes a combinatorial effect.

After the change: new journal entries for situation B, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000

In situation B, the entries to the primary GAAP remain the same as before the change.
Only the journal entries to the secondary GAAP change: an additional journal entry is
posted on 03/08/2016 to recognize revenue when the goods are delivered. At 15/08/2016,
the journal entry needs to be adjusted to avoid double reporting of revenue by the use of
difference posting (primary and secondary ledger are added).
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The impact of the changing recognition criteria is limited to the journal entries to the
secondary GAAP ledger. Since the impact is not proportional to the number of GAAP,
no combinatorial effect arises.

Before the change: journal entries for situations C and D, primary GAAP
recognizes revenue when sales contract is signed, the secondary GAAP when
the invoice is drafted

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
03/08/2016 No entry
15/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000

Since only the difference between the primary and the secondary GAAP is posted to
the secondary ledger, the first journal entry to the secondary ledger is the reverse of the
entry to the primary ledger because revenue cannot yet be recognized. Revenue is only
recognized when the invoices are prepared for the secondary GAAP.

After the change: new journal entries for situation C, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
15/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000

We conclude that changing recognition criteria for the primary GAAP requires to adjust
both the journal entries to the primary as to the secondary ledger. This is the result of
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the use of difference posting: the journal entries of the secondary GAAP depend on those
to the primary GAAP. The journal entries to the secondary ledger need to be adjusted
in order to keep recognizing revenue when the invoice is drafted in the secondary GAAP.
Since the impact of the change is not only proportional to the change itself, but is also
proportional to the number of GAAP used (all GAAP that use difference posting with
respect to the primary GAAP), the change causes a combinatorial effect.

After the change: new journal entries for situation D, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 No entry

In situation D, the entries to the primary GAAP remain the same as before the revenue
recognition criteria changed. Only the journal entries to the secondary GAAP change:
on 01/08/2016 the journal entry to the primary GAAP needs to be reversed, since rev-
enue cannot yet be recognized, on 03/08/2016 revenue can be recognized, so this journal
entry needs to be adjusted and on 15/08/2016 no journal entry is needed anymore. The
impact of the changing recognition criteria is limited to the journal entries to the sec-
ondary GAAP ledger. Since the impact is not proportional to the number of GAAP, no
combinatorial effect is induced.

Conclusion: impact of change on difference posting

In situations A and C, changing the revenue recognition criteria of the primary GAAP
causes an impact on the journal entries to the primary GAAP. Since the postings of the
secondary GAAP depend on those to the primary GAAP (use of posting design 1), they
need to be changed as well. Therefore, the impact of changing revenue recognition criteria
is proportional to the number of GAAP used (assuming all GAAP use difference posting
with regard to the primary GAAP) for situations A and C, hence causing a combinatorial
effect. In situation B and D, the change only requires adjusting the journal entries to
the secondary ledger. Since the impact is limited to the journal entries of the changing
GAAP, for situations B and D the change does not impose a combinatorial effect.
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4.6.2.3 Context 3: Impact on Complete Posting (Posting Design 2)

Here we discuss the impact of a new version of an entry processing task on complete
posting (posting design 2). We illustrate this context, using the same example as in
Section 4.6.2. In that example, revenue recognition criteria change to recognition at de-
livery date. In the following paragraphs we provide all journal entries, using the different
situations from Table 4.3.

Before the change: journal entries for situations A and B, revenue recog-
nition on invoice date

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

After the change: new journal entries for situation A, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

The journal entries to the secondary ledger do not change, because they are posted
independently. Since only the journal entries to the ledger of which the GAAP has
changed, need to change, the impact of the change is only proportional to the change.
No combinatorial effect arises, since the impact of the change is not proportional to the
number of GAAP in use.
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After the change: new journal entries for situation B, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

The impact of the changing revenue recognition criteria is limited to the journal entries
of the secondary GAAP. Since the impact is not proportional to the number of GAAP
used, no combinatorial effect is induced.

Before the change: journal entries for situations C and D, primary GAAP
recognizes revenue when sales contract is signed, the secondary GAAP when
the invoice is drafted

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

After the change: new journal entries for situation C, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000
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Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

The impact of the changing recognition criteria is limited to changing the journal entries
to the primary ledger. Since the impact is not proportional to the number of GAAP
used, the change does not result in a combinatorial effect.

After the change: new journal entries for situation D, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

The impact of the changing recognition criteria is limited to changing the journal entries
to the secondary ledger. Since the impact is not proportional to the number of GAAP
used, no combinatorial effect is induced.

Conclusion: impact of change on complete posting

Changing an entry processing task, in the example the revenue recognition criteria, does
not result in a combinatorial effect in any of the situations (see Table 4.3) when complete
posting (posting design 2) is used. This is because the journal entries to the different
ledgers are posted independently. So, when the revenue recognition criteria change for
one GAAP, only the journal entries for the respective GAAP need to be adjusted. The
journal entries of the other GAAP remain unchanged, since they are also complete. No
combinatorial effect arises, since the impact of the change is not proportional to the
number of GAAP in use.

There are also no combinatorial effects related to selection methods, since these are not
relevant in the context of complete postings: to report in a certain GAAP, all accounts
from that GAAP need to be selected, no accounts need to be added or selected.
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4.6.2.4 Context 4: Impact on Posting Design 3

In this section we discuss the impact of a new version of an entry processing task on
posting design 3. We use the same example as in Section 4.6.2.2 and apply the change
to all situations from Table 4.3. The use of posting design 3 is specifically for revenue
posting, not for other postings. This means that for revenue three postings are made:
one to the primary ledger, one to the secondary ledger and the reverse posting of the
posting to the primary ledger to the secondary ledger.

Before the change: journal entries for situations A and B, revenue recog-
nition on invoice date

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000
Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 4700000 Revenue product X 20,000

@ 1400000 Trade receivables 20,000
1400000 Trade receivables 20,000
@ 4700000 Revenue product X 20,000

After the change: new journal entries for situation A, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000
Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
15/08/2016 1404100 Invoices to be prepared 20,000

@ 1400000 Trade receivables 20,000
1400000 Trade receivables 20,000
@ 4700000 Revenue product X 20,000

The change has an impact on the journal entries to the primary ledger and the reverse
posting to the secondary ledger. When the reverse posting is generated automatically with
the journal entry to the primary ledger, no combinatorial effect is caused. A combinatorial
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effect would arise when the implementation would demand that the reverse posting needs
to be adjusted for each GAAP separately: then the impact of the change is proportional
to the number of GAAP used (and hence dependent on the size of the system).

After the change: new journal entries for situation B, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 4700000 Revenue product X 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

The journal entry to the primary ledger and the reverse entry to the secondary ledger
remain unchanged. The change only causes an impact on the other journal entry to the
secondary ledger: this impact is only proportional to the change and not to the number
of GAAP used in the system, no combinatorial effect is induced.

Before the change: journal entries for situations C and D, primary GAAP
recognizes revenue when sales contract is signed, the secondary GAAP when
the invoice is drafted

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
03/08/2016 No entry
15/08/2016 1404100 Invoices to be prepared 20,000

@ 1400000 Trade receivables 20,000
1400000 Trade receivables 20,000
@ 4700000 Revenue product X 20,000
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After the change: new journal entries for situation C, since revenue recog-
nition criteria for the primary GAAP have changed

Date To the primary ledger:
01/08/2016 No entry
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 No entry
03/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
1404100 Invoices to be prepared 20,000
@ 4700000 Revenue product X 20,000

15/08/2016 1404100 Invoices to be prepared 20,000
@ 1400000 Trade receivables 20,000
1400000 Trade receivables 20,000
@ 1404100 Invoices to be prepared 20,000

The impact of the change affects the journal entries to the primary ledger and the reverse
posting to the secondary ledger. When the reverse posting is generated automatically,
together with the journal entries to the primary ledger, no combinatorial effect arises. A
combinatorial effect is caused when the implementation would demand that the reverse
postings need to be adjusted for each GAAP individually: then the impact of the change
would be proportional to the number of GAAP used (the size of the system).

After the change: new journal entries for situation D, since revenue recog-
nition criteria for the secondary GAAP have changed

Date To the primary ledger:
01/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
03/08/2016 No entry
15/08/2016 1400000 Trade receivables 20,000

@ 1404100 Invoices to be prepared 20,000

Date To the secondary ledger:
01/08/2016 4700000 Revenue product X 20,000

@ 1404100 Invoices to be prepared 20,000
03/08/2016 1404100 Invoices to be prepared 20,000

@ 4700000 Revenue product X 20,000
15/08/2016 1404100 Invoices to be prepared 20,000

@ 1400000 Trade receivables 20,000
1400000 Trade receivables 20,000
@ 1404100 Invoices to be prepared 20,000
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The journal entries to the primary ledger and the reverse postings to the secondary
ledger remain unchanged. The change only causes an impact on the journal entries to
the secondary ledger. Since this impact is only proportional to the change and not on
the size of the system (number of GAAP used), no combinatorial effect is caused.

Conclusion: impact of change on posting design 3

In situations A and C, the changing revenue recognition criteria of the primary GAAP
require adjusting the journal entries to the primary GAAP and the reverse posting to
the secondary GAAP. If the reverse posting is generated automatically with the journal
entry to the primary ledger, no combinatorial effect arises.

A combinatorial effect would be induced when the reverse posting needs to be adjusted
for each GAAP separately: the impact of the change then is proportional to the number
of GAAP used.

In situations B and D, the changing revenue recognition criteria only require changing the
journal entries to the secondary ledger (the specific ones, not the reverse of the primary
ledger entries). Since the impact is not proportional to the number of GAAP used, no
combinatorial effect is caused.

4.6.2.5 Context 5: Impact on Posting Design 4

When posting design 4 is used, the impact of a new version of an entry processing task
depends on the posting design used for the related event. If the related event uses
difference posting (posting design 1), the impact of the change is the same as the impact
for difference posting, which is discussed in Section 4.6.2.2. If the related event uses
complete posting (posting design 2), the impact of the change is the same as the impact
for complete posting, which is discussed in Section 4.6.2.3.

For example, changing revenue recognition criteria have a different impact depending on
the posting design used for revenue related journal entries. If revenue uses difference
posting (posting design 1), the impact is the same as the impact for difference posting.
When complete posting (posting design 2) is used for revenue, the impact is the same as
the impact for complete posting.

4.6.2.6 Summary of Impact of Second Change (a New Version of an Entry
Processing Task for One GAAP - Effect on Journal Entries)

In Table 4.4, we provide an overview of the impact of a new version of an entry processing
task for one GAAP when using the different account designs and posting designs in the
different situations (see Table 4.3).
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Context A B C D
Account design 1a
Account design 1b x x
Account design 2
Account design 3a
⇒ All accounts are duplicated
⇒ Only accounts needed for dif-
ference posting are duplicated

x

Account design 3b
Account design 3c
Posting design 1 x x
Posting design 2
Posting design 3
⇒ Reverse posting generated
automatically
⇒ Reverse posting not x x
generated automatically
Posting design 4 impact depends on posting design (posting design

1 or 2) used for the GAAP of which the entry
processing task changes

Table 4.4: Summary table of the impact of change 2: a new version of an entry
processing task

Legend of symbols
x represents a combinatorial effect,
an empty cell represents that no combinatorial effect is caused by the change.

Legend of situations: also see Table 4.3
A: Primary GAAP changes, journal entry was the same in the past.
B: Secondary GAAP changes, journal entry was the same in the past.
C: Primary GAAP changes, journal entry was different in the past.
D: Secondary GAAP changes, journal entry was different in the past.
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4.6.3 Change 3: New Version of an Entry Processing Task for
One GAAP (Effect on Entry Processing Module)

As a third change, we consider the effect of a new version of an entry processing task for
one GAAP on the entry processing module. The impact of this change is the same for all
account and posting designs, but depends on the design of the entry processing module.
Therefore, the contexts depend on whether the entry processing tasks are separated in
distinct tasks (as shown in Figure 4.8) or not (all tasks belong to the same entry processing
module, as graphically represented in Figure 4.1 of the modular structure). We use the
examples from Section 4.6.2 to illustrate the contexts.

Figure 4.8: Separation of entry processing tasks

4.6.3.1 Context 1: Entry Processing Tasks not Separated

In this context, we assume that each concept has a specific entry processing module
(also see Figure 4.1), with accompanying entry processing tasks. We assume a starting
situation where the concept (for example, revenue) is processed in the same way for
all GAAP, and therefore, there is only one entry processing module, used by all GAAP.
When the new version of the entry processing task is introduced for the secondary GAAP,
a new entry processing module needs to be created with the same tasks, except for the
changing task. For example, revenue recognition criteria change from recognition when
the invoice is drafted to at delivery, therefore, a new entry processing module is created
which contains the same revenue tasks, except for the revenue recognition task, which is
different. We illustrate this in Figure 4.9. The impact of the change is not proportional
to the number of GAAP used, so no combinatorial effect arises.
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Figure 4.9: Changing recognition criteria when entry processing tasks are not separated

Figure 4.10: Changing recognition criteria when entry processing tasks are separated
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4.6.3.2 Context 2: Entry Processing Tasks Separated

Another possible design is separating the entry processing tasks (see Figure 4.8). When
the new version of the entry processing task is introduced for the secondary GAAP, a new
version of the task needs to be created and other entry processing tasks are duplicated.
For example, revenue recognition criteria change from recognition when the invoice is
drafted to at delivery. Therefore, a new version of the revenue recognition task needs to
be created. We illustrate this in Figure 4.10. The impact of the change is the creation of
the new task and duplicating the other entry processing tasks. Since the impact is not
proportional to the number of GAAP used, no combinatorial effect is induced.

4.6.3.3 Summary of Impact of Third Change (New Version of an Entry Pro-
cessing Task for One GAAP - Effect on Entry Processing Module)

In the previous sections, we discussed the impact of creating a new version of an entry
processing task for one GAAP when entry processing tasks are separated and when they
are not separated. In either case, the change did not cause a combinatorial effect.

4.6.4 Change 4: New Version of an Entry Processing Task for
all GAAP

The fourth change we consider, is the impact of a new version of an entry processing
task for all GAAP. For example, a company decides to introduce a customer discount
on one type of sales, which was never granted in the past. We assume that granting
customer discount only requires a change of the revenue measurement method and that
both GAAP process customer discount in the same way (post the discount on a separate
expense account).

4.6.4.1 Context 1: Entry Processing Tasks not Separated

We use the same context as in change 3 in Section 4.6.3.1 and the accompanying example
graphically represented in Figure 4.9: the entry processing tasks (except for recognition)
are duplicated in both entry processing modules. When the revenue measurement criteria
change, both entry processing modules need to be adjusted. The impact depends on the
number of entry processing modules that use those criteria. Otherwise said, the impact
depends on the number of differences in entry processing tasks (since tasks are duplicated
when a difference occurs) between GAAP. Since the impact is proportional to the number
of GAAP (more GAAP results in more differences), the change results in a combinatorial
effect.
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4.6.4.2 Context 2: Entry Processing Tasks Separated

We use the same context as in change 3 in Section 4.6.3.2 and the accompanying example
graphically represented in Figure 4.10: the entry processing tasks (except for recognition)
are duplicated for both GAAP. When the revenue measurement criteria change, the
impact of the change is proportional to the number of duplicated entry processing tasks
for revenue measurement. This number is proportional to the number of GAAP, hence
the change causes a combinatorial effect.

4.6.4.3 Summary of Impact of Fourth Change (New Version of an Entry
Processing Task for All GAAP)

In the previous sections, we discussed the impact of creating a new version of an entry
processing task for all GAAP when entry processing tasks are separated and when they
are not separated. In both cases, the change causes a combinatorial effect.

4.6.5 Change 5: Adding a New GAAP to the AIS

The fifth change we consider, is adding a new GAAP to the AIS. For example, a company
has an AIS that supports two GAAP (Belgian GAAP and IFRS), but recently merged
with an American company and now they also need to provide financial information
according to US GAAP.

4.6.5.1 Context 1: Impact on Duplicated Parallel Account Design (Account
Design 1a)

When a new GAAP is added when account design 1a is used, all accounts need to be
duplicated for the new GAAP. Applied to the modular structure of Figure 4.1 and the
extension of Figure 4.2, a whole new set of accounts needs to be created in the chart
of accounts. For example, accounts starting with the digits 9, 10, 11 and 12 need to be
created for the new GAAP: accounts starting with 9 then are the assets, accounts starting
with 10 are equity and liabilities, accounts starting with 11 are expenses and accounts
starting with 12 are income. Hence the impact of adding a new GAAP is duplicating
all accounts, however, this impact is not proportional to the number of GAAP that are
already supported in the system. Therefore, the change does not induce a combinatorial
effect.

However, if the limitations of the AIS do not allow to add these accounts, for example,
if a fixed number of digits is used for account numbers, the prefix 10, 11 or 12 cannot be
used and so adding the new GAAP might require the entire system to be adjusted. In
the example, all accounts now need to have an additional digit, and the prefixes for the
different GAAP now become 01, 02, 03 and 04 for the primary GAAP and 05, 06, 07 and
08 for the secondary GAAP. This is a combinatorial effect, since not only the accounts
of the GAAP that is added need to be duplicated, also all other accounts need to alter
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their numbering, hence the impact of the change is proportional to the size of the system.
Note that altering the numbering for the accounts might also affect other parts of the
AIS that use these accounts, like for example the posting modules.

4.6.5.2 Context 2: Impact on Parallel Account Design using Areas (Account
Design 1b)

The impact of adding a new GAAP when account design 1b is used, cannot be readily
derived. It is straightforward that for the new GAAP, GAAP-specific accounts need to
be created and added to the chart of accounts (also see Figure 4.1 and the extension of
Figure 4.3). For example, the accounts of the new GAAP start with the digits 31 for
assets, 32 for equity and liabilities, 33 for expenses and 34 for income. But, unless all
accounts are created (duplicated), we need to analyze which accounts should be created
in the GAAP-specific area. Therefore, an analysis needs to be made which postings are
the same for all three GAAP and which are different. Only when a posting is the same
for all three GAAP, the posting can be made to the common accounts, otherwise the
posting should be made to the GAAP-specific accounts. If more GAAP are already part
of the AIS, more work needs to be done to compare postings. Therefore, the impact of
the change, being analyzing similarities and differences, is proportional to the size of the
system, so the change induces a combinatorial effect.

After the analysis, the GAAP-specific accounts that do not exist yet, need to be created:
for each type of posting for which a difference is found, the respective accounts need to
be created in the GAAP-specific areas of all GAAP in the system (also see Figure 4.1
and the extension of Figure 4.3). Since the impact of the change is proportional to the
size of the system (the number of GAAP), a combinatorial effect is caused. Moreover,
also postings need to be adjusted in order to make them use these newly created GAAP-
specific accounts. Which is an additional combinatorial effect that is caused.

4.6.5.3 Context 3: Impact on Selection Method 1

The change also has an impact on the selection criteria for reporting. In case account
design 1a or 1b is used, only selection method 1 is relevant. The impact of the change
is different for the different account designs in combination with the selection method.
First, in case account design 1a is combined with the use of selection method 1a, the
new GAAP needs to specify the list of accounts to select or add (when using difference
posting). However, creating this new list does not have an impact that is related to the
size of the system, therefore the change does not inflict a combinatorial effect regarding
selection method.

Second, in case account design 1a is combined with the use of selection method 1b, new
ranges of accounts need to be specified for reporting in the new GAAP. The impact of
this change is not proportional to the size of the system and therefore the change does
not cause a combinatorial effect regarding the selection method.
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Third, in case account design 1b is combined with the use of selection method 1a, all
changes regarding the use of accounts require adjusting the list of “accounts to include”.
Since the number of changes to accounts depends on the number of GAAP in the AIS,
the selection method induces an additional combinatorial effect.

