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Quality Marks, Metrics, and Measurement
Procedures for Business Process Models

The 3QM-Framework

High-quality business process models are a central prerequisite for a successful process
management. Nevertheless, in practice process models often exhibit grammatical,
content-related, and stylistic defects. Additionally, very few approaches exist to determine
the quality of process models. In this paper, we present the 3QM-Framework which can be
used to systematically determine the quality of process models. The 3QM-Framework makes
three contributions: it provides quality marks, metrics, and measurement procedures to
quantify the quality level as elements of a theoretically justified quality model. The
applicability of the 3QM-Framework has been empirically evaluated in case studies. The
results of a survey that was conducted among experts moreover attest its practical
relevance.
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1 Introduction

As a cornerstone of an efficient process
management, the continuous improve-
ment of business processes belongs to the
most important challenges in companies
today (McDonald and Aron 2010, p. 5).
High-quality business process models are
an important prerequisite for an efficient
process management as they build the
methodical basis to communicate and,
consequently, to redesign, implement,
and control both in-house and intercom-
pany processes (Becker 2011; Hadar and
Soffer 2006, p. 569). Accordingly, stud-
ies show that already the consistent docu-
mentation of process steps along with the
executing organizational units can no-
ticeably increase the efficiency of a com-
pany’s business processes (Melenovsky
2005, p. 4).

Despite their central importance for
the process management, in practice
business process models often suffer

from quality deficits such as violations
of the grammar of the modeling nota-
tion, content-related, or stylistic defects
(Mendling et al. 2008, pp. 313, 326; Fell-
mann et al. 2011, pp. 27–28). For this rea-
son, it is necessary to systematically as-
sess the quality of created process mod-
els (Vanderfeesten et al. 2007, p. 187;
Mendling 2009, p. 219). However, litera-
ture hardly provides original approaches
that support a systematic assessment of
the quality of process models. Most qual-
ity assurance approaches rather describe
constructive procedures which help to
satisfy specific quality standards ex ante,
i.e. already during the modeling phase.
From some of these approaches, rele-
vant quality attributes of process mod-
els for a subsequent assessment may be
deduced. When doing so, however, it re-
mains unclear how the quality level of
business process models should be mea-
sured precisely. In particular, frameworks
are missing which provide an overview of
the distinguishing quality marks of pro-
cess models and define metrics to mea-
sure them. In practice, the quality as-
sessment of process models is, therefore,
hardly carried out in a methodical way,
but rather in an ad-hoc fashion that is
based on the situational knowledge of rel-
evant quality attributes (Mendling 2009,
pp. 208–209).

In this paper, we propose the 3QM-
Framework as an approach that supports
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a methodical determination of the qual-
ity of business process models. For this
purpose, the presented approach specif-
ically makes three contributions: (1) It
introduces a theoretically justified qual-
ity model that systematically categorizes
distinguishing quality marks of business
process models. The quality model builds
upon earlier contributions which were
published in the Business and Infor-
mation Systems Engineering community
and consolidates them into an integrative
approach. (2) It defines quality metrics
which can be used to quantify the vari-
ous quality marks. (3) It describes qual-
ity measurement procedures that can be
used to determine the quality level of
business process models.

The construction of the 3QM-Frame-
work is based on the design-oriented
research approach of the Business and
Information Systems community, es-
pecially the design science paradigm
(Hevner et al. 2004). This paradigm does
not only call for a theoretical founda-
tion and iterative improvement of the
design results, but also requires their
explicit evaluation. Amongst others, we
therefore evaluated the 3QM-Framework
in case studies, in which it was ap-
plied to determine the quality of business
process models. From a scientific view-
point, we particularly examine the fol-
lowing research questions: Which distin-
guishing marks determine the quality of
business process models? How can these
marks be systemized and quantified by
the use of metrics? The gathered find-
ings contribute to the building of the-
ories on the quality assurance of busi-
ness process models and, in particular,
to the creation of analytical quality as-
surance approaches. In this context, es-
pecially metrics to measure the quality
level have not been sufficiently investi-
gated yet (Mendling 2009, p. 221). Fur-
thermore, the creation of unifying qual-
ity models which systematically catego-
rize the distinguishing quality marks of
business process models and thereby con-
solidate existing approaches is viewed to
be an important research goal (Moody
2005, p. 268).

In Sect. 2, we discuss related quality as-
surance approaches to highlight the ex-
isting research gap. Thereafter, we de-
scribe the research method that the de-
sign of the 3QM-Framework is based
upon in Sect. 3. In Sect. 4, we present
the 3QM-Framework and its elements in
detail. Section 5 covers the conducted
evaluation of the 3QM-Framework. We

conclude by discussing implications for
academia and practice as well as the
remaining need for future research.

2 Related Work

Approaches to ensure the quality of busi-
ness process models can generally be cat-
egorized into constructive and analyti-
cal approaches. Constructive approaches
impact the model creation process and
are supposed to ensure that a model
meets certain quality criteria ex ante
(Balzert 2008, p. 477; Sommerville 1992,
p. 591; Denger and Olsson 2005, p. 175).
Amongst the constructive approaches
are e.g. languages, methods, techniques,
and guidelines with prescriptions for the
model creation process. In contrast, ana-
lytical approaches aim at quantifying the
achieved quality level and, hence, directly
contribute to assessing the model quality
(Balzert 2008, p. 477; Sommerville 1992,
p. 591; Denger and Olsson 2005, p. 172).
Amongst the analytical approaches are
in particular classification systems with
indicators and measurement procedures.

2.1 Constructive Quality Assurance
Approaches

Current literature mainly discusses con-
structive quality assurance approaches.
A focal point is the design and qual-
ity evaluation of modeling languages that
can be used to depict business processes
in high quality (Scheer et al. 2005; OMG
2003, 2007). In this context, research
mainly evaluates which contents of busi-
ness processes should be covered by mod-
eling languages and how different prop-
erties of modeling languages affect the
quality of the resulting model (Gemino
and Wand 2004; Moody 2009; Burton-
Jones et al. 2009; Patig et al. 2010; Recker
et al. 2011; Mendling et al. 2012). Lit-
erature, moreover, examines to what ex-
tent current modeling languages already
support the creation of high-quality busi-
ness process models (Indulska et al. 2008;
Recker et al. 2009). Constructive quality
assurance approaches furthermore com-
prise modeling techniques that support
the meeting of specific quality goals such
as the compliance with syntactical rules,
terminological conventions, or sequence
restrictions (cf. Delfmann et al. 2009;
Fellmann et al. 2011). However, the pro-
posed modeling techniques generally do
not describe how the achieved quality
level can be measured afterwards. Hence,

they hardly provide insights into the
determination of the quality of busi-
ness process models. Such insights can
rather be derived from modeling guide-
lines which contain general rules and pre-
scriptions for a high-quality modeling
process (Mendling et al. 2010, p. 128).
With respect to the quality assurance
in business process modeling, especially
the Guidelines of Modeling (GoM) and
the Seven Process Modeling Guidelines
(7PMG) were proposed. Both approaches
define specific guidelines to assure the
quality of business process models.

The GoM (Becker et al. 1995; Schütte
and Rotthowe 1998) build upon ear-
lier approaches for the quality assurance
of conceptual data models (Moody and
Shanks 1994). They comprise six guide-
lines that go beyond ensuring syntactical
correctness and should generally be con-
sidered when designing conceptual mod-
els (Fig. 1). The provided guidelines aim
at improving the quality of the model cre-
ation process as well as that of the con-
ceptual model itself. The principle of cor-
rectness thereby postulates that the real
world excerpt has to be depicted correctly
with respect to its content. The principle
of relevance prescribes that only elements
must be depicted which are relevant for
the modeling purpose. The principle of
economic efficiency demands that the
costs for creating models must not exceed
the expected utility. The principle of clar-
ity postulates that a model has to be un-
derstandable and readable for the respec-
tive users. The principle of comparabil-
ity requires that models (e.g. as-is and to-
be models) have to be created in such a
way that their content can be compared
with each other. The principle of system-
atic design finally postulates that multi-
ple views have to be used for the model-
ing of different aspects which should be
adjusted to each other.

