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VALIDATION

Oppl, S. (2017). Business Process Elaboration through Virtual Enactment. Proceedings of S-BPM ONE 2017. 
http://doi.org/10.1145/3040565.3040568

http://adaptivetesting.ce.jku.at/VirtualEnactment/
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Oppl, S., Stary, C., & Vogl, S. (2016). Recognition of paper-based conceptual models captured  
under uncontrolled conditions. IEEE Transactions on Human-Machine-Systems, 47(2), 206-220.  
http://doi.org/10.1109/THMS.2016.2611943
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intersecting connections of the same color cannot be 
recognized, as they would be considered for multiple endpoint 
connections. If intersecting connections are used, they have to 
be of different color to enable their recognition. 

 
Fig. 7: detection of connections from identified segments 

The ends of an identified connection are additionally 
scanned for nearby line segments that could constitute an 
arrow tip, indicating directed connections (cf. points 7-8 and 
9-10 in Figure 7). Heuristics here take into account the length 
of potential line segments and the angle and closed between 
them and the final line segment of the connection. Due to 
potential drawing inaccuracies, arrow tip segments again not 
necessarily start exactly at the end of the connection segment, 
but need to be located in their proximity. 

Segments, which do not start nearby a modeling element and 
are not connected to any of these elements directly or 
indirectly are not considered further during connection search. 
This creates more robust behavior in case of the picture 
containing content, which does not belong to the actual model. 
As an example, the pen located at left border of the sample 
picture was contained in the region of interest and 
consequently was considered during skeletonizing and 
segmentation. Still, as none of the segments are located nearby 
a modeling element, the segments do not belong to a 
connection candidate. 

The final result of connection identification is shown in 
Figure 8. All identified connections are marked in pink color. 
All connections have been successfully recognized, the picture 
also shows no false-positive connections. The arrow-tips also 
have been recognized correctly.  

 
Fig. 8: overall recognition result 

3) Identifying connection labels 
Connection labels are extracted from the same set of line 

segments as the connections. Label candidates are identified 
by examining nearby regions along line segments that have 
been identified to be part of a connection (cf. Figure 9, label 

“4” recognized, label “not relevant” ignored by label 
recognition).  

 
Fig. 9: detection of connection labels 

Label recognition is done incrementally in the surrounding 
region of a connection, i.e. only requires the label to start in 
the region. If line segments potentially belonging to a label are 
identified, the region to be examined is extended to the 
surrounding of those segments. In this way, labels containing 
multiple letters, of which not all are placed within the original 
area of interest, are also recognized as a whole. As no letter 
recognition is currently performed, the identified labels are 
extracted as images. For each label, a rectangular bounding 
box is defined comprising all line segments identified to 
belong to the label and the respective part of the picture is 
saved as a separate image for later reference.  

4) Multi-picture extraction 
When multiple pictures are used, the algorithm relies on the 

availability of a single overview picture. This overview 
picture, however, does not need to be explicitly marked as 
such. Rather, the picture with the highest number of identified 
elements is used as the overview picture. Model recognition is 
performed on each picture separately as described above. No 
pixel-based or conceptual stitching is performed in the current 
implementation. Consequently, no connections or labels that 
are spread among two pictures can be recognized. Added 
value, however, currently is generated for label extraction, 
where the label with the highest resolution is identified and 
included in the final result. 

More sophisticated multi-picture recognition it currently 
being implemented. Via identifying overlapping areas of 
model parts in the extraction results of the single pictures, the 
constraint of having a single overview picture can be modified 
to only require overlapping areas between single pictures, thus 
allowing for arbitrarily sized models. 
5) Model Refinement 

Model refinement allows improving interactively the 
recognition results by manually providing further information 
about the model to be recognized. In its current 
implementation, this step is supported by features of a web-
based platform. They allow replacing the extracted pixel-
based labels with their textural representations (cf. Figure 10).  

 
Fig. 10: interactive refinement of model information 

The next iteration of the toolset will offer refinement support 
via a mobile interface, which allows providing feedback about 
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ANALYTICAL FRAMEWORK

inductively derived from the reviewed approaches. It was validated and augmented
with the framework proposed by Krogstie et al. (2006). Related work analyses
collaborative modeling processes along the following dimensions:

• The manipulation of the model by the actors is analyzed on the syntactic level of
Rittgen (2007).

• The interaction among the actors to come to decisions as a group is analyzed on
the pragmatic and social level of Rittgen (2007) and also is addressed in CoPrA
(Seeber et al. 2012) in more detail. FoCons (Hoppenbrouwers and Rouwette
2012) take a different perspective on this dimension and analyze the roles of the
involved actors.

• The process of building a model as a group is examined in Modeling Phase
Diagrams (Pinggera et al. 2012).