Fourth, in case account design 1b is combined with the use of selection method 1b, the
ranges of accounts for the existing GAAP do not need to be updated, since the ranges
do not change. The change does require a new range to be set up for the newly added
GAAP. But since the impact of this change is not proportional to the size of the system,
the change does not inflict an additional combinatorial effect regarding the selection
method used.

4.6.5.4 Context 4: Impact on Parallel Ledgers (Account Design 2)

Adding a new GAAP has a limited impact on the parallel ledgers design (account design
2): in the modular structure as depicted in Figure 4.1 and extended by Figure 4.4, a
new ledger needs to be created that uses the same chart of accounts as the other ledgers.
However, it might be necessary to add accounts to the chart of accounts that are specific
for the new GAAP: for example, the impairment of treasury shares is allowed in Belgian
GAAP, but not in IFRS. So when the new GAAP requires an account for impairment
of treasury shares, this account needs to be created in the chart of accounts. Since the
impact of these changes is not proportional to the number of GAAP that are already
supported by the AIS, no combinatorial effect is caused by the change.

4.6.5.5 Context 5: Impact on Selection Method 2

In case account design 2 is used, selection method 2 becomes relevant and might cause
additional combinatorial effects. Regarding selection method 2a, all accounts of the chart
of accounts need to be evaluated whether they are needed for the new GAAP and a new
list of exceptions for that GAAP needs to be created. However, the impact of this change
is not proportional to the number of GAAP used in the system and therefore, does not
cause a combinatorial effect regarding the selection method used.

For selection method 2b, the accounts should also be evaluated and it should be indi-
cated whether they are used by the new GAAP. Since the impact of the change is only
proportional to the change and not to the size of the system, the impact does not depend
on the number of GAAP already supported by the AIS, the change does not impose an
additional combinatorial effect regarding the selection method used.

4.6.5.6 Context 6: Impact on Separate Company Codes Design (Account
Design 3)

When using account design 3, the impact of adding a new GAAP depends on whether
the same (account design 3b) or a different chart of accounts (account design 3a) is used.
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In account design 3c the company codes use the same chart of accounts, but there is a
separate chart of accounts for operations and for overhead. Since an account is exclusively
present in the operations chart or the overhead chart, the impact is the same as in account
design 3b.

When the same chart of accounts is used (account design 3b), the impact of adding a
new GAAP (taking into account the modular structure as depicted in Figure 4.1 and the
extension of Figure 4.6) is limited to adding a company code to the AIS and linking it
to the existing chart of accounts. Since the impact is not proportional to the number of
GAAP in the AIS, no combinatorial effect is caused by the change. The same applies to
account design 3c as represented in Figure 4.1 and extended by Figure 4.7: the impact
is limited to adding two company codes to the AIS and linking them to their respective
chart of accounts. Since the impact is not proportional to the number of GAAP in the
AIS, no combinatorial effect is caused by the change.

When a different chart of accounts is used by the separate company codes (account design
3a), the impact of adding a new GAAP is not only to create a new company code, but
also to create a new chart of accounts for that company code and hereby extending the
modular structure of Figure 4.1 and the extension of Figure 4.5 further. Since the impact
is not proportional to the number of GAAP in the AIS, no combinatorial effect is induced
by the change.

Regarding selection criteria, the impact for account design 3b is similar to the impact in
account design 2. For account designs 3a and 3c consolidation is required. Depending
on the selection method(s) used in the consolidation description combinatorial effects
are induced or not. We already discussed the combinatorial effects caused by selection
methods 1a and 2a in the previous Sections 4.6.5.3 and 4.6.5.5.

4.6.5.7 Context 7: Impact on Difference Posting (Posting Design 1)

When adding a new GAAP to the AIS and difference posting (posting design 1) is used,
new postings should be added to the system for the new GAAP. All postings for the new
GAAP are made by difference with regard to the primary GAAP. The impact of adding
these postings is only proportional to the change and is not proportional to the number
of GAAP in the AIS (only the difference with respect to the primary GAAP needs to
be taken into account). Therefore, adding a new GAAP does not induce a combinatorial
effect in case posting design 1 is used.

4.6.5.8 Context 8: Impact on Complete Posting (Posting Design 2)

When adding a new GAAP to the AIS and complete posting (posting design 1) is used,
new postings should be added to the system for the new GAAP. All postings for the
new GAAP are complete postings, therefore the impact of adding these postings is not
proportional to the number of GAAP in the AIS. We conclude that adding a new GAAP
does not cause a combinatorial effect in case posting design 2 is used.
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4.6.5.9 Context 9: Impact on Posting Design 3

Adding a new GAAP to the AIS does not induce a combinatorial effect when using
posting design 3: the impact of the change is that the reverse posting of the posting to
the primary GAAP needs to be added to the ledger of the new GAAP, as well as the
posting for the new GAAP. Because the impact of this change is not proportional to the
number of GAAP in the AIS, but is only proportional to the change itself, the change
does not induce a combinatorial effect.

4.6.5.10 Context 10: Impact on Posting Design 4

For posting design 4, adding a new GAAP does not cause a combinatorial effect, since
posting design 4 is a mixture of posting design 1 and 2 and neither causes a combinatorial
effect. The selection method that is used might induce a combinatorial effect, as described
in Sections 4.6.5.3 and 4.6.5.5.

4.6.5.11 Context 11: Entry Processing Tasks not Separated

When the entry processing tasks are all contained in the entry processing module, adding
a new GAAP requires to duplicate the entry processing module and its tasks. If needed,
some of the tasks can be adjusted according to the requirements of the new GAAP. The
change does not inflict a combinatorial effect, since the impact is not proportional to the
size of the system (number of GAAP used).

4.6.5.12 Context 12: Entry Processing Tasks Separated

When the entry processing tasks are split into distinct tasks, all separate tasks need to
be duplicated for the new GAAP when they are the same for the new GAAP. If the new
GAAP requires new entry processing tasks, these should be created separately. However,
the impact of the change is not proportional to the number of GAAP in the system and
only proportional to the change (adding a new GAAP). Therefore, the change does not
induce a combinatorial effect.

4.6.5.13 Summary of Impact of Fifth Change (Adding a New GAAP to the
AIS)

In Table 4.5, we provide an overview of the impact of adding a new GAAP to the AIS
when using the different account designs, posting designs and the additional impact,
depending on the selection method.
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Impact of adding a new GAAP
Context CE No CE
Account design 1a ∗
Account design 1b x
Account design 2 x
Account design 3a x
Account design 3b x
Account design 3c x
Selection method 1a ∗
Selection method 1b x
Selection method 2a x
Selection method 2b x
Posting design 1 x
Posting design 2 x
Posting design 3 x
Posting design 4 x
Entry processing tasks: x
⇒ not separated x
⇒ separated x

Table 4.5: Summary table of the impact of change 5: adding a new GAAP to the AIS
∗ represents the occurrence of a combinatorial effect dependent on a specific situation.

4.7 Chapter Conclusions

4.7.1 Conclusion of the Case Studies

In Section 4.4, we describe the multiple GAAP AIS designs from the case studies. These
designs have a way to separate postings for different GAAP, we call this design choice the
account design. The method used to actually post journal entries to accounts, we call
the posting design. Next to these two design choices, also selection methods for reporting
and the organization of the entry processing tasks (separated or not) are relevant.

In Section 4.6 we use the FEDS framework (Venable et al., 2014) (we describe our ap-
proach in Section 4.5) to evaluate the designs of Section 4.4, with the use of Normalized
Systems Theory. We evaluate the impact of the following changes on the different struc-
tures:

1. Creating a new account;

2. New version of an entry processing task for one GAAP (effect on journal entries);

3. New version of an entry processing task for one GAAP (effect on entry processing
module);

4. New version of an entry processing task for all GAAP;

5. Adding a new GAAP to the AIS.
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Change and situation
Context and relation to

1
2

3 4 5
modular structure A B C D
Account design 1a: add accounts x na. na. ∗
Account design 1b: add areas and accounts ∗ x x na. na. x
Account design 2: add ledger na. na.
Account design 3a: add company code, add
chart of accounts

x ∗ na. na.

Account design 3b: add company code na. na.
Account design 3c: add company codes for
overhead and operations

na. na.

Selection method 1a: list of accounts x na. na. na. na. na. na. ∗
Selection method 1b: ranges of accounts na. na. na. na. na. na.
Selection method 2a: list of exceptions x na. na. na. na. na. na.
Selection method 2b: indicate upon creation
of the account where to add

na. na. na. na. na. na.

Posting design 1: post by difference na. x x na. na.
Posting design 2: complete posting na. na. na.
Posting design 3: combine by reverse post-
ing of primary and complete posting for ad-
ditional GAAP

na. ∗ ∗ na. na.

Posting design 4: combine difference posting na. See posting design na. na.
and complete posting 1 and 2

Entry processing tasks:
⇒ not separated na. na. na. na. na. x
⇒ separated na. na. na. na. na. x

Table 4.6: Summary table of the combinatorial effects resulting from changes in the
different structures.

Legend of changes
1) Creating a new account
2) New version of an entry processing task for one GAAP - effect on journal entries
3) same as 2) - effect on entry processing module
4) New version of an entry processing task for all GAAP
5) Adding a new GAAP to the AIS

Legend of situations: also see Table 4.3
A) and C) Primary GAAP changes; B) and D) Secondary GAAP changes;
A) and B) Journal entry was the same; C) and D) Journal entry was different.

Legend of symbols
x represents a combinatorial effect in that structure,
∗ represents the occurrence of a combinatorial effect dependent on a specific situation,
na. represents that the structure is not relevant in that change and
an empty cell represents that no combinatorial effect is caused by the change.
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We find combinatorial effects in many of these structures, although the manifestation of
these combinatorial effects differs. In Table 4.6, we summarize the combinatorial effects
resulting from the different changes in the different designs (and we also relate the designs
to the modular structure of Figure 4.1). Hence we can conclude that some structures
are more evolvable than others. For example, using parallel ledgers (account design 2)
avoids the combinatorial effect that arises from using parallel accounts (account design
1). Reporting on these combinatorial effects provides practical proof of evolvability issues
in existing multiple GAAP AIS.

4.7.2 Justifying the Problem Statement, Research Gap and De-
sign Objectives

To be able to justify a design science approach for a research project, we need to justify
the problem statement, the research gap and the design objectives (Sonnenberg and vom
Brocke, 2012). The theoretical justification can be found in the Introduction (Chapter 1)
of this dissertation, but in this section we summarize how we provide additional practical
justification in this chapter that relates to the problem statement, the research gap and
the design objectives.

The problem we study is evolvable multiple GAAP AIS. We discuss the need for evolvable
AIS in Sections 1.2 and 2.4. In that way we identify the main design objective, being
evolvability. Further justification for this design objective can be found in Section 1.1:
the need for evolvability in the context of multiple GAAP. Moreover, the combinato-
rial effects from Section 4.6 provide evidence of evolvability issues in current practical
multiple GAAP AIS. In Section 1.3, we summarize literature calling for research about
multiple GAAP AIS, but none of this literature mentions evolvability, although it is a
justified design objective. By electing evolvability as a design objective, we contribute
to a research gap. In the Introduction (Chapter 1) of this dissertation, we describe
the problem statement of evolvable multiple GAAP AIS. But in Section 4.1, we raise
doubts as to whether the theoretical evidence is enough to justify the problem. Therefore
we conduct case studies to research the problem in practice and report on the results in
Section 4.4 and Section 4.6. By providing evidence for a lack of evolvability (the combi-
natorial effects of Section 4.6) in current multiple GAAP AIS, we can further justify the
problem at hand.

Combining the need for research stated in literature and the practical evidence, we can
state that we justify the problem statement (theoretically and practically), we justify the
research gap and the design objectives. Therefore, we believe that the design project of
this dissertation is relevant, both for literature and practice.
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Chapter 5

Design: Deriving Design Principles
for Evolvable AIS that Support
Multiple GAAP

In Chapter 4, we identify the problem of evolvable multiple GAAP AIS as being justified
and relevant. This adheres to the design science research process of Sonnenberg and
vom Brocke (2012). In this chapter, the next activity is described: we design an artifact
(the design principles) that contributes to solving the problem (design of an evolvable
AIS that supports processing of accounting-relevant events in multiple GAAP). Later, in
Chapter 6, we use these design principles to build an evolvable multiple GAAP AIS.

In the design activity, we study the combinatorial effects of Section 4.6 and we establish
that some combinatorial effects that occur in one structure (account design, posting
design, selection methods and separation of entry processing tasks or not, as described
in Section 4.4), do not occur in others. That contrast constitutes the foundation to
formulate the design principles. Then we use Normalized Systems Theory to refine and
reword the design principles. Next, we reevaluate previous design principles to check
whether they are still applicable, do not conflict with the new design principle or whether
they should be defined more stringent. This iterative design allows us to adapt and/or
refine design principles as we gain more insight into the multiple GAAP problem.

We use the FEDS (Venable et al., 2014) to describe the evaluation phase. First, our
evaluation goals are to check to what extend the proposed design principles 1) can be
supported by current practice (the case studies) and existing literature and 2) prevent
the combinatorial effects described in Section 4.6. Second, the evaluation strategy is a
formative (why), ex-ante (when) evaluation that consists of a logical proof (an artificial
evaluation) as proposed by Hevner et al. (2004): we relate the design principles to the
case studies (also see Chapter 4), as well as to literature (also see Chapter 2). We report
on this evaluation directly after introducing the design principle(s). Third, we report on
the properties to evaluate: 1) whether case studies already use the design principle and
2) whether the design principle adheres to Normalized Systems Theory and hence when
implemented would prevent the combinatorial effect it is supposed to prevent. Fourth,
the individual evaluation episodes are reported after each design principle.
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In the next sections we use each design choice that needs to be made to design principles
that can be derived when comparing the choices. The design choices are: account design,
selection method, posting design and separation of entry processing tasks. We will discuss
each of these design choices and their impact with regard to each of the changes, we do
this using the same template for each design choice:

• Manifestation: we explain the manifestation of the combinatorial effect(s) and we
contrast the designs;

• Design principle(s): we propose the actual design principle(s) that should prevent
the combinatorial effect(s);

• Evaluation: we relate the design principle(s) to the case studies and to Normalized
Systems Theory literature.

5.1 Account Design Choice

Manifestation: Creating an additional account (change 1 of Section 4.6), requires
adding a new account in all duplicated sets of accounts in account design 1a (duplicated
parallel accounts). A similar combinatorial effect is present in account design 1b when the
account needs to be added in the GAAP-specific areas and in account design 3a because
the account needs to be added to the different charts of accounts. This combinatorial
effect is not present in the parallel ledgers design (account design 2) and the two other
separate company codes designs (account design 3b and 3c).

Since the combinatorial effect exists in account designs 1a, 1b and 3a and not in the
others, we can state that with regard to evolvability and this combinatorial effect, the
use of account design 2, 3b or 3c is a better design choice. This combinatorial effect has
two origins: 1) the fact that account design 1a and 1b do not use separate ledgers for the
different GAAP and account designs 2, 3b and 3c do and 2) the fact that account design
3a uses a different chart of accounts for the different GAAP and account designs 2, 3b
and 3c use the same chart of accounts.

We can conclude that two characteristics of account designs 2, 3b and 3c ensure that
the combinatorial effect does not occur in these designs, being 1) they use separate
ledgers for different GAAP and 2) they use the same chart of accounts for each GAAP.
Important to note is that the combinatorial effect does not manifest itself differently
whether the separate ledgers are part of the same company code or not, therefore we use
the terminology of “separate” ledgers instead of “parallel” ledgers. In this way we derive
the following two design principles:

First design principle: journal entries for different GAAP should be posted in separate
ledgers.

Second design principle: all GAAP should use the same chart of accounts.

We illustrate the first design principle in Figure 5.1 and the second design principle in
Figure 5.2, assuming we extend the modular structure of Figure 4.1.
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Figure 5.1: Illustration of the first design principle

Figure 5.2: Illustration of the second design principle

Evaluation of the First Design Principle: The first design principle is used in
three of the five case studies: two of them use a separate company code in their own
custom software (account design 3b), the other case study uses account design 3c. We
already mentioned the similarity between account design 3b and account design 2 in
Section 4.4.1.3. Account design 2 (parallel ledgers) is introduced in version 5.0 of SAP
in 2004. Since the market leader in ERP software, SAP, changes its software to be able
to support parallel ledgers, it can be considered as an important feature and probably a
good practice. The two other cases use account design 1a, because 1) their AIS set-up
dates from before the SAP 5.0 update and 2) SAP requires consolidation to add ledgers
of different company codes, which requires separate and extensive configuration.

We can also relate the first design principle to the Normalized Systems Theory princi-
ples. Following the “separation of concerns” theorem, change drivers need to be sepa-
rated. Since GAAP change independently from each other, they have different change
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drivers. Therefore, separating journal entries of different GAAP into separate ledgers is
an application of the separation of concerns theorem.

Evaluation of the Second Design Principle: Using the same chart of accounts is
compatible with the first design principle: each separate ledger uses the same chart of
accounts. This design principle is applied by three of the case studies, namely the ones
who use account designs 3b and 3c. Although, in account design 3c two charts of accounts
are used, they use different accounts: the same account never occurs twice (one chart
contains all the operational accounts, the other all overhead accounts), hence adding a
new account does not cause a combinatorial effect, since it only needs to be added in one
chart of accounts (operational or overhead).

We can relate this second design principle to the entropy concept from Normalized Sys-
tems Theory literature. When an account occurs multiple times (once for each GAAP)
in multiple charts of accounts because of the use of account design 3a (separate company
codes), the same macro state (account name or number) can refer to multiple micro states
(account in each chart of accounts). This can be avoided by applying the second design
principle: use the same chart of accounts, so each account (name) only occurs once.

Note that three designs comply with design principles one and two: account design 2,
3b and 3c. However, we should emphasize the differences between the designs which
might influence the design choice: in account design 3c configuration of consolidation
is required to add the company codes of the different GAAP. In account design 3b,
however, this can be configured more easily than in the SAP design, since the custom
software of the companies is set-up differently, which resembles more to account design
2. Therefore, which account design is preferred is determined by the selection method
design choice, since the other changes (2, 3, 4 and 5 of Section 4.6) do not cause any
further combinatorial effects in account design 2, 3b and 3c.

5.2 Selection Method Design Choice

Manifestation: To determine which accounts to select for reporting, we identify four
selection methods. After taking into account the first two design principles, only selection
methods 2a and 2b are still relevant: selection methods 1a and 1b assume that different
charts of accounts are used and it is necessary to define which accounts need to be
added. When using the same chart of accounts selection methods 2a and 2b determine
how to exclude accounts that are only relevant for one or some of the GAAP used. We
refer again to the example of impairment on treasury shares which is allowed in Belgian
GAAP, but not in IFRS. In the evaluation of the selection methods in Section 4.6, we
identify a combinatorial effect when using selection method 2a (a list of exceptions for
each GAAP), that does not occur in selection method 2b (indicate upon creation of an
account for which GAAP it is relevant). In that way we can propose the following design
principle: “Upon creation of an account in a Chart of Accounts, it should be indicated
which GAAP use the account and which do not.”
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Evaluation: In the case studies we found a mixture of selection methods used: two
cases use selection method 1a, one uses selection method 2b, one case combines 2b and
1a and in one case we did not obtain information about selection methods. However, we
find it difficult to conclude which selection method is better with regard to evolvability:
all cases have (other) combinatorial effects in their AIS which makes it difficult to isolate
the specific complexity of selection methods. We also did not study the selection methods
into enough depth to be able to generalize this principle: the principle remains quite vague
and we therefore do not want to propose it as a design principle in our final list.