Since they were first introduced, the
GoM have repeatedly been refined and
adjusted according to specific modeling
purposes, amongst others for the mod-
eling of business processes (Becker et al.
2000). However, they do not contain con-
crete measures to achieve the mentioned
goals, which makes their practical appli-
cation during the modeling process diffi-
cult (Schütte 1998, p. 12; Mendling et al.
2010, p. 128). Moreover, it is difficult to
use the GoM to determine the quality of
business process models. Although some
of the guidelines can be used to derive
quality marks that have to be evaluated,
concrete metrics which prescribe how
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Fig. 1 Guidelines of
Modeling (GoM, according
to Becker et al. 2000, p. 32)

Fig. 2 Semiotic Quality
Model (SEQUAL, Lindland
et al. 1994, p. 44)

those quality marks can be measured are
missing. Furthermore it remains unclear
how complete a quality assessment on
the basis of the GoM would be and how
the different marks should be weighted
against each other.

The 7PMG (Mendling et al. 2010) aim
at improving the understandability and
the manageability of business process
models. Based on the observation that
content can be depicted more or less ef-
ficiently, concrete measures are proposed
to keep the complexity of process mod-
els low. The proposed measures affect the
modeling style, i.e., the modeler’s use of
the language. In particular, the 7PMG
recommend to minimize the number of
modeling elements as well as the number
of in- and outgoing connections, to use
only one start- and one end-element, to
split and merge control flow parts with
analogous connectors, to label activities
with a verb and an object, to avoid in-
clusive OR connectors, and to decom-
pose models that consist of more than
50 elements. The 7PMG can be used to
determine the quality of business pro-
cess models as concrete quality marks can
be derived from the guidelines. More-
over, metrics exist which can quantify
these quality marks (Vanderfeesten et al.
2007, p. 180). Yet, it remains unclear if
the derived quality marks support a com-
prehensive assessment of the modeling
style. Compared to the syntactic and se-
mantic correctness of process models, as-
sessing the modeling style moreover ap-
pears to be less relevant for the mo-
ment, although a high-quality modeling
style admittedly contributes to mitigat-
ing modeling faults and to improving
the maintainability (Mendling et al. 2010,
p. 218).

2.2 Analytical Quality Assurance
Approaches

Analytical quality assurance approaches
are comparably seldom discussed in liter-
ature. To determine the quality of busi-
ness process models, in particular the
Semiotic Quality Model (SEQUAL) can
be used. Proposed by Lindland et al.
(1994), SEQUAL uses the general linguis-
tic theory of signs as kernel theory. It sys-
tematically distinguishes between quality
aspects of conceptual models which re-
fer to the modeling language used, the
depicted real world excerpt, and the in-
terpretation of a model by its audience
(Fig. 2). The syntactic quality depicts
to what extent a model complies with
the formal rules of the modeling lan-
guage. The semantic quality describes
the level of equivalence between the real
world excerpt and the model content.
The pragmatic quality characterizes the
interpretability of the model by its users.
In the course of time, several influenc-
ing factors such as the knowledge of the
modeler have been identified as deter-
minants of the quality aspects and were
hence included in the model (Krogstie
et al. 2006, p. 98).

SEQUAL further describes require-
ments and exemplary quality marks for
the described quality aspects. However,
the quality marks are neither explicitly
defined nor listed completely. Moreover,
it is not mentioned how the quality
marks can be quantified. Although em-
pirical studies have shown that the qual-
ity aspects of SEQUAL are perceived to be
complete during the assessment of busi-
ness process models (Moody et al. 2003,
p. 299), participants assigned numerous
deficits of the models either to a wrong

quality aspect or to none at all. A ma-
jor reason for this was that the quality
marks are only very vaguely or not at
all described in SEQUAL (Moody et al.
2003, p. 301). Due to its high degree of
abstraction, the practical applicability of
SEQUAL to determine the quality of con-
ceptual models is limited (Shanks and
Darke 1997, p. 805).

To mitigate the weaknesses of cur-
rent approaches, a systematical develop-
ment of analytical frameworks to sup-
port the quality determination has been
demanded in literature (Moody 2005,
p. 268). In particular, requirements are
described that should be met by such
frameworks. On the one hand, new
frameworks should be based on the
structure of established frameworks that
determine the quality of software such
as the ISO 9126 standard (R1; Moody
2005, p. 252). Furthermore, existing ap-
proaches should be considered and con-
solidated during the development of new
frameworks (R2; Moody 2005, p. 266).
On the other hand, concrete require-
ments with regard to the content of
such frameworks exist. Basically, frame-
works to determine the quality should
define and categorize relevant quality
marks (R3), determine metrics to quan-
tify the quality marks (R4), and support
a weighting of quality marks (R5) to de-
termine their relative importance. More-
over, they should name relevant user
groups (R6), which have to be comprised
by the assessment, and outline measures
(R7) that must be performed when qual-
ity defects are identified (Moody and
Shanks 1994, p. 97; Shanks and Darke
1997, p. 809). Finally, frameworks should
be confirmed by experts (R8) to en-
sure their acceptance in practice (Moody
2005, p. 267).
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Besides the above-mentioned ap-
proaches, further work exists that con-
centrates on the quality determination
of conceptual models. In particular, a
set of approaches which can be used to
determine the perceived model quality
has been proposed (Poels et al. 2005,
p. 378; Krogstie et al. 2006, p. 98). The
focus of such approaches, though, is not
to determine the actual quality of con-
ceptual models. Rather, potential users
are asked for their perception of the
quality level in order to evaluate their
willingness to use those models. Since
the 3QM-Framework aims at supporting
the evaluation of the factual, objectively
measurable model quality, we did not
consider approaches to determine the
perceived model quality.

3 Research Method

The construction of the 3QM-
Framework is based on the design sci-
ence paradigm that introduces principles
for the scientific construction of innova-
tive artifacts (Hevner et al. 2004, p. 77).
In terms of this paradigm, artifacts may
be constructs, models, methods, and
instantiations which help solving rele-
vant problems regarding the planning
and implementation of information sys-
tems in companies (March and Smith
1995, p. 253). To ensure a scientific con-
struction of such artifacts, especially two
principles have to be followed. On the
one hand, a novel contribution that ex-
tends the current knowledge base has to
be provided with the construction of the
artifact (Hevner et al. 2004, p. 83). For
this, it not only has to be verified that
the respective research goals have been
met (Iivari 2007, pp. 50–51). As design
science research aims at solving relevant
problems, additionally the usefulness of
the artifact has to be evaluated (March
and Smith 1995, p. 253). On the other
hand, the construction of the artifact
has to be carried out in a traceable, rig-
orous manner (Iivari 2007, pp. 50–51).
To achieve the latter, a structured design
process has to be followed that is based
upon explicitly defined requirements
(Iivari 2007, p. 50; Hevner et al. 2004,
p. 88). Moreover, it is recommended to
build upon so-called kernel theories that
form a scientific fundament for the con-
struction of artifacts (Hevner et al. 2004,
p. 80).

With the 3QM-Framework, we partic-
ularly aim at contributing to the clo-
sure of the research gap that was dis-
cussed in Sect. 2. Accordingly, the re-
search goal associated with its design is
basically to fulfill the requirements for
quality assessment frameworks (R1–R8)
as listed in Sect. 2. In a first step, how-
ever, we focused on satisfying the funda-
mental requirements R1–R5 during our
research project. To ensure a broad appli-
cability of the 3QM-Framework, we fur-
thermore wanted it to be usable inde-
pendently of the notation used to model
business processes. The universality of
the approach (R9), hence, constituted an-
other requirement for the design of the
3QM-Framework.

During the design of the 3QM-Frame-
work, whose elements qualify as arti-
facts according to the taxonomy above,
we carefully incorporated the two men-
tioned principles for design science re-
search projects. We implemented two
measures to ensure the rigorousness of
the design. On the one hand, we sys-
tematically based the design of the 3QM-
Framework on a kernel theory that deter-
mines the distinguishing quality marks
which have to be taken into account from
a theoretical point of view (Sect. 4). On
the other hand, we adopted the design
cycle, a structured process model intro-
duced by Takeda et al. (1990) and refined
by Vaishnavi and Kuechler (2004) for the
usage in design science research projects.
This process model supported the itera-
tive construction and evaluation of the
3QM-Framework. All in all, we passed
through four iterations of the design cy-
cle until we reached the version that is
presented in the work at hand. Dur-
ing these iterations, the 3QM-Framework
was repeatedly evaluated in order to ver-
ify its usefulness and the achieved scien-
tific contribution. To prove the usefulness
of the 3QM-Framework, we specifically
evaluated in how far it supports the mea-
suring of practically relevant deficits of
business process models and in how far
it supports the reliable, unequivocal as-
signment of such deficits to quality marks
(Sect. 5). These two properties are de-
nominated as adequacy and reliability in
literature and viewed to be two major
determinants for the usefulness of de-
sign results (Hevner et al. 2004, p. 85).
To verify the achieved scientific contribu-
tion, we furthermore examined in how
far the 3QM-Framework met the aspired
research goal . For this purpose, we eval-
uated the fulfillment of the requirements
R1–R9 (Sect. 6).

