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Abstract

With a steady increase of regulatory requirements for business processes, automation support of
compliance management is a field garnering increasing attention in Information Systems research.
Several approaches have been developed to support compliance checking of process models. One ma-
Jjor challenge for such approaches is their ability to handle different modeling techniques and compli-
ance rules in order to enable widespread adoption and application. Applying a structured literature
search strategy, we reflect and discuss compliance-checking approaches in order to provide an in-
sight into their generalizability and evaluation. The results imply that current approaches mainly
focus on special modeling techniques and/or a restricted set of types of compliance rules. Most ap-
proaches abstain from real-world evaluation which raises the question of their practical applicability.
Referring to the search results, we propose a roadmap for further research in model-based business
process compliance checking.
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1 Introduction becomes more and more sophisticated. On the
Since the passing of the Sarbanes-Oxley Act other hand, organizations consist of hundreds of
(SOX) (Sarbanes-Oxley Act 2002) the world’s business processes, which increases the complex-
regulation environment has changed significantly. ity of checking whether all of them are compliant
This has seen companies confronted with a steady ~ When one regulatory requirement changes. Radu-
increase of rules that have serious effects on in-  €scu, Tan, Jayaganesh, Bandara, zur Muehlen,
ternal business processes. The compliance man-  and Lippe (2006), for example, reported on land-
agement of firms is faced with a challenging task: ~ scapes of over 1,800 business processes.

On the one hand, the audit of business processes ~ Considering this environment, compliance ex-
in order to comply with regulations, such as SOX,  Perts, who are responsible for the legal checking
the minimum requirements for risk management of new and changed business processes, need
(BaFin 2010) or money laundry laws (i.e., U.S. automation support for compliance-checking. As
Money Laundering Suppression Act of 1994), companies increasingly make use of business
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process models — graph-based formal business
process description techniques like Event-driven
Process Chains (EPCs) (Keller, Niittgens, and
Scheer 1992), Petri Nets (Peterson 1977) or the
Business Process Model and Notation (BPMN)
(Object Management Group 2011) — in order to
design and document their business processes,
Information Systems (IS) research reacts to this
requirement with the development of (partly)
automated model-based compliance-checking
approaches and tools. The idea is to identify
potential compliance violations in business
processes by looking at the models describing
them. Compliance-checking approaches have in
common that they define compliance rule
patterns, such as “activity A must be executed
before activity B is executed” and apply them to a
set of business process models to determine
whether or not the process complies with the
underlying rule. In real-world scenarios, such
compliance-checking approaches are faced with
two major challenges: First, a large number of
conceptual modeling techniques exist and are
used in practical environments (Davis, Green,
Rosemann, Indulska, and Gallo 2006; zur Mueh-
len, Indulska, and Kamp 2007; zur Muehlen and
Recker 2008). In effect, a compliance-checking
approach should not be restricted to a distinct
modeling technique to allow widespread appli-
cation by companies. Second, regulations and
compliance rules might be complex. Such com-
plex regulations (e.g., escalation procedures,
which include loops of business process activities
combined with several alternative paths and dif-
ferent organizational units with different compe-
tencies) are, for instance, directed through the
German risk management requirements (Gerstl-
berger, Kreuzkamp, Harland, and Altholz 2010).
Hence, compliance-checking approaches should
support the definition of such rules and their
application to process models.

In practice, existing compliance-checking ap-
proaches have rarely been applied thus far. We
assume that this is due to a very close focus of
existing approaches — either on specific modeling
techniques or on a very restricted set of possible
rules to be checked. We argue that such a close
focus could hinder companies from applying
these approaches, when the modeling technique
applied by the company does not fit the business
process compliance-checking approach or the

rules to be checked by a company cannot be ad-
dressed by the approach. Therefore, the purpose
of this literature review is to analyze existing
business process compliance-checking approach-
es according to (1) their applicability to arbitrary
modeling techniques and (2) their ability to
address a preferably wide range of possible com-
pliance rules. Furthermore, to address the prob-
lem of applicability in practice, we (3) analyze the
approaches according to their evaluation.

The reminder of the paper is structured as fol-
lows: We first describe the theoretical founda-
tions and argue for the relevance of generalizabil-
ity in compliance-checking approaches. Based on
the theoretical findings, we briefly express the
review criteria in the following section. After that,
we explain the literature review search strategy,
before we identify existing approaches on busi-
ness-process compliance checking. These ap-
proaches are discussed regarding their generali-
zability. Based on this discussion, we identify
research gaps and propose a research roadmap
based on the findings of the literature review. A
conclusion with contributions for research and
practice finishes the paper.

2 Theoretical Background and
Analysis Criteria

2.1 Business Process Compliance
Management

In order to define the term business process com-
pliance management, it is reasonable to under-
stand Business Process Management (BPM) in
general. Two perspectives on BPM have been
established in the past: the IT-focused perspective
and a holistic management perspective. While the
IT-focused definition refers to business process
automation (Harmon 2003: 255), the holistic
management perspective focuses on analyzing
and improving processes as a new way of organi-
zational management (DeToro and McCabe 1997;
Elzinga, Horak, Lee, and Bruner 1995; Zairi
1997). Besides the trend towards BPM, business
process reengineering (BPR), which is defined as
“... the fundamental rethinking and radical rede-
sign of business processes to achieve dramatic
improvements in critical contemporary measures
of performance, such as cost, quality, service, and
speed” (Hammer and Champy 1993), received a

222



BuR - Business Research
Official Open Access Journal of VHB

German Academic Association for Business Research (VHB)

Volume 5 | Issue 2 | November 2012 | 221-247

great deal of attention in IS research (i.e. Daven-
port and Stoddard 1994; Grant 2002). Nowadays,
organizations are faced with a steady increase of
both business processes complexity and regula-
tions. Business processes need to follow regula-
tions, which by their nature change very often.
Thus, BPM and BPR are being forced more and
more to react to and consider these regulatory
requirements when business processes are man-
aged or when processes must be redesigned fun-
damentally.

According to El Kharbili, Stein, Markovic, and
Pulvermueller (2008), regulatory compliance
consists of measures and directives, which are
implemented by policies, internal controls and
procedures and which are modeled for business
processes. We adopt this view on regulatory com-
pliance and combine it with the holistic manage-
ment perspective on BPM in order to define busi-
ness process compliance management (BPCM) as
follows: BPCM is the steady modeling, refine-
ment, and analysis of business processes re-
garding the fulfillment of regulatory compliance.
Types of Compliance Rules

El Kharbili, Stein, Markovic, and Pulvermueller
(2008) identified three classes of compliance
rules: Regulations, IT security standards, and
quality standards. One of the most prominent
examples for regulations is the Sarbanes-Oxley
Act (SOX), which is a major regulation for inves-
tor protection in the United States. Its section
404 (Definition of Internal Controls over Finan-
cial Reporting) in particular is one of the most
strongly regarded sections due to its impact on IS
academia. Other regulations like IT security
standards (i.e., ISO/IEC 27002:2005) and quality
standards like ISO 20000 further increase the
number of relevant compliance requirements.

