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Abstract. Managing large collections of different process model versions is for many organizations inevitable and results from, e.g., adaption
of models to solve different challenges or modifications due to changed
or new conditions. One challenge in this context is to make the differences between the versions visible and comparable. Visualizations have
the advantage that they can present the relationships between the different process versions in a user-friendly way and therefore support users in
their decisions. In this paper we introduce a visualization concept with
the goal to provide a simple overview in order to compare complementary
or contrasting characteristics between different versions. The design idea
is presented on the basis of two use cases. Limitations of the concept are
also discussed. The visualization concept should support users to gain a
first impression about the characteristics between the versions and can
be used as an entry point for a more detailed analysis of the different
versions.
Key words: Visualization, Version management, Business process model
collection

1 Introduction
In the last years, different approaches have been developed to support organizations in adjusting their business processes in order to react flexible on changing
environmental conditions (e.g., new or changed requirements) or on unplanned
events/exceptions (e.g., to correct design errors) [1]. It is often unavoidable that
organizations have large collections of large numbers of different business process
versions. Therefore, it is common that organizations have to maintain repositories that can contain hundreds or even thousands of versions usually created by
different users with diverse goals and responsibilities [2]. For graphical process
notations, process evolution is mainly carried out by applying change operations
(e.g., adding, deleting, or moving a process fragment) that are defined over the
graph structure of the process model. However, in many cases it is not only

2

S. Kriglstein and S. Rinderle-Ma

sufficient to make the applied change operations comparable between the different versions, but also to consider security-relevant information such as who
conducted changes or who has permissions to apply change operations. Such
kind of information plays an important role, especially for collaborative modeling (e.g., to control inadvertent changes in process models by users who are not
designated as editors).
Over the years, approaches (e.g., [2, 3, 4, 5]) have been developed to make the
management of versions easier in order to reduce costs and efforts. For example,
version management supports companies to re-use processes as reference models and adapt them to their requirements, e.g., by applying pre-defined change
operations on the reference process [6]. Further reasons for their increasing popularity are that most users are familiar with version management concepts (e.g.,
to manage changes of documents, computer programs, and wikis) and that they
provide features (e.g., to roll back to any versions at any point in time) to recover
process models from mistakes and to see additional security-relevant information
(e.g., who changed what and when).
Among other things, visualizations support users to better understand the
datasets and to recognize patterns (e.g., detection of data groups) which can
be helpful for their further decisions [7]. The potential of visualizations to make
things (e.g., patterns, relationships, or anomalies) visible makes them attractive
as an additional support for the analysis and management of versions. For example, a graphical representation can help to see which change operations were
applied between versions and to compare them with the number of users who
conducted these changes. Or a visualization can be used to make the number
of users who conducted changes in regard to the assigned permission operations
visible.
This paper introduces a visualization concept in order to compare complementary or contrasting characteristics between different process versions.
The concept is inspired by Shneiderman’s Visual Information-Seeking Mantra
”Overview first, zoom and filter, then details-on-demand ” [8] that describes how
data should be presented to make it most effective for users. Based on the Visual Information-Seeking Mantra, the design idea is to develop an approach that
provides a simple overview which can be used as starting point in order to move
from summary information to detailed information. Furthermore, the ability of
human’s perception for detection of patterns is taken into account in order to
gain a first impression of the visualized characteristics between the different
versions.
The remainder of the paper is structured as follows. In Section 2 related work
is discussed and Section 3 gives a short overview about the relevant aspects of
graphical perception. The visualization concept is introduced in Section 4 and in
Section 5 two use cases are presented. Limitations of the visualization concept
and future work are discussed in Section 6. Finally, the paper is concluded in
Section 7.
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2 Related Work
Although version-based visualization approaches are well-known in several fields
of computer science (see e.g., [9, 10, 11, 12, 13, 14, 15, 16, 17, 18]), the development of visualization approaches for version management in the business
process context has received little attention in the last years [19, 20]. Usually the
different versions are presented as a list (e.g., Apromore platform [21] or IBM
Business Process Manager [22]), as an indented list to highlight the hierarchical
structure (e.g., e*Insight Business Process Manager [23]) or as a version graph
to visualize the hierarchical and non-hierarchical relationships between versions
(e.g., [24, 25, 26]).
For a comparative analysis of different versions, multiple views are often
used (see e.g., [22, 23, 25, 26]). For example, one view gives an overview about
the stored versions (e.g., as a list or version graph) and the detail information
of the selected version (e.g., change information and/or corresponding process
model) is presented in another view. The conducted literature review and survey
in [27] shows that change information is usually presented in tables or directly
highlighted in the process graph via visual properties, like colors. Although the
usage of multiple views allows to simplify the design, users need time to orientate
themselves after switching between different views in order to comprehend the
context and to compare the different views [28, 29]. The focus of our approach
is to provide a first overview about version information in order to support a
simple comparative analysis among the different versions. Furthermore, it can
be integrated into approaches such as the Apromore platform. [4].