4 The 3QM-Framework

The 3QM-Framework aims at support-
ing a methodical determination of the
quality of business process models. In
reference to the quality definition pro-
vided by the ISO 9000 standard (ISO/IEC
2000), the quality of a business process
model can generally be defined as the
totality of its characteristics that bear
on its ability to satisfy stated require-
ments. Above all, literature emphasizes
the ability of business process models to
communicate model contents as a cen-
tral requirement, e.g., for the purpose
of redesigning, implementing, or con-
trolling business processes (Becker 2011;
Hadar and Soffer 2006, p. 569). Addi-
tional requirements, e.g., with respect
to the maintainability or changeability
of business process models, furthermore
ought to be fulfilled to facilitate the pro-
cess management (Vanderfeesten et al.
2007, p. 179). The 3QM-Framework par-
ticularly addresses the quality of process
models as means of communication. Its
quality marks, metrics, and measurement
procedures hence specifically contribute
to determining the appropriateness of
business process models to communicate
model contents.

4.1 Kernel Theory

Business process models are created dur-
ing a modeling process in which an ex-
cerpt of the real world is perceived by a
modeler and depicted using a modeling
language (Hadar and Soffer 2006, p. 573).
The resulting model is a description of
the perceived real world excerpt in nat-
ural or a graphical language. From a lin-
guistic point of view, it is a sequence of
signs – a so-called sign system – which
represents the real world excerpt (Sebeok
and Danesi 2000, pp. 1–2). The appro-
priateness of sign systems as means of
communication can be explained with
semiotics, i.e., the theory on the na-
ture and usage of linguistic signs (Mor-
ris 1938, p. 2; Sebeok 2001, p. 3; Mar-
tin and Ringham 2006, p. 175). In semi-
otic theory, a sign is not merely conceived
as a static thing, but as a triadic rela-
tion between the sign itself (the so-called
signifier or sign vehicle) as the commu-
nication medium, the signified (the so-
called referent or designatum) as the ref-
erenced real world object, and the sense
(the so-called interpretant or thought) as
the conception that is evoked by the sign
(Morris 1938, p. 3; Nöth 1990, p. 89).
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According to this relation, semiotic
theory distinguishes three fundamental
properties of signs and sign systems
which are subsumed under the cate-
gories syntactics, semantics, and prag-
matics (Morris 1938, pp. 6–7; Martin and
Ringham 2006, p. 155). Syntactics covers
the relationships between the signs of a
sign system. It describes the formal order
of signs and sign sequences and so char-
acterizes the structure of the sign system.
Semantics contemplates the relationships
between the signs and the signified. It de-
scribes the reference of signs and sign se-
quences to objects of the real world ex-
cerpt and so characterizes the meaning of
a sign system. Pragmatics focuses on the
relationships between the signs and the
interpreter. It describes the interpretation
of signs and sign sequences by the recip-
ient and so characterizes the mental pro-
cessing of a sign system. The three fun-
damental categories of properties deter-
mine the quality of sign systems as means
of communication in general (Morris
1938, pp. 1–2, 10). They are not depen-
dent on the sign format and can hence
be used to analyze textual and graphical
signs alike (Morris 1938, p. 1). Therefore,
they also have to be considered when de-
termining the quality of business process
models as means of communication.

4.2 Quality Marks

The 3QM-Framework builds upon semi-
otics as kernel theory. It takes over syn-
tactics, semantics, and pragmatics as fun-
damental quality marks of business pro-
cess models and systematically opera-
tionalizes them further. Following the
ISO 9126 standard to determine the qual-
ity of software artifacts, we developed a
quality model with a hierarchy of quality
marks, specific sub-marks, and metrics
during this operationalization (ISO/IEC
2001, p. 7). Figure 3 depicts the quality
model in a graphical summary.

The quality mark syntactics specifies
in how far a business process model ad-
heres to the formal rules of the model-
ing language. Mandatory formal rules re-
sult from both the lexicon, which prede-
termines the available words as the reper-
toire of signs, and the grammar, which
regulates the combination of words to
complex statements (Morris 1938, p. 14;
Martin and Ringham 2006, p. 95). For in-
stance, the Event-Driven Process Chain
(EPC) and the Business Process Model
and Notation (BPMN) each define a vo-
cabulary with specific words in the form

of graphical signs and a specific grammar
with rules for the combination of these
signs. Depending on the respectively con-
templated formal rules, semiotics distin-
guishes between the word syntax (mor-
phology), the sentence-level syntax, and
the text syntax (discursive syntax) as
sub-categories (Morris 1938, p. 14; Mar-
tin and Ringham 2006, pp. 196–197).
Based on these sub-categories, the qual-
ity determination of the syntactics of
business process models can be further
concretized.

The sub-mark word syntax specifies in
how far the formal regulations of the lex-
icon are adhered to (Morris 1938, p. 14;
Martin and Ringham 2006, p. 128), i.e.,
to which degree the signs depicted in a
business process model correspond to the
lexicon of the modeling language. When
using the BPMN, for instance, events al-
ways have to be depicted with a circle
(Fig. 4, I) while they have to be repre-
sented with a hexagon in an EPC. If signs
that do not belong to the used language
are depicted in a business process model,
the word syntax is compromised. This
negatively affects the communication of
the model contents as the formal mean-
ing of the unexpected signs is unclear for
the model interpreter.

The sub-mark sentence-level syntax fo-
cuses on the direct combination of words
to form larger units according to the
grammar, the so-called sentence struc-
ture (Morris 1938, pp. 14–15; Sebeok
and Danesi 2010, p. 1077). It specifies
in how far a business process model ad-
heres to the rules of the grammar that
predetermine the combination of indi-
vidual words to larger units (sentences).
Through the combination of words, it is
for instance possible to formulate state-
ments about the temporal sequence of ac-
tivities whose formal meaning is deter-
mined by the grammar of the modeling
language. However, the words of a mod-
eling language cannot be combined in an
arbitrary manner. In EPC, for example,
events must not stand before a condi-
tional branch of the control flow, i.e., they
must not determine which path to follow.
The BPMN’s grammar makes no compa-
rable restriction. Within a process flow,
however, it only allows the usage of so-
called intermediate events that have to be
depicted with a double border (Fig. 4, II).
If such rules are violated during the mod-
eling, the formal meaning of the resulting
statements is unclear for the interpreter.
This complicates the communication of
the model contents.

The sub-mark text syntax covers the
combination of sentences to form com-
plex expressions, i.e., the transitive com-
bination of words to form texts (Sebeok
and Danesi 2010, p. 1097; Martin and
Ringham 2006, p. 197). It specifies to
which degree a business process model
conforms to the rules of the grammar
which govern the combination of sen-
tences to form complex expressions. Typ-
ically, formal relationships between indi-
vidual sentences exist which have to be
observed when formulating complex ex-
pressions as a text. Such relationships for
instance exist between splits and merges
of control flow parts, which have to be
depicted by so-called connectors in EPC
and BPMN. In doing so it has to be
kept in mind that the connectors used
to depict the merge of control flow parts
should be formally compatible to those
connectors used to split the parts earlier
on (Fig. 4, III).

The quality mark semantics specifies in
how far the reference of the model el-
ements to real world objects is appro-
priate, i.e., to which degree the underly-
ing real world excerpt is adequately de-
picted in the model (Morris 1938, pp. 21–
22; Martin and Ringham 2006, p. 171).
Generally, the semantics of a sign system
is determined by its carriers of meaning
(Morris 1938, p. 24). According to semi-
otic theory, a sign in a sign system is
a carrier of meaning if it is linked to a
real world object that has to be depicted
in order to communicate a certain part
of reality (Morris 1938, p. 25). To ana-
lyze the semantics of a business process
model, its business process specific car-
riers of meaning hence have to be ex-
amined. These, amongst others, include
all signs that depict activities which have
to be performed, temporal dependencies,
or participating organizational units. As
relevant sub-marks to determine the se-
mantics of business process models, lit-
erature particularly emphasizes the cate-
gories completeness, correctness, and rel-
evance (Becker et al. 2000, p. 32; Lind-
land et al. 1994, p. 46; Moody and Shanks
1994, p. 101). In the 3QM-Framework,
these sub-marks are complemented by
the category flexibility, which we have
defined in addition to correctness.