In order to enable an automated compliance
checking, it is necessary that, besides a formal
representation of process models, compliance re-
quirements exist in an analyzable format. A
formalized compliance requirement is a struc-
tural pattern (Ghose and Koliadis 2007), which
defines how the structure of a subsection of a
process model has to look like in order to comply
with the underlying rule.

Compliance-checking approaches differ in the
complexity of compliance rules they are able to
support. The following categorization of compli-
ance rule patterns was derived from the literature

analysis, showing that compliance-checking ap-
proaches support different kinds of compliance
rules. As any process model can be interpreted as
a graph, we classify this complexity according to
the properties of different, generally accepted
types of graphs. A compliance pattern that, for
example, only depicts a temporal or linear rule
(like, e.g., “activity A must be executed before
activity B starts”) represents one of the simplest
graph structures, namely a path (Diestel 2010).
Therefore, we classify compliance patterns corre-
sponding with a path as simple compliance pat-
terns. More sophisticated compliance rules re-
quire considering resource-related issues addi-
tionally and include, for instance, organizational
requirements. A corresponding compliance rule
of such medium complexity is, for example, the
separation of duties. It requires two succeeding
activities to be executed by different persons. The
structure of such compliance rules corresponds
with the medium complex graph structure of a
tree (Diestel 2010). Therefore, we classify compli-
ance patterns corresponding with a tree as com-
pliance patterns with a medium complexity.
Complex compliance rules may incorporate graph
structures that underlie no structural restrictions.
They represent, for instance, particular loops as
an effect of decision alternatives and use infor-
mation from other types of models like data dia-
grams, organization or architecture diagrams.
One example for such a complex compliance pat-
tern is the escalation procedure in credit-granting
processes (Becker, Gruber, and Wohlert 2006:
452). A credit-granting decision needs to be for-
warded to several decision instances and will
finally be sent back to the initiating agent in order
to grant the credit. Figure 1 contains a snapshot of
such a complex compliance pattern.

Based on this categorization, a compliance-check-
ing approach considering complex compliance
rule patterns also supports medium complex and
simple patterns. An approach supporting medium
complex patterns also supports simple patterns.
This correlation does not apply vice versa.
Compliance Checking

According to El Kharbili, De Medeiros, Stein, and
van der Aalst (2008), compliance-checking ap-
proaches are separated into two categories: for-
ward and backward compliance checking. For-
ward compliance-checking approaches aim to
ensure process compliance either during process
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design-time or during process run-time. Design-
time compliance checking means that processes
are checked for compliance at the moment they
are created and before they are executed — typi-
cally by analyzing their corresponding process
models. Run-time compliance checking is done by
monitoring processes while they are executed —
for instance by analyzing log files of supporting
application software. Backward-compliance ap-
proaches detect whether compliance violations
have already taken place in process instances. In
this literature analysis, we focus on design-time
compliance-checking approaches. All of these
approaches have in common that they search for
patterns in models either to show that these pat-
terns occur or that they do not occur within the
model.

Figure 1: Complex Compliance Rule
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Figure 2 contains an example of a pattern search
for the fulfillment of the four-eye principle, where
an employee responsible for the execution of a
business activity must be different from an em-

ployee responsible for the execution of a succes-
sive activity.

Figure 2: Pattern search example
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2.2 Generalizability

Detecting compliance violations in process mod-
els in the way shown above is only valuable for
industry if corresponding compliance-checking
approaches are applicable for a preferably high
number of users/companies. Therefore, generali-
zability of corresponding approaches is of high
importance. In their paper about Generalizability
in Information Systems Research, Lee and Bas-
kerville (2003) wrote about the importance of
generalizability of IS research results. The authors
stated that “the generalizability of a theory to a
description of the results that the practitioner
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would observe if he were to use the theory in a
new setting [...] is arguably the most important
form of generalizability in business-school re-
search”. From a design science perspective, He-
vner, March, Park, and Ram (2004) stated that
“Design-science research holds the potential for
three types of research contributions based on the
novelty, generalizability, and significance of the
designed artifact.” Generalizability is therefore
one essential goal of IS research, which brings us
to the question of whether available compliance-
checking approaches fulfill this essential require-
ment.

2.3 Analysis Criteria

Based on the identified generalizability require-
ment, we ask for the generalizability of compli-
ance-checking approaches. Currently, a lot of
different business process modeling techniques
exist, which are quite popular (Recker, Rose-
mann, Indulska, and Green 2009). In addition,
organizations adapt and extend these techniques
in order to fulfill individual needs.

Considering generalizability in business process
compliance checking leads to the question of
whether existing compliance-checking approach-
es enable a general check of process models, re-
gardless of which modeling technique they belong
to. The modeling technique generalizability of an
approach is defined as its capability to take mod-
els of different modeling techniques as inputs. An
approach has a high modeling technique generali-
zability, when it is not restricted to a single mod-
eling technique such as BPMN, but can be applied
to any technique. If users are already adapted to a
certain modeling technique, it is less likely that
they will adapt a new or changed modeling tech-
nique to run compliance analyses. Since user
acceptance is an important issue in IS research
(Ginzberg 1981; Lucas Jr. 1975; Swanson 1987),
the support of different modeling techniques is
essential for the acceptance of a compliance-
checking approach. Moreover, changing an estab-
lished modeling technique of a company main-
taining a large amount of models may lead to
additional costs.

Like modeling technique generalizability, we
further ask for the general applicability of compli-
ance-checking approaches regarding all kinds of
compliance rules. The compliance rule generali-
zability of an approach describes the capabilities

to support modeling compliance requirements,
which can be used as searchable process patterns.
Narrow rule generalizability restricts modeling
and checking of simple compliance patterns and
thus supports only linear control flow rules. Me-
dium generalizability considers modeling and
checking of compliance patterns of medium com-
plexity and thus supports additional process an-
notations (such as resources and organizational
units). An approach incorporating broad gener-
alizability considers any kind of compliance
rules, meaning even complex compliance pat-
terns. In particular complex compliance rules,
like rules that result in process flow circles and
cross-references to other model types (e.g., or-
ganizational models), are one requirement to
fulfill a broad level of generalizability.

Besides generalizability, we analyze the proto-
typical and real-world evaluation and check
whether current approaches have been applied in
a practical environment and what experiences the
authors gained. Two reasons motivate this crite-
rion: First, since “evaluation includes the integra-
tion of the artifact within the technical infra-
structure of the business” (Hevner, March, Park,
and Ram 2004), it is essential to investigate
whether existing compliance-checking approach-
es have been evaluated in both experimental
settings and business environments. Second, as
searching for patterns in business process models
equals the graph pattern matching problem,
which has an exponential computational com-
plexity (Ullmann 1976), it is important to see how
efficient compliance-checking approaches are in
real-world scenarios. To create compliance mod-
el-checking approaches that should be applicable
to realistic large-scale models, “performance tun-
ing and improvement of model checking is a
critical research area” (Liu, Miiller, and Xu 2007).
We analyze evaluation with regard to three levels:
The lowest level is characterized by the absence of
evaluation or the limitation of the evaluation to a
comparison to related work. The second level
comprises approaches that include the imple-
mentation of business process compliance check-
ing as a prototypical software tool, proving ap-
plicability and/or performance. Finally, at the
most advanced level of evaluation, researchers
evaluate their approach against the real-world
problem in case studies, action research, etc.