We can relate the proposed design principle to Normalized Systems Theory’s separation
of concerns theorem: in this case the change driver is the account which is relevant or
not for a specific GAAP. Since the change driver is closely related to the account, the
change driver needs to be separated on the level of account and not on another level. For
example, taking selection method 2a, the list of “accounts not to add” for each GAAP: the
list is based on multiple change drivers (multiple accounts that each belong to a GAAP or
not), hence a combinatorial effect arises, since the change drivers of the different accounts
are mixed. In selection method 2b, the change driver is kept at the level of each account,
which prevents the combinatorial effect.

Since this design principle cannot be entirely explained by using the case studies and
some implications remain unclear, we hesitate to propose the design principle in our final
list. Moreover, since reporting is out of scope of this dissertation (we focus on processing
of accounting-related events), we do not further investigate the matter.

5.3 Posting Design Choice

Figure 5.3: Illustration of the third design principle

Manifestation: The first, third and fourth change (of Section 4.6) are not applicable
with regard to the posting design. The fifth change does not cause any combinatorial
effects in any of the posting designs
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However, change 2 (changing entry processing task) causes combinatorial effects in some
posting designs. Difference posting (posting design 1) causes a combinatorial effect in
situations A and C (Table 4.3), which is not the case when complete posting (posting
design 2) is used. This difference occurs because in posting design 2, regardless of the
nature or size of the differences or similarities between the GAAP, journal entries are
posted independently.

Because posting designs 3 and 4 are a mixture of posting design 1 and 2, a changing entry
process task induces a combinatorial effect in some specific circumstances. In this way
it becomes clear that these combinatorial effects can only be avoided by using complete
postings. Hence, we deduct the following design principle:

Third design principle: journal entries to different GAAP should be posted indepen-
dently of each other.

In Figure 5.3 we illustrate the third design principle by extending Figure 5.2.

Evaluation: The third design principle is not applied in any of the case studies, how-
ever, some do use the mixed designs (posting designs 3 and 4). This indicates that the
case studies prefer to use complete postings when the difference in accounting treatment
between GAAP is too large.

In the insurance company, posting design 3 is used for journal entries regarding financial
instruments, since the differences between the GAAP are large: Belgian GAAP requires
historical cost to be used for financial instruments, whereas financial instruments in IFRS
need to be measured at Fair Value or at amortized cost, which are more complex mea-
surement methods. The use of posting design 4 in the other case study, also implies that
when the differences in measurement of (in the case study) fixed assets are large, it is
preferred to use independent posting.

This design principle is an application of the first Normalized Systems Theory theorem
“separation of concerns”. Journal entries that are posted to the ledgers are the result of
applying different GAAP. GAAP can change independently, which implies that they have
different change drivers. The separation of concerns theorem requires separating change
drivers, hence posting journal entries independently is an application of the theorem.

This design principle might give the impression that when there is no difference between
GAAP the same work should be done twice and the same journal entry should be du-
plicated. This is not necessarily true: the design principle suggests that at a conceptual
level the postings should be separated, at the implementation level the entry processing
module only needs to be carried out once if tasks for the different GAAP are identical and
result in only one journal entry, that however than needs to be posted to both ledgers of
both GAAP. However, to actually be able to construct software like this, a fine-grained
structure is necessary and explicit functionality needs to be added that prevents the
duplication.
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5.4 Design Choice of Separating Entry Processing

Tasks

Manifestation: Whether entry processing tasks are separated or not, does not influ-
ence the implications of changes one and two of Section 4.6 and does not cause any
combinatorial effect when change five is imposed. Also, changing an entry processing
task (change 3 of Section 4.6), does not cause a combinatorial effect on the level of the
entry processing module, as presented in Section 4.6.3. It is only when after this change, a
second change requires that a common entry processing task (for example, measurement
method) needs to change for all GAAP (change 4 of Section 4.6), that a combinatorial
effect occurs, regardless of whether entry processing tasks are separated or not. The rea-
son for this combinatorial effect lies in the duplication of certain entry processing tasks:
in case that entry processing tasks are not separated, the entire entry processing module
is duplicated for different GAAP and in case that entry processing tasks are separated
only the entry processing tasks that are the same are duplicated for different GAAP.

In order to prevent this duplication (the module or any of the entry processing tasks),
two things need to be taken care of. First, the tasks should be separated from each other
instead of being combined in one module. This is because we need to prevent duplication,
which we cannot avoid when the tasks are combined into one module and some of the
tasks on the inside of the module are duplicated for different GAAP. Second, tasks that
are the same for different GAAP should be reused. In this way we prevent that tasks
are duplicated and it allows that tasks can change independently. Hence, we deduct the
fourth and fifth design principle:

Fourth design principle: each event that can cause an accounting impact, should be
processed by at least five separate tasks (versions of the entry processing tasks: concept,
recognition criteria, measurement method, presentation, disclosure) before a journal entry
can be posted.

Fifth design principle: each entry processing task (concept, recognition criteria, mea-
surement method, presentation, disclosure) that has a separate change driver should be
separated in a distinct task, independent of the GAAP.

In Figure 5.4 we illustrate the fourth design principle and in Figure 5.5 the fifth design
principle, by focusing on the entry processing module from the modular structure of
Figure 4.1. If we now illustrate the two changes on Figure 5.5, we see that change three
of Section 4.6 has caused the revenue recognition task to be duplicated: one version
for recognition at invoice date and one version for recognition at delivery. However,
when applying the fourth change (of Section 4.6) that requires the revenue measurement
method to be adjusted for all GAAP, only one task needs to be adjusted, because the
same task is used by both GAAP.

Evaluation of the Fourth Design Principle: Splitting the entry processing tasks is
an application of the “separation of concerns” theorem from Normalized Systems Theory,
since each task has a separate change driver. Moreover, the design principle can be related
to the aggregated business process guideline, as presented by Van Nuffel (2011): posting
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Figure 5.4: Illustration of the fourth design principle

Figure 5.5: Illustration of the fifth design principle
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an event in a ledger is the aggregated business process, that consists of (a minimum
of) five tasks (the entry processing tasks) at the aggregated level. All these tasks refer
to separate, elementary business processes, where the aggregated business process only
coordinates the tasks (Van Nuffel, 2011). In this way, a change to one of the tasks does
not influence the other tasks or the process as a whole. Each task needs to exhibit version
transparency, to prevent that a change in a specific task induces a combinatorial effect
in the other tasks or the aggregated business process. For example, when recognition
criteria change, a new version of the entry processing task “recognition criteria” needs to
be created so other tasks do not need to be changed.

Evaluation of the Fifth Design Principle: This design principle can be related to
the business rule task of Van Nuffel (2011): each business rule should be separated in a
separate task. Applied to the fourth design principle, it denotes that each rule/design
principle/criterion related to the definition of concepts, recognition criteria, measurement
methods, presentation or disclosure should be separated into a distinct task. These tasks
need to be assembled into versions of tasks at a higher level. For example, to process a
revenue-related event, we need five related tasks: revenue concept, revenue recognition
criteria, revenue measurement method, revenue presentation and revenue disclosure, to
be conducted before a journal entry can be posted to a ledger. Each task can have
multiple versions, for example the recognition criteria can state that recognition is to be
recognized at delivery or at invoice date. At the higher level, depending on which GAAP
is used, the right versions of the tasks need to be assembled to process the event, where
tasks that are the same for different GAAP are reused. This requires an intermediate
level at which these tasks are assembled. Possibly more intermediate levels might be
necessary to separate all concerns.

Moreover, we can relate the design principle to the entropy concept: the need to have
knowledge of all micro states (the specific combination of fine-grained tasks that are used)
that result in a specific macro state (the result of for example, a specific calculation).
There is also a need to apply the version transparency theorem to prevent that new
versions of tasks cause combinatorial effects. Moreover, the instance traceability theorem
is relevant, since it is necessary to know which versions of which tasks are used for a
specific journal entry.

5.5 Chapter Conclusions

In this chapter, we use the combinatorial effects of Section 4.6 to develop design principles.
For each design choice (account design, selection method, posting design and separating
entry processing tasks or not) we provide an overview of the resulting combinatorial effects
and we derive design principles. These design principles provide guidance for the design
of future evolvable multiple GAAP AIS. We evaluate them theoretically by relating them
to the case studies and to Normalized Systems Theory literature. It is important to note
that these design principles provide necessary conditions for the design of more evolvable
multiple GAAP AIS (if you do not follow the principles the AIS will not be evolvable).
However, the design principles do not provide sufficient guidance, since we cannot claim
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to have identified all design principles to resolve all combinatorial effects in multiple
GAAP AIS that might occur. Five principles are identified, we do not identify a design
principle regarding selection methods, because of the indistinctness of its implications.
In the next chapter, we provide a practical evaluation of these design principles. The five
design principles are:

1. Journal entries for different GAAP should be posted in separate ledgers.

2. All GAAP should use the same chart of accounts.

3. Journal entries to different GAAP should be posted independently of each other.

4. Each event that can cause an accounting impact, should be processed by at least
five separate tasks (versions of the entry processing tasks: concept, recognition
criteria, measurement method, presentation, disclosure) before a journal entry can
be posted.

5. Each entry processing task (concept, recognition criteria, measurement method,
presentation, disclosure) that has a separate change driver should be separated in
a distinct task, independent of the GAAP.
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Chapter 6

Construct: Building an Evolvable
Prototype for a Multiple GAAP AIS

In previous chapters we described the problem of evolvable AIS that support multiple
GAAP and we proposed design principles that can be used for developing evolvable
AIS. We tested these design principles theoretically by relating them to the case studies
(Chapter 4) and to Normalized Systems Theory (Section 2.5). In this chapter we evaluate
the design principles practically by building a proof-of-concept prototype of an evolvable
AIS that supports processing of accounting-relevant events in multiple GAAP. We repeat
the research question for this activity from the Introduction (Chapter 1): What do we
learn from implementing the design principles in a proof-of-concept AIS? This research
question can be refined into the following more detailed questions:

• Can we enforce the design principles?

• If not, how can we redefine them?

• What do we need in addition to the design principles to be able to build evolvable
multiple GAAP AIS?

• How feasible is it to build evolvable multiple GAAP AIS?

The prototype investigates the relevance and feasibility of the design principles in a
realistic setting, which is its sole purpose. The feasibility test means that we want to
provide evidence that the design principles can be used to build evolvable multiple GAAP
AIS and that the time and effort to do so is reasonable. We also evaluate whether it is
possible to build the needed fine-grained structure to obtain evolvability of the AIS.
To attain this, we prefer to build a prototype which has a specific, limited amount of
functionalities with actual examples (realistic setting). We do this so the design principles
can be translated into tangible, concrete design and construction and do not remain vague.
The disadvantage of this approach is that the prototype will have limited functionality.

We build the prototype based on examples and we will not conduct an analysis of all
needed functionality for an entire multiple GAAP AIS. Of course the skeleton, consisting
of the account design, the posting design and the separation of entry processing tasks or
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not1, of a multiple GAAP AIS will be shown in the prototype. However, to be able to
extend the functionality of the prototype to support multiple GAAP would require an
extensive amount of additional analysis: 1) all possible events that can be registered into
the AIS need to be identified 2) a thorough analysis needs to be made on how to record
these events, which might reveal a lot of additional combinatorial effects 3) then for all
these events the entire analysis needs to be made on how they should be processed in
all GAAP that the prototype aims to support 4) this analysis needs to be translated to
entry processing tasks and modules that can be executed, so an additional link should be
made between the recording of the events and the processing of these events 5) reporting
in multiple GAAP requires additional analysis, including an analysis about selection
methods. This shows that a considerable amount of additional efforts are needed to build
a prototype that can be tested in practice, which is not feasible in the context of this
dissertation.

To be able to construct the prototype, we first need to describe the modular structure
of Figure 4.1 in terms of the Normalized Systems Theory elements. This includes the
identification of data elements, their relationships and their attributes. Next, we use the
design principles of Chapter 5 to expand the functionality of the prototype: we introduce
each design principle and describe how it affects the design. If we would strictly apply the
design science research process of Sonnenberg and vom Brocke (2012), these first steps
also belong in the design phase. After the design is specified, we build the prototype,
using the Prime Radiant, we describe this process in the remainder of this chapter. It is
important to note that the prototype is built iteratively.

At each iteration a new version of the prototype is generated, which we evaluate. The
evaluation we conduct adheres to the evaluation framework presented by Venable et al.
(2014) in the following ways. First, we explicate the goals of the evaluation. We want
to know whether the version of the prototype we have build adheres to the principles
of the Normalized Systems Theory and in which way. Moreover, we want to evaluate
if the design principles of Chapter 5 are applicable and to which extend they provide
enough guidance. Second, we discuss the why, when and how of the evaluation. We use a
formative (why), ex-post (when) evaluation, because the final version of the prototype is
not a finished product yet and only provides us with insights to further develop AIS. The
how of the evaluation is by imposing changes to the prototype and evaluating whether
they cause combinatorial effects or not. We use the same changes as in Section 4.6:

1. Creating a new account;

2. New version of an entry processing task for one GAAP (effect on journal entries);

3. New version of an entry processing task for one GAAP (effect on entry processing
module);

4. New version of an entry processing task for all GAAP.

5. Adding a new GAAP to the AIS.

1We do not consider a selection method design choice, since 1) selection methods are part of reporting
functionality and we focus on processing of accounting-related events in multiple GAAP and 2) we did
not propose a design principle about selection methods.
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In this way we can conclude how we should implement the design principles and what
additional implementing principles we need, by relating the conclusions to Normalized
Systems Theory principles. Third, the main property we want to evaluate is whether
the prototype is evolvable or not. Fourth, the individual evaluation episodes (after each
iteration) are described in the remainder of this chapter.

We describe how we build an initial data model and prototype in Section 6.1. Next, we
evaluate the initial prototype with regard to its functionality and the first two design
principles of Chapter 5, in Section 6.2. Then, we use the first change to evaluate the
prototype with regard to evolvability, which we report on in Section 6.3. We extend the
functionality of the prototype with regard to posting functionality in Section 6.4 by using
the third design principle. Next, we impose the second change on the prototype and
evaluate the impact with regard to evolvability in Section 6.5. We use design principles
4 and 5 to build a last version of the prototype in Section 6.6. This last version is
evaluated in Sections 6.7, 6.8 and 6.9 by using the third, fourth and fifth change. In the
last Section (6.10), we provide examples of how the processing in the prototype works
to give the reader a clear idea of what the scope of functionalities is that the prototype
supports.

6.1 Building an Initial Data Model and Prototype

In the introduction of this chapter, we explain that the modular structure of AIS (de-
picted in Figure 4.1) is the starting point of the prototype analysis. This modular struc-
ture consists of the concepts event, entry processing module (with five entry processing
tasks: concept, recognition, measurement, presentation and disclosure), journal entry,
accounts, ledger, chart of accounts and company code. We use the modular structure
to identify instances of the Normalized Systems Theory software elements. Moreover,
best practices in Normalized Systems Theory literature suggest the identification of these
elements on an anthropomorphic basis (i.e., concurring with meaningful real-world enti-
ties) (Mannaert et al., 2016). In doing so, we identify the following core data elements2:
Event, JournalEntry, Gaap, CompanyCode, Ledger, ChartOfAccounts and Account.

Several remarks regarding this first set of data elements can be made. First, in this first
version of the prototype we leave out the entry processing module and entry processing
tasks and focus on the data elements and their relations.

Second, it can be noticed that a many-to-one relationship exists between: Account –
ChartOfAccounts, JournalEntry – Ledger, Ledger – Gaap, Ledger – CompanyCode and
Event – JournalEntry. A many-to-many relationship exists between JournalEntry – Ac-
count, which should be avoided (Mannaert et al., 2016). This leads to the creation of
an additional data element JournalEntryLine and a many-to-one relationship between
Account – JournalEntryLine and JournalEntryLine – JournalEntry.

Third, the data element Event is too general and should be refined into the different kinds
of events that occur and should be recorded in an AIS. We need to do this, to separate

2In Section 2.5.4 we explain the concept of data elements and action elements
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the concerns of the different events (following the separation of concerns principle from
Normalized Systems Theory): for example, selling goods to a customer has different
change drivers than the purchase of property (both business-wise as accounting-treatment
wise). In a standard order-to-cash process, we can identify Sale and Payment as events
following the definition of an event3 in the REA model. However, the actual process
contains far more important steps of which information needs to be kept like for example
the order, the delivery and the invoice for a Sale. Since these steps in the process have
separate change drivers (order has requirements from the sales force of the company,
whereas the invoice is influenced both by regulation and the implementation of that
regulation by the accounting department), they should be identified as separate data
elements in our prototype. We hence identify SalesInvoice, SalesDelivery and SalesOrder
as additional data elements (and we also refer to them as events, although they are
technically subevents of the main event Sale).

Lastly, the data element CompanyCode is artificial and non-anthropomorphic (in the
sense that it does not concur with an actual real-world concept) in nature. As a conse-
quence, we replace this data element with the data element Company.

Next, attributes (fields) for the different data elements can be identified. First, all data
elements have an attribute “name”, which acts as a unique identifier. Next, for all many-
to-one relationships, the data element at the many side of the relationship needs to have
an attribute that links an instance of the data element to one particular instance of
the other data element. Further, we need the following additional attributes: number
for Account, date for JournalEntry, amount for JournalEntryLine and debit/credit for
JournalEntryLine. In Figure 6.1, we represent the final model in an entity relationship
diagram4, including the determination of data value types (such as String or Integer).

Based on the data model as described above, we can generate a first version of the
prototype. As explained in Section 2.5.5, a set of out-of-the-box functionalities such
as CRUD (create, read, update and delete) screens are provided by the code generation
as triggered by the Prime Radiant. We can therefore immediately start to create in-
stantiations of the data elements in the model. Stated otherwise: we can start with the
configuration of the prototype, being, inserting data of the company for which we want
to use this AIS. In this configuration phase the following activities should be carried out:
create the Companies (the separate legal entities for which the prototype is used), define
the ChartOfAccounts for each Company, create Accounts in the ChartOfAccounts, create
the Gaap in which the Company needs to report and create the Ledgers.

This initial data model is rather general and does not yet incorporate the design principles
as proposed in Chapter 5. It is not straightforward to actually impose these principles
on the system at this point in time. For instance, the first design principle requires to
separate ledgers for different GAAP in the system: however, this is not enforced by the
data model, it is a choice that needs to be made in the configuration phase of the system.
Stated otherwise: the current prototype allows but does not enforce the adherence of
the design principles considered. Accurate documentation could assist in this matter.
For example, such documentation would describe that the data element Ledger is the

3We repeat: “Economic Event represents either an increment or a decrement in the value of economic
resources that are under the control of the enterprise.” (Hruby et al., 2006, p. 4)

4In Appendix 1, an explanation of the notation used in the ERD can be found in Figure A.1.
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Figure 6.1: Entity Relationship Diagram of the Prototype
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collection of JournalEntries according to one GAAP. The second design principle, to use
only one chart of accounts, is also not enforced by the current data model and again
a configuration setting. Hence, documentation should clarify that all Ledgers (of the
same Company) should use the same ChartOfAccounts. Note that this documentation
provides guidance at the level of data elements in the actual prototype, which is more
specific than the design principles of Chapter 5.

Now we start to configure the prototype for use. First, we create an instance of the data
element Company for which we want to set up the AIS (we call this company “Antwerp-
Compu”). Second, we instantiate “IFRS” and “Belgian Gaap” from the data element
Gaap, assuming that the company needs to report according to multiple GAAP. Third,
we create a separate Ledger for each GAAP (following the design principle “separate
ledgers”). Next, we create a ChartOfAccounts in which all needed accounts can be cre-
ated (following the design principle “use the same chart of accounts for all GAAP”).
Finally, we create some Accounts that belong to the created ChartOfAccounts (for ex-
ample, 4700000 Revenue product X and 4710000 Revenue product Y).