The sub-mark completeness is con-
cerned with the presence of the carriers
of meaning that are required to commu-
nicate a real world excerpt. It specifies
in how far all contents required to un-
derstand the real world excerpt are de-
picted by model elements. For instance,
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Fig. 4 Procurement process at a German university (depicted in BPMN)
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it is necessary to document all work
steps that have to be performed dur-
ing a business process as activities in
the model (Fig. 4, IV). If relevant as-
pects of a business process remain un-
documented in the model, the interpreter
can at best infer them from the con-
text. This negatively affects the ability of
the business process model to effectively
communicate the underlying real world
excerpt.

The sub-mark correctness inspects the
content reference of the carriers of mean-
ing that are depicted in a business process
model. It specifies in how far the mean-
ing of the model elements is consistent
to the real world excerpt that has to be
depicted. For instance, all activities and
control flow parts that are depicted in a
model have to be correct as regards con-
tent (Fig. 4, V). If aspects of a business
process model are incorrectly depicted
with respect to the content, i.e. if their
reference deviates from the real world ex-
cerpt that actually has to be represented,
a defective understanding of the process
is created. This compromises the appro-
priateness of a business process model as
a means of communication.

In this context, flexibility specifically
addresses the independence of individ-
ual control flow parts that are depicted in
a business process model. The sub-mark
specifies in how far actually independent
parts of the control flow are depicted as
concurrent in the model. Ideally, inde-
pendent parts of the control flow always
ought to be depicted as parallel control
flows (Fig. 4, VII). If they are instead
depicted as a sequence, i.e., as proceed-
ing one after another, only one possible
course of action among the actually pos-
sible ones is specified. In principle, this
negatively affects the ability of the busi-
ness process model to appropriately com-
municate the underlying real world ex-
cerpt (e.g., in order to support a planned
process optimization). Sometimes, how-
ever, independent parts of the control
flow are deliberately depicted in sequence
to reduce the complexity of the process
model and increase its appropriateness
as a means of communication. Studies
have shown that especially the number
of branches and merges negatively affects
the comprehensibility of business process
models (Mendling 2008). As the sequen-
tial representation at least correctly de-
picts one of the possible courses of ac-
tion, we decided to measure this aspect
using a separate category when designing
the 3QM-Framework.

The sub-mark relevance contemplates
the necessity of the carriers of meaning
that are depicted in a business process
model. It expresses in how far the model
elements are required to communicate a
particular real world excerpt. A business
process model should for instance only
contain those activities and events which
are required to communicate the under-
lying real world excerpt (Fig. 4, VI). De-
picting superfluous aspects in a business
process model, which have no direct ref-
erence to the real world excerpt that is
to be depicted, increases the complex-
ity for the interpreter. This negatively af-
fects the communication of the contents
which have to be transported with the
model.

The quality mark pragmatics specifies
in how far the presentation of the busi-
ness process model supports the inter-
pretation of the contents which have to
be communicated (Martin and Ringham
2006, p. 155). To this end, semiotic the-
ory amongst others contemplates linguis-
tic forms of expression and strategies
to formulate statements that facilitate a
cooperative interpretation of what was
meant (Morris 1938, pp. 36–37; Nöth
1990, pp. 28, 47). Here the focus is
also on the circumstances under which
the effect of signs, i.e., the conception
that is evoked during their interpretation,
is negatively affected by deficits regard-
ing the intuitiveness of the formulation
(Morris 1938, p. 37). This aspect of prag-
matics is particularly important when de-
termining the quality of business pro-
cess models. It encompasses unambigu-
ity and understandability as relevant sub-
categories, which affect the understand-
ing that is evoked during the interpreta-
tion of the model (Morris 1938, p. 37;
Nöth 1990, p. 54).

The sub-mark unambiguity contem-
plates the interpretability of the formu-
lations that are contained in a business
process model from a content-oriented
perspective. It specifies in how far the el-
ements of the model are intuitively for-
mulated with respect to content (Nöth
1990, p. 54). For instance, a business pro-
cess model should not contain any con-
tradictions (Fig. 4, VIII). If the elements
of the business process model do not in-
tuitively describe the content, its inter-
pretation by the model user is compli-
cated. This negatively affects the ability of
the business process model to efficiently
communicate the underlying real world
excerpt.

The sub-mark understandability fo-
cuses on the interpretability of the for-
mulations that are contained in a busi-
ness process model from a language-
usage perspective. It specifies in how far
the use of the language to formulate the
model elements is intuitive (Nöth 1990,
p. 54). For instance, the labeling of ele-
ments should not be modified through
the use of synonyms in the business pro-
cess model (Fig. 4, IX). Any use of the
language that is not intuitive for the
model user negatively affects the inter-
pretation of the depicted real world ex-
cerpt and, accordingly, the appropriate-
ness of the business process model as a
means of communication.

4.3 Metrics and Measurement
Procedures

In order to evaluate to what extent
business process models meet the pre-
viously defined quality criteria, we de-
fined a catalog of concrete metrics and
measurement procedures for the 3QM-
Framework (Table 1). The defined met-
rics contain measurement indices which
support measuring the level of the in-
dividual quality criteria. The measure-
ment procedures thereby specify how
the individual measurement indices are
to be determined. On the basis of
the proposed metrics and measurement
procedures, the quality marks of the
3QM-Framework can, hence, be sys-
tematically quantified. Compared to ap-
proaches which solely define quality cri-
teria without describing how they are to
be quantified, the 3QM-Framework thus
enables a more objective, unequivocal de-
termination of the quality of business
process models.

The 3QM-Framework moreover dis-
tinguishes between absolute and rel-
ative measurement procedures respec-
tively (Table 1). Absolute measurement
procedures help to assess the overall ex-
tent of a measurement. Relative measure-
ment procedures set the determined ab-
solute value in relation to the size of the
model. They can hence be used to de-
termine the quality level independently
of the model size. Relative measure-
ment procedures are therefore particu-
larly suited to compare the quality level
of different models, while absolute mea-
surement procedures are better suited to
assess the effort required to improve a
particular business process model. The
syntactic quality can solely be measured
on the basis of the business process model
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Table 1 Metrics and measurement procedures of the 3QM-Framework
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itself and the formal rules of the model-
ing language that was used. As the busi-
ness process model is only verified against
formal criteria during the measurement
of syntactical quality marks, no addi-
tional knowledge about the underlying
real world excerpt is required. However,
when determining the semantics or prag-
matics, the reference of the model to the
real world excerpt has to be examined.
This step comprises a validation of the
content which has to be achieved either
on the basis of a documentation of the
real world excerpt or on the basis of the
reality as perceived by model users. If the
validation is to be conducted on the ba-
sis of the perceived reality, business ex-
perts with privileged insights into the
real world excerpt that is depicted in the
model ought to be consulted.

Quantifying the sub-marks of the syn-
tactic quality is carried out in a common
procedure that can be used to measure
the word syntax, the sentence-level syn-
tax, and the text syntax. The metrics of
the sub-marks measure if the respective
formal rules of the used modeling lan-
guage are violated. Here we distinguish
between original violations and repeated
violations, which are recorded indepen-
dently of each other (Table 1). Original
violations occur whenever a formal rule
of the modeling language is violated for
the first time. The number of original vi-
olations hence describes how many dif-
ferent rules of the modeling language are
violated. In contrast, the number of re-
peated violations specifies how often for-
mal rules are violated. For example, if
an activity is depicted with a circle in a
BPMN model for the first time, this has
to be measured as an original violation in
the category word syntax. If activities are
repeatedly depicted in this manner, every
further violation is counted as repeated
violation.

The distinction between original and
repeated violations is based on the as-
sumption that the first violation of a
formal rule more severely compromises
the appropriateness of a business pro-
cess model as a means of communication
than further, repeated violations. When
studying a syntactically defective model,
the user not only has to identify the vi-
olations of the rules, but also has to de-
termine what the modeler actually meant
to depict. An additional cognitive load es-
pecially arises when novel violations of
rules must be processed. Repeated viola-
tions of rules that the user already is fa-
miliar with typically do not cause such

a cognitive load anymore. Besides, sepa-
rating original and repeated violations of
rules enables analysts to identify if merely
some formal rules of the used modeling
language lead to mistakes or if the mod-
eling grammar as a whole is difficult to
use. The results of such an analysis can,
e.g., be used to reevaluate the applicabil-
ity of a modeling language that is em-
ployed by a company during the process
management.