225



BuR - Business Research
Official Open Access Journal of VHB

German Academic Association for Business Research (VHB)

Volume 5 | Issue 2 | November 2012 | 221-247

3  Search Strategy

In order to provide an overview of existing liter-
ature on model-based process compliance check-
ing, we applied the approach suggested by
Webster and Watson (2002) and vom Brocke,
Simons, Niehaves, Riemer, Plattfaut, and Cleven
(2009). We first defined keywords and queried
journal databases. Second, we analyzed the cita-
tions of the found articles in order to perform a
forward search. Third, we analyzed the references
to the articles in order to conduct a backward
search.

Our literature review focuses on research out-
comes in the area of (conceptual) model checking
in general and design-time compliance checking
in particular; run-time and backward-compliance
approaches are beyond the scope of this paper
(for run-time and backward compliance see El
Kharbili, De Medeiros, Stein, and van der Aalst
2008). Reviews of literature on compliance
checking were already conducted by Awad (2010:
23) and El Kharbili, De Medeiros, Stein, and van
der Aalst (2008). These literature reviews differ
in two essential issues from the review at hand:
First, the authors did not analyze the modeling
technique and compliance rule-related generali-
zability of approaches. They rather provided a
general overview. As discussed in section two,
generalizability is one major requirement for all
IS approaches. Without a general applicability
these approaches will not be applicable in differ-
ent scenarios. Second, neither literature review
focuses on prototypical or real-world evaluation.
Furthermore, due to the dynamic developments
within the field, it can be expected that new ap-
proaches were published since the review of Awad
(2010) that includes articles that were published
up to 20009.

As literature sources for the analysis, we selected
all journals from the AIS Senior Scholars’ Basket,
all journals and conference proceedings ranked
A-C in the VHB JourQual 2.0 ranking (Schrader
and Hennig-Thurau 2009) as well as the top 50
computer-science-related journals of the CORE
ranking  (http://www.gianvecchio.com/tier-jnl-
final2008.html). The combined rankings result in
a list of 87 journals and conference proceedings
which we provide in Appendix A. The temporal
search scope for the keyword search was limited
to publications between 2000 and 2011 (other

search scopes are mentioned explicitly in Appen-
dix A). We used a two-step keyword search, one
search for more IS-related articles and one search
for more computer-science-related articles. The
IS related keywords are “process compliance”,
“workflow compliance”, “workflow verification”,
and “process verification”. As a more computer-
science-related keyword, we use the term “model
checking”. We split our results into these two
categories in order to provide an insight into the
hit distribution among these keywords. It reveals
that most model-checking articles focus on deci-
sion, software or system models. Process or
workflow models are less regarded from articles
that match this keyword search. As not all rele-
vant articles upon a subject can be identified by
searching within the limited scope of high-ranked
journals and conference proceedings with a lim-
ited set of keywords, we performed a forward and
backward search.

For the identification of referencing articles we
used Google Scholar. As suggested by Levy and
Ellis (2006), we considered the references of arti-
cles identified by backward reference search for
another level of backward reference search. Both
forward and backward search were not restricted
to the list of mentioned (top) journals and confer-
ences. The keyword search resulted in 113 articles
for the compliance and verification search terms
and in 675 hits for the keyword “model checking”.
From these articles, 10 from compliance and ver-
ification search and 13 from the model-checking
search (three articles are duplicates) were se-
lected based on a review of their abstracts for a
detailed full-text review. The backward search
resulted in 14 additional articles that were con-
sidered as relevant; the forward search revealed
21 additional articles. Articles focusing on run-
time compliance monitoring (e.g., Namiri and
Stojanovic 2007) or ex-post compliance auditing
(e.g., Orriéns and Yang 2005) were omitted from
further analysis, as they go beyond the scope of
this paper. Furthermore, articles discussing ab-
stract compliance management frameworks with-
out concrete solutions for actual compliance
checking were excluded as well as articles that
simply provide an overview of existing approach-
es (e.g., Abdullah, Sadig, and Indulska 2010).
Hence, the following analysis considers only pub-
lications that focus on (mostly compliance-rela-
ted) business process model checking, in total 48
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articles. However, in several cases more than one
article covers the same approach and its improve-
ment. Altogether, 26 different approaches could
be identified in this way.
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4 Identified Approaches

In the following, we present the set of articles that
resulted from the literature search. We strongly
focus on the criteria modeling technique gener-
alizability, compliance rule generalizability and
evaluation. All results are summarized in Table 1.

4.1 Modeling Technique Generalizability
Analyzing the approaches regarding their model-
ing technique generalizability, it turns out that
eight out of 26 approaches focus on the applica-
tion of BPMN, namely Goedertier and Vanthienen
(2006), Awad, Decker, and Weske (2008) and its
successors, Ghose and Koliadis (2007), Schlei-
cher, Anstett, Leymann, and Schumm (2010),
Arbab, Kokash, and Meng (2009) and its succes-
sors, Accorsi, Lowis, and Sato (2011) as well as
Wolter and Meinel (2010), and Mueller (2010).
Besides BPMN, five approaches (in seven articles)
use activity diagrams of the Unified Modeling
Language (UML) (Object Management Group
2005) (Eshuis 2006; Eshuis and Wieringa 2004;
Foerster, Engels, and Schattkowsky 2005;
Foerster, Engels, Schattkowsky, and Van Der
Straeten 2007; Khaluf, Gerth, and Engels 2011;
Kuester, Ryndina, and Gall 2007; Kokash and
Arbab 2009). In addition, seven approaches use
the Business Process Execution Language (BPEL)
or its successor (Organization for the Advance-
ment of Structured Information Standards 2007)
as their major application area for compliance
checking (Arbab, Kokash, and Meng 2009; Hinz,
Schmidt, and Stahl 2005; Liu, Miller, and Xu
2007; Lohmann and Wolf 2010; Monakova,
Kopp, Leymann, Moser, and Schifers 20009;
Schleicher, Anstett, Leymann, and Schumm 2010;
Xiangpeng, Cerone, and Krishnan 2006). The
approach of Governatori, Milosevic, and Sadiq
(2006) and its successors focus on graph and net-
based techniques. Since each process model can
be interpreted as a graph, we evaluate this ap-
proach with a high generalizability. Approaches
that focus on process modeling but are independ-
ent of a specific modeling technique are Damag-
gio, Deutsch, Hull, and Vianu (2011), Soffer and

German Academic Association for Business Research (VHB)

Wand (2004). The approach of Arbab, Kokash,
and Meng (2009) supports a transformation from
other modeling techniques like BPMN and BPEL
into their own modeling technique, called Reo.
However, an individual transformation is neces-
sary, which does not fully satisfy the modeling
technique generalizability criterion. The ap-
proaches of Sadiq, Governatori, and Namiri
(2007) and Kumar and Liu (2008) follow a simi-
lar strategy. In contrast, the approaches from Ly,
Rinderle-Ma, and Dadam (2006) and its succes-
sors fully satisfy the criterion as they are part of
the approaches that explicitly state their “[inde-
pendence] from the underlying process meta
model” (Ly, Rinderle-Ma, and Dadam 2006: 195).
Other approaches, like the one from Woerzberger,
Kurpick, and Heer (2008a, 2008b) focus on pro-
prietary modeling techniques like the “simplified
syntax Business Process Execution Language”
(SimBPEL).

