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Preface

This publication comprises the proceedings of the 29 International Conference on
Conceptual Modeling (ER 2010), which was held this year in Vancouver, British
Columbia, Canada.

Conceptual modeling can be considered as lying at the confluence of the three
main aspects of information technology applications — the world of the stakeholders
and users, the world of the developers, and the technologies available to them. Con-
ceptual models provide abstractions of various aspects related to the development of
systems, such as the application domain, user needs, database design, and software
specifications. These models are used to analyze and define user needs and system
requirements, to support communications between stakeholders and developers, to
provide the basis for systems design, and to document the requirements for and the
design rationale of developed systems.

Because of their role at the junction of usage, development, and technology, con-
ceptual models can be very important to the successful development and deployment
of IT applications. Therefore, the research and development of methods, techniques,
tools and languages that can be used in the process of creating, maintaining, and using
conceptual models is of great practical and theoretical importance. Such work is con-
ducted in academia, research institutions, and industry. Conceptual modeling is now
applied in virtually all areas of IT applications, and spans varied domains such as
organizational information systems, systems that include specialized data for spatial,
temporal, and multimedia applications, and biomedical applications.

The annual International Conference on Conceptual Modeling is the premiere forum
for presenting and discussing developments in the research and practice of conceptual
modeling. The diversity of the conference is manifested in the call for papers. The call
this year included information modeling; semantics, metadata, and ontology; Web
information systems and the Semantic Web; business process modeling and enterprise
architecture; semi-structured data and XML; integration of models and data; informa-
tion retrieval, filtering, classification, and visualization; methods, tools, evaluation
approaches, quality and metrics; requirements engineering, reuse, and reverse engi-
neering; maintenance, change and evolution of models; integrity constraints and active
concepts; knowledge management and business intelligence; logical foundations; and
empirical methods.

We are delighted to provide you with an exciting technical program this year. The
Program Committee received 147 submissions from authors in 32 countries, reflecting
the international nature of the conference. Thirty submissions were accepted as full
papers for presentation and publication in the proceedings (an acceptance rate of
20%). The authors of a further seven papers Were invited to present in poster sessions.
Their papers are included as short papers (six pages) in the proceedings.

The technical program consisted of 10 sessions covering all aspects of conceptual
modeling and related topics. The technical program included one panel, dedicated to
empirical methods in conceptual modeling research. In addition, the poster session
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included two demonstrations. In parallel to the technical sessions were two additional
streams, combining specialized workshops and tutorials. One of the workshops
was dedicated to the Doctoral Consortium. Most workshops represented continuing
activities from previous ER conferences. As well, we were fortunate to obtain the
participation of three keynote speakers, each providing a different perspective on IT:
industry and consulting (John Thorp of Thorp Network Inc.), research and develop-
ment (Mamdouh Ibrahim of IBM), and IT management (Ted Dodds of University of
British Columbia).

We would like to thank all those who helped put this program together. The Pro-
gram Chairs extend special thanks to the 70 members of the Program Committee who
worked many long hours reviewing and discussing the submissions. They tolerated
frequent reminders with good humor. The high standard of their reviews not only
provided authors with outstanding feedback but also substantially contributed to the
quality of the technical program. It was a great pleasure to work with such a dedicated
group of researchers. Thanks go also to the 72 external reviewers who helped with
their assessments. They are individually acknowledged in the proceedings.

We would also like to especially thank the chairs of the various activities that make
any conference diverse and interesting. This included Workshop Chairs Gillian Dob-
bie and Juan-Carlos Trujillo; Doctoral Consortium Chairs Andrew Burton-Jones, Paul
Johannesson, and Peter Green; Tutorial Chairs Brian Henderson-Sellers and Vijay
Khatri; Panel Chairs Bernhard Thalheim and Michael Rosemann; and Demonstrations
program and posters Chairs Gove Allen and Hock Chan.

We are very grateful to Sase Singh, the Proceedings Chair, for working with
the authors and conference submission system to organize the conference proceed-
ings. Palash Bera helped us in publicizing the conference. William Tan was always
available as our Webmaster. Heinrich Mayr and Oscar Pastor from the ER steering
committee were generous with their time in answering our questions and providing
guidance. We thank Andrew Gemino, as Local Arrangement Co-chair, for making
sure that the conference ran smoothly. Finally, special thanks are due to Jessie Lam,
who, in her role as a Local Arrangements Co-chair, made a major contribution to
making everything happen.

All aspects of the paper submission and reviewing processes were handled
using the EasyChair Conference Management System. We thank the EasyChair de-
velopment team for making this outstanding system freely available to the scientific
community.