To measure the quality level of the sub-
marks contained in the category seman-
tics, the relevant carriers of meaning of
a business process model have to be in-
spected. The relevant carriers of mean-
ing to depict a business process have been
discussed in literature. Literature partic-
ularly emphasizes the signs to represent
activities, events, flow conditions, orga-
nizational units, data objects, data object
states, data flows, and control flows to
be relevant carriers of meaning (Becker
and Schütte 2004, p. 107; Weske 2007,
pp. 88–120; Recker et al. 2009, p. 341). To
measure completeness and correctness,
the number of missing carriers of mean-
ing (completeness) and incorrect carri-
ers of meaning (correctness) has to be
documented during a comparison of the
business process model with the under-
lying real world excerpt. Thereby, the
number of superfluous carriers of mean-
ing, i.e., carriers of meaning that can be
eliminated without loss of information,
has furthermore to be determined in or-
der to measure the relevance. The flex-
ibility results from the number of con-
trol flow constraints which has to be de-
termined during the comparison of the
business process model with the underly-
ing real world excerpt. Here a constraint
emerges each time when actually inde-
pendent control flows are connected to
each other in sequence.

Table 1 summarizes the specific met-
rics and measurement procedures for the
individual carriers of meaning in busi-
ness process models. When designing
the 3QM-Framework, we only defined
metrics and measurement procedures for
carriers of meaning which are used in
various business process modeling lan-
guages. Depending on the modeling lan-
guage used, additional signs might ex-
ist that depict relevant contents and that
should hence also be considered dur-
ing the quality determination. Metrics
and measurement procedures for such
language-specific carriers of meaning can
be developed in analogy to those de-
picted in Table 1 and be included into the
framework as needed.

To determine the quality level of the
sub-marks contained in the category
pragmatics, the intuitiveness of the de-
picted model elements with respect to the
content and the intuitiveness of the lan-
guage use have to be examined. In accor-
dance with findings of the semiotics dis-
cipline, we defined the two metrics re-
dundancy and contradiction in order to
measure the intuitiveness with respect to
the content (Nöth 1990, p. 54). The first
metric measures the number of carriers
of meaning which are unnecessarily de-
picted repeatedly in a business process
model. This, for instance, applies to any
activities that are recurrently depicted in
individual threads of parallel flows. The
second metric measures the number of
process elements that are semantically
correct, but logically in contradiction to
other model elements or the control flow.
Such a contradiction can for instance re-
sult from a conflict with the token seman-
tics of certain modeling languages, which
can cause a blocking of repetitive control
flow parts.

Building upon findings from the semi-
otics discipline, we introduced the two
metrics non-normalized labels and in-
consistent labels to measure the intuitive-
ness of the language use (Nöth 1990,
p. 54). The first metric measures the
number of violations of labeling con-
ventions. By adhering to labeling con-
ventions, the understandability of busi-
ness process models can generally be im-
proved (Mendling et al. 2010, p. 130).
Therefore, companies often have label-
ing conventions that have to be main-
tained. An established convention for ex-
ample demands that activities are labeled
with a verb in the infinitive and an object.
The second metric measures how often
carriers of meaning are labeled inconsis-
tently within a process model. Using dif-
ferent synonymous labels for model ele-
ments compromises the understandabil-
ity of business process models as the con-
nection between those elements is not
immediately evident for the model users
anymore.

The metrics to measure the quality
level in the category pragmatics are sum-
marized in Table 1. It has to be men-
tioned that further approaches exist be-
sides those metrics, which can be used
to examine the intuitiveness of the lan-
guage use. To gain information about the
intuitiveness of graphical models, it is
for instance possible to apply the crite-
ria and metrics provided by the 7PMG.
They support an analysis of the graphical
layout’s clarity. Yet, graphical modeling
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Fig. 5 Exemplary pairwise comparison and AHP scale (according to Saaty 1980, pp. 18, 53–64)

formats are only one way to depict busi-
ness process models. Especially in prac-
tice, formats based on natural language
are also widely used to depict business
process models (Patig et al. 2010, p. 24).
When designing the 3QM-Framework,
we therefore focused on developing met-
rics and measurement procedures that
can be used across specific modeling
formats.

4.4 Aggregation

The metrics of the 3QM-Framework ini-
tially support an assessment of individ-
ual quality marks. In order to make a
statement about the overall quality of a
process model, the individual measure-
ments have to be aggregated over the
different hierarchy levels of the quality
model. In the course of this, however, the
importance of individual quality marks
can vary depending on the project con-
text (Moody and Shanks 1994, p. 100).
Hence, when conducting the aggregation,
the situation and all relevant user groups
have to be considered to derive a weigh-
ing of all quality marks and metrics. The
3QM-Framework therefore uses the Ana-
lytic Hierarchy Process (AHP). The AHP
supports the participating user groups by
decomposing the decision problem into
pairwise comparisons on the basis of a
verbalized scale (Saaty 1994, pp. 35, 40).
Pairwise comparisons here have to be
conducted for all quality marks and met-
rics that are summarized by higher-level
marks of the quality model (Fig. 5).

If the weightings are to be derived
from multiple participants, their results
have to be summarized by calculating
the geometric mean for each comparison
(Aczél and Saaty 1983, p. 101; Saaty 1986,
p. 854). For the analysis, the mean values
are to be denoted into a matrix which can
be used to determine the weightings by
eigenvalue calculations (for the calcula-
tion procedure cf. Saaty 1980, pp. 22–24).
To ensure that the pairwise comparisons
do not contradict each other, the consis-
tency ratio CR for the comparisons has
to be evaluated as an indicator for poten-
tial problems. If this ratio is below the

commonly accepted threshold of 10 %,
the weightings derived with the AHP are
deemed to be usable (Saaty 1980, p. 51).

5 Evaluation

The 3QM-Framework was repeatedly
evaluated during the four design cy-
cles. First of all, we examined its use-
fulness. Based on the results, we further
refined the framework until a version
had been achieved that was stable regard-
ing its usefulness. Utilizing this version,
we analyzed the agreement of experts
and, hence, the external validity of the
3QM-Framework. Finally, we examined
in how far a unified weighting suggestion
can be achieved for the before-described
aggregation.

5.1 Usefulness

Case studies were implemented at the end
of the design cycles to analyze the use-
fulness of the 3QM-Framework. During
the case studies, we analyzed the reliabil-
ity of the defined quality marks and met-
rics as well as their adequacy to determine
the quality of business process models
(Hevner et al. 2004, p. 85). The reliabil-
ity of the quality marks and metrics de-
scribes in how far their application leads
to reproducible results during the qual-
ity determination. The adequacy shows
to which degree they contribute to the
identification and classification of quality
defects in business process models.

To ensure a continuous evaluation of
the usefulness, the executed case stud-
ies were based on the same design. Each
time, a qualitative analysis was used to
examine the results. Basically, quantita-
tive examination methods are likewise
suitable to analyze the usefulness of the
3QM-Framework. For example, quanti-
tative measures like Cronbach’s Alpha or
Cohen’s Kappa would also allow evalu-
ating the reliability of the defined qual-
ity marks and metrics. However, quan-
titative methods can hardly be used to
explain why certain results have been

achieved. Qualitative methods, on the
other hand, support the description, in-
terpretation, and comprehension of the
context and, therefore, allow a more
comprehensive analysis of problems and
causalities (Given 2008, p. xxix). Hence,
a qualitative evaluation was particularly
suited for the exploration of remaining
weaknesses during the design cycles.

In each case study, several quality asses-
sors compared handwritten business pro-
cess models with a documentation of the
underlying real world excerpt. Based on
the provided metrics, all quality defects
had to be measured and assigned to the
quality marks of the 3QM-Framework.
To better support the generalizability
of the results, different business process
models that were documented in vary-
ing notations were examined during the
case studies. Thereby, graphical mod-
els in UML, BPMN, and EPC, as well
as natural-language based models no-
tated in normative language were ana-
lyzed. The quality assessors were faculty
members at a university and had several
years of professional experience. Within
their jobs they were engaged in model-
ing business processes in research, teach-
ing and industry projects. The assessors
worked together in a group during the
quality determination, so that ambigui-
ties during the application of the 3QM-
Framework could be exposed, discussed
and documented in a timely manner.
The results of the quality determination
were subsequently consolidated and ex-
amined. If quality defects were discov-
ered which could not be allocated to any
existing marks, this was taken as an in-
dicator for an insufficient adequacy of
the 3QM-Framework. Inconsistent allo-
cations of quality defects to metrics and
marks by the assessors were, furthermore,
seen as an indicator for a reduced reliabil-
ity of the 3QM-Framework. Consistent
allocations of quality defects were instead
rated as a confirmation.