4.2 Compliance Rule Generalizability

In order to judge compliance rule generalizability,
we separated compliance patterns into three cate-
gories like already shown above: simple patterns,
patterns of medium complexity and complex
patterns. All approaches support the search for
simple patterns. Nevertheless, there are three
approaches which do not focus on control flows as
simple patterns. Rather they shed light on one
particular feature of control flow patterns. Kumar
and Liu (2008) focused on organization-related
compliance rules that prescribe who executes
activities, sub-processes and processes. Accorsi,
Lowis, and Sato (2011) developed a Petri-net-
based approach to verify cloud-based workflows
with a focus on data protection patterns. Further,
the approach of Wolter, Miseldine, and Meinel
(2009) as well as Wolter and Meinel (2010) al-
lows for specifying hierarchical relations between
organizational entities and the inheritance of au-
thority within these hierarchies. Compliance rules
can consider business object properties and sim-
ple control flow checks. Thus, this approach fo-
cuses on organizational issues in pattern design
and does also not fully meet the control flow gen-
eralizability criterion.

Six approaches fully support the identification of
all types of control flow annotations and thus
support patterns of medium complexity (Gover-
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natori and Milosevic 2006; Hinz, Schmidt, and
Stahl 2005; Lohmann and Wolf 2010; Sadiq,
Governatori, and Namiri 2007; Wang and Zhao
2011; Wolter and Meinel 2010). All other ap-
proaches have a limited ability to define and
search for patterns of medium complexity. Two
approaches explicitly mentioned the ability to
handle organizational units (Kumar and Liu
2008; Xiangpeng, Cerone, and Krishnan 2006).
The approaches of Awad (2007), Arbab, Kokash,
and Meng (2009), Damaggio, Deutsch, Hull, and
Vianu (2011), Tréka, van der Aalst, and Sidorova
(2009), and Ly, Rinderle-Ma, and Dadam (2006)
as well as their successors handle data objects.
The approach of Accorsi, Lowis, and Sato (2011)
focuses on data security annotations, while the
PENELOPE approach (Goedertier and Van-
thienen 2006) supports the definition and check
of activity operators. Two approaches could be
identified that provided pattern recognition based
on slightly more complex control flows than lin-
ear ones, including control flow forks (Eshuis
2006; Khaluf, Gerth, and Engels 2011). Mona-
kova, Kopp, Leymann, Moser, and Schifers
(2009) as well as Knuplesch, Ly, Rinderle-Ma,
Pfeifer, and Dadam (2010) enable the definition
of conditional control flows. They provided addi-
tional compliance checks beyond simple control
flow patterns. Similarly, Trcka, van der Aalst, and
Sidorova (2009) allow for checking parallel pro-
cess control flows.

Regarding the ability to define and search for
complex compliance rules, for instance the speci-
fication of loops and integration of model ele-
ments that appear in other information models,
only one approach could be identified that sup-
ports this feature. The approach of Monakova,
Kopp, Leymann, Moser, and Schifers (2009)
“considers the dependency between control flow
and data flow” and the research group investi-
gates “possibilities to handle the loop constructs”
(Monakova, Kopp, Leymann, Moser, and Schéfers
2009: 92). Moreover, Eshuis (2006) explicitly
requires “that the activity diagram [must] not
contain self-loops” (Eshuis 2006: 19). Wolter,
Miseldine, and Meinel (2009) considered organi-
zational units in their patterns, which is a first
indication that the approach enables the defini-
tion of and search for any complex regulation
pattern. Nevertheless, a detailed discussion about
the compliance rule generalizability of their ap-
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proach remains open. All approaches, which we
did not explicitly name in this subsection, are
restricted to simple compliance patterns.

4.3 Prototypical and Real-world
Evaluation

Altogether, 19 approaches were implemented as
research prototypes or make use of a third-party
tool in order to prove their applicability. Four of
them (Accorsi, Lowis, and Sato 2011; Liu, Miiller,
and Xu 2007; Mueller 2010; Wolter and Meinel
2010) consider performance evaluation. Liu, Miil-
ler, and Xu (2007) recognized that compliance
pattern search might be a performance-critical
task. Thus, they improved the performance of
their approach by applying state space reduction
and controlled state space search using business
patterns. By using this performance optimization,
they reduced search times for simple compliance
rules of at least 50 percent. Wolter, Miseldine,
and Meinel (2009) measured the computation
time for four different test cases. They obtained
computation times between 0.01 and 0.33 se-
conds per case setting and tested the scalability of
their approach. In his application scenario, Muel-
ler (2010) applied several compliance patterns to
process models of an aircraft maintenance firm
and measured the time to compute the verifica-
tion process. The approach of Eshuis (2006) and
Eshuis and Wieringa (2004) used the model
checker software NuSMV (Cimatti, Clarke, Giun-
chiglia, Giunchiglia, Pistore, Roveri, Sebastiani,
and Tacchella 2002) in order to prove their con-
cepts. Wang and Zhao (2011) showed how their
approach can be implemented using different
model-checking engines, provided by the Open-
RulesBench platform (http://rulebench.projects.
semwebcentral.org). A similar evaluation strategy
was followed by Trcka, van der Aalst, and Sido-
rova (2009), who used different Petri-net-based
model checkers. Hinz, Schmidt, and Stahl (2005)
proposed a model transformation mechanism
that makes models suitable as input for the LoLA
model checker (Schmidt 2000). Lohmann and
Wolf (2010) used the same tool. Xiangpeng, Ce-
rone, and Krishnan (2006) used the model che-
cker SAL (http://sal.csl.sri.com) to evaluate their
approach.

Two other approaches (Arbab, Kokash, and Meng
2009; Awad 2007) used an artificial scenario in
order to verify the applicability of their approach.
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Awad and Weske (2010) applied their compli-
ance-checking approach to a compliance example
from the banking sector. They provided a process
model for the opening of a bank account. They
successfully demonstrated the search of a compli-
ance pattern and three anti-patterns. All applied
patterns are simple patterns. The demonstration
case of approach No. 12 is also a banking scenario
(Schumm, Turetken, Kokash, Elgammal, Ley-
mann, and van den Heuvel 2010). The authors
used the loan origination process and represent
the process by using BPMN. Three control flow
compliance patterns are successfully applied to
this process model. The applicability of the ap-
proach from Kuester, Ryndina, and Gall (2007) is
demonstrated by its application to a process
framework. Kuester, Ryndina, and Gall (2007)
used the IBM Insurance Application Architecture
and focused on the object life-cycle conformance
of claim-handling processes.