6.2 Evaluating the Initial Prototype

In the previous section, we built a first version of the prototype, but we need additional
documentation to enforce the first two design principles of Chapter 5, since these were not
enforced by the data model itself. Hence, the prototype should ideally contain additional
functionality that helps to enforce the design principles. For the first design principle,
“separate ledgers”, we can add functionality that automatically creates the ledgers needed
when a new GAAP or a new company is added to the system. This means we need to
define workflows for the data elements Gaap and Company, which we name GaapFlow
and CompanyFlow. These flows are activated after a Gaap or respectively a Company
data element is added to the system. Each of these flows consists of two tasks. First
a task CheckLedgers which verifies which Ledgers need to be added as a consequence of
adding the Gaap/Company: if a new Gaap is added, a new Ledger should be created for
each Company that uses that Gaap; if a new Company is added, a new Ledger should
be created for each Gaap that the Company uses. The second task, CreateLedger, is the
tasks that actually creates the needed Ledgers.

For the second design principle, “use the same chart of accounts”, an additional restric-
tion could be added to the data model: a many-to-one relation between Company and
ChartOfAccounts. Further, the prototype should make sure that in a JournalEntryLine
only Accounts from the ChartOfAccounts of the Company can be selected. These changes
result in a second version of the prototype, which can readily be regenerated by the
Prime Radiant.

To further demonstrate the practical value of the design principles, we can impose some
changes to the prototype incorporating the design principles of Chapter 5. Analyzing
whether these changes result in a combinatorial effect allows us to further evaluate the
effectiveness of the design principles and the prototype.
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6.3 Evaluating the Impact of the First Change

As a first change, we consider the creation of a new account in the ChartOfAccounts that
is used by all GAAP. For example, if the company starts selling a new product, it might
want a separate account to record the revenue of the product: account number 4720000
with description “Revenue product Z”. This requires the creation of that one Account
and the link to which ChartOfAccounts that Account belongs. Since the second design
principle requires to use the same ChartOfAccounts for all Ledgers of the same Company,
the Account should only be created once within the same Company.

The impact of the change is limited to creating one new account and hence is not related
to the number of GAAP, the amount of entries in the system or any other variable
reflecting the size of the system. Hence, no combinatorial effect is caused by the change.

By using the prototype, we can therefore conclude that the creation of a new account can
be incorporated without a combinatorial effect. The prototype furthermore illustrates
the feasibility of the first two design principles of Chapter 5. We can also clearly define
the boundary of the current design: the combinatorial effect that arises when adding a
new account is prevented as long as the new account is only used by one Company. If a
new Account needs to be added to all ChartOfAccounts of all Companies (for example,
a new kind of tax on labor is introduced by the government and this new kind of tax
needs to be recorded separately in the statement of profit or loss), this change causes a
combinatorial effect.

6.4 Adding Posting Functionality to the Prototype

Now that we have set up the structure of our prototype, we want it to be capable to
allow the actual posting of journal entries based on events. We use an example in which
Revenue needs to be posted after a SalesInvoice event. Hence, we create a data element
SalesInvoice with a date and amount attribute. The SalesInvoice is related to the data
element JournalEntry with a one-to-many relationship.

Furthermore, some processing functionality needs to be added to the prototype because
an accounting context requires the processing of a sales invoice resulting in journal en-
tries for all GAAP. We therefore create a SalesInvoiceProcessor task element which is
triggered after a SalesInvoice is created, that represents an elementary flow element oper-
ating on the SalesInvoice data element, we name this flow: SalesInvoiceFlow. This task is
responsible for processing each individual SalesInvoice which is created by instantiating
the appropriate JournalEntries. In a situation with two GAAP having identical recog-
nition criteria, the SalesInvoiceProcessor would create two identical JournalEntries (and
their belonging JournalEntryLines).

The SalesInvoiceProcessor only processes everything, additional tasks are needed to actu-
ally create the JournalEntries and JournalEntryLines: an additional task CreateJournal-
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Entry (bridge task5) in the SalesInvoiceFlow and a new flow for JournalEntry, Journal-
EntryFlow, which has as tasks CreateJournalEntryLine (also a bridge task) and Check-
JournalEntry. We graphically represent this flow in Figure 6.2. Note that we do not add
a task to create JournalEntryLines in the Processor flows: creating journal entries needs
to be handled by the data element JournalEntry, because it needs to be executed each
time a new JournalEntry is created. Therefore, the task “CreateJournalEntryLine” is a
task of the JournalEntryFlow.

The task CheckJournalEntry needs to be executed to check whether the JournalEntry is
complete or not, for example, this task should check whether the total amount of debited
accounts equals the total amount of credited accounts. This results in a third version
of the prototype, which can readily be regenerated by the Prime Radiant.

Figure 6.2: Graphical representation of JournalEntryFlow

Table 6.1 provides an overview of the exemplary booking in this context. After the
user creates the SalesInvoice with the date 15/08/2016 and amount 20,000, the task
SalesInvoiceProcessor is executed. The SalesInvoiceProcessor creates two JournalEntries:
one is posted to the Belgian GAAP ledger, the other to the IFRS ledger, both on the
date of the invoice. In the example, the JournalEntryLines are identical, since there is
no difference in accounting treatment between Belgian Gaap and IFRS.

SalesInvoiceProcessor

JournalEntries
Number Ledger Date JournalEntryLine
1 ledger for Belgian GAAP 15/08/2016 link to nr 1 and 2
2 ledger for IFRS 15/08/2016 link to nr 3 and 4

JournalEntryLines
Number Debit/credit Amount Account
1 debit 20,000 Trade Receivables
2 credit 20,000 Revenue
3 debit 20,000 Trade Receivables
4 credit 20,000 Revenue

Table 6.1: Resulting Journal Entry from SalesInvoiceProcessor

5A bridge task is a task that merely creates an instance of another data element and is indicated with
an ∗ in the figures.
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6.5 Evaluating the Impact of the Second Change

As a second change, we study the creation of a new version of an entry processing task for
one GAAP. We consider the situation in which revenue recognition criteria change (the
same example as in Section 4.6) for IFRS from recognition when the invoice is drafted
to recognition when the goods are delivered. For this purpose, we first need to add some
data element instances to the prototype to represent this additional complexity. Next to
the event SalesInvoice, also the event SalesDelivery becomes relevant, therefore we add
SalesDelivery to the set of data elements, with date as the only relevant attribute. A
SalesDelivery should also be related to a JournalEntry with a one-to-many relationship.
Moreover, a relationship needs to be created between SalesDelivery and SalesInvoice.

In practice, a many-to-many relationship between SalesDelivery and SalesInvoice is ap-
propriate. However, if we need to model this, best practices in NST literature (Mannaert
et al., 2016) suggest to replace a many-to-many relationship by introducing a new data
element that has a one-to-many relationship with the two original data elements. Doing
this, also requires additional analysis, since the new data element should correspond to a
real-world entity. This analysis is out of scope for this dissertation, since we focus on pro-
cessing events, not on how to record and assemble them into business processes. There is a
need to have a relationship between the two entities, however, for the processing of events
it is not relevant what type of relationship exists between the two entities: the identified
entities contain the needed information about the event from an accounting perspective,
all entities that need to be added because of avoidance of a many-to-many relationship
or to model the business process of a Sale do not influence the processing design. Adding
a data element between SalesDelivery and SalesInvoice, would increase the complexity of
designing and constructing the prototype, without adding insight into the processing of
events in multiple GAAP. Therefore, we choose to use a one-to-one relationship between
SalesDelivery and SalesInvoice. Of course, we must be aware of functionality that might
be added to the business process that does influence the processing design, for example,
if after delivery the goods are returned because of a defect, a new subevent needs to be
identified (SalesReturn), which does have accounting implications (the Revenue can no
longer be recognized) and should be taken into account.

To process the SalesDelivery in an accounting context we need a task, SalesDelivery-
Processor, to be executed after the SalesDelivery is created. This represents an ele-
mentary flow element operating on the SalesDelivery data element, we name this flow:
SalesDeliveryFlow. The result of the SalesDeliveryProcessor cannot yet be depicted, be-
cause at delivery date no instance of SalesInvoice is created yet and the SalesDelivery
has no attribute for amount (hence the amount of Revenue to be recognized is not yet
known). Therefore, we introduce another event, SalesOrder, having the attributes date
and amount. SalesOrder also has a one-to-one relationship6 with SalesDelivery. The
amount of the SalesOrder is used as the amount of revenue we recognize on the delivery
date. The SalesDeliveryProcessor only processes everything, an additional task is needed
to actually create the JournalEntries: an additional task CreateJournalEntry (a bridge
task) in the SalesDeliveryFlow that triggers the JournalEntryFlow.

6The same as for the relation between SalesInvoice and SalesDelivery: a many-to-many relationship
is more realistic, but would increase the complexity of the prototype without any additional insight.
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Figure 6.3: First Screenshot of the JournalEntries and JournalEntryLines in the Proto-
type

SalesDeliveryProcessor and SalesInvoiceProcessor

JournalEntries
Number Ledger Date JournalEntryLine
1 IFRS ledger 03/08/2016 link to nr 1 and 2
2 Belgian GAAP ledger 15/08/2016 link to nr 3 and 4
3 IFRS ledger 15/08/2016 link to nr 5 and 6

JournalEntryLines
Number Debit/credit Amount Account
1 debit 20,000 Invoices to be prepared
2 credit 20,000 Revenue
3 debit 20,000 Trade Receivables
4 credit 20,000 Revenue
5 debit 20,000 Trade Receivables
6 credit 20,000 Invoices to be prepared

Table 6.2: Resulting Journal Entries from SalesDeliveryProcessor and SalesInvoicePro-
cessor
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Now we provide a description of adding data elements into the prototype and describe
how these are processed in JournalEntries. First, a SalesOrder is added by a user with
date 01/08/2016, amount 20,000 and a unique name SO2016/0001. Nothing further
happens. Second, a SalesDelivery is added by a user with date 03/08/2016, a link to the
SalesOrder (SO2016/0001) and a unique name SD2016/0001. We show this in Figure 6.3:
the first line is entered by the user, being the SalesDelivery. Then, after the SalesDelivery
is created, the SalesDeliveryFlow is executed:

• The first task, “SalesDeliveryProcessor”, determines that Revenue should be rec-
ognized according to IFRS at delivery date. Then the task uses the relationship
between SalesOrder and SalesDelivery to look up the amount that should be recog-
nized. The task also determines that the account “Invoices to be prepared” should
be debited.

• The second task (“CreatingJournalEntry”, a bridge task) creates the actual Jour-
nalEntry: the details of the JournalEntry can be found in Table 6.2. They are
also depicted in Figure 6.3: underneath the SalesDelivery the JournalEntry that is
created by the SalesDeliveryProcessor is shown in a waterfall screen: one clicks on
the SalesDelivery and sees which JournalEntries are related to the SalesDelivery.

• Moreover, after the JournalEntry is created, the task “CreateJournalEntryLines” (a
bridge task) in the JournalEntryFlow is executed and creates the JournalEntryLines
for the SalesDelivery. The information for these JournalEntryLines originates from
the SalesDeliveryProcessor. These JournalEntries are shown in Table 6.2. They are
also depicted in Figure 6.3: underneath the JournalEntrys, the JournalEntryLines
of the selected JournalEntry are shown.

Third, a SalesInvoice is added by a user with date 15/08/2016, amount 20,000, a link
to the SalesOrder (SO2016/0001) and a unique name SI2016/0001. This is shown in
Figure 6.4 and Figure 6.5: the first line, the SalesInvoice is entered by the user. After
the SalesInvoice is created, the SalesInvoiceFlow is executed:

• The first task, “SalesInvoiceProcessor”, just like the SalesDeliveryProcessor, deter-
mines all information needed for the JournalEntries. In this case two JournalEntries
should be posted: one to the IFRS ledger and one to the Belgian GAAP ledger.
These JournalEntries are different, because for IFRS revenue is already recognized
on delivery. Therefore, for IFRS the account “Invoices to be prepared” is cred-
ited and for Belgian GAAP “Revenue” is credited. Both debit the account “Trade
Receivables”.

• The second task, “CreatingJournalEntry”, creates the needed JournalEntries: being
JournalEntry 2 and 3. The JournalEntries are shown in Table 6.2 and also depicted
in Figure 6.4 and Figure 6.5.

• The task “CreatingJournalEntry” (a bridge task) initiates the JournalEntryFlow
and its task “CreateJournalEntryLines”. This task creates the JournalEntryLines
3, 4, 5 and 6 as shown in Table 6.2. JournalEntries 3 and 4 are also shown in
Figure 6.4: because in this figure, JournalEntry 2 is selected, the corresponding
JournalEntryLines are shown below. In Figure 6.5, JournalEntry 3 is selected and
therefore, JournalEntries 5 and 6 are shown below.
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Figure 6.4: Second Screenshot of the JournalEntries and JournalEntryLines in the Pro-
totype

Figure 6.5: Third Screenshot of the JournalEntries and JournalEntryLines in the Proto-
type
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The impact of the change is a change of the JournalEntry for the changing GAAP (IFRS),
the creation of a SalesDeliveryProcessor and the additional JournalEntry for IFRS. All
these changes are dependent on the change itself and not on the number of GAAP used,
the amount of entries in the system or any other variable reflecting the size of the system.
We also remark that in the prototype, all functionality is present to automatically process
the events that are entered by the user: the SalesDeliveryProcessor and the SalesInvoice-
Processor create all needed JournalEntries and JournalEntryLines.

By using the prototype, we can therefore conclude that changing an entry processing
task for one GAAP can be performed without combinatorial effects. The prototype
furthermore illustrates the feasibility of the third design principle of Chapter 5: journal
entries to different GAAP should be posted independently of each other.

We need to note that following Normalized Systems Theory, the principles should be
applied more strict: the processor tasks should be separated for each GAAP. In that
way we should create a SalesDeliveryProcessorIfrs, SalesDeliveryProcessorBGaap, Sales-
InvoiceProcessorIfrs and SalesInvoiceProcessorBGaap.

Moreover, we consider the entire entry processing module as one atomic (processor) task
for illustrative reasons. In reality the module might consist of different tasks, which are
now all executed in the SalesDeliveryProcessor and the SalesInvoiceProcessor. Some more
guidance on how to design this inner design of an entry processing module is provided by
the fourth and fifth design principles.

6.6 Adding Design Principles Four and Five to the

Prototype

In this section we discuss how we add design principles 4 and 5 (of Chapter 5) to a
new version of the prototype. Design principle 4 states that each event should at least
be processed by the five entry processing tasks before a journal entry can be posted.
Therefore, we should create at least five tasks representing the entry processing tasks in
the next version of the prototype. In the current version of the prototype, we consid-
ered SalesDeliveryProcessorIfrs, SalesDeliveryProcessorBGaap, SalesInvoiceProcessorIfrs
and SalesInvoiceProcessorBGaap as task elements that process their respective event,
but they do not longer suffice. We need to create workflows that orchestrate the five
tasks, being ProcessorSalesDeliveryBGaapFlow, ProcessorSalesDeliveryIfrsFlow, Proces-
sorSalesInvoiceBGaapFlow and ProcessorSalesInvoiceIfrsFlow. In order to do so, we also
need to add a data element for each of these flows to the prototype: ProcessorSalesDe-
liveryBGaap, ProcessorSalesDeliveryIfrs, ProcessorSalesInvoiceBGaap and ProcessorSa-
lesInvoiceIfrs. We illustrate one of these flows, the ProcessorSalesInvoiceBGaapFlow, in
Figure 6.6.

Designing each flow with its own set of entry processing tasks, violates design principle
5: each entry processing task (concept, recognition criteria, measurement method, pre-
sentation, disclosure) that has a separate change driver should be separated in a distinct
task, independent of the GAAP. Therefore, we need to determine which tasks are the
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Figure 6.6: Illustration of the SalesInvoiceProcessorFlow containing all five entry pro-
cessing tasks

same and which tasks are different: tasks that are the same can be reused, tasks that are
different can stay different. In the example (we use the same example as in Section 6.5),
the recognition criteria for revenue are different for the two GAAP, so we need separate
tasks for recognition criteria. For the other tasks we assume there are no differences be-
tween GAAP, so they can be reused. We relate this fifth design principle to the business
rule task of Van Nuffel (2011) in Section 5.4: each business rule should be separated into
a separate task. Applied to the example: each specific rule about one of the five entry
processing tasks should be separated as a task. In the following subsections, we zoom in
on how we further separate the concerns in the flows illustrated in Figure 6.6.

6.6.1 Determining the Concept: a task at another level

We detect an issue in the first entry processing task, being determining the concept. As
mentioned before, each event identified in the REA model can have multiple subevents,
however the related accounting concepts are the same for all these subevents. For exam-
ple, for all subevents related to the REA event “Sale”, the accounting concept “Revenue”
is relevant (in the example this is so for both GAAP). Therefore, it is more logical to
execute the entry processing task “concept” at the level of the main event, in the example
being “Sale”. If all subevents, like SalesOrder, SalesDelivery and SalesInvoice, have their
own concept task, a combinatorial effect is caused when the concept related to all Sales
needs to change. Relating this to Normalized Systems Theory, we can state that the
concern of determining the concept, is a concern of the data element of the main event
(Sale) and therefore should also be executed there. We identify Sale as an additional
data element (already included in the ERD model in Figure 6.1) and DetermineConcept
as a task.

The DetermineConcept task needs to be executed for each GAAP. Following the same
reasoning as before, GAAP should be separated from each other, therefore, each GAAP
should conduct a separate flow. Hence, two new flows (and their respective data ele-
ments7) are added to the example: ProcessorSaleBGaapFlow and ProcessorSaleIfrsFlow.
If there would be a difference in concepts related to a GAAP, the task DetermineConcept

7When a flow element is created, the Prime Radiant requires that a related data element is also
created.
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can be used by both flows: the task should consult the business rules in the system to
determine which concept is applicable (depending on the GAAP and the event). There-
fore, a data element BRConcept should be added to the prototype in which all different
business rules regarding concepts can be stored. This data element has at least the fol-
lowing attributes: a unique name, the type of event it applies to (for example Sale), the
concepts related to the event (for example, revenue and trade receivables) and two dates
indicating the period in which the business rule is applicable.

The first entry processing task is now a task (DetermineConcept) executed in the Proces-
sorSale flows (ProcessorSaleBGaapFlow and ProcessorSaleIfrsFlow). Therefore, the other
flows (ProcessorSalesDeliveryBGaapFlow, ProcessorSalesDeliveryIfrsFlow, ProcessorSa-
lesInvoiceBGaapFlow and ProcessorSalesInvoiceIfrsFlow) do not need a task anymore to
identify the concept, but they do need a task that checks which concepts are relevant by
checking the result of the task (DetermineConcept) of the ProcessorSale flow related to
their GAAP. Therefore, we identify a first task for each of these flows, being CheckCon-
cept. This task requests from the main event Sale which concepts are relevant. Note that
the task CheckConcept is the same for each flow.

6.6.2 The Recognition Task that Triggers New Flows

The second task is recognition, however, this task should be executed for each of the con-
cepts that are related to the event. For a Sale, next to Revenue, also Trade Receivables is
a relevant concept. Therefore, the second task of the ProcessorSalesDeliveryBGaapFlow,
ProcessorSalesDeliveryIfrsFlow, ProcessorSalesInvoiceBGaapFlow and ProcessorSalesIn-
voiceIfrsFlow, is “CreateConceptFlows”, this task creates a new data element for each
of the relevant concepts (in the example, “TradeReceivablesConcept” and “RevenueCon-
cept”) and therefore, triggers the execution of the flows of these concepts. Each of these
flows executes the remainder of the entry processing tasks.