Finally, we would like to thank the authors of all submitted papers, workshops,
tutorials, panels, and software demonstrations, whether accepted or not, for their out-
standing contributions. These contributions are critical to the high quality of an ER
conference, and without them this conference could have not taken place.
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Abstract. As business process management is increasingly applied in
practice, more companies document their operations in the form of pro-
cess models. Since users require descriptions of one process on various lev-
els of detail, there are often multiple models created for the same process.
Business process model abstraction emerged as a technique reducing the
number of models to be stored: given a detailed process model, business
process model abstraction delivers abstract representations for the same
process. A key problem in many abstraction scenarios is the transition
from detailed activities in the initial model to coarse-grained activities
in the abstract model. This transition is realized by an aggregation oper-
ation clustering multiple activities to a single one. So far, humans decide
on how to aggregate, which is expensive. This paper presents a semi-
automated approach to activity aggregation that reduces the human ef-
fort significantly. The approach takes advantage of an activity meronymy
relation, i.e., part-of relation defined between activities. The approach is
semi-automated, as it proposes sets of meaningful aggregations, while the
user still decides. The approach is evaluated by a real-world use case.

1 Introduction

As organizations increasingly work in a process-oriented manner, they create and
maintain a growing number of business process models. Often several hundred or
even thousand of process models are stored in a company’s repository. There are
two reasons contributing to this growth. On the one hand, modeling initiatives
formalize a multitude of operational processes; on the other hand, one process is
often described from different perspectives and at various levels of detail. This
increasing amount of models poses a considerable challenge to repository marn-
agement. The BPM community has targeted this type of problems with, for
example, techniques to efficiently deal with process model variety [16,30] and
algorithms to search process models that fit a particular profile [7,10].

Against this background, business process model abstraction (BPMA) emerged
as a technique reducing the number of models describing one business process at

J. Parsons et al. (Eds.): ER 2010, LNCS 6412, pp. 1-14, 2010.
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Prediction of Business Process Model Quality
Based on Structural Metrics
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? Humboldt-Universitit zu Berlin, Unter den Linden 6, D-10099 Berlin, Germany
jan.mendling@wiwi.hu-berlin.de

Abstract. The quality of business process models is an increasing concern as
enterprise-wide modelling initiatives have to rely heavily on non-expert model-
lers. Quality in this context can be directly related to the actual usage of these
process models, in particular to their understandability and modifiability. Since
these attributes of a model can only be assessed a posteriori, it is of central im-
portance for quality management to identify significant predictors for them. A
variety of structural metrics have recently been proposed, which are tailored to
approximate these usage characteristics. In this paper, we address a gap in terms
of validation for metrics regarding understandability and modifiability. Our re-
sults demonstrate the predictive power of these metrics. These findings have
strong implications for the design of modelling guidelines.

Keywords: Business process, measurement, correlation analysis, regression
analysis, BPMN.

1 Introduction

Business process models are increasingly used as an aid in various management ini-
tiatives, most notably in the documentation of business operations. Such initiatives
have grown to an enterprise-wide scale, resulting in several thousand models and
involving a significant number of non-expert modellers [1]. This setting creates con-
siderable challenges for the maintenance of these process models, particularly in
terms of adequate quality assurance. In this context, quality can be understood as “the
totally of features and characteristics of a conceptual model that bear on its ability to
satisfy stated or implied needs”[2]. It is well known that poor quality of conceptual
models can increase development efforts or results in a software system that does not
satisfy user needs [3]. It is therefore vitally important to understand the factors of
process model quality and to identify guidelines and mechanisms to guarantee a high
level of quality from the outset.

An important step towards improved quality assurance is a precise quantification
of quality. Recent research into process model metrics pursues this line of argument

J. Parsons et al. (Eds.): ER 2010, LNCS 6412, pp. 458463, 2010.
© Springer-Verlag Berlin Heidelberg 2010
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by measuring the characteristics of process models. The significance of these metrics
relies on a thorough empirical validation of their connection with quality attributes
[4]. The most prominent of these attributes are understandability and modifiability,
which both belong to the more general concepts of usability and maintainability,
respectively [5]. While some research provides evidence for the validity of certain
metrics as predictors of understandability, there is, to date, no insight available into
the connection between structural process model metrics and modifiability. This ob-
servation is in line with a recent systematic literature review that identifies a valida-
tion gap in this research area [6].

In accordance with the previously identified issues, the purpose of this paper is to
contribute to the maturity of measuring business process models. The aim of the em-
pirical research presented herein is to discover the connections between an extensive
set of metrics and the ease with which business process models can be understood
(understandability) and modified (modifiability). This was achieved by adapting the
measures defined in [7] to BPMN business process models [8]. The empirical data of
six experiments which had been defined for previous works were used. A correlation
analysis and a regression estimation were applied in order to test the connection be-
tween the metrics and both the understandability and modifiability of the models.

The remainder of the paper is as follows. In Section 2 we describe the theoretical
background of our research and the set of metrics considered. Section 3 describes the
series of experiments that were used. Sections 4 and 5 present the results. Finally,
Section 6 draws conclusions and presents topics for future research.