Regarding real-world evaluation, only one ap-
proach fulfills this criterion. Mueller (2010) pro-
vided an evaluation using a real-world aircraft
maintenance case. The compliance patterns are
partly derived from requirements from the Fed-
eral Office of Civil Aeronautics. Nevertheless, an
acceptance and relevance evaluation of the pre-
sented approach remains open.

5 Discussion

5.1 Findings

Figure 3 presents an overview and classification
of the identified approaches in the literature
search. The classification is based on the criteria
modeling technique generalizability and compli-
ance rule generalizability (cp. section 2). The
approaches can be identified by their number,
which is also listed in Table 1.

For the classification, we refined the initial dis-
tinction of high and low modeling technique gen-
eralizability as well as the three levels of compli-
ance rule generalizability. Approaches that are re-
stricted to one modeling technique differ in their
generalizability depending on the standardization
of the modeling technique supported. The un-
derlying rationale is that supporting BPMN will
allow a large number of organizations to easily
adopt the approach due to the prevalence of
BPMN. For the differentiation of approaches

based on the compliance rule generalizability
dimension, we chose the number of different
model elements supported within one level. Ap-
proaches that support resource and data rules
besides basic control flow rules have a higher
generalizability than such approaches that solely
support resource rules. Finally, the different
evaluation levels are indicated by different
shapes: rectangles represent approaches without
evaluation, circles represent approaches with
applicability and/or performance evaluation and
diamonds represent approaches with evaluation
against real-world scenarios.

Figure 3: Classification of compliance-
checking approaches
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A substantial number of approaches lack both
kinds of generalizability (areas A, D, E). Some of
the reviewed approaches tightly integrate into
existing concepts and technologies and use their
specifics, preventing a transfer to other related
concepts and technologies. For example, ap-
proaches using model analysis tools to evaluate
compliance rules often require transformation
methods to generate a formal model from a spe-
cific graph-based modeling notation. Considering
the variety of common modeling techniques, in-
cluding many self-developed techniques or tech-
niques individually adapted from established
modeling techniques, generalizability in terms of
the supported modeling techniques is an im-
portant criterion for compliance-checking ap-
proaches in order to be widely applicable.

The focus of many reviewed compliance-checking
approaches is either restricted to simple compli-
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ance patterns or to annotated information, such
as business object properties and organizational
entities (often triggered by IT security require-
ments relevant for Workflow Management Sys-
tems) — that is, patterns of medium complexity.
Temporal rules are almost not present as they can
only be verified at run-time (exceptions are
Goedertier and Vanthienen 2006 and Kokash and
Arbab 2009). Models that describe business ob-
ject properties or resources apart from the control
flow are not considered as additional sources for
compliance checking. Considering approaches in
area F, it is obvious that supporting any kind of
compliance rule and just one single modeling
technique does not fulfill the current require-
ments from practitioners. Therefore, further re-
search is needed for approaches that first support
any modeling technique and second can represent
and handle any kind of compliance rule structure
(Area C).

Additionally, the review reveals that the lack of
real-world evaluation is a common problem in the
field of business process compliance checking.
Some of the approaches towards automated pro-
cess compliance checking provide an evaluation
against functionality. Most evaluations of this
category are based on artificial scenarios consist-
ing of a small set of business process models and
a limited set of compliance rules that are used to
demonstrate the functionality of a prototypical
implementation (e.g., Kuester, Ryndina, and Gall
2007; Liu, Miller, and Xu 2007; Wolter and
Meinel 2010). These evaluation methods can
prove the applicability of an approach. However,
they cannot assess its usefulness (Riege, Saat, and
Bucher 2009). Only Mueller (2010) evaluated his
approach against the real world in an extensive
industry case study. But even this practical appli-
cation does not contain an acceptance and rele-
vance investigation. Besides this exception, the
lack of real-world evaluation is surprising as most
authors explicitly motivated their work with its
relevance for practice. They discussed the usabil-
ity of developed formal techniques for potential
users (Wolter and Meinel 2010) or motivated
their research by stating challenges for practice
such as the complexity of manual compliance
checking (e.g., Ly, Rinderle-Ma, Gdoser, and Da-
dam 2009) and the increasing regulatory pres-
sure (e.g., Sadiq, Governatori, and Namiri 2007).

In addition to the predefined review criteria,
some other findings are notable: First, many au-
thors focused on issues of computational com-
plexity and reduce the functionality of their ap-
proaches purposefully to increase their perfor-
mance (e.g., Awad, Decker, and Weske 2008;
Governatori, Milosevic, and Sadiq 2006). This
highlights the computational challenges related to
approaches operating on process model graphs.
The computational complexity, in turn, increases
the importance of evaluating compliance-check-
ing approaches in a real-world context with sets
of process models of realistic complexity (e.g.,
number of objects and relationships). Second,
approaches that are based on compliance patterns
use pattern definition techniques, which are
structurally more similar to related compliance
requirements than to business process models
(Awad and Weske 2009; Elgammal, Turetken,
Heuvel, and Papazoglou 2010; Mueller 2010).
Third, in most of these approaches — except
Mueller (2010) — predefined patterns are limited
to the most frequent structures in compliance
requirements. We think that this opens up major
research potential, as it is not the most frequently
occurring compliance rules that require the most
support by compliance-checking approaches, but
those that occur exceptionally. Complex struc-
tures that contain process loops or patterns that
must be found across several models have not
been considered yet. Fourth, the compliance
check results, provided by most approaches that
use model analysis tools, fail to support business
and compliance experts in resolving compliance
violations within processes. They include only
exemplary violations (i.e., counterexamples) in-
stead of an exhaustive feedback on all potential
violations. Their compliance-checking algorithms
terminate if they find a counterexample (Holz-
mann 1997). Fifth, we could observe that some of
the approaches consider “semantics” in business
process compliance checking (Ghose and Koliadis
2007; Namiri and Stojanovic 2007; El Kharbili,
De Medeiros, Stein, and van der Aalst 2008; Ly,
Goeser, Rinderle-Ma, and Dadam 2008). It is no-
table that, with the term “semantics”, the authors
of the analyzed papers meant specifically formal
semantics. However, problems related to domain
semantics, meaning possibly occurring ambigui-
ties in the process models’ labels (e.g., “invoice
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auditing” vs. “check bill”), are often neglected.
Such ambiguities may lead to incorrect compli-
ance-checking results, for instance when the
terms used in a compliance rule pattern differ
from those used in a process model, but were
both intended to express the same issue — and
vice versa. Hence, considering domain semantics
in business process compliance-checking ap-
proaches opens up another important research
field.