The next task (“CheckConceptFlows”) in the flow of the Processors (ProcessorSalesDeli-
veryBGaapFlow, ProcessorSalesDeliveryIfrsFlow, ProcessorSalesInvoiceBGaapFlow and
ProcessorSalesInvoiceIfrsFlow) then is to check whether the triggered conceptflows (in
the example, “TradeReceivablesConceptFlow” and “RevenueConceptFlow”) have reached
their ending status.

Next, the task “CreateJournalEntry” is executed. A JournalEntry can be created, be-
cause during the execution of the different tasks in the flow, the data element relating to
the flow stores all relevant information that is needed to create the JournalEntry (and
related JournalEntryLines).

The last task of the Processor flows checks whether all needed JournalEntries are cre-
ated. If so the ending status “JournalEntriesCompleted” is reached, otherwise the status
becomes “JournalEntriesNotCompleted” and additional JournalEntries are created. We
graphically represent an example of the renewed Processor flows, the ProcessorSalesIn-
voiceBGaapFlow, in Figure 6.7.
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Figure 6.7: Example of a workflow containing entry processing tasks: ProcessorSalesIn-
voiceBGaapFlow

6.6.3 The RevenueConceptFlow and the
TradeReceivablesConceptFlow

The concept flows (in the example, the RevenueConceptFlow and the TradeReceivables-
ConceptFlow) are initiated by the Processor flows: they create a data element of the
concept type that triggers the execution of the flow.

The first task in these concept flows is the recognition entry processing task. In the
example, revenue recognition is different for the two GAAP. To model this, we should
use business rules, following the business rule task of Van Nuffel (2011). We hence create
a data element BRRecognition with at at least the following attributes: a unique name,
the concept(s)to which the rule applies (for example, revenue and trade receivables),
the event in which recognition should take place and two dates indicating the period
in which the business rule is applicable. In the example two business rules are created:
RevenueRecognitionDelivery and RevenueRecognitionInvoice.

To consult these business rules, a separate task needs to be created, being CheckRecogni-
tionBusinessRules. This task is used by all different “concept” flows, the result depends
on the GAAP used. If none of the business rules is applicable, the flow has an alternative
path. For example, no JournalEntries for revenue need to be made on delivery because
for that GAAP the business rule is to recognize revenue at invoice date. It can be that
disclosures are still relevant, even though no JournalEntry should be made. The outcome
of the CheckRecognitionBusinessRules task hence can have two end states: BRRecogni-
tionFulfilled or BRRecognitionNotFulfilled. Depending on the state, the flow continues
to the next recognition task or to the disclosure task.

The task CheckRecognitionBusinessRules only checks the business rules. Therefore, a
task to apply the business rules is needed: RevenueRecognition for the “RevenueConcept-
Flow” and TradeReceivablesRecognition for the “TradeReceivablesConceptFlow”. This
task determines, the date and Ledger of the JournalEntry and the different JournalEn-
tryLines with the respective Accounts and debit/credit attribute. In this version of the
prototype, we consider this all part of one task, however, in future extensions it might be
necessary to use multiple tasks to be able to separate all concerns related to recognition.

The next entry processing task is measurement, for which we can use an analogous rea-
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soning as for recognition. We first need to consult which business rules are applicable for
measurement. Therefore, we create a data element BRMeasurement and the task Check-
MeasurementBusinessRules. Next, the implementation of measurement requires another
task, which we call RevenueMeasurement and TradeReceivablesMeasurement. This task
determines the amount of the JournalEntryLines. Since these two tasks are the same
for each flow, we can reuse them. In the same way, we create business rules related to
the last two entry processing tasks, BRPresentation and BRDisclosure and the related
tasks, CheckPresentationBusinessRules, RevenuePresentation, TradeReceivablesPresenta-
tion, CheckDisclosureBusinessRules, RevenueDisclosure and TradeReceivablesDisclosure.
These tasks are also reused by all flows.

In Figure 6.8 we illustrate one of the flows, the RevenueConceptFlow, containing all
tasks. The TradeReceivablesConceptFlow is executed in a similar way. Adding these new
functional requirements results in a fourth (and last) version of the prototype.

Figure 6.8: Example of a concept workflow containing entry processing tasks: Revenue-
ConceptFlow

6.6.4 Concluding remarks on adding the Fourth and Fifth
Design Principle

We should remark that the concept flows RevenueConceptFlow and TradeReceivables-
ConceptFlow are used for each GAAP that uses the same concepts, however the specific
tasks might differ. For example, because the GAAP have other business rules for recog-
nition, the flow takes a different route (recognition criteria fulfilled or not). This is
illustrated in Section 6.10.

107



CHAPTER 6. CONSTRUCT: BUILDING AN EVOLVABLE PROTOTYPE FOR A
MULTIPLE GAAP AIS

We also remark that the four processor flows (ProcessorSalesDeliveryBGaapFlow, Proces-
sorSalesDeliveryIfrsFlow, ProcessorSalesInvoiceBGaapFlow and ProcessorSalesInvoice-
IfrsFlow) as well as the concept flows (RevenueConceptFlow and TradeReceivables-
ConceptFlow) are aggregated business processes, following the guideline of Van Nuffel
(2011). The function of the flows is to coordinate all tasks related to processing the event
according to a particular GAAP.

6.7 Evaluating the Impact of the Third Change

The third change we study, is the creation of a new version of an entry processing task for
one GAAP. Like in Section 4.6, we use revenue recognition criteria that change as example.
As this version of the prototype already supports two different sets of recognition criteria,
we discuss the impact of changing the revenue recognition criteria of Belgian GAAP from
recognition at invoice date, to recognition at delivery date.

This change has no impact on the design of the prototype as we described in the previous
section. The only change is that the business rule RevenueRecognitionInvoice becomes
obsolete and the business rule RevenueRecognitionDelivery now needs to be used when
revenue is recognized according to Belgian GAAP. This implies that in the RevenueCon-
ceptFlow that is created by the ProcessorSalesInvoiceBGaapFlow the CheckRecognition-
BusinessRules now returns “BRRegognitionNotFulfilled” and for the ProcessorSalesDeli-
veryBGaapFlow the new business rule should be found and applied. That requires that
the new business rule is linked to the changed GAAP and the old business rule expires
as from a certain date.

Consider another example: (the very unlikely situation) changing revenue recognition
criteria for Belgian GAAP from recognition at invoice date to recognition at order date.
Because SalesOrder has no Flows defined in the current model yet, neither does it have a
relation with JournalEntry, the impact of the change is larger than in the previous case:
defining a relation between the JournalEntry and SalesOrder data elements, creating
a flow ProcessorSalesOrderBGaapFlow, creating the actual workflow by assigning tasks
to the new flow element and creating a new business rule RevenueRecognitionOrder.
However, the impact of the change is only proportional to the change and not to the
number of Gaap or any other variable representing the size of the system, hence we can
state that no combinatorial effect is induced.

6.8 Evaluating the Impact of the Fourth Change

As a fourth change in Section 4.6, we consider the effect of a new version of an entry
processing task for all GAAP. For example, changing measurement criteria: a company
decides to introduce a customer discount on one type of sales, when this was never granted
in the past. We assume that granting customer discount only requires a change of the

108



CHAPTER 6. CONSTRUCT: BUILDING AN EVOLVABLE PROTOTYPE FOR A
MULTIPLE GAAP AIS

revenue measurement method and that both GAAP process customer discounts in the
same way (post the discount on a separate account8).

What is important to note is that this change, as described in Section 4.6, only causes a
combinatorial effect when there is already a difference between GAAP for another entry
processing task. Therefore, it is important that we apply this change in the prototype
in a similar case. We use the same example as before, but we consider the version of
the prototype at the end of Section 6.6 as a starting point: there is a difference between
Belgian GAAP (recognition at invoice date) and IFRS (recognition at delivery date)
regarding revenue recognition criteria.

Applying the change requires us to adjust the system in a few ways. The amount of cus-
tomer discount needs to be added to the system, so the SalesOrder and SalesInvoice data
element need an additional attribute customerDiscount. Next, we need to update the
measurement criteria. There are two tasks related to revenue measurement: CheckMea-
surementBusinessRules and RevenueMeasurement. A new business rule should be created
that specifies that a customer discount needs to be recorded on a separate account. This
new business rule does not require the CheckMeasurementBusinessRules to be updated,
however the flows using this task now hit upon a business rule regarding measurement
which was not the case before the change. Adding the business rule is not sufficient,
since the business rule needs to be applied, the task RevenueMeasurement should also
be updated. In practice, the task RevenueMeasurement consists of multiple sub-tasks, so
we need to add a sub-task that handles the customer discount. The new version of the
RevenueMeasurement task is used by all RevenueConceptFlows for all GAAP.

The impact of the change is therefore only dependent on the change itself and not on
the size of the system: independently of how many GAAP use the RevenueMeasurement
task, the effort of updating the task remains the same. Therefore, the change does not
impose a combinatorial effect on the prototype.

6.9 Evaluating the Impact of the Fifth Change

The fifth change in Section 4.6 is adding a new GAAP to the AIS. As an example, we use
adding US GAAP to an AIS that already supports IFRS and Belgian GAAP. To apply
the change in the prototype, we start by adding a new instantiation of the data element
Gaap to the prototype. When a new Gaap is created, the prototype promts us to also
create a new Ledger for the new Gaap. The new Gaap will automatically make use of
the chart of accounts that is used in the other ledgers for this Company.

To be able to make postings for the new Gaap, we need to create flows for all data
elements: ProcessorSaleUsGaapFlow, ProcessorSalesOrderUsGaapFlow, ProcessorSales-
DeliveryUsGaapFlow, and ProcessorSalesInvoiceUsGaapFlow in the example. Next, the
flows should be configured by reusing the tasks that are the same as for the other Gaap
and creating new tasks if the task is different from the tasks of the other Gaap already

8We consider here IFRS rules that require revenue to be calculated as the total amount reduced with
the discount amount.
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in the system. The same goes for business rules: when the new Gaap uses other business
rules for processing its events (in the example a Sale), they need to be added to the
prototype.

Creating all the flows is an effort that is proportional to the size of the system (the
number of events and subevents in the system), therefore it can be considered a combi-
natorial effect resulting from adding the new GAAP to the system. However, this effort
can be automated: when a new GAAP is added to the system, all flows for events are
automatically created. Next, you could argue that the fact that all these flows need to be
configured is also a combinatorial effect, we however believe that this is a logical conse-
quence that is related to the change itself: by adding a new GAAP, the new GAAP needs
to process all events accounting wise. Configuring the flows is related to the core of the
change: introducing the new GAAP. The prototype can accommodate this by providing
the possibility of reusing all flows from another GAAP that is already configured in the
system, so the user only needs to adjust the flows in case of differences between the new
GAAP and the GAAP from which the flows were copied.

6.10 Illustration of the Functionality of the

Prototype

In this section we show what the current scope and supported functionalities of the
prototype are. After the prototype is generated, it should first be configured. In the
last paragraph of Section 6.1, we describe that the needed Company, Gaap, Ledger(s),
Chart(s)OfAccounts and Account(s) that the user wishes, need to be entered into the
graphical user interface of the prototype. We also assume that the flows we describe in
the remainder of the sections, are configured in the prototype and the needed tasks are
programmed with custom code to provide the needed functionality.

Once this is all set-up, the user can start using the prototype and (manually) enter
events and/or subevents that need to be processed. The current version of the prototype
is limited to support the event Sale and all related subevents that we currently identified:
SalesInvoice, SalesDelivery and SalesOrder. For these events all relevant tasks and flows
(and hence the needed additional data elements) are created. After the event is created,
the flow that is related to that event is executed and automatically creates all related
journal entries and needed journal entry lines. In the following subsections, we discuss
each step of the different flows into more detail to give an idea of the inner working of
the prototype. We do this by using the same example we use throughout this entire
dissertation: a sale of 20,000, the order for this sale occurs at 01/08/2016, the delivery
at 03/08/2016 and the invoice is drafted and send at 15/08/2016.

6.10.1 The Configuration Phase

As described in Section 6.1, the following instances of data elements are set-up for use:
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• Company: “AntwerpCompu”

• Gaap: “IFRS” and “Belgian Gaap”

• Ledger: “IFRS ledger” and “Belgian Gaap ledger”

• ChartOfAccounts: “AntwerpCompu Chart”

• Account:

– 4700000 Revenue product X

– 4710000 Revenue product Y

– 1400000 Trade Receivables

– 1404100 Invoices to be prepared

• Business Rules:

– BRConcept: “SaleConcept”

– BRRecognition:

∗ RevenueRecognitionDelivery

∗ RevenueRecognitionInvoice

∗ RevenueRecognitionOrder

∗ TradeReceivablesRecognitionInvoice

– BRMeasurement:

∗ RevenueMeasurement

∗ TradeReceivablesMeasurement

6.10.2 The SaleFlow

To enter a Sale in the prototype only a name and a status need to be provided. The name
can be chosen by the user, or can be generated automatically as a primary key that is
used as a unique identifier for the Sale. The status is important, because the prototype
is set-up in such a way that the status of a certain data element determines which task
(in its flow) is executed. Ideally, the first status should also be generated automatically,
but currently this is not yet supported. The logical first status would be “created” to
indicate that a new data element of that kind is entered by a user. The status “created”
triggers the execution of the SaleFlow. However, as we discuss in Section 6.6, multiple
flows need to be triggered to separate the concern of the different GAAP. Therefore, a
cascade of different flows is triggered after a Sale is created: we graphically represent this
in Figure 6.9.

First, the SaleFlow is executed and its first task creates a new data element of the type
“ProcessorSale” (this is a bridge task, indicated with an ∗ in the figure), which triggers
the second flow “ProcessorSaleFlow”. The second task in the SaleFlow checks whether
its subflow, in this case being the ProcessorSaleFlow has reached its final status, being
“ProcessorSaleProcessed”. Only then the second task will continue to the next status
for the SaleFlow, being “SaleProcessed” to indicate that the SaleFlow has reached its
ending status. For the user this is a check to see whether the Sale is processed as
should be done by the related processors or not: when the status of a certain Sale is
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Figure 6.9: The SaleFlow and its related processing flows

“ProcessorSaleCreated”, the user knows that the processor is created but not all flows are
successfully executed yet, when the status of a certain Sale is “SaleProcessed” the user
knows that all needed processing activities are finalized.

The second flow that is triggered is the “ProcessorSaleFlow”. This flow merely creates
processor elements for each GAAP that is needed, in the current example being Belgian
Gaap and IFRS. If however, the prototype would need to support US GAAP as well, an
additional task would be inserted in this flow, which triggers the creation of an additional
data element and its related flow (we described this in Section 6.9). The last task is
again a task that merely checks whether the created flows (“ProcessorSaleIfrsFlow” and
“ProcessorSaleBGaapFlow”) reached their ending status.

The “ProcessorSaleIfrsFlow” and “ProcessorSaleBGaapFlow” both have only one task
that is executed, being “DetermineConcept”. This task determines that the related con-
cepts for Sale are “Revenue” and “Trade Receivables” and stores this information in their
related data elements “ProcessorSaleIfrs” and “ProcessorSaleBGaap”. In this example,
this task is the same for both GAAP and therefore is a task that can be reused. If both
flows have reached their ending status “ProcessorSaleIfrsConceptDetermined” and “Pro-
cessorSaleBGaapConceptDetermined”, also the above flows can reach their ending states
(because the check tasks will respectively see that the end status is reached).

6.10.3 The SalesOrderFlow

After entering a new Sale, a user probably immediately creates a SalesOrder as well. To
insert a SalesOrder, a name, a date and an amount should be provided as well as a link
to the related Sale. This link can be automated if the user uses pre-defined waterfall
screens: after entering a Sale data element and selecting it, a waterfall screen appears in
which related data children (being the data elements with which the data element has a
one-to-many relationship, in this case SalesOrder, SalesInvoice and SalesDelivery) of the
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data element can be added. If a new data element SalesOrder is created by using this
waterfall screen, the link to selected Sale is automatically filled in into the input screen.
We provide a screenshot of this functionality in Figures 6.10 and 6.11.

Figure 6.10: Waterfall screen of Sale

Figure 6.11: Creation of SalesOrder using the waterfall screen: Sale is automatically filled
in (the box has a grey background)

SalesOrder also requires a status, the first status we use is “created”. This status triggers
the “SalesOrderFlow” to be executed. Just like for Sale, this flow creates another data
element, “ProcessorSalesOrder” and checks whether the created data element has reached
its ending status. This data element triggers its own flow, “ProcessorSalesOrderFlow”,
which creates two other data elements, “ProcessorSalesOrderIfrs” and “ProcessorSale-
sOrderBGaap” and checks whether the related flows reached their ending status. We
graphically represent these first two flows in Figure 6.12. The “ProcessorSalesOrder-
IfrsFlow” and “ProcessorSalesOrderBGaapFlow” have the same tasks and states as the
ProcessorSalesInvoiceBGaapFlow in Figure 6.7. In the next subsections, we discuss each
of the tasks of the two flows, “ProcessorSalesOrderIfrsFlow” and “ProcessorSalesOrder-
BGaapFlow”: the tasks are the same, although their result may differ.
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Figure 6.12: The SalesOrderFlow and its related processing flows

6.10.3.1 ProcessorSalesOrderIFRSFlow

We start with discussing the “ProcessorSalesOrderIfrsFlow”. The first task is “Check-
Concept”, this task checks which concepts are relevant for SalesOrder by using the links
between the data elements to trace the result stored in the data element “ProcessorSale-
Ifrs” related to to the SalesOrder. These concepts are “Revenue” and “Trade Receivables”
and are stored in an attribute of the data element “ProcessorSalesOrderIfrs”.

The next task is the “CreateConceptFlows”, which creates the concept flows for each of
the related concepts, being “RevenueConceptFlow” and “TradeReceivablesConceptFlow”.
These flows execute the same tasks, although their results may differ. We graphically
represent the RevenueConceptFlow in Figure 6.8. The first task in both flows is “Check-
RecognitionBusinessRules”, this task checks which business rule is applicable, given the
concepts and GAAP. In the example, for IFRS revenue is recognized at delivery date and
trade receivables are recognized at invoice date. Since the current flow is the SalesOr-
derFlow, neither of the concepts should be recognized, therefore both the “TradeRecei-
vablesConceptFlow” and the “RevenueConceptFlow” reach “BRRecognitionNotFulfilled”
as a next status.

The next tasks in these flows now are “CheckDisclosureBusinessRules”, “RevenueDisclo-
sure” and “TradeReceivablesDisclosure”, but these task do not have an implementation
in the current version of the prototype. We return to the main flow: “ProcessorSales-
OrderIfrsFlow” in which for IFRS no JournalEntries are created. The flow reaches its
ending status “JournalEntriesCompleted”, without creating any JournalEntries.

6.10.3.2 ProcessorSalesOrderBGaapFlow

Now we discuss the “ProcessorSalesOrderBGaapFlow”. The first and second task are
identical to the ProcessorSalesOrderIfrsFlow: the related concepts are traced and for
each concept a flow is created, in the example these are the “RevenueConceptFlow” and
the “TradeReceivablesConceptFlow”. The first task in both flows is “CheckRecognition-
BusinessRules”, this task checks which business rule is applicable, given the concepts and
GAAP. In the example, for Belgian Gaap revenue is recognized at order date and trade
receivables are recognized at invoice date. Since the current flow is the SalesOrderFlow,
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for the “RevenueConceptFlow” the status “BRRecognitionFulfilled” is reached, for the
“TradeReceivablesConceptFlow” the status “BRRecognitionNotFulfilled” is reached.