At the end of the first design cycle,
the 3QM-Framework was applied in a
case study to evaluate 15 UML models
as well as 15 BPMN models that each
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Table 2 Rates of quality defects in the case study of the fourth design cycle (mean per model)

had 72 model elements (not counting
edges). An advanced version of the 3QM-
Framework was used at the end of the
second design cycle for the evaluation of
respectively 15 UML and BPMN mod-
els of similar complexity (Birkmeier et al.
2010). At the end of the last design cycle,
the usefulness of the 3QM-Framework
was examined again during a case study
with 36 UML and 37 EPC models, con-
sisting of 73 and 134 model elements re-
spectively, as well as 36 process descrip-
tions in normative language (Overhage
et al. 2011, 2012).

The results of the case studies show
that many of the marks and metrics were
readily usable beginning from the first
version of the 3QM-Framework. Based
on the study results, however, there also
arose the need to further increase the use-
fulness of the 3QM-Framework through
the addition, modification and removal
of individual marks and metrics. For ex-
ample, within the first version of the
3QM-Framework only violations against
the rules of the modeling notation (syn-
tactics) and content-related defects re-
garding the representation of the real
world excerpt (semantics) were differ-
entiated. To further be able to measure
the interpretability of a business process
model through the user, the framework
was subsequently extended with prag-
matics as a mark of its own and cor-
responding metrics. Besides, additional
carriers of meaning were added in or-
der to be able to assess the semantics
of business processes in greater detail.
While initially only activities, data ob-
jects and control flows were considered,
data flows, flow conditions, organiza-
tional units, events and data object states
were successively included.

Furthermore, certain metrics that
handicapped a reliable allocation of qual-
ity defects and, hence, compromised
the reliability of the framework were

removed. For example, it can be ob-
served that modelers occasionally specu-
late about parts of processes within other
organizational units or enterprises which
are not exactly known to the modeler.
Therefore, the 3QM-Framework initially
provided the metric fictive workflows
that counted process parts in the mod-
els which are not part of the real world
excerpt to be represented. However, the
framework also provides the metric su-
perfluous activities. Initially, this metric
accounted for activities that were part of
the real world excerpt to be represented,
but were categorized as irrelevant because
of their granularity. The executed stud-
ies showed that the two metrics cannot
be separated accurately. Therefore, the
corresponding quality defects are now
homogeneously measured by the metrics
of the relevance mark, whose definition
has been modified accordingly.

The results of the last case study show
that the assessors had no longer difficul-
ties with the allocation of quality defects
(Table 2) during the evaluation of the ex-
amined business process models. Besides,
no additional sub-marks for the cate-
gories syntactics, semantics, and prag-
matics were further discussed. The re-
sults, hence, document the adequacy of
the marks and metrics presented in this
paper to measure existing quality defects
in business process models. Moreover,
deviating opinions upon how to classify
quality defects in the 3QM-Framework
were no longer observed during the
study. The results, therefore, also reflect
a high reliability of the presented marks
and metrics. Overall, the usefulness of the
3QM-Framework for the quality deter-
mination of business process models has
been confirmed within the case study.

During the executed case studies, it was
observed, however, that the quality level
of the different marks varies depending
on the evaluated formats and notations
(Table 2). For example, a comparison

of the absolute means reveals that pro-
cess descriptions in normative language
contained a significantly higher number
of violations of the word and sentence-
level syntax. The question, in how far
such observations allow inferences on the
applicability of the individual modeling
notations, is the subject of investigation
in several research endeavors (Overhage
et al. 2011, 2012). In any case, the study
results show, however, that an analysis of
correlations and causalities between the
single quality marks and metrics cannot
be done independently of the properties
of the modeling notation.

5.2 Expert Agreement

To further document its adequacy, we
additionally examined in an expert sur-
vey whether the marks and metrics of
the 3QM-Framework identify relevant
deficiencies in business process mod-
els1. During the survey, an independent
assessment of the 3QM-Framework by
means of a so-called expert consensus
was aspired. An expert consensus shows
the agreement of experts to a research re-
sult and, thus, serves as evidence for the
external validity of the results (Moody
2005, pp. 266–267). The survey particu-
larly focused on the adequacy of the qual-
ity marks for the quality determination of
business process models. Besides, possi-
ble gaps in the quality marks and metrics
should be identified.

The expert survey was executed in
2010, subsequent to the last design cy-
cle. It consisted of three steps. At first, de-
mographic data and previous knowledge
on the quality determination of models
were collected. After this, the participat-
ing experts were provided with the defi-
nitions of the quality marks of the 3QM-
Framework together with a visualization
of typical quality defects. Based on these,
all experts were asked for their opin-
ion about the adequacy of each single

1Survey materials can be found in the online appendix.
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Fig. 6 Expert agreement to quality marks

mark and for possible improvement sug-
gestions in the second step. In the third
step, the quality metrics of the 3QM-
Framework were explained and the ex-
perts were asked for possible improve-
ments and amendments.

27 experts from research and practice
participated in the survey. To achieve
a consensus from experts, a minimum
of two years of experience in business
processes modeling was required as pre-
requisite for participation (Moody 2005,
pp. 267–268). 75 % of the participating
experts had more than five years of ex-
perience in process modeling, one third
even more than ten years. Substantial ex-
periences of the participants not only
consisted in model creation (96 %), but
also in model validation (85 %). On a 7-
point Likert scale (from 1: “strongly non-
familiar” – 7: “strongly familiar”), the ex-
perts rated their own experiences in qual-
ity assurance and validation of models
with 5.78 on average. Overall, they main-
tained to know 5.52 different approaches
for the quality determination of business
process models.

Figure 6 shows the agreement of the
experts to the quality marks of the 3QM-
Framework that was measured on a
yes/no scale. It varies between 100 %
agreement to the understandability mark
and 74.1 % agreement to the flexi-
bility mark. The average agreement of
the experts to the marks of the 3QM-
Framework amounts to 91.7 %. Follow-
ing Moody (2005, p. 267), an agreement
of 80 % is considered as sufficient for the
aspired expert consensus. The analysis of
the survey results indicates a generally
high acceptance of the 3QM-Framework.
Especially does it confirm the relevance
of the fundamental syntactics, semantics,

and pragmatics marks. Concerning se-
mantics and pragmatics, a high agree-
ment of 96.3 % and 92.6 %, respectively,
was measured. One reason for the slightly
lower agreement of 85.2 % regarding syn-
tactics could be the widespread tool sup-
port, which prevents violations against
the lexicon and the grammar of the mod-
eling notation. Nevertheless, a syntacti-
cally correct representation is also con-
sidered to be an overall important quality
mark of a business process model. Hence,
the sentence-level syntax and text syntax
both obtained an agreement of around
96 % from the experts. Likewise, a high
agreement was achieved by all sub-marks
of the pragmatics.

With regard to the sub-marks of se-
mantics, the agreement varied slightly
more. The correctness, relevance, and
completeness each achieved a high agree-
ment. The agreement to the flexibility, on
the other hand, was slightly below the
critical value of 80 %. Based on the feed-
back, the reason for this could not be
conclusively clarified. However, one pos-
sible acceptance barrier could be the de-
viating definitions of the flexibility term
in literature, which might lead to a di-
verging relevance of the mark (Moody
and Shanks 1994, p. 99). As the experts
did not provide any alternative recom-
mendations, the sub-mark was kept in
the 3QM-Framework nonetheless.

During the survey, further extensions
to the 3QM-Framework were suggested,
which were afterwards examined with re-
spect to their feasibility. On the one hand,
it was proposed to additionally measure
the perceived model quality (Sect. 2).
However, this would lead to an inher-
ent dependency of the quality determi-
nation on the appointed quality assessors

and, hence, would reduce the reliability
of the framework. On the other hand,
the development of additional marks and
metrics was suggested to enable an as-
sessment of the quality of the graphi-
cal layout or the automation potential of
business process models. The inclusion of
marks and metrics for specific purposes,
however, contradicts the aspired univer-
sal applicability of the 3QM-Framework.
Therefore, none of the suggested exten-
sions were realized at first. Yet, we as-
pire to develop application-specific qual-
ity profiles with additional marks and
metrics which complement the 3QM-
Framework. Based on these profiles, an
evaluation of the quality of the graphi-
cal layout and the automation potential
of process models shall be supported in
the future.

5.3 Weighting Suggestion

With the weighted aggregation of indi-
vidual quality measurements, the 3QM-
Framework contains a method for the
determination of the overall quality of
a business process model. In doing so,
the situational weighting of metrics and
marks supports a quality determina-
tion which is adaptable to the respective
project context (Moody and Shanks 1994,
p. 100). Even though no fixed standard
for the weighting is pursued, it can be
reasonable to define a starting point for
the weighting (Moody 2005, p. 268). In
the context of the evaluation, we there-
fore examined in how far a weighting
suggestion can be offered as an orienta-
tion for individual customizations.