5.2 Limitations

Even if we analyzed a massive number of publi-
cations, we initially focused on publications in the
area of top journals in IS and computer science.
Thus, articles that appear in lower-ranked jour-
nals have not been considered here when they
were not referencing articles in the initial search
or have been cited in such articles. Furthermore,
we focused on scientific and scholarly papers and
did not include non-peer-reviewed or non-sci-
entific approaches.

The results are summarized in a way that all ap-
proaches that belong to the same research tree
are combined. We analyzed the research papers
with regard to the stated criteria in the second
main section of this article. If an approach sup-
ported one of the criteria but did not mention it in
the paper, we rated the corresponding criterion as
not fulfilled. Thus, approaches that support a
certain criterion but do not consider it in the pa-
per may be misevaluated.

Furthermore, pure run-time and backward com-
pliance-checking approaches have not been con-
sidered in this literature review. Even if one of
these approaches supported design-time compli-
ance, it would have been excluded from this liter-
ature review. This was done because we aimed at
representing the whole picture of approaches that
are mainly investigated for design-time compli-
ance purposes.

6 Research Roadmap for Model-
based Compliance Checking

The findings of the literature review provide sev-
eral research topics that should be addressed in
the ongoing development of compliance-checking
approaches. Based on theoretical thoughts about
generalizability and evaluation of model-based
compliance-checking approaches (cf. Section 2),

we identified four research topics that constitute a
research roadmap for IS researchers. These topics
comply with the classification schema presented
in Figure 3 and aim at pushing the state-of-the-
art of business process compliance-checking ap-
proaches to Sector C, comprising evaluation. Con-
sequently, we recommend to develop innovative
BPCM approaches that:
e (1) enable model checking in any kind of
graph-like model,
e (2) allow for defining and checking both sim-
ple and complex compliance patterns,
e (3) are evaluated against functionality, perfor-
mance and utility.
Furthermore, we could identify the necessity to
(4) assure semantic unambiguity in process mod-
els, since otherwise automatic compliance check-
ing could lead to incorrect results.
As any business process compliance-checking
approach is an IT artifact in the sense of the de-
sign science paradigm (like for instance proposed
by Hevner, March, Park, and Ram 2004; March
and Smith 1995; Osterle, Becker, Frank, Hess,
Karagiannis, Krcmar, Loos, Mertens, Oberweis,
and Sinz 2010; Peffers, Tuunanen, Rothenberger,
and Chatterjee 2007), we recommend using an
according rigorous design science research pro-
cedure, especially because in such a research pro-
cedure, evaluation against functionality, perfor-
mance and utility is mandatory. Design-oriented
research procedures have in common that they
require the construction of a so-called IT artifact,
meaning a methodology, a procedure, or even a
software tool that solves a business problem bet-
ter than it was possible before.
First, it has to be proven that there is a problem
at all and that a solution to that problem is desir-
able. Arguing for the general applicability of com-
pliance-checking approaches, that initial research
step is addressed in this paper.
Second, related work has to be analyzed and it has
to be proven that the problem cannot be solved
sufficiently by existing approaches. We address
this second research step in this paper as well.
Our literature review provides evidence that cur-
rently no approach exists, which enables compli-
ance checking in terms of any modeling technique
and any type of compliance rule.
Third, a solution approach is to be developed that
overcomes the shortcomings of existing ones
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(from here, cf. recommendations of our research
roadmap below). In order to design and develop a
novel solution approach, which meets the elicited
requirements and in accordance with Simon
(1996: 111), we propose to use (especially for (1),
(2), and (4)) a well-suited representation of the
problem by creating conceptual models, mainly
through concepts coming from the area of set
theory (Cantor 1895) and graph theory (Diestel
2010: 2). The design and development phase
delivers a concrete approach as well as its corre-
sponding conceptual model.

Fourth, in order to demonstrate the applicability
and sufficient performance of the new solution, it
should be implemented as a demonstrator soft-
ware tool. We suggest following Hevner, March,
Park, and Ram (2004) and propose to initially
demonstrate the applicability of the approach by
its implementation and prototyping (Alavi 1984),
comprising multiple iterations to improve the
prototype according to its applicability and per-
formance.

Fifth, to further prove the perceived usefulness of
the (implemented) approach, it has to be applied
in real-world scenarios, for instance in terms of a
case study. We propose to use and adapt applica-
bility and usefulness checks (Rosemann and Ves-
sey 2008). All of these steps encompass the
steady communication of research.

Develop approaches that enable model checking
in any kind of graph-like models

The findings provide evidence that no existing
approach enables a complete search on process
models developed with arbitrary modeling tech-
niques — combined with complex compliance
patterns. Further research should focus on the
development of generally applicable compliance
checkers. Besides the support of arbitrary process
modeling techniques, new compliance-checking
approaches should be able to search for patterns
in all kinds of graph-like models. In many cases,
compliance requirements also affect IT resources
(e.g., depicted by IS architecture diagrams), a
company’s organizational structure (e.g., depicted
by organizational charts), or data (e.g., depicted
by entity-relationship models). Thus, further de-
velopment should focus on pattern matching so-
lutions that can be applied to any kind of graph-
like models. In addition to common concepts
from conceptual modeling already mentioned
above, we suggest taking into account previous

Volume 5 | Issue 2 | November 2012 | 221-247
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work from graph theory, mainly on subgraph
isomorphism and minor containment (e.g., Adler,
Dorn, Fomin, Sau, and Thilikos 2010; Dorn 2010;
Hajiaghayi and Nishimura 2007; Hicks 2004), an
overview is given, e.g., by Conte, Foggia, Sansone,
and Vento (2004), approaches on graph mining
(an overview is given by Chakrabarti and Falout-
sos 2006) as well as approaches coming from for-
mal verification, especially model checking (e.g.,
Clarke, Grumberg, and Peled 2000: 35). As such
approaches are not focused on compliance
checking but address a similar problem and at the
same time are more or less generically oriented,
they could serve as a suitable basis for develop-
ment.

Develop approaches that allow for defining and
checking both simple and complex compliance
patterns

The ongoing development of approaches should
further be focused on the applicability of any type
of compliance rule. The literature search provides
evidence that currently there is no approach that
supports any type of compliance rule while at the
same time allows the usage of arbitrary modeling
techniques. In particular, the search for patterns
that contain control flow loops and process-over-
arching elements should be supported by future
model-based compliance-checking approaches.
Only when all types of patterns can be defined
and searched, a sufficient solution, which is appli-
cable in a real-world scenario, can be expected. In
addition to common concepts from conceptual
modeling already mentioned above, we suggest
evaluating the same existing approaches from
algorithmic graph theory already mentioned
above and from computer science for the same
reasons.