2 Structural Metrics for Process Models

In this paper we consider a set of metrics defined in [6] for a series of experiments on
process model understanding and modifiability. The hypothetical correlation with
understandability and modifiability is annotated in brackets as (+) for positive correla-
tion or (-) for negative correlation. The metrics include:

Number of nodes (-): number of activities and routing elements in a model:
Diameter (-): The length of the longest path from a start node to an end node;
Density (-): ratio of the total number of arcs to the maximum number of arcs;
The Coefficient of Connectivity (-): ratio of the total number of arcs in a process
model to its total number of nodes;

The Average Gateway Degree (-) expresses the average of the number of both
incoming and outgoing arcs of the gateway nodes in the process model;

The Maximum Gateway Degree (-) captures the maximum sum of incoming and
outgoing arcs of these gateway nodes;

Separability (+) is the ratio of the number of cut-vertices on the one hand to
the total number of nodes in the process model on the other;

Sequentiality (+): Degree to which the model is constructed out of pure se-
quences of tasks.

Depth (-): maximum nesting of structured blocks in a process model;

Gateway Mismatch (-) is the sum of gateway pairs that do not match with each
other, e.g. when an AND-split is followed by an OR-join;
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Gateway Heterogeneity (-): different types of gateways are used in a mog,
Cyclicity (-) relates the number of nodes in a cycle to the sum of a]] nod E:I;
Concurrency(-) captures the maximum number of paths in a procesg meS,

may be concurrently activate due to AND-splits and OR-splits, okl

3 Research Design

The empirical analysis performed is composed by six experiments:
understandability and three to evaluate n?odiﬁab?lity. Thg expglrlitrsriet;rzlelengotev-aluate
the first three experiments consisted of 15 BPMN models with differenta o
comp}exity. Each model included a questionnaire related to its understandab?][r'[ucmra}
experiments on modifiability included 12 BPMN models related to a particula1 1 Th'e
flcatl()n task. A more detailed description of the family of experiments can hr ];md]_
in [9]. It was possible to collect the following objective data for each mode] : ed i
task: tim.e of understandability or modifiability for each subject, number o;n o
answers in understandability or modifiability, and efficiency defined as the nunft?rrem‘
correct answers divided by time. i
Once the values had been obtained, the variability of the values was analyzed

ascertain whether the measures varied sufficiently to be considered in the stud); Tv:o
measures were excluded, namely Cyclicity and Concurrency, because the result's th ;
offered had very little variability (80% of the models had the same value for bo?]
measures, the mean value was near to 0, as was their standard deviation). The remain-
Ing measures were included in the correlation analysis.

The experimental data was accordingly used to test the followi
‘ al s ng null h es
for the current empirical analysis, which are: ¢ s

e For the experiments on understandability,
HO,1: There is no correlation between structural metrics and understandability
For the experiments on modifiability,
HO0,2: there is no correlation between structural metrics and modifiability

The follow?ng sub-sections show the results obtained for the correlation and regres-
sion analysis of the empirical data,

4 Correlation Analysis

Qnderstandability: Understanding time is strongly correlated with number of nodes,
diameter, Qensity, average gateway degree, depth, gateway mismatch, and gateway
heterogeneity in all three experiments. There is no significant correlation with the
conneptivity coefficient, and the separability ratio was only correlated in the first
egpenment. With regards to correct answers, size measures, number of nodes (-.704
with p—VFilufs of .003), diameter (-.699, .004), and gateway heterogeneity (.620, .014)
have a significant and strong correlation. With regard to efficiency, we obtained evi-
dence of the correlation of all the measures with the exception of separability.
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The correlation analysis results indicate that there is a significant relationship be-
tween structural metrics and the time and efficiency of understandability. The results
for correct answers are not as conclusive, since there is only a correlation of 3 of the
11 analyzed measures. We have therefore found evidence to reject the null hypothesis
HO,1. The alternative hypothesis suggests that these BPMN elements affect the level
of understandability of conceptual models in the following way. It is more difficult to
understand models if:

There are more nodes.

The path from a start node to the end is longer.
There are more nodes connected to decision nodes.
There is higher gateway heterogeneity.

Modifiability: We observed a strong correlation between structural metrics and time
and efficiency. For correct answers there is no significant connection in general, while
there are significant results for diameter, but these are not conclusive since there is a
positive relation in one case and a negative correlation in another. For efficiency we
find significant correlations with average (.745, .005) and maximum gateway degree
(.763, .004), depth (-.751, .005), gateway mismatch (-.812, .001) and gateway hetero-
geneity (.853, .000). We have therefore found some evidence to reject the null hy-
pothesis HO0,2. The usage of decision nodes in conceptual models apparently implies a
significant reduction in efficiency in modifiability tasks. In short, it is more difficult
to modify model the model if:

e More nodes are connected to decision nodes.
e There is higher gateway heterogeneity.