3 Background Knowledge: Graphical Perception
In this section, we shortly present relevant aspects of graphical perception which
are from interest for our approach. The design considers the ability of human’s
perception to recognize changes, e.g., in color and length in order to detect
simple patterns in categorical datasets. Studies (e.g., [30, 31]) show that preattentive processing can guide the human’s attention toward target objects by
visual properties at a glance without effort [32, 33, 34]. Hence, objects seem to
pop out from the rest of the scene provided that the target object is distinguished
from the other objects by simple features (e.g., colors) [33, 34, 35]. For example,
it does not take any effort to see the black objects in Figure 1. Furthermore, the
example shows well that the black objects can be split into two groups because
of their spatial proximity which is one of the Gestalt laws. The Gestalt laws
(e.g., proximity, similarity, closure, and symmetry) describe rules how the space
has to be organized to see patterns in visual displays [36]. However, the number
of visual properties that can be used is limited and pre-attentive processing is
not for all tasks sufficient [7]. Typically, pre-attentive processing is combined
with attentive processing for the analysis of patterns in order to actively scan
serially through the display to find the target object [31, 34, 35]. For example, to
find the target object in Figure 1 (depicted in the thought bubble) the attention
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Fig. 1. Example for pre-attentive and attentive processes: The attention is guided to
locations that have the same features (e.g., color black) as the target object (shown in
the thought bubble) in order to scan these areas serially.

is first guided to areas which have the same features (e.g., color, shape, and
orientation).

4 Design Approach
In this section we present the concept of our visualization approach. The idea
is to provide an overview of categorical datasets to help users to compare parts
of the data in order to support simple comparative analysis and to provide an
entry point that allows users to navigate to areas of interest.
4.1 Basic Concept
The main components are stacked bar charts which are similar to bar charts. Bar
charts can be used for various datasets and are one of the most common chart
types [37]. In contrast to bar charts, stacked bar charts allow the comparison of
numeric values in regard to their corresponding subcategories. Figure 2 shows
the concept of our approach. The version numbers are presented chronologically
on the y-axis and the subcategories are presented as horizontal bars. The juxtaposition of two stacked bar charts makes it possible to compare complementary
or contrasting characteristics between different process versions.
4.2 Visual Features
The length of a single bar presents the value of the corresponding subcategory. The length of the total stacked bar reflects the sum of the subcategories.
Different colors are used to indicate different subcategories. Based on Ware’s
recommendation [33] it is necessary to consider:
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Fig. 2. Basic structure of the concept.