Evaluate approaches against functionality, per-
formance and utility using prototypes

New approaches should be evaluated by using
prototypes. The findings from the literature re-
view show that ten approaches have not been
evaluated in a prototypical setting. Thus, the au-
thors could not prove the functionality of their
approaches. A prototype is also a prerequisite for
proving the generalizability of the approach. In
order to address the support of several modeling
techniques, a corresponding prototype should
enable compliance pattern definitions and search
in process models, created with different model-
ing techniques.
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Four approaches address the performance issue
(No. 5, No. 13, No. 15, and No. 17), which in turn
means that 22 approaches did not consider search
performance explicitly. In the second main sec-
tion, we already argue for the relevance of search
performance. Present and future approaches
should be evaluated regarding their performance
and scalability. We recommend using a rigorous
performance-measurement approach like for in-
stance suggested by Georges, Buytaert, and Eeck-
hout (2007). Supporting arbitrary modeling tech-
niques and arbitrary patterns makes it difficult to
attain a high performance. To allow a high per-
formance anyway, we suggest exploiting typical
graph characteristics of conceptual models, espe-
cially planarity and bounded treewidth (Breuker,
Dietrich, Piister, Steinhorst, Becker, and Delf-
mann 2012). According approaches that could be
considered in this context were proposed, for
example, by Hajiaghayi and Nishimura (2007)
and Dorn (Dorn 2010).

Until now, we can just assume the practical utility
of automated model-based compliance checking.
25 of 26 approaches have not been applied in a
real-world setting. Many of them emphasize the
relevance of automated compliance checking for
organizations. In order to prove this assumption,
a detailed investigation of acceptance, utility and
relevance of compliance-checking approaches is
necessary. We propose using applicability checks
(Rosemann and Vessey 2008) and focus-group
sessions (Stewart, Shamdasani, and Rook 2007:
37) in order to verify the applicability, utility and
relevance of automated compliance-checking ap-
proaches in a real-world setting.

Develop a solution for semantically correct pat-
tern definition and checking

As an additional issue that should be addressed
by compliance-checking approaches, we identi-
fied the necessity to assure semantic unambiguity
of process models and compliance patterns. For
instance, a compliance pattern depicting the four-
eye-principle may contain a term called “check”.
Such a pattern would not be able to identify cor-
responding model sections when a modeler used
the term “validate” instead or even mixed up
“check” and “validate” in different areas of the
process model. The same applies vice versa for
the definition of patterns. This kind of problem
can be overcome by using semantic enrichment of
modeling techniques. The first steps regarding

unambiguity in process models have been done,
for instance, by Delfmann, Herwig, and Lis
(2009) as well as Thomas and Fellmann (2009).

7  Conclusion

Defining and searching patterns that represent
compliance requirements in business processes
are supported by several approaches, which we
reviewed and analyzed. Based on generalizability
and evaluation concerns, we found that existing
approaches focus more or less on special model-
ing techniques and a restricted set of compliance
rules. We believe that this very narrow focus of
most of the analyzed approaches hinders a wide-
spread application in practice. This is what we
actually observe today. Automated or at least
semi-automated compliance-checking approaches
that support decision makers in their day-to-day
work are virtually not applied in practice.

The article contributes to both research and prac-
tice. From a scientific perspective, the literature
review enables the identification of research gaps
and provides new research directions in order to
create and evaluate design-time compliance-
checking approaches. Altogether, four research
gaps have been identified: First, most approaches
did not recognize the need for a generalizability of
compliance checking. They are mainly focused on
one particular modeling technique or one special
scenario. Second, current research focuses on an
excerpt of regulations and does not consider the
whole bunch of regulation complexity. Complex
checking routines like for escalation procedures
(e.g., German minimum requirements for risk
management, Section BTO 1.1) are not considered
yet. Thus, not all regulations can be represented,
which may lead to insufficient compliance
checking results. Third, an appropriate evaluation
is mostly missing. In particular, in complex real-
world cases where hundreds of business pro-
cesses, organizational units and resource ele-
ments need to be checked, performance becomes
a critical requirement. Further research is needed
to provide an insight into the performance of dif-
ferent approaches in different application set-
tings. Furthermore, only one approach (Mueller
2010) has been evaluated comprehensively. An
extensive evaluation is needed to prove the rele-
vance and acceptance of business process compli-
ance-checking approaches in a real-world sce-
nario. Fourth, we could identify the need to as-
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sure semantic unambiguity of business process
models to assure consistent compliance-checking
results. Although compliance checking research-
ers are aware of this problem, a compliance-re-
lated solution to this problem is still lacking and
opens potential for further research. In order to
guide further research, we proposed a research
roadmap, derived from the literature analysis.

From a practical perspective, the literature review

enables a search for adoptable approaches for
real-world projects. Since the level of regulation is
increasing steadily, compliance experts are being
forced more and more to find tools for managing
regulations that affect business processes. This
work is a step towards comprehensively inform-
ing compliance experts about appropriate ap-
proaches for their needs, and it points out new
research directions in the area of business process
compliance checking.

Appendix: Keyword Search Results for Initial Search

Journal Database Search Coverage Compliance/ Model
Fields Verification Checking
o= =
5 5
'Q 00
2 e £ %
o) =7 o) =7
ACM Computing Reviews ACM Digital all 2001-2011 O (0] 0 0
Library
ACM Computing Surveys ACM Digital all 2001-2011 1 0 17 0
Library
ACM Journal of Experimental ACM Digital all text 2001-2011 O 0] 0] 0
Algorithmics Library
ACM Transactions on Algorithms ACM Digital all text 2001-2011 O 0] 2 0
Library
ACM Transactions on Architecture ACM Digital all text 2001-2011 O 0] 1 0
and Code Optimization Library
ACM Transactions on ACM Digital all text 2001-2011 O o) 95 0
Computational Logic Library
ACM Transactions on Computer  ACM Digital all 2000-2010 O 0] 1 0
Human Interaction Library
ACM Transactions on Computer  EbscoHost all text 2001-2011 O 0] 6 0
Systems
ACM Transactions on Database ACM Digital all 2000-2011 1 0] 4 0
Systems Library
ACM Transactions on Graphics ACM Digital all text 2001-2011 O 0] 1 0
Library
ACM Transactions on Information ACM Digital all 2001-2010 O 0 2 0
Systems Library
ACM Transactions on EbscoHost all text 2001-2011 O o] o] 0
Mathematical Software
ACM Transactions on Program- EbscoHost all text 2001-2011 1 0 74 0

ming Languages and Systems
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Appendix continued: Keyword Search Results for Initial Search

Journal Database Search Coverage Compliance/ Model
Fields Verification Checking
o=} =
s s
.O DQ
£ : 2 %
an & an &
ACM Transactions on Software ACM Digital all text 2001-2011 O o) 49 1
Engineering and Methodology Library
Algorithmica SpringerLink all text 2001-2011 O 0] 2 0
Annual Review of Information Wiley Online all text 2001-2011 O 0] 0] 0
Science and Technology Library
Artificial Intelligence ScienceDirect  all 2001-2011 2 0] 80 0
Australian Journal of Information Journal website all 2001-2011 O (0] (0] 0
Systems
Communications of the ACM ACM Digital title, 2001-2011 4 o) 71 0
Library abstract,
review
Communications of the AIS AIS e-Library title, 2001-2011 10 0] 2 0
abstract,
keywords,
subject area
Computer Supported Cooperative  SpringerLink all text 2001-2011 O o] 0 0
Work
Computers and Operations ScienceDirect  all 2001-2011 O 0] 4 (0]
Research
Data and Knowledge Engineering ScienceDirect  all 2001-2011 21 1 29 0
Decision Support Systems ScienceDirect  all 2001-2011 8 0] 11 1
Electronic Markets Informa / all 2001-2011 O o] o] 0
SpringerLink
Enterprise Modelling and Infor-  Journal website title 2005-2011 O (0] 1 0

mation Systems Architectures

European Journal of Information  Palgrave all 2001-2011 O 0] 0] 0
Systems Macmillan