The “RevenueConceptFlow” continues with the “RevenueRecognition” task. This task
determines which accounts should be used, being “Invoices to be prepared” for debit and
“Revenue product X” for credit and at which date the JournalEntry should be posted,
being the date of the SalesOrder, 01/08/2016. The “CheckMeasurementBusinessRules”
task checks which measurement business rules are applicable and finds one business rule
that is applicable, being “RevenueMeasurement”. It is only the next task “RevenueMea-
surement” that handles the content of this business rule: in this case the business rule
states that the amount that should be recognized as revenue is the amount specified in
the SalesOrder, being 20,000.

The next task is “CheckPresentationBusinessRules”, which does not have any result, so
also the “RevenuePresentation” task does not have an implementation in this case. The
same applies to “CheckDisclosureBusinessRules”, “RevenueDisclosure”, “TradeReceiva-
blesConceptFlow”, and “TradeReceivablesDisclosure”.

Now we return to the “ProcessorSalesOrderBGaapFlow”: the one but last task “Create-
JournalEntry” is a bridge task that creates a new JournalEntry. This JournalEntry has
the date of the SalesOrder, 01/08/2016, a unique name and a reference to the Ledger in
which the JournalEntry should be posted, being the Belgian GAAP Ledger. Then the
“JournalEntryFlow” is triggered to create the needed JournalEntryLines.

The first task of the “JournalEntryFlow” (graphically represented in Figure 6.2) creates
a JournalEntryLine, in the example: with the unique name JEL01, account “Invoices
to be prepared”, debit, amount 20,000 and starting status “created”. This information
comes from the “ProcessorSalesOrderBGaapFlow”. The next task checks whether other
JournalEntryLines need to be created: in this case a second JournalEntryLine needs to
be created so this task puts the status on “JournalEntryNotCompleted”, which triggers
the “CreateJournalEntryLine” task again. Another JournalEntryLine is created: with
the unique name JEL02, account “Revenue product X”, credit and amount 20,000. Again
the “CheckJournalEntryLines” task is executed, which sets the ending status “Journal-
EntryCompleted”, since all JournalEntryLines for the JournalEntry are created.

The last task in the “ProcessorSalesOrderBGaapFlow” checks whether the “Journal-
EntryFlow” has reached its ending status, being “JournalEntryCompleted”, before the
ending status of the “ProcessorSalesOrderBGaapFlow” is reached.

6.10.3.3 The Remainder of the SalesOrderFlow

Only when both the “ProcessorSalesOrderBGaapFlow” and the “ProcessorSalesOrder-
IfrsFlow” have reached an ending status, the ending status of the “ProcessorSalesOr-
derFlow” reaches its ending status “ProcessorSalesOrderProcessed” and only then the
“SalesOrderFlow” reaches its ending status “SalesOrderProcessed”.

We show the result of the processing in the graphical user interface of the Prime Radiant
in Figure 6.13: the SalesOrder is inserted into the graphical user interface, the Journal-
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Entries and JournalEntryLines are created by the prototype as described above. Since
all tasks are completed, the status of the SalesOrder is “SalesOrderProcessed”.

Figure 6.13: Screenshot in the Prime Radiant of a SalesOrder and its resulting Journal-
Entry and JournalEntryLines

6.10.4 The SalesDeliveryFlow

A new SalesDelivery needs to be created in the prototype by a user: providing a unique
name, a date, a link to the belonging Sale, the belonging SalesOrder and a status (the
first status we use is “created”). To automatically create one of these links, again the wa-
terfall screens can be used, as described in Section 6.10.3. The status “created” triggers
the “SalesDeliveryFlow” to be executed. Just like for Sale and SalesOrder, the same logic
can be applied: the flow creates another data element “ProcessorSalesDelivery” and the
second task checks whether the flow of that created data element reached its ending sta-
tus. The “ProcessorSalesDeliveryFlow” is triggered and creates two other data elements,
“ProcessorSalesDeliveryIfrs” and “ProcessorSalesDeliveryBGaap”, and the second task
again checks whether the belonging flows of these data elements reached their ending sta-
tus. These first two flows look exactly the same as the flows for SalesOrder in Figure 6.12.
The “ProcessorSalesDeliveryIfrsFlow” and “ProcessorSalesDeliveryBGaapFlow” have the
same tasks and states as the SalesInvoiceProcessorBGaapFlow in Figure 6.7.

Therefore, all tasks in “ProcessorSalesDeliveryIfrsFlow” and “ProcessorSalesDeliveryB-
GaapFlow” are also the same as the ones for SalesOrder. We discuss the differences in
their execution in the following subsections.
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6.10.4.1 ProcessorSalesDeliveryIfrsFlow

The first task checks which concepts are applicable, in the example Revenue and Trade
Receivables. Therefore, both the “RevenueConceptFlow” and “TradeReceivablesConcept-
Flow” are initiated. When the recognition business rules are checked, the result for
IFRS is that revenue should be recognized at delivery date so the resulting status for
the “RevenueConceptFlow” is “BRRecognitionFulfilled” and trade receivables should be
recognized at invoice date so the resulting status for “TradeReceivablesConceptFlow” is
“BRRecognitionNotFulfilled”.

The “RevenueConceptFlow” continues with the “RevenueRecognition” task. This task
determines which accounts should be used, being “Invoices to be prepared” for debit and
“Revenue product X” for credit, and at which date the JournalEntry should be posted,
being the date of the SalesDelivery, 03/08/2016. The “CheckMeasurementBusinessRules”
task checks which measurement business rules are applicable and finds one business rule
that is applicable, being “RevenueMeasurement”. It is only the next task “RevenueMea-
surement” that handles the content of this business rule: in this case the business rule
states that the amount that should be recognized as revenue is the amount specified in
the SalesOrder. This amount should be traced back through the different relations be-
tween the data elements, until the belonging SalesOrder is found, which has an amount
of 20,000.

The remainder of the tasks do not have an implementation: “CheckPresentationBusiness-
Rules”, “RevenuePresentation”, “CheckDisclosureBusinessRules” and “RevenueDisclo-
sure” for the “RevenueConceptFlow” and “CheckDisclosureBusinessRules” and “Trade-
ReceivablesDisclosure” for the “TradeReceivablesConceptFlow”.

The one but last task of the “ProcessorSalesDeliveryIfrsFlow” then is “CreateJournal-
Entry” which is a bridge task that creates a new JournalEntry. This JournalEntry has
the date of the SalesDelivery (03/08/2016), a unique name JE16/0002, a link to the Sa-
lesDelivery, a link to the SalesOrder, starting status “created” and is posted to the IFRS
Ledger. Then the “JournalEntryFlow” is triggered to create the needed JournalEntry-
Lines. The first JournalEntryLine is JEL03, the account “Invoices to be prepared” should
be debited for an amount of 20,000. The second JournalEntryLine is JEL04, the account
“Revenue product X” should be credited for an amount of 20,000.

The last task in the “ProcessorSalesDeliveryIfrsFlow” checks whether the “JournalEntry-
Flow” has reached its ending status, being “JournalEntryCompleted”, before the ending
status of the “ProcessorSalesDeliveryIfrsFlow” is reached.

6.10.4.2 ProcessorSalesDeliveryBGaapFlow

The result of the CheckConcept task is the same as for IFRS: Revenue and Trade Receiv-
ables. Therefore, both the “RevenueConceptFlow” and “TradeReceivablesConceptFlow”
are initiated. When the recognition business rules are checked the result for Belgian
GAAP is that there are no business rules applicable for SalesDelivery, neither for rev-
enue, nor for trade receivables. Both flows reach the status “BRRecognitionNotFulfilled”.
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The remainder of the tasks (“CheckDisclosureBusinessRules”, “RevenueDisclosure” and
“TradeReceivablesDisclosure”) do not have an implementation. Therefore, the “Proces-
sorSalesDeliveryBGaapFlow” ends without creating any JournalEntries.

6.10.4.3 The Remainder of the SalesDeliveryFlow

Only when both the “ProcessorSalesDeliveryBGaapFlow” and the “ProcessorSalesDeli-
veryIfrsFlow” have reached an ending status, the ending status of the “ProcessorSalesDe-
liveryFlow” reaches its ending status “ProcessorSalesDeliveryProcessed” and only then
the “SalesDeliveryFlow” reaches its ending status “SalesDeliveryProcessed”.

We show the result of the processing in the graphical user interface of the Prime Radiant
in Figure 6.14: the SalesDelivery is inserted into the graphical user interface, the Jour-
nalEntries and JournalEntryLines are created by the prototype as described above. Since
all tasks are completed, the status of the SalesDelivery is “SalesDeliveryProcessed”.

Figure 6.14: Screenshot in the Prime Radiant of a SalesDelivery and its resulting Jour-
nalEntry and JournalEntryLines

6.10.5 The SalesInvoiceFlow

A new SalesInvoice needs to be created in the prototype by a user: providing a unique
name, a date, a link to the belonging Sale, the belonging SalesOrder and a status (the
first status we use is “created”). To automatically create one of these links, again the
waterfall screens can be used, as described in Section 6.10.3. The status triggers the
execution of the “SalesInvoiceFlow”. The same logic as for Sale, SalesOrder and Sales-
Delivery can be applied: the flow creates another data element “ProcessorSalesInvoice”
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and in the second task checks whether the flow of that created data element reached
its ending status. The “ProcessorSalesInvoiceFlow” is triggered and creates two other
data elements, “ProcessorSalesInvoiceIfrs” and “ProcessorSalesInvoiceBGaap”, and the
second task again checks whether the flows of these data elements reached their ending
status. These first two flows look exactly the same as the flows for SalesOrder in Fig-
ure 6.12. The “ProcessorSalesInvoiceIfrsFlow” and “ProcessorSalesInvoiceBGaapFlow”
have the same tasks and states as the SalesInvoiceProcessorBGaapFlow in Figure 6.7.
We discuss the differences in their execution in the following subsections.

6.10.5.1 ProcessorSalesInvoiceIfrsFlow

The first task checks which concepts are applicable, in the example Revenue and Trade
Receivables. Therefore, both the “RevenueConceptFlow” and “TradeReceivablesConcept-
Flow” are initiated for IFRS. When the recognition business rules are checked, the result
for IFRS is that revenue should be recognized at delivery date, so the resulting status for
the “RevenueConceptFlow” is “BRRecognitionNotFulfilled” and trade receivables should
be recognized at invoice date, so the resulting status for “TradeReceivablesConceptFlow”
is “BRRecognitionFulfilled”.

The “TradeReceivablesConceptFlow” continues with the “TradeReceivablesRecognition”
task. This task determines which accounts should be used, being “Trade Receivables” for
debit and “Invoices to be prepared” for credit and at which date the JournalEntry should
be posted, being the date of the SalesInvoice, 15/08/2016. The “CheckMeasurementBusi-
nessRules” task checks which measurement business rules are applicable and finds one
business rule that is applicable, being “TradeReceivablesMeasurement”. It is only the
next task “TradeReceivablesMeasurement” that handles the content of this business rule:
in this case the business rule states that the amount that should be recognized as Trade
Receivables is the amount specified in the SalesInvoice, being 20,000.

The remainder of the tasks do not have an implementation: “CheckPresentationBusiness-
Rules”, “TradeReceivablesPresentation”, “CheckDisclosureBusinessRules”, “TradeRecei-
vablesDisclosure” and “RevenueDisclosure”.

Now we return to the “ProcessorSalesInvoiceIfrsFlow”: the one but last task is “Create-
JournalEntry” which is a bridge task that creates a new JournalEntry. This JournalEntry
has the date of the SalesInvoice (15/08/2016), a unique name JE16/0003, a link to the
SalesInvoice, SalesDelivery and SalesOrder, starting status “created” and is posted to the
IFRS Ledger. Then the “JournalEntryFlow” is triggered to create the needed JournalEn-
tryLines. The first JournalEntryLine is JEL05, the account “Trade Receivables” should
be debited for an amount of 20,000. The second JournalEntryLine is JEL06, the account
“Invoices to be prepared” should be credited for an amount of 20,000.

The last task in the “ProcessorSalesInvoiceIfrsFlow” checks whether the “JournalEntry-
Flow” has reached its ending status, being “JournalEntryCompleted”, before the ending
status of the “ProcessorSalesInvoiceIfrsFlow” is reached.
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6.10.5.2 ProcessorSalesInvoiceBGaapFlow

The result of the CheckConcept task is the same as for IFRS, both the “RevenueConcept-
Flow” and “TradeReceivablesConceptFlow” are initiated. When the recognition business
rules are checked the result for Belgian GAAP is that revenue should be recognized at
delivery date, so the resulting status for the “RevenueConceptFlow” is “BRRecognition-
NotFulfilled” and trade receivables should be recognized at invoice date, so the resulting
status for “TradeReceivablesConceptFlow” is “BRRecognitionFulfilled”.

The “TradeReceivablesConceptFlow” continues with the “TradeReceivablesRecognition”
task. This task determines which accounts should be used, being “Trade Receivables” for
debit and “Invoices to be prepared” for credit and at which date the JournalEntry should
be posted, being the date of the SalesInvoice, 15/08/2016. The “CheckMeasurementBusi-
nessRules” task checks which measurement business rules are applicable and finds one
business rule that is applicable, being “TradeReceivablesMeasurement”. It is only the next
task “TradeReceivablesMeasurement” that handles the content of the business rule: in
this case the business rule states that the amount that should be recognized as Trade Re-
ceivables is the amount specified in the SalesInvoice, being 20,000. The remainder of the
tasks do not have an implementation: “CheckPresentationBusinessRules”, “TradeReceiv-
ablesPresentation”, “CheckDisclosureBusinessRules”, “TradeReceivablesDisclosure” and
“RevenueDisclosure”.

Now we return to the “ProcessorSalesInvoiceBGaapFlow”: the one but last task is “Cre-
ateJournalEntry” which is a bridge task that creates a new JournalEntry. This Journal-
Entry has the date of the SalesInvoice (15/08/2016), a unique name JE16/0004, a link
to the SalesInvoice, SalesDelivery and SalesOrder, the starting status “created” and is
posted to the Belgian Gaap Ledger. Then the “JournalEntryFlow” is triggered to create
the needed JournalEntryLines. The first JournalEntryLine is JEL07, the account “Trade
Receivables” should be debited for an amount of 20,000. The second JournalEntryLine is
JEL08, the account “Invoices to be prepared” should be credited for an amount of 20,000.
The last task in the “ProcessorSalesInvoiceBGaapFlow” checks whether the “Journal-
EntryFlow” has reached its ending status, being “JournalEntryCompleted”, before the
ending status of the “ProcessorSalesInvoiceBGaapFlow” is reached.

6.10.5.3 The Remainder of the SalesInvoiceFlow

Only when both the “ProcessorSalesInvoiceBGaapFlow” and the “ProcessorSalesInvoice-
IfrsFlow” have reached an ending status, the ending status of the “ProcessorSalesIn-
voiceFlow” reaches its ending status “ProcessorSalesInvoiceProcessed” and only then the
“SalesInvoiceFlow” reaches its ending status “SalesInvoiceProcessed”.

We show the result of the processing in the graphical user interface of the Prime Radi-
ant in Figures 6.15 (for the IFRS details) and 6.16 (for the Belgian Gaap details): the
SalesInvoice is inserted into the graphical user interface, the JournalEntries and Journal-
EntryLines are created by the prototype as described above. Since all tasks are completed,
the status of the SalesInvoice is “SalesInvoiceProcessed”.
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Figure 6.15: Screenshot in the Prime Radiant of a SalesInvoice and its resulting Journal-
Entry and JournalEntryLines: result for IFRS

Figure 6.16: Screenshot in the Prime Radiant of a SalesInvoice and its resulting Journal-
Entry and JournalEntryLines: result for Belgian Gaap
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6.11 Chapter Conclusions

In this chapter, we use the design principles of Chapter 5 to build a prototype AIS that
supports processing of accounting-relevant events in multiple GAAP. With this prototype
we contribute to literature by providing evidence that building an evolvable AIS (with
respect to specific changes) is feasible. We provide practical evidence for the design
principles of Chapter 5: they are valid and can be used. Moreover, it is feasible to
build an evolvable (fine-grained) structure. The needed effort to build this structure is
limited: the Prime Radiant generates a whole set of functionalities (like CRUD) after
specifying the data elements, workflow elements, task elements and waterfall screens.
Afterwards, only customizations need to be inserted and the generated software needs
to be configured (pre-set of some data elements and relations and assembling the tasks
in the workflows). We did not encounter any struggle or issue to build the evolvable
structure of the prototype.

In this process, some additional insights are obtained regarding the limitations and re-
quired additions of these design principles in the context of building an AIS. The design
principles have implications both at design time and at run time of the prototype: whereas
some principles can be enforced during the definition of the model of the prototype, oth-
ers (like using the same chart of accounts) have to be configured at run time. Therefore,
additional documentation is needed for the configuration phase of the prototype, to aid
users not to violate the design principles.
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Chapter 7

Discussion, Conclusion, Limitations
and Future Research

7.1 Discussion

In this dissertation we handle the problem domain of “The design of evolvable AIS that
support processing of accounting-relevant events in multiple GAAP”. We focus on the
issue of multiple GAAP in AIS and on the processing phase. We use a design science
research approach, because we want to propose improvements for the design of multiple
GAAP AIS regarding evolvability (March and Smith, 1995). The artifact we build and
evaluate is a proof-of-concept prototype of an evolvable AIS that processes accounting-
relevant events in multiple GAAP (Hevner et al., 2004). As methodological framework,
we use the design science research process of Sonnenberg and vom Brocke (2012).

This process consists of four (core) activities: problem identification, design, construct
and use (Sonnenberg and vom Brocke, 2012). After each activity, an evaluation activity
is conducted (Sonnenberg and vom Brocke, 2012). Multiple authors (Hevner et al., 2004;
March and Smith, 1995; Gregor and Hevner, 2013; Peffers et al., 2007) in design science
research highlight the importance of evaluation throughout the design process, without
suggesting a structured way to evaluate. However, the Framework for Evaluation in
Design Science research (FEDS) (Venable et al., 2014) provides such a structured way
for designing individual evaluation episodes in design science research. Therefore, we
integrate the FEDS (Venable et al., 2014) into the design science research process of
Sonnenberg and vom Brocke (2012).

We conduct the first three activities of the process of Sonnenberg and vom Brocke (2012)
and their evaluation in this dissertation. In Figure 1.3, we showed how the different
chapters in this dissertation relate to this process: Chapter 1 and 4 relate to Identify
Problem and Eval 1, Chapter 5 relates to Design and Eval 2, and Chapter 6 relates to
Construct and Eval 3. We discuss each activity of the process in more detail in the next
sections. More details about the methodological approach are described in Chapter 3.
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7.1.1 Discussion of Problem Identification Activity: Problem
Statement and Detection of Evolvability Issues in Practice

7.1.1.1 Initial Problem Statement

Companies might need to adhere to multiple GAAP for a variety of reasons: compliance
with local accounting and tax legislation, reporting to a parent company or other reg-
ulating mechanisms (for example, Solvency II). This requires a company to process its
economic events according to multiple GAAP. We elaborate on this issue in Section 1.1
Moreover, these GAAP are not a static given, they change frequently. Different factors
can influence the GAAP to which a company needs to comply: a change in regulatory
environment (because of a merger or acquisition) or additional regulation for companies
in a specific sector or with specific activities (for example, Solvency II for insurance com-
panies). The GAAP themselves change by addressing new issues, elaborating guidance
on specific issues or increasing reporting requirements to improve transparency, quality
and relevance of financial information. We elaborate on this changing environment in
Section 1.1.

Since companies rely heavily on IT to support their business, evolvability of information
systems is crucial to be evolvable as an organization (Breu et al., 2002; Mannaert et al.,
2012b; Huysmans, 2011). The accounting domain relies almost completely on information
systems (Debreceny and Curtis, 2015), which makes it an interesting domain to study with
regard to evolvability. Especially because accounting is also subject to change: regulatory
demands that change over time, additional tasks for the accounting department (such as
reporting of non-financial measures, audit of the information system,....) or changes in
technology which drive innovation in the field (for example, XBRL reporting) (Grabski
et al., 2011; American Accounting Association & American Institute of Certified Public
Accountants, 2012). In Section 1.2 and 2.4, we identify evolvability as an important
concern, especially with regard to information systems.

AIS literature suggests research should be done that relates to changes in the accounting
domain that affect the information systems (Grabski et al., 2011), like research about
XBRL (Pinsker and Li, 2008; Locke and Lowe, 2007), the Sarbanes-Oxley Act (Grab-
ski et al., 2011) and IFRS reporting (Meall, 2004; Datardina et al., 2011; KPMG, 2008;
Steele, 2009). However, we do not find relevant literature about evolvability in AIS. More-
over, little research is done about the multiple GAAP issue, since most research focuses
on convergence to IFRS. Existing research identifies issues of compliance with multiple
GAAP (Grabski et al., 2011; Fischer and Marsh, 2012; Meall, 2004), but does not pro-
pose any solutions to the problem. The REA model (Geerts et al., 2013; McCarthy, 1982;
Geerts and McCarthy, 2002) is the most relevant literature we can find with regard to
the research question. REA provides a shared and validated way of structuring account-
ing phenomena in the form of events, agents and resources (Geerts et al., 2013). We
can situate this effort mainly in the “recording” phase of a global AIS environment (see
Figure 1.2). When recording of accounting phenomena is done in compliance with REA,
all needed conclusions and reporting can be derived from the primary data (McCarthy,
1982). In that respect, REA is interesting, since it provides evidence that when events
are recorded according to the REA model, they can be processed in multiple GAAP.
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However, REA does not provide us with detailed assistance in this matter: the question
of how to process accounting phenomena to useful accounting information (in the form
of for example, journal entries or an annual report) is not addressed in literature (Geerts
and McCarthy, 2002). We elaborate on this research gap in Section 1.3. Therefore, this
dissertation focuses on the multiple GAAP problem in AIS research and on the processing
of accounting-relevant events in multiple GAAP.

As a solution to the issue of evolvability in information systems, we find Normalized
Systems Theory that provides principles and design patterns for designing evolvable in-
formation systems (Mannaert et al., 2012b; Mannaert and Verelst, 2009). This approach
is the most useful in literature, because it is grounded in systems theoretical stability
and provides principles that are applicable in the development of software, whereas other
approaches: 1) are empirical in nature and provide metrics that can only be used to
study existing systems, 2) lack guidance for development of future systems because they
leave room for interpretation, 3) are not unanimous in their principles, 4) lack guidance
at higher levels of design (Mannaert et al., 2011, 2012b). Although Normalized Systems
Theory is a software theory from origin, it has proven its usefulness for enterprise de-
sign (Huysmans, 2011) and business process design (Van Nuffel, 2011). Mannaert et al.
(2012b) use the concept of combinatorial effects to define evolvability: an evolvable in-
formation system is an information system to which a set of anticipated changes can be
applied without causing combinatorial effects. A combinatorial effect is caused when a
change that is imposed on a system has an impact that is not only proportional to the
change itself, but is also proportional to the size of the system on which the change is
imposed (De Bruyn, 2014; Mannaert and Verelst, 2009).

In Section 1.4, we summarize the problem statement and lack of previous research as
follows:

• The AIS literature does not study evolvability. We uncover references to evolvability
in IT literature, where we find Normalized Systems Theory (which is mainly a
software theory) as the most relevant, because it defines evolvability by using the
concept of combinatorial effects;

• Multiple GAAP reporting is a burden for some companies, but we do not uncover
guidance in literature on how companies can comply with multiple GAAP in an
effective and efficient way by using their AIS;

• The changes in GAAP (both which GAAP and changes to the GAAP themselves)
require considerable efforts and companies seem not to be able to deal with these
changes in an evolvable way.

Summarizing this problem statement and research gap, we propose the following prob-
lem domain as subject for this dissertation: The design of evolvable AIS that support
processing of accounting-relevant events in multiple GAAP.

7.1.1.2 Evaluating Initial Problem Statement

After identifying the problem, the first activity of the design science research process of
Sonnenberg and vom Brocke (2012), we need to evaluate the activity. We summarize the
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needed output for each phase in Table 3.1: for the first activity, we require a problem
statement, a research need (research gap), design objectives, design theory and existing
solutions to a practical problem. In the first evaluation activity, we need to evaluate
whether the problem statement, research gap and design objectives can be justified.

In Chapter 1, we discuss the problem statement and research need extensively. We also
put forward the design objective of evolvability and Normalized Systems Theory as design
theory. However, we find little literature to support the problem statement and we do not
consider existing practical solutions. Therefore, we turn to practice to study evolvability
of multiple GAAP AIS by conducting case studies. In these case studies, we study
practical solutions of multiple GAAP AIS and evaluate their evolvability. The research
question we address is: “Which violations of the evolvability criterion (combinatorial
effects) are present in multiple GAAP AIS in practice?”. These case studies strengthen
the justification of the problem statement, research gap and design objectives. We discuss
the rationale of using case studies in Section 4.1.

7.1.1.3 Case Studies of Multiple GAAP AIS

The use of case studies in a design science research process is not uncommon, but requires
a mixed methods approach (Huysmans and De Bruyn, 2013). We elaborate on the mixed
methods approach in Section 3.1. We use case studies during the problem identification
phase of the design science research project, which makes the research design concur-
rent (first case studies then design science) exploratory (because the point of interface
is the problem identification phase) (Huysmans and De Bruyn, 2013). The design sci-
ence component is the main component, the case studies the supplementary component
(Huysmans and De Bruyn, 2013).

We discuss the case study approach in Section 4.2: we use both case studies (five) and
expert interviews (two). The case studies are exploratory in nature, because applying
Normalized Systems Theory in the setting of AIS is new (Marshall and Rossman, 2006;
Huysmans, 2011). We choose a collective case study approach and a heterogeneous sample
(using different sectors) to increase generalizability of the results: identifying combinato-
rial effects that are inherent in the processing of accounting-relevant events in multiple
GAAP in an AIS (Ritchie et al., 2003; Huysmans, 2011).

The number of case studies is limited, since we need a high level of detail to be able to
analyze the results (Stake, 1994, 1998; Huysmans, 2011). We experience that the fifth case
study only marginally adds to the results (we reach the point of theoretical saturation),
giving us reasons to believe that this number of case studies suffices (Eisenhardt, 1989).
Moreover this number falls within the range of four to ten cases, which is considered to
be enough to draw valid conclusions (Eisenhardt, 1989).

We interview employees from the financial accounting department, as well as employees
from the IT department involved in the AIS development. This provides us with more
insight into the design of the AIS. The expert interviews are used to aid in analyzing the
case studies and validating results.
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In Section 4.4, we describe the designs of the AIS of the cases. First, we describe the mod-
ular structure (Figure 4.1) of the AIS from the cases (not adhering to multiple GAAP).
The modular structure consists of the concepts: company code, event, entry processing
module, entry processing tasks (concept, recognition, measurement, presentation and dis-
closure), journal entry, accounts, ledger and chart of accounts. Note that this modular
structure considers events as already recorded and hence focuses on the processing of
these events in accounting-relevant information. Second, we study in which way each
case extends this modular structure to support multiple GAAP in their AIS. Two design
choices are relevant in this respect: account design and posting design.

The account design provides a way to separate amounts, from different GAAP, posted
to accounts. We identify three main account designs: duplicate accounts (account design
1), parallel ledgers (account design 2) and separate company codes (account design 3).
Two cases use account design 1, the other three use account design 3. Although two of
the cases which use account design 3, have custom-build software in which the set-up
resembles account design 2.

The second design choice has to do with how journal entries are posted to the different
accounts of the ledgers for the separate GAAP: by difference posting, by complete posting
or by mixing difference posting and complete posting. Difference posting (posting design
1) means that all journal entries are posted to the accounts of the primary GAAP and
only the difference between the primary and secondary GAAP is posted to the accounts of
the secondary GAAP. The use of complete posting (posting design 2) means that separate
journal entries are posted to the accounts of the different GAAP, even when the journal
entries are identical. All cases in the sample use difference posting. Posting designs 3 and
4 mix the use of difference posting and complete posting: standard they use difference
posting, but for a specific group of journal entries (for example financial instruments or
fixed assets) they use complete posting. They do this, because for that group of journal
entries, the accounting treatment is too different between the GAAP they use.

In certain combinations of account design and posting design, it is necessary to select the
appropriate accounts to report in a specific GAAP. We identify two selection methods:
selection method 1) determine which accounts to include and/or add and selection method
2) add all accounts, except for specific accounts not used in one of the GAAP.

7.1.1.4 Evaluating the AIS Designs with Respect to Evolvability

We evaluate the designs of Section 4.4 with respect to evolvability in Section 4.6. As we
describe in Section 4.5, we use the FEDS (Venable et al., 2014) to increase the validity
of the evaluation. In step one of the FEDS (Venable et al., 2014), we explicate the goals
of evaluation: revealing combinatorial effects in AIS designs and providing evidence for
the relevance of Normalized Systems Theory in the accounting domain. As for step two
of the FEDS (Venable et al., 2014), we use a summative ex-ante artificial evaluation by
proposing five (theoretical) changes to the AIS designs from the cases and evaluating
whether the changes cause combinatorial effects in the designs. The evaluation is sum-
mative, because we do not intend to improve these designs in future iterations, rather
we consider an AIS from practice and evaluate it. Later we use this evaluation to design
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a prototype starting from scratch. Therefore, the evaluation is also considered ex-ante:
before we actually construct an artifact (in our case the prototype). The evaluation is
artificial, because we do not use a natural setting to evaluate the AIS designs.

In step three, we determine that the combinatorial effects are the property we want to
evaluate. Combinatorial effects are a concept introduced by Normalized Systems Theory
(Mannaert and Verelst, 2009; Mannaert et al., 2012b). Fourth, the individual evaluation
episodes consist of a within-case analysis, followed by cross-case comparison (Benbasat
et al., 1987; Eisenhardt, 1989). We report on these episodes in Section 4.6.

The five changes used in the evaluation are the following:

1. Creating a new account;

2. New version of an entry processing task for one GAAP (effect on journal entries);

3. New version of an entry processing task for one GAAP (effect on entry processing
module);

4. New version of an entry processing task for all GAAP;

5. Adding a new GAAP to the AIS.

These changes reflect possible changes in/of GAAP that affect the processing of
accounting-related events. The first four reflect changes in the GAAP, for example
changing revenue recognition criteria. The last change reflects the change of the GAAP
to which a company needs to comply, for example adding US GAAP as a GAAP to the
system because of a merger.

To study the impact of each change, we illustrate different contexts. In that way we
can structure evolvability problems. The first change, creating a new account, induces a
combinatorial effect in account design 1 and 3a, but not in account designs 2, 3b and 3c.

The second change, a new version of an entry processing task for one GAAP, causes
combinatorial effects in account designs 1b and possibly in 3b (depending on the specific
implementation). However, the second change does not result in combinatorial effects
for the other account designs. Then we consider the impact of a change in the entry
processing module on the posting designs. We conclude that the second change induces
combinatorial effects in posting designs 1, 3 and 4 (depending on which entry processing
task changes), but not in posting design 2. Since posting designs 3 and 4 are mixtures of
posting designs 1 and 2, we can conclude that using posting design 2 is the only way to
prevent combinatorial effects that occur from new versions of an entry processing task.

Next, we consider the same change and study its impact on the entry processing module.
The impact could depend on whether the entry processing tasks in the entry processing
module are separated or not. However, we do not find a combinatorial effect resulting
from this change.

As a fourth change, we consider that an entry processing task changes for all GAAP and
we use the same contexts as for the third change: separation of entry processing tasks in
the entry processing module or not. We conclude that this change causes a combinatorial
effect in both contexts.
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The last change of adding a new GAAP to the AIS only causes a combinatorial effect
when account design 1b is used or selection method 1a is used. For all other designs the
impact of the change is only proportional to the change.

Providing this overview of combinatorial effects, answers the proposed research question:
we identify combinatorial effects present in multiple GAAP AIS from practice by using
case studies. This is the first important contribution: we provide evidence that multiple
GAAP AIS in practice contain combinatorial effects and therefore cannot be considered
as evolvable AIS in the strict Normalized Systems Theory definition: an evolvable AIS
following the Normalized Systems Theory definition is an AIS that does not contain
combinatorial effects (Mannaert and Verelst, 2009; Mannaert et al., 2012b). Second, we
show that Normalized Systems Theory, although a software theory from origin, can be
used to evaluate AIS with regard to evolvability.

7.1.1.5 Contributions of the Problem Identification Activity

We contribute to the knowledge base (literature) in two ways. First, the combinatorial
effects identified in Section 4.6 describe evolvability issues in multiple GAAP AIS from
practice, their description is a contribution to the descriptive knowledge base (the knowl-
edge base that provides descriptions of artifacts) (Gregor and Hevner, 2013). Second, the
different implementations of AIS in practice (and relating them to literature) is a level 1
(situated artifact) contribution to the prescriptive knowledge base (Gregor and Hevner,
2013).

Next to the theoretical contributions, identifying the combinatorial effects is also relevant
for practice. We provide evidence that the practical solutions for multiple GAAP AIS
from the cases are not evolvable. Although there are differences in evolvability between
the structures. This can aid practitioners in future AIS design choices. And what is more
important, it reveals a theoretical foundation (the cause behind) for practical problems
companies have in their multiple GAAP AIS. For example, when GAAP change, compa-
nies do not find it easy to change their AIS (Meall, 2004), which we can explain by the
structure of the AIS: the structure of the AIS is not evolvable, which causes combinatorial
effects when changes need to be made to the system.

Because of the exploratory nature of this dissertation, we need to acknowledge the limi-
tations of this work. We choose to only study multiple GAAP AIS and limit ourselves to
the processing of accounting-related events in AIS, this means we can only draw conclu-
sions for this problem domain. Moreover, the case studies were limited to five and not
all aspects of the AIS were studied in depth (e.g. the selection methods were not studied
thoroughly), which limits the evolvability issues we find to those present in these cases,
if other cases are studied additional issues might be revealed. Nevertheless we provide
a contribution by raising the issue of evolvability in multiple GAAP AIS and providing
practical evidence for the issue.

The case studies and their evaluation (the combinatorial effects) provide further justifi-
cation for the initial problem statement: we found practical evidence that evolvability
is an issue in multiple GAAP AIS, which is the problem we identify in the literature.
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Therefore, we can argue that we have a justified problem statement (evolvability issues
in multiple GAAP AIS) and research gap (no literature about evolvability in AIS and
about design of multiple GAAP AIS) and design objectives (evolvability). This justifica-
tion of the problem statement and the research gap is an important contribution to the
relevance of the design science research process (also see Figure 1.3), justification of the
design objectives, evolvability from Normalized Systems Theory (Mannaert and Verelst,
2009; Mannaert et al., 2012b), is important for the rigor of the process (Sonnenberg and
vom Brocke, 2012; Hevner et al., 2004; Hevner, 2007).

7.1.2 Discussion of Design Activity: Deriving the Design
Principles

The second activity in the design science research process (Sonnenberg and vom Brocke,
2012) is the design of an evolvable multiple GAAP AIS. Specifying the design of the
artifact to build (the prototype) is the subject of this activity (Sonnenberg and vom
Brocke, 2012). We develop design principles as the design specification (Sonnenberg and
vom Brocke, 2012). Therefore, we propose the following research question: Which design
principles can be used to design evolvable AIS that can process accounting-related events
according to multiple GAAP? These design principles should guide future developers
to design evolvable multiple GAAP AIS. Evaluation is key in the development of these
design principles, since it provides validation for the design specification. Therefore, we
use an iterative design in which we alternate development and evaluation. We use the
FEDS (Venable et al., 2014) as a methodological framework for evaluation.

To develop the design principles, we study the combinatorial effects of Section 4.6 and
their manifestations and conclude that some AIS design choices (described in Section 4.4)
are more evolvable than others. This contrast constitutes the foundation to formulate the
design principles. We structure the design principles, using the design choices that need
to be made when designing a multiple GAAP AIS: account design, selection method,
posting design and separation of entry processing tasks or not. After proposing a design
principle, we evaluate it.

The goals of the evaluation (the first step of the FEDS (Venable et al., 2014)) are to check
1) if the design principles can be supported by current practice (the case studies) and
existing literature and 2) to which extend the design principles prevent the combinatorial
effects as described in Section 4.6. The second step in the FEDS (Venable et al., 2014) is to
describe the why, when and how of the evaluation: we use a formative, ex-ante evaluation
by providing a logical proof for the design principles. This logical proof (Hevner et al.,
2004) relates the design principles to the case studies of Chapter 4 and relates them to
relevant literature described in Chapter 2. Relating the design principles to the case
studies improves relevance of the design principles (Hevner et al., 2004; Hevner, 2007),
relating them to literature improves the rigor of the design principles (Hevner et al.,
2004; Hevner, 2007). The logical proof is an artificial evaluation, since we do not use
the design principles in a practical context. The third step in the FEDS (Venable et al.,
2014) is to report the properties to evaluate: 1) whether companies in practice (the case
studies we conduct) already use the design principles or not and 2) whether the design
principles adhere to Normalized Systems Theory (Mannaert et al., 2012b; Mannaert and
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Verelst, 2009; Van Nuffel, 2011; De Bruyn et al., 2012) and hence when implemented
would prevent the combinatorial effects they are supposed to prevent. We report on the
individual evaluation episodes (Venable et al., 2014) in Chapter 5.

These are the five resulting design principles, as an answer to the research question:

1. Journal entries for different GAAP should be posted in separate ledgers.

2. All GAAP should use the same chart of accounts.

3. Journal entries to different GAAP should be posted independently of each other.

4. Each event that can cause an accounting impact, should be processed by at least
five separate tasks (versions of the entry processing tasks: concept, recognition
criteria, measurement method, presentation, disclosure) before a journal entry can
be posted.

5. Each entry processing task (concept, recognition criteria, measurement method,
presentation, disclosure) that has a separate change driver should be separated in
a distinct task, independent of the GAAP.

The design principles have implications on both the design of the artifacts of the modular
system (design principle 2: the design of the chart of accounts) and on the design of the
accounting business processes (design principles 1, 3, 4 and 5: the way journal entries
are posted to a ledger). Therefore they can be considered as prescriptive knowledge and
they are a level 2 contribution according to the framework of Gregor and Hevner (2013),
being nacent design theory. The design principles will help future developers to design
evolvable multiple GAAP AIS. Therefore, they contribute to both the knowledge base
(rigor) as the environment (relevance) (Hevner, 2007).

Although these design principles provide necessary design principles that need to be
followed when building evolvable multiple GAAP AIS, they are not sufficient to build
evolvable multiple GAAP AIS. The reason for this is that the combinatorial effects we
base ourselves on are not an exhaustive list of all combinatorial effects in multiple GAAP
AIS: the case studies were limited in number and not all aspects of the multiple GAAP
AIS were studied into detail, therefore, more combinatorial effects could be identified
when studying more/different multiple GAAP AIS.

Next to this practical design contribution, the design principles contribute to Normalized
Systems Theory literature by showing that with the use of the Normalized Systems The-
ory theorems (Mannaert and Verelst, 2009; Mannaert et al., 2012b), design principles can
be developed that are applicable in the accounting domain. This can also be considered
a contribution to the knowledge base (rigor) (Hevner, 2007).