Eleven experts who previously partici-
pated in the expert survey on the 3QM-
Framework were involved in the deriva-
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Fig. 7 Distribution of the evaluations of the significance of quality marks and metrics (boxplot)

tion of the weighting suggestion. Ad-
mittedly, the number of participants is
not sufficient to derive a representative
weighting. It does, however, enable us to
examine if a unified weighting is at all
possible and meaningful. According to
the method defined in Sect. 4, each expert
was therefore asked to perform a com-
parison of the significance of the marks
and metrics based on his/her individual
level of experience. For this, each expert
was guided through the necessary pair-
wise comparisons with a stepwise ques-
tioning. The rating of the experts was
documented and analyzed afterwards.

The analysis shows that the perceived
significance of the quality marks and
metrics in parts considerably differs be-
tween the participating experts (Fig. 7).
The largest spread was observed during
the comparison of the significance of syn-
tactics and pragmatics, which ranges in
an interval from −7 to +9. The small-
est spread was observed during the com-
parison of the significance of word syn-
tax and sentence-level syntax, where nine
out of eleven experts assigned a prefer-
ence in favor of the sentence-level syn-
tax ([+3;+4]). The considerable spread
in some comparisons shows that the sig-
nificance of certain marks and metrics for
the overall quality of a business process
model is seen quite differently among the
experts. Overall, the majority of the ex-
perts were, however, no more than two

points away from each other in 50 % of
the pairwise comparisons. Hence, the rat-
ing was also comparably stable for several
pairwise comparisons. The small spread
of the rating of these marks and metrics
shows that homogeneous trends do ex-
ist among the experts that should be re-
flected in a weighting suggestion. For ex-
ample, the experts viewed the usage of
signs, which are not part of the lexicon, as
having a rather low significance. It seems
to be more important that improper di-
rect and transitive combinations of signs
are avoided. For the semantics marks
likewise a high agreement in the ratings
can be observed. In particular, the experts
perceived the correctness of the carriers
of meaning of a business process model
as more important than superfluous or
missing carriers of meaning.

On the one hand, the comparison re-
sults hence confirm that a weighting
suggestion has to be situationally cus-
tomized. On the other hand, general
trends do exist which, apparently, are
seen similar across the experts. During
the analysis, we therefore calculated an
average weighting based on the compar-
ison results (Fig. 8). With 0 % to 2.8 %,
the consistency ratios of the weighting
suggestion range below the critical value
of 10 %. Even though the weighting sug-
gestion does not represent a universally
valid standard for the quality determina-

tion, it can be used as a starting point for
project-specific customizations.

5.4 Limitations

Several limitations have to be considered
when interpreting the presented findings,
as these might compromise the explana-
tory power of the evaluation results. For
the time being, the presented reliability
examination of the marks and metrics in
Sect. 5.1 was based on a comparably low
number of quality assessors in order to
be able to observe their application of the
3QM-Framework as closely as possible.
In so doing, only qualitative data on the
reliability of the 3QM-Framework were
gathered which cannot provide statistical
evidence. To strengthen the external va-
lidity of the results with respect to the re-
liability of the 3QM-Framework, we will
therefore have to increase the number of
quality assessors in further studies. More-
over, quantitative data should be gath-
ered in the future in order to attain statis-
tically supported conclusions on the re-
liability of the 3QM-Framework. For a
verification of the adequacy of the 3QM-
Framework, however, business process
models of industry partners from vari-
ous sectors have already been used. More-
over, they have been represented in dif-
ferent modeling notations. Accordingly,
the findings regarding the adequacy of
the 3QM-Framework are already based
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on comparably extensive data. Neverthe-
less, additional business process mod-
els should be assessed based on the
3QM-Framework to further increase the
external validity of these results as well.

Finally, the number of consulted ex-
perts should be further increased in or-
der to strengthen the validity of the con-
clusions regarding the expert consensus
discussed in Sect. 5.2. Related to this, it
also has to be considered to inquire into
the expert agreement using a more de-
tailed scale. With the yes/no scale that was
used so far, it was only possible to ex-
amine the fundamental agreement of the
experts. During the survey presented in
Sect. 5.2, the experts were, however, en-
couraged to comment their rating if nec-
essary. Furthermore, they were asked to
suggest any extensions which might be
necessary in their opinion. As both pos-
sibilities were only used sparsely during
the survey, we consider the gained results
on the fundamental expert agreement to
be reliable.

6 Concluding Remarks

High-quality business process models
are a central prerequisite for success-
ful business process management. With
the 3QM-Framework, we therefore pre-
sented an approach that supports the me-
thodical quality determination of busi-
ness process models. Taking semiotics as
kernel theory, we identified fundamen-
tal quality marks which support an eval-
uation of the appropriateness of busi-
ness process models as means of com-
munication. Subsequently, we systemati-
cally refined the identified quality marks
into a quality model (R3). Thereby, we
defined concrete metrics and measure-
ment procedures to measure the qual-
ity level of business process models (R4).
The elements of the 3QM-Framework
can be used independently from the no-
tation that is employed for the model-
ing of business processes (R9). Moreover,
the quality model supports the system-
atic weighting and aggregation of quality
marks within a rational procedure (R5).

During the design of the quality model,
we used the established structure of the
ISO 9126 standard as a template (R1).
In particular, we adopted the classifica-
tion into quality marks, sub-marks, and
metrics. Furthermore, we incorporated
and consolidated existing related work
on quality determination during the de-
sign (R2). For instance, the fundamen-
tal syntactics, semantics, and pragmatics

quality marks correspond to the quality
aspects of SEQUAL. The refinement of
the semantics partially builds upon the
GoM. When structuring the pragmatics,
we incorporated quality criteria of the
7PMG that can be used independently
of a specific notation format. We exam-
ined the adequacy and reliability of the
3QM-Framework in case studies, during
which the quality of several business pro-
cess models that were depicted in differ-
ent notations was determined. The study
results show that the 3QM-Framework
enables the identification of practically
relevant shortcomings in business pro-
cess models and their unequivocal alloca-
tion to quality marks. Based on the sug-
gestions from literature, we furthermore
conducted an expert survey to confirm
the structure of the quality model (R8).

Nevertheless, a variety of limitations
have to be considered when assessing
the 3QM-Framework. First of all, we
have not included language-specific qual-
ity marks and metrics into the 3QM-
Framework to ensure its aspired univer-
sal applicability. Besides the marks and
metrics mentioned in the paper, there
hence exist additional approaches which
particularly support an examination of
the pragmatics of graphically depicted
business process models (Moody 2009,
pp. 758–761). In order to be able to also
take such language-specific approaches
into account during the quality deter-
mination, we plan to extend the 3QM-
Framework with so-called quality profiles
that provide specific marks and metrics.
Moreover, it has to be kept in mind that
the 3QM-Framework only allows to as-
sess the appropriateness of business pro-
cess models as means of communica-
tions. Depending on the situational mod-
eling scenario, additional requirements
could arise, for example with respect to
the automation potential, maintainabil-
ity, and modifiability of business pro-
cess models. In order to achieve a com-
plete approach for quality determination,
strategies to examine such requirements
have also to be explored.

Besides the previously discussed ful-
filled requirements, there finally exist ad-
ditional ones which have not yet been
implemented completely. Presently, we
only provide a general statement about
the target groups which have to be con-
sulted during the determination of qual-
ity marks (R6). Furthermore, we do not
provide quality assurance measures that
are to be implemented if deficiencies are
discovered (R7). Confirmed statements

about the target groups which need to
be incorporated and effective quality as-
surance measures can only be provided
based on dedicated case studies in which
the application of the 3QM-Framework
is observed in practice. Based on the re-
sults of such studies, it is possible to
analyze correlations and causalities that
possibly also exist between the marks of
the quality model. The execution of such
case studies therefore belongs to the fu-
ture research tasks as does the derivation
of additional weighting suggestions that
have been successfully used in different
process modeling scenarios.

Despite these limitations, the gained
insights are of relevance for academia and
practice. For practice, we provide an ap-
proach that supports a methodical de-
termination of the quality of business
process models. The quality marks con-
tained in the quality model provide an
overview of the aspects which have to be
examined during the quality determina-
tion. The provided metrics and measure-
ment procedures moreover enable the
unequivocal quantification of these qual-
ity marks, so that the quality analysis no
longer has to be carried out in an ad-
hoc fashion and based on the situational
knowledge of the involved parties. As re-
gards academia, the presented approach
contributes to closing the research gap
that exists with respect to analytical qual-
ity assurance approaches in the business
process modeling domain.