Evolutionary Computation Journal website 2001-2011 O (0] (0] 0
Human-Computer Interaction Journal website 2001-2011 O 0] 0] 0
IEEE Pervasive Computing IEEE Xplore all 2001-2011 O 0] 0] 0
IEEE Software IEEE Xplore all 2001-2011 7 o) 3 0
IEEE Transactions on Computers EbscoHost all text 2001-2011 O 0] 13 0
IEEE Transactions on Engineering IEEE Xplore all 2001-2011 3 0] 0] 0
Management
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Appendix continued: Keyword Search Results for Initial Search

Journal Database Search Coverage Compliance/ Model
Fields Verification Checking
o=} =
s s
.O .Q
£ -
an & an =7
IEEE Transactions on Fuzzy IEEE Xplore all text 2001-2011 O 0] 1 0
Systems
IEEE Transactions on Image EbscoHost all text 2001-2011 O 0] 0] o]
Processing
IEEE Transactions on Information EbscoHost all text 2001-2011 O 0 0 (o]
Theory
IEEE Transactions on Parallel and EbscoHost all text 2001-2011 O 0 2 0
Distributed Systems
IEEE Transactions on Pattern EbscoHost all text 2001-2011 O 0 0 (o]

Analysis and Machine Intelligence

IEEE Transactions on Software EbscoHost all text 2001-2011 O 0 45 1
Engineering

IEEE-ACM Transactions on IEEE Xplore all text 2001-2011 O 0] 0] 0
Networking

Information and Management ScienceDirect  all 2001-2011 O o] 0 0
Information and Organization ScienceDirect  all 2001-2011 O 0] 0] 0
Information Research — An free e-journal  all text 2001-2011 O 0] 0] 0

International Electronic Journal

Information Systems ScienceDirect  all 2001-2011 6 0] 12 0

Information Systems and SpringerLink all 2003-2011 O 0] 1 0
eBusiness Management

Information Systems Frontiers SpringerLink all 2000-2011 7 2 5 1
Information Systems Journal Wiley Online all 2000-2011 O 0] 0] 0
Library

Information Systems Research EBSCOhost all 2000-2011 O o) 0] 0
INFORMS Journal on Computing EBSCOhost all 2000-2011 O 0] 0] 0
International Journal of Electronic EBSCOhost all 2000-2011 O 0] 0] 0
Commerce

International Journal of ScienceDirect  all 2000-2011 O 0] 0] 0

Information Management

International Journal on Media EBSCOhost all 2000-2011 O 0] 0] 0
Management

International Journal on Very SpringerLink all text 2001-2011 O o] o] 0
Large Data Bases (VLDB)
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Appendix continued: Keyword Search Results for Initial Search

Journal Database Search Coverage Compliance/ Model
Fields Verification Checking
o=} =
s s
.O .Q
£ : 2 %
= &~ = =4
Journal of the AIS AIS e-Library title, 2000-2011 3 (0] (0] (0]
abstract,
keywords,
subject area
Journal of Computational Finance Journal website all 2000-2011 O 0] 0] 0
Journal of Computer and System  ScienceDirect all text 2001-2011 3 0 33 0
Sciences
Journal of Cryptology SpringerLink all text 2001-2011 O 0] 0] 0
Journal of Documentation Emerald all text 2001-2011 O (0] 0 0
Backfiles
Journal of Information Science EbscoHost all text 2001-2011 O 0 (0] 0
Journal of Information Journal website all 2000-2011 O o] 0 0]
Technology
Journal of Management EBSCOhost all 2000-2011 O 0] 0] 0
Information Systems
Journal of Parallel and Distributed ScienceDirect  all text 2001-2011 1 0 7 o)
Computing
Journal of Strategic Information  ScienceDirect  all 2000-2011 O 0] 0] 0
Systems
Journal of the ACM ACM Digital all 2000-2011 1 0] 24 0
Library
Journal of the American Society EbscoHost all text 2001-2011 O 0] 1 0
for Information Science and
Technology
Lecture Notes in Informatics Google Scholar all 2001-2011 O 0] 3 0
Library & Information Science ScienceDirect  all text 2001-2011 O 0] 1 0
Research
Library Quarterly EbscoHost all text 2001-2011 O o] o] 0
Library Trends EbscoHost all text 2001-2011 O o) 0] 0
Machine Learning SpringerLink all text 2001-2011 O 0] 4 0
Mathematical Programming SpringerLink all 2000-2011 O 0] 0] 0
MIS Quarterly EBSCOhost all 2000-2011 O 0] 0] 0
MIS Quarterly Executive Journal website 2002-2011 O (0] (0] 0
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Appendix continued: Keyword Search Results for Initial Search

Journal Database Search Coverage Compliance/ Model
Fields Verification Checking
o=} =
s s
.O .Q
£ -
an & an &
Neural Computation EbscoHost all text 2001-2011 O (0] 3 (0]
Omega ScienceDirect  all 2001-2011 1 o] o] 0
Proceedings of the Conference on  SpringerLink all 2001-2011 7 1 18 3
Advanced Information Systems
Engineering
Proceedings of the Conference on  Journal website title 2001-2011 O 0] 0] 0
Very Large Data Bases
Proceedings of the European Con- AIS e-Library title, 2000-2010 1 0] 2 0
ference on Information Systems abstract,
keywords,
subject area
Proceedings of the International ~ SpringerLink all text 2001-2011 19 4 25 5
Conference on Business Process
Management

Proceedings of the International

Conference on Conceptual SpringerLink all text 2000-2010 3 1 5 1
Modeling
. . title,
Proceedings of the International
. . abstract,
Conference on Information AIS e-Library 2000-2010 O 0] 1 0
S keywords,
ystems .
subject area
8uantum .Informatlon e Google Scholar  all text 2001-2011 O (0] (0] 0
omputation
School Library Media Research Google Scholar  all text 2001-2011 O o] o] 0
SIAM Journal on Computing EBSCOhost all text 2000-2010 O (0] 10 0
title,
Tagungsbinde der s abstract, )
Wirtschaftsinformatik AIS e-Library keywords, 2001-2011 1 0 4 0
subject area
The DATA BASE for Advancesin  ACM Digital  G0®
. . abstract, 2000-2011 O 0 0 (o}
Information Systems Library .
review
ertschaftSInformatlk (Bl.lsmegs & SpringerLink all text 2006-2011 2 1 0] 0
Information Systems Engineering)
Total 113 10 675 13
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