The next step is to develop a prototype that adheres to the design principles. Therefore,
we need additional design specifications: identifying data elements, their relationships
and their attributes from the modular structure (see Figure 4.1). Next, we use the
design principles of Chapter 5 to expand the functionality of the prototype: we design
and describe how each design principle affects the design of the prototype. In every
development step, we relate the design choices to Normalized Systems Theory (Mannaert
and Verelst, 2009; Mannaert et al., 2012b). We report on this in Section 6.1.
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7.1.3 Discussion of Construct Activity: Building the Prototype

The third activity of the design science research process is the construction phase (Son-
nenberg and vom Brocke, 2012), where the design of the previous phase is used to con-
struct an artifact. We specify the design of an evolvable multiple GAAP AIS by using
the design principles from Chapter 5 to construct a prototype of an evolvable multiple
GAAP AIS. Therefore, we propose the following research question: What do we learn
from implementing the design principles in a proof-of-concept AIS? In Section 1.4, we
refine this research question and we use the following sub-questions: Can we enforce the
design principles? If not, how can we redefine them? What do we need in addition to
the design principles to be able to build evolvable multiple GAAP AIS? How feasible is it
to build evolvable multiple GAAP AIS? Therefore, we choose to build a prototype that
has a specific, limited amount of functionality, but that provides actual examples. In this
way, the design principles are actually translated into a tangible, concrete design and do
not remain vague. This however results in the prototype not being able to be tested in a
practical setting because of its limited functionality.

In Chapter 6, we describe how we iteratively build the prototype by using the Prime
Radiant as a development tool. The use of a tool from Normalized Systems Theory
literature (Mannaert and Verelst, 2009; Mannaert et al., 2012b) increases the rigor of the
research (Hevner, 2007). After describing the design specification further in Section 6.1,
we evaluate the first version of the prototype. Evaluation is an important step in the
design science research process (Sonnenberg and vom Brocke, 2012). In this activity we
also use the FEDS (Venable et al., 2014) as methodological framework. The first step
in the framework is to set the goal of the evaluation: 1) does the prototype adhere to
the design principles? 2) if it does, how? 3) are the design principles applicable in a
prototype? 4) to which extend do they provide enough guidance? Second, we use a
formative, ex-post evaluation by imposing changes (the same changes as in Section 4.6)
to the prototype and evaluate whether they induce a combinatorial effect or not. This
is the why, when and how of the evaluation, step two in FEDS (Venable et al., 2014).
In the third step (Venable et al., 2014) we specify that the main property to evaluate
is the evolvability of the prototype. The individual evaluation episodes, the fourth step
(Venable et al., 2014), are described in Chapter 6, which are iterative in nature: we start
with a prototype that only adheres to the first design principle, evaluate it, adjust it
when necessary and then extend the prototype with the second design principle, evaluate
it again and so on.

We conclude that the design principles have implications for the prototype both at design
time and at run time. At design time the data elements, their relationships and attributes
are defined, as shown in the ERD in Figure 6.1. But the first two design principles cannot
be enforced at design time: at run time it is possible to create one ledger containing dupli-
cated accounts (account design 1) and it is possible to use different charts of accounts for
ledgers of other GAAP. We provide additional (additional to the design principles) doc-
umentation, so the prototype can be configured in accordance with the design principles.
This documentation is more technical in nature: it explains how the design principles can
be used when configuring a system, providing information about the data elements and
their relationships. The configuration phase is the phase in between the implementation
of the AIS and actually using the AIS for daily postings. Because of the level of detail of
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the additional documentation, it also reveals the limitations of the design principles. For
example, different companies can use different charts of accounts although they are part
of the same AIS. In case of a need to create an additional account for each company (as
the tax on labor example in Section 6.3), the change causes a combinatorial effect, since
the account needs to be created in each company.

The third design principle requires a first (rudimentary) version of an entry processing
module, which merely consists of Processor tasks executed after the occurrence of each
identified event. Enforcing this third design principle can be done at design time. When
we apply a change of an event processing task to the prototype at run time, the change
does not induce a combinatorial effect.

Adding the fourth and fifth design principle requires adding more tasks and business rules
to the prototype at design time. Then it becomes necessary to define workflows where
tasks are reused, this can be done at run time, although we consider this as part of the
configuration phase. Additionally, at run time it is necessary to keep the business rules up
to date, following new versions of GAAP. Applying changes related to the entry processing
tasks (new version for one GAAP or new version for all GAAP) to the last version of the
prototype, does not reveal combinatorial effects. However, adding a new GAAP to the
prototype does reveal combinatorial effects. These combinatorial effects are proportional
to the number of events in the system and hence the number of processor flows in the
system. We do not consider these combinatorial effects as evolvability issues because
of two reasons: 1) the combinatorial effects are inherent in the change, being all events
need to be processed in a specific way according to the new GAAP which needs to be
determined in the system in some way and 2) most of the work that should be done when
a new GAAP is added to the system can be automated by extending the functionality of
the prototype, like for example creating the needed workflows automatically.

The main contribution to Normalized Systems Theory literature (the knowledge base,
providing rigor for the research (Hevner, 2007)) of this third activity (constructing of
a prototype) is showing the feasibility of building a prototype of an evolvable multiple
GAAP AIS: we are able to build a prototype of an evolvable multiple GAAP AIS and
because of using the Prime Radiant as a tool, a lot of functionality (e.g. CRUD) is
generated automatically. Moreover, we show the practical relevance of the design princi-
ples of Chapter 5, a contribution to the environment, providing relevance for the research
(Hevner, 2007). However, additional documentation is needed to assist users in the config-
uration phase of the prototype to enforce the first two design principles. As an additional
contribution to the knowledge base (rigor), the prototype itself can be classified as a level
1 contribution and is prescriptive in nature (Gregor and Hevner, 2013).

7.1.4 Evolvability with Respect to a Set of Anticipated Changes

In this dissertation we contribute to designing multiple GAAP AIS by improving the
evolvability of the design of the processing part of a multiple GAAP AIS. However, Nor-
malized Systems Theory always considers evolvability with respect to a set of anticipated
changes. This means that the evolvability of the prototype we build can only be claimed
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as long as the set of changes are anticipated. The following changes are the ones we
consider to be anticipated:

1. Creating a new account;

2. New version of an entry processing task for one GAAP (effect on journal entries);

3. New version of an entry processing task for one GAAP (effect on entry processing
module);

4. New version of an entry processing task for all GAAP;

5. Adding a new GAAP to the AIS.

The first four changes reflect changes within a GAAP: we consider all possible changes in
GAAP that can be expressed in journal entries. The last change is a change that reflects
the case when a company needs to change the GAAP in which it needs to report, because
of for example, additional regulation. Next to these changes, which we use as changes
to test the evolvability of the prototype, we implicitly also test other changes which can
be imposed on the prototype without adding combinatorial effects. This results in the
following list of anticipated changes that can be applied to the prototype in an evolvable
way:

• Add/update an event or subevent: we show in Section 6.5 that a new subevent can
be added to the AIS without causing a combinatorial effect;

• Add/update an account: we consider this change in Section 6.3, an account can be
added to the AIS without inducing a combinatorial effect;

• Add/update a journal entry: we show all through Chapter 6 that journal entries
can be added to the prototype without causing a combinatorial effect;

• Add/update a journal entry line: we show all through Chapter 6 that journal entry
lines can be added to the prototype without inducing a combinatorial effect;

• Add/update a GAAP: we consider this in Section 6.1 and 6.9, where we conclude
that adding a GAAP does impose combinatorial effects, but those combinatorial
effects are inherent in the change;

• Add/update an entry processing task (concept, recognition, measurement, presen-
tation and disclosure): we consider this change in Sections 6.5, 6.7 and 6.8. Entry
processing tasks can be updated without causing combinatorial effects;

• Add/update a ledger: we show in Section 6.9 that a new ledger can be added
without causing a combinatorial effect.

If we compare this list with the modular structure (see Figure 4.1), all concepts mentioned
in the modular structure are part of this list (and can thus be added or updated), except
for Chart of Accounts and Company. The first one seems logical: design principle two
indicates that the same chart of accounts should be used by all ledgers. Therefore, within
the same company it is not relevant to add an additional chart of accounts. Adding or
updating a company is another change that can be applied to the system: creating a new
company, requires setting up new ledgers for all the GAAP the company uses. Events that
occur in different companies should be separated, this can be done by adding a relation
between the event and the company. The flows to process the events accounting-wise can
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be duplicated for the new company. And if needed, new types of events can be created
without combinatorial effects (as shown above). Hence, we can conclude that adding a
new company does not cause combinatorial effects. That is why we can conclude that
the prototype we build is evolvable with respect to all changes to the concepts identified
in the modular structure of Figure 4.1.

It is important to note that this modular structure focuses on the processing of
accounting-related events in multiple GAAP. Therefore, the contribution of this the-
sis and this list of anticipated changes is limited to the perspective of this processing
activity and does not provide additional guidance to recording or reporting in AIS.

7.1.5 Concluding Remark Regarding the Problem Domain

The problem domain we address in this dissertation is the design of AIS that support
processing of accounting-relevant events in multiple GAAP. Therefore, in the case studies
we focus on this processing phase in the AIS of the case companies. The identified
modular structure also focuses on this processing phase, since it considers events as given
(recorded). Since the rest of the dissertation uses this modular structure as starting
point, the focus remains on the processing of the accounting-relevant events: the changes
used to identify the combinatorial effects are based on changes in/of GAAP that affect
the processing of the events in multiple GAAP. Hence, the combinatorial effects are
effects that occur in this processing phase. The design principles are derived from these
combinatorial effects and the prototype is based on the design principles and therefore
the processing phase remains the focus throughout this dissertation.
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7.2 Conclusion

In this dissertation we use a mixed methods approach (Huysmans and De Bruyn, 2013)
of design science and case studies. We adhere to the design science research process
of Sonnenberg and vom Brocke (2012) and we use the FEDS framework Venable et al.
(2014) for evaluation purposes after each activity. This dissertation uses this approach
to contribute to a solution for the problem of evolvable multiple GAAP AIS.

In Chapter 1, we identify the problem at hand: evolvability in multiple GAAP AIS.
We discuss evolvability as an important concern in Information Systems and show its
relevance in the field of AIS. In software design Normalized Systems Theory provides
guidance to design evolvable information systems by proposing four theorems. We show
there is a lack of literature about evolvability in AIS and about multiple GAAP, but we
do find a call for research about multiple GAAP in the AIS literature: REA literature
focuses on the recording of events so they can be processed in multiple GAAP, but
lacks the focus on this processing phase. Therefore, we address the issue of processing
accounting-related events in multiple GAAP. Although we can justify the problem of
evolvable multiple GAAP AIS, we can only provide a justification based on literature
and we are not sure whether a practical solution for the problem exists. Therefore, this
research is exploratory in nature and we conduct case studies to study multiple GAAP
AIS in practice.

Chapter 4 reports on these case studies. We describe existing AIS designs from five
case companies, resulting in a general modular structure for the AIS and different design
choices that are made to extend this structure to support the processing of events in
multiple GAAP. In this exploratory setting, we find this number of case studies sufficient
to be able to draw some conclusions with regard to evolvability in multiple GAAP AIS
in practice. We use Normalized Systems Theory to evaluate the AIS designs from the
case studies with regard to evolvability. The result is the identification of violations of
evolvability in accordance with Normalized Systems Theory, which we call combinatorial
effects (Mannaert et al., 2012b; Mannaert and Verelst, 2009). These violations are related
to the processing of accounting-relevant events in multiple GAAP.

In Chapter 5, we use these combinatorial effects to develop design principles. These design
principles provide guidance for the design of future evolvable multiple GAAP AIS. We
evaluate them theoretically by relating them to the case studies and to the Normalized
Systems Theory literature. The result is the following set of five design principles:

1. Journal entries for different GAAP should be posted in separate ledgers.

2. All GAAP should use the same chart of accounts.

3. Journal entries to different GAAP should be posted independently of each other.

4. Each event that can cause an accounting impact, should be processed by at least
five separate tasks (versions of the entry processing tasks: concept, recognition
criteria, measurement method, presentation, disclosure) before a journal entry can
be posted.

5. Each entry processing task (concept, recognition criteria, measurement method,
presentation, disclosure) that has a separate change driver should be separated in
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a distinct task, independent of the GAAP.

In Chapter 6, a prototype is developed that serves as a proof-of-concept for the design
principles of Chapter 5. This means that we found it more important to build a proto-
type that is evolvable and demonstrates the design principles with some examples, than
building a prototype that contains more functionality but does not show the relevance of
the design principles. Therefore, the final prototype does not contain enough functional-
ity to be tested in practice. We find that building this prototype is feasible: we provide
evidence that the design principles can be used to build evolvable multiple GAAP AIS,
which is facilitated by the Prime Radiant tool that generates a large part of the software
itself so only configuration and customizations need to be inserted. However, to enforce
some of the design principles, we need additional documentation to assist the user in
configuring the prototype.

This dissertation contributes to the AIS literature and practice in several ways. In Chap-
ter 4, we provide evidence that multiple GAAP AIS in practice contain combinatorial
effects and therefore cannot be considered as evolvable AIS in the strict Normalized
Systems Theory definition (Mannaert and Verelst, 2009; Mannaert et al., 2012b). This
can aid practitioners in future AIS design choices and what is more important, it re-
veals theoretical foundation for practical problems companies have when they process
accounting-relevant events in multiple GAAP (being able to identify the cause behind
practical problems). In the classification of Gregor and Hevner (2013), the combinatorial
effects identified from the case studies contribute to the descriptive knowledge base. They
are the first of their kind in AIS literature and therefore provide possibilities for follow-up
research that extends the list of combinatorial effects, both with more in depth analysis
of multiple GAAP AIS as with combinatorial effects in other AIS problem domains.

Situating different implementations of AIS in practice (and relating them to literature) is
a level 1 contribution to the prescriptive knowledge base (Gregor and Hevner, 2013). The
identification of the combinatorial effects is based on the modular structure of multiple
GAAP AIS which focuses on the processing of accounting-related events in multiple
GAAP and does not consider how to record these events. This is the problem domain
we want to address in this dissertation: recording of events is extensively researched in
REA literature, but literature lacks details about the processing of these events.

The design principles of Chapter 5 have implications for both the design of the artifacts
of the modular system (design principle 2: the design of the chart of accounts) as for the
design of accounting business processes (design principles 1, 3, 4 and 5: the way postings
are made to ledgers). Therefore they can be considered as prescriptive knowledge and
they are a level 2 contribution according to the framework of Gregor and Hevner (2013),
being nacent design theory. Moreover, the design principles will help future designers
to develop evolvable multiple GAAP AIS: they provide necessary conditions to develop
the processing part of evolvable multiple GAAP AIS, however these principles are not
sufficient and additional research is needed to extend design principles in this area.

The construction of the prototype in Chapter 6 shows the feasibility of building a pro-
totype of an evolvable multiple GAAP AIS that processes accounting-relevant events in
multiple GAAP. Moreover, it shows the practical relevance of the design principles of
Chapter 5. As a contribution to the knowledge base, the prototype can be classified
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as a level 1 contribution and is prescriptive in nature (Gregor and Hevner, 2013). This
prototype is limited in functionality and only serves as a proof-of-concept, nevertheless
it can evolve (in the Normalized Systems Theory way: keep on growing in functional-
ity and complexity, without causing combinatorial effects) by extending it with more
functionality over time.

Lastly, we want to discuss our contribution to Normalized Systems Theory: we show
throughout this entire dissertation that Normalized Systems Theory can be applied in
the field of accounting. We use Normalized Systems Theory to evaluate existing AIS
design with regard to evolvability. The design principles are developed by using the
Normalized Systems Theory theorems and applying them in the accounting domain. We
demonstrate that building a prototype of an AIS that adheres to the Normalized Systems
Theory theorems is feasible, which proves the practical relevance of Normalized Systems
Theory in the accounting domain.
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7.3 Limitations

This dissertation is exploratory in nature: we study a problem not addressed before
in literature. Therefore, there are several limitations to this work that are inherent to
exploratory research (Marshall and Rossman, 2006).

First, we choose a specific AIS issue to study, being the processing of accounting-related
events in multiple GAAP. However, other issues might also be relevant: for example,
internal reporting of financial information to management in the context of business
intelligence or cost accounting.

Second, we limit ourselves to studying the processing of accounting-relevant events, not
the recording or reporting of these events. Since the REA ontology is a mature domain in
the recording phase of the accounting process, it might be interesting to study evolvability
of the REA model. We also do not consider disclosures that cannot be expressed in
journal entries, but require additional reporting of financial information in the notes to
the financial statement.

Third, the number of cases is limited to five. Moreover, not all aspects of the AIS
are studied into depth. For example, regarding selection methods we did not conduct
thorough analyses. Therefore, we cannot be sure that we identify a general modular
structure applicable to all AIS and we cannot be sure that we uncover all possible design
choices to extend this modular structure to support the processing of events in multiple
GAAP.

Fourth, when searching for evolvability issues, we only propose five changes to the system,
which limits the identification of combinatorial effects and hence also limits the resulting
design principles and functionality of the prototype. Therefore, the design principles
can be considered as necessary but not sufficient in building evolvable multiple GAAP
AIS. However, we did show in Section 7.1.4 that with respect to the identified modular
structure, we consider all possible changes.

Fifth, the prototype has limited functionality: we only implement some examples re-
garding revenue, this cannot be considered a comprehensive AIS testable by companies
in practice. Therefore, this prototype should first be extended, before an actual fourth
“use” activity (the fourth activity in the design science research process of Sonnenberg
and vom Brocke (2012)) can be conducted and evaluated.
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7.4 Further Research

Despite its limitations, we believe that the exploratory nature of this dissertation, is an
important first step for further research. Both because the multiple GAAP issue can be
studied into more depth and because it might convince other parties of the feasibility
of building evolvable AIS and therefore be a starting point to study similar evolvability
issues.

The issue of multiple GAAP can be studied into more depth by conducting additional
case studies (extending the width of the research) and going into more detail in these case
studies (extending the depth of the research) to be able to refine the modular structure
of Figure 4.1 and reveal additional design choices. In that way additional combinatorial
effects can be revealed, the design principles can be elaborated and the functionality of the
prototype can be extended. For example, we did not address presentation and disclosure
requirements of GAAP that require another format than a journal entry. Conducting
multiple iterations of this process and analyzing additional examples of postings, can
then lead to a prototype that is fit for testing in a real-live setting, so the fourth activity
of the design science research process of Sonnenberg and vom Brocke (2012) “use” can
be executed and evaluated.

However, before such a prototype can be developed, additional issues in AIS design should
be researched. For example, evolvability of recording of events: REA provides guidance
to record events in AIS, but the REA model has only been studied by Vanhoof (2010)
with regard to evolvability. Vanhoof (2010) reveals that the REA ontology as such is not
evolvable and proposes solutions in concrete cases, but these results cannot be generalized.
Other issues that can be studied are for example, the definition of selection criteria for
reporting (as mentioned in Section 5.2), reporting in XBRL and calculating cash flows
by using the direct method.

Next to the financial account domain (being external reporting), evolvability in AIS can
be extended by researching issues in management accounting, cost accounting, business
intelligence and audit. Also, research opportunities are present in other business domains
like logistics, production etc. Moreover, additional research efforts to develop additional
principles at the business level (like Van Nuffel (2011)) and the enterprise level (like Huys-
mans (2011); De Bruyn (2014)) can provide additional structure to the design process
and aid future designers in all domains to design more evolvable information systems.
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Explanation of Entity-relationship
Diagram Notation

Figure A.1: Explanation of Entity-relationship diagram notation
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