Like SEQUAL, the 3QM-Framework
is based on semiotics as kernel theory.
However, SEQUAL uses the semiotic ker-
nel theory especially to explain the in-
teractions that exist between syntactics,
semantics, and pragmatics as quality as-
pects. Furthermore, it explains the in-
fluencing factors that affect these qual-
ity aspects as determinants. While SE-
QUAL hence focuses on examining qual-
ity contexts on a large scale, the 3QM-
Framework complementarily discusses
quality contexts on the small scale. In the
3QM-Framework, the semiotic kernel
theory is used to identify relevant qual-
ity marks and to complement them with
suitable metrics and measurement pro-
cedures. Apart from the previously dis-
cussed further developments, future re-
search could also strive for a combination
of the two complementary approaches.
We hope that the 3QM-Framework pre-
sented in this paper can thus provide
a starting point for the development of
holistic solutions to support the qual-
ity determination of business process
models.

244 Business & Information Systems Engineering 5|2012



BISE – RESEARCH PAPER

References

Aczél J, Saaty TL (1983) Procedures for synthe-
sizing ratio judgements. Journal of Mathe-
matical Psychology 27(1):93–102

Balzert H (2008) Lehrbuch der Softwaretech-
nik, Band 2, Softwaremanagement, 2nd
edn. Spektrum, Heidelberg

Becker J (2011) Geschäftsprozessmodellie-
rung. In: Kurbel K, Becker J, Gronau N,
Sinz E, Suhl L (eds) Enzyklopädie der Wirt-
schaftsinformatik – Online-Lexikon, 5th
edn. Oldenbourg, München

Becker J, Schütte R (2004) Handelsinforma-
tionssysteme, 2nd edn. Verlag Moderne
Industrie, Frankfurt

Becker J, Rosemann M, Schütte R (1995)
Grundsätze ordnungsmäßiger Mo-
dellierung. WIRTSCHAFTSINFORMATIK
37(5):435–445

Becker J, Rosemann M, von Uthmann C
(2000) Guidelines of business process mod-
eling. In: Proc business process manage-
ment conference. Lect Notes Comput Sci,
vol 1806. Springer, Berlin, pp 30–49

Birkmeier DQ, Klöckner S, Overhage S (2010)
An empirical comparison of the usability of
BPMN and UML activity diagrams for busi-
ness users. In: Proc 18th European confer-
ence on information systems, Pretoria

Burton-Jones A, Wand Y, Weber R (2009)
Guidelines for empirical evaluations of con-
ceptual modeling grammars. Journal of
the Association for Information Systems
10(6):495–532

Delfmann P, Herwig S, Lis L (2009) Unified
enterprise knowledge representation with
conceptual models – capturing corporate
language in naming conventions. In: Proc
30th international conference on informa-
tion systems, Phoenix

Denger C, Olsson T (2005) Quality assurance
in requirements engineering. In: Aurum A,
Wohlin C (eds) Engineering and managing
software requirements. Springer, Berlin, pp
163–186

Fellmann M, Hogrebe F, Thomas O, Nüttgens
M (2011) Checking the semantic correct-
ness of process models. Enterprise Mod-
elling and Information Systems Architec-
tures 6(3):25–35

Gemino A, Wand Y (2004) A framework for
empirical evaluation of conceptual model-
ing techniques. Requirements Engineering
9(3):153–168

Given LM (2008) The SAGE encyclopedia of
qualitative research methods. Sage, Los
Angeles

Hadar I, Soffer P (2006) Variations in concep-
tual modeling: classification and ontologi-
cal analysis. Journal of the Association for
Information Systems 7(8):569–593

Hevner AR, March ST, Park J, Ram S (2004)
Design science in information systems re-
search. Management Information Systems
Quarterly 28(1):75–105

Iivari J (2007) A paradigmatic analysis of infor-
mation systems as a design science. Scan-
dinavian Journal of Information Systems
19(2):39–64

Indulska M, Recker J, Rosemann M, Green PF
(2008) Representational deficiency of pro-
cess modelling languages: measures and
implications. In: Proc 16th European con-
ference on information systems. Galway,
Ireland

ISO/IEC (2000) Quality management systems:
fundamentals and vocabulary. ISO/IEC
9000-2000, International Organization for
Standardization

ISO/IEC (2001) Software engineering – prod-
uct quality – part 1: quality model. ISO/IEC

Standard 9126-1, International Organiza-
tion for Standardization

Krogstie J, Sindre G, Jørgensen H (2006)
Process models representing knowledge
for action: a revised quality framework.
European Journal of Information Systems
15(1):91–102

Lindland OI, Sindre G, Sølvberg A (1994) Un-
derstanding quality in conceptual model-
ing. IEEE Software 11(2):42–49

March ST, Smith GF (1995) Design and natural
science research on information technol-
ogy. Decision Support Systems 15(4):251–
266

Martin B, Ringham F (2006) Key terms in
semiotics. Continuum, New York

McDonald MP, Aron D (2010) Leading in times
of transition: the 2010 CIO Agenda. Gartner,
Inc

Melenovsky MJ (2005) Business process man-
agement’s success hinges on business-led
initiatives. Gartner, Inc

Mendling J (2008) Metrics for process models:
empirical foundations of verification, error
prediction, and guidelines for correctness.
Springer, Heidelberg

Mendling J (2009) Empirical studies in pro-
cess model verification. In: Proc transac-
tions on petri nets and other models of
concurrency II. Lect Notes Comput Sci, vol
5460. Springer, Berlin, pp 208–224

Mendling J, Reijers HA, van der Aalst WMP
(2010) Seven process modeling guidelines
(7PMG). Information and Software Technol-
ogy 52(2):127–136

Mendling J, Stremberg M, Recker J (2012)
Factors of process model comprehension
− findings from a series of experiments.
Decision Support Systems 53(1):195–206

Mendling J, Verbeek H, van Dongen B, van
der Aalst W, Neumann G (2008) Detection
and prediction of errors in EPCs of the
SAP reference model. Data & Knowledge
Engineering 64(1):312–329

Moody DL (2005) Theoretical and practical is-
sues in evaluating the quality of concep-
tual models: current state and future di-
rections. Data & Knowledge Engineering
55(3):243–276

Moody DL (2009) The “physics” of notations:
toward a scientific basis for constructing
visual notations in software engineering.
IEEE Transactions on Software Engineering
35(6):756–779

Moody DL, Shanks GG (1994) What makes a
good data model? Evaluating the quality
of entity relationship models. In: Proc 13th
international conference on the entity-
relationship approach, Manchester. Lect
Notes Comput Sci, vol 881. Springer, Berlin,
pp 94–111

Moody DL, Sindre G, Brasethvik T, Sølvberg
A (2003) Evaluating the quality of informa-
tion models: empirical testing of a concep-
tual model quality framework. In: Proc 25th
international conference on software en-
gineering, Portland. IEEE Comput Soc, Los
Alamitos, pp 295–307

Morris CW (1938) Foundations of the theory
of signs. The University of Chicago Press,
Chicago

Nöth W (1990) Handbook of semiotics. Indi-
ana University Press, Bloomington

OMG (2003) UML 2.0 superstructure specifica-
tion. Adopted specification, ptc/03-08-02,
Object Management Group

OMG (2007) Business process model and
notation (BPMN) 2.0. Request for pro-
posal. BMI/2007-06-05, Object Manage-
ment Group

Abstract
Sven Overhage, Dominik Q. Birkmeier,
Sebastian Schlauderer

Quality Marks, Metrics,
and Measurement Procedures
for Business Process Models

The 3QM-Framework

The availability of high-quality business
process models is a central prerequi-
site for a successful process manage-
ment. Nevertheless, in practice process
models exhibit a large number of qual-
ity deficits, among them grammatical,
content-related, and stylistic defects. In
addition, there exist only very few ap-
proaches to determine the quality of
business process models. In this pa-
per, we present the 3QM-Framework,
an analytical approach to systemati-
cally determine the quality of business
process models. The 3QM-Framework
makes three contributions: it provides
quality marks, metrics, and measure-
ment procedures to quantify the qual-
ity level as elements of a theoretically
justified quality model. The applicabil-
ity of the 3QM-Framework has been
empirically evaluated in case studies.
The results of a survey that was con-
ducted among experts moreover attest
its practical relevance.

Keywords: Business process model-
ing, Quality model, Quality marks, Met-
rics, Measurement procedures, Design
science
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