– Visual Distinctness: The stacked bars and their subcategories should pop out
from the scene to support effective visual search and comparison. In other
words the contrast between the background and foreground colors should be
as high as possible.
– Learnability: Colors have to be used consistently in order to be clear that one
color presents a specific subcategory.
The number of colors is restricted in order to avoid effects like eyestrain, confusion or disorientation [33, 38]. There exist several recommendations (e.g., [33, 38])
about how many colors can be used. The recommendations vary from case to
case, but often the maximum number is between 6 and 12 colors [33]. Furthermore, it is recommended to use colors that are widely spaced along the color
spectrum [39]. For example, in addition to black and white, the following colors
are recommended [33, 39]: red, yellow, green, blue, brown, pink, orange, grey,
and purple.
The different lengths of bars and colors support users to gain a first impression about the distribution of the subcategories and allow users to detect simple
patterns between the different versions. For example, to see which versions have
high or low differentiation in regard to a specific subcategory or if the values of
a specific subcategory increase/decrease over the versions. Furthermore, it can
be used to monitor activities between versions and it helps to detect irregularities, unexpected activities or activities which are not allowed (e.g., if more users
made changes than users who had the edit permission). Figure 3 shows an example for the interplay between lengths of bars and colors. The colors blue, red,
and green are used to present three different subcategories. The different lengths
of bars show, e.g., that the subcategory 3 (color green) has the highest value
between version 1 (V1) and version 2 (V2) in chart 1. Similarly, subcategory 1
(color blue) has the highest value between version 2 (V2) and version 3 (V3) in
chart 2. Moreover, the comparison of chart 1 and chart 2 shows that the value of
subcategory 2 (color red) has the biggest differentiation between version 1 (V1)
and version 2 (V2).
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Fig. 3. The example presents the juxtaposition of chart 1 with chart 2 for the analysis
of the differences between version 1 (V1), version 2 (V2), version 3 (V3), and version
4 (V4) in regard to three subcategories that are color-coded with blue, red, and green.

5 Use Cases
In this section we present two use cases with the aim to show possible applications
as an aid to understand the above described design concept better. In the first
use case, we juxtapose the change operations with the number of users who
conducted the changes. The focus of the second use case is on the number of
permission assignments and the number of users who conducted a permission
operation between two versions.
5.1 Use Case 1: Change Operations
The results of one of our previous studies [27] confirmed that the comparison
between versions in regard to change operations is often from interest. However,
it was also mentioned as helpful to see additional information, like, the users
who conducted the changes. Such information can be especially from interest for
collaboration modeling and shared processes.
Figure 4 shows an example how both information can be presented. The
choice of change operations is based on the following six change patterns that
are defined by Weber et al. [40]: Insert, Delete, Move, Replace, Swap, and Copy.
These change operations are defined as subcategories. The left chart in Figure 4
presents the distribution of change operations and the right chart shows the
distribution of the number of users who performed the change operations between versions. The values of the bars for the corresponding change operations
present the number of conducted change operations between the versions (c.f.
left chart in Figure 4) and the distinct number of users (c.f. right chart). The
representation supports users to answer simple questions such as, which change
operations were conducted, which changes were made more/less frequently between which versions, how many users made changes between which versions,
or which change operations were executed by more/less users. The juxtaposition of the conducted change operations with the number of users allows to see
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Fig. 4. Example for use case 1: Juxtaposition of change operations with the number
of users who conducted the changes between the versions (V1-V10).

them not only separately but also in combination. For example, although the
sum of change operations are approximately equal between the first stacked bar
and the third stacked bar, more users made changes between V1 and V2 than
between V3 and V4. Furthermore, each stacked bar between two versions can be
analyzed individually, e.g., the change operations Insert, Delete, and Move were
conducted between V1 and V2 and between V8 and V9 the change operations
Move and Swap were made. Moreover, the analysis of the overall picture shows,
e.g., that the change operation Delete builds a cluster between V2 and V5. Such
kind of information can introduce further and deeper questions – e.g., Why did
more users made changes? or Why were many Delete operations conducted? –
that can be answered in a detailed view (e.g., after a stacked bar is selected, the
process with change information can be presented in another view).
5.2 Use Case 2: Permission Assignments
Over the years, controlling and monitoring of permission assignments become
more and more important, especially for shared processes. One research focus is
on the comparison between users’ activities and permission assignments in order
to detect possible discrepancies [41].
The presented approach in Section 4 can be used to provide an overview
about the number of permission assignments and the actual number of users who
conducted the permission operations between the versions. Figure 5 presents an
example with the permission operations as subcategories. The permission operations define users’ authorizations and for the example the suggested operations