5 Regression Analysis

The previous correlation analysis suggests that it is necessary to investigate the quan-
titative impact of structural metrics on the respective time, accuracy and efficiency
dependent variables of both understandability and modifiability. This goal was
achieved through the statistical estimation of a linear regression. The regression equa-
tions were obtained by performing a regression analysis with 80% of the experimental
data. The remaining 20% were used for the validation of the regression models. The
first step is selected the prediction models with p-values below 0.05. Then, it is neces-
sary to validate the selected models verifying the distribution and independence of
residuals through Kolmogorov-Smirnov and Durbin-Watson tests. Both tests values
are considered to be satisfactory.

The accuracy of the models was studied by using the Mean Magnitude Relative Er-
ror (MMRE) [10] and the prediction level Pred(25) and Pred(30) on the remaining
20% of the data, which were not used in the estimation of the regression equation.
These levels indicate the percentage of model estimations that do not differ from the
observed data by more than 25% and 30%. A model can therefore be considered to be
accurate when it satisfies any of the following cases: a) MMRE < 0,25 or b) Pred
(0,25) > 0,75 or c) Pred (0,30) >0,70. Table 3 depicts the results.
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Table 1. Prediction models of understandability

Prediction model

: Understandabiltiy
Time E3  47.04 + 2.46 n°nodes 22
Correct E2  3.17 - 0.005 n°nodes - 0.38 coeff. of connectivity :18
Ea;fr_lswers +0.17 depth - 0.015 gateway mismatch
iciency B3 0.042 - 0.0005 n°nodes+0.026sequentiality 0.84
- Modifiability =
ime E4  50.08 + 3.77 gateway mismatch + 422 i
.95 densit 2 T
CA. B4  185-3.569 density i gg g; ¢
Efficiency _E4 0,006 + 0.008 sequentiality 62 32 '33
. . 42

3 V] p0.25)

o
(5}

:dezrstgndability: Thfe best model for predicting the understandability time is ob
am(;: w1t.h the .E3, whlchl has the lowest MMRE value of all the models The bo )
::zi t:}lls w1lth whl§hft0 predict correct understandability answers originate fro'rn the E?;t
1s also satisfies all the assumptions. For efficienc ,

1t _ : y, no model was fi
satisfied all the assumptions. The model with the lowest value of MMRESisOs‘::iiTea(;

in the E3. In general, t jecti
fiil general, the results further support the rejection of the null hypothesis

i\l:lodlﬁa!)ll}ty: We dldl not p!}taiq any models which satisfy all of the assumptions for
€ predlf:uon of modifiability time, but we have highlighted the predictio

obtained in E4 since it has the best values. However, the model to predict l:he:n mogeel
of correct answers may be considered to be a precise model as it satisfies allntlll::asr

;ungztlon_s.h The best results for predicting efficiency of modifiability are also provided
y E4, wit the lowest vaiqe of MMRE. In general, we find some further support for
re4ect1ng the nu.ll hypothesis HO0,2. The best indicators for modifiability are gatew

mismatch, density and sequentiality ratio. Two of these metrics are related to gecisi;{

nodes. Decision nodes apparent] i i
. y have a negative effect on time and th
correct answers in modifiability tasks. e

6 Conclusions and Future Work

In tl_ns paper we have investigated structural metrics and their connection with the
quality of b_us-mess process models, namely understandability and modifiability

The statistical analyses suggest rejecting the null hypotheses, since the str-uctural
metrics apparently seem to be closely connected with understal{dability and modifi-
anﬂlty. For un@erstandability these include Number of Nodes, Gateway Mismatch
Mc?pth, Coefﬁcu.:nt of Connect_ivity and Sequentiality. For modifiability Gatewa};

1smatch‘, Density _and Sequentiality showed the best results. The regression analysis
also provides us with some hints with regard to the interplay of different metr)i{cs

Some metrics are not ther i i i
: efore investigated in greater depth owi i
tions with other metrics. ¥ % e
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Our findings demonstrate the potential of these metrics to serve as validated pre-
dictors of process model quality. Some limitations in the experimental data are about
the nature of subjects, which implies that results are particularly relevant to non-
expert modellers. This research contributes to the area of process model measurement
and its still limited degree of empirical validation. This work has implications both for
research and practice. The strength of the correlation of structural metrics with differ-
ent quality aspects (up to 0.85 for gateway heterogeneity with modifiability) clearly
shows the potential of these metrics to accurately capture aspects that are closely
connected with actual usage. From a practical perspective, these structural metrics
can provide valuable guidance for the design of process models, in particular for se-
lecting semantically equivalent alternatives that differ structurally. In future research
we aim to contribute to the further validation and actual applicability of process

model metrics
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