• The way of representing statements about the topic to be modeled (i.e. domain
knowledge) in the model is addressed on the semantic level of Rittgen (2007).

• The development of a common understanding within the group about the topic
of modeling is only explicitly addressed in FoCons (Hoppenbrouwers and
Rouwette 2012) by describing guidance measures, observed abstraction
activities and used information resources.

The cornerstones of the structure (model, actors, group, topic) remain
stable throughout all reviewed approaches. This is in line with the main elements
of the framework for assessing process model quality presented by Krogstie et al.
(2006), which puts particular focus how actors could use modeling to extend their
knowledge about the target domain (i.e. the topic) and how models could enable
them to act within the domain.

2.4 Gap analysis

When reviewing the links between the cornerstones (cf. Fig. 2, right), it is obvious
that the link between actor and topic currently is not addressed in any of the
available approaches. Krogstie et al. (2006), however, indicate that this link would

Fig. 2 Analytical dimensions for collaborative modelling sessions (left), coverage of analytical
dimensions in reviewed related work (right)

S. Oppl

123

might benefit from an identification of model manipulations during which modifiers
are added to already existing model elements).

3.3 Summary

Figure 3 shows the analytical dimensions of the proposed approach embedded in the
structure used to review related work. The main objects of investigation are the
statements on the topic of modeling made by the actors. Due to the extension of the
original approach to also consider modeling activities, the actors have to be included
as secondary objects of investigation mainly with respect to their manipulations of
the conceptual model. The main contribution of the proposed approach is the
explicit analysis of the quality of statements made by the actors about the topic (link
between actor and topic), which is covered by the epistemic dimension. Statements
on the topic are classified there regarding their point of reference. The same aspect
is addressed in the first step of the analysis in the argumentative dimension, in which
claims about the topic are classified regarding how they are embedded in the overall
topic. In addition, the co-construction dimension enables a more detailed, fine-grain
analysis of how the group works on the development of a common understanding
about the topic than is enabled by using FoCons. The second part of the
argumentative dimension as well as the participation dimension on the link between
group and actor enables an analysis similar to that proposed in CoPrA. The
modeling dimension is derived from the approach of Rittgen (2007) and
consequently leads to similar results.

The contribution of the approach introduced in this article has now been outlined
on a conceptual level. Its practical added value is demonstrated in the next section
by conducting a comparative review of the present approach with those presented in
related work based on a real-world case.

4 Comparative review of evaluation approaches

The aim of the comparative review is to contrast the evaluation results of the present
methodology with those achievable with related approaches. It demonstrates that the
analytical dimensions are complementary to those already proposed in related work
and shows the potential value that can be generated by combining those dimensions.

Methodologically, a real world collaborative modeling session is used as a
sample case. This case has been selected based on the exposed heterogeneity of
interaction among the actors and the different model manipulation activities that are

Fig. 3 Coverage of analytical
dimensions in the presented
approach

Evaluation of collaborative modeling processes for…

123

Oppl, S. (2016). Evaluation of collaborative modeling processes for knowledge articulation and alignment. 
Information Systems and E-Business Management, 1–33. http://doi.org/10.1007/s10257-016-0324-9
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Oppl, S. (2017). Supporting the collaborative construction of a shared understanding about work with a guided 
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Figure 2.  Information Systems Research Framework

tified business need.  The goal of behavioral-
science research is truth.2  The goal of design-
science research is utility.  As argued above, our
position is that truth and utility are inseparable.
Truth informs design and utility informs theory.  An
artifact may have utility because of some as yet
undiscovered truth.  A theory may yet to be devel-
oped to the point where its truth can be incorpor-
ated into design.  In both cases, research assess-
ment via the justify/evaluate activities can result in
the identification of weaknesses in the theory or

artifact and the need to refine and reassess.  The
refinement and reassessment process is typically
described in future research directions.

The knowledge base provides the raw materials
from and through which IS research is accom-
plished.  The knowledge base is composed of
foundations and methodologies.  Prior IS research
and results from reference disciplines provide
foundational theories, frameworks, instruments,
constructs, models, methods, and instantiations
used in the develop/build phase of a research
study.  Methodologies provide guidelines used in
the justify/evaluate phase.  Rigor is achieved by
appropriately applying existing foundations and
methodologies.  In behavioral science, methodol-
ogies are typically rooted in data collection and
empirical analysis techniques.  In design science,
computational and mathematical methods are

2Theories posed in behavioral science are principled
explanations of phenomena.  We recognize that such
theories are approximations and are subject to numer-
ous assumptions and conditions.  However, they are
evaluated against the norms of truth or explanatory
power and are valued only as the claims they make are
borne out in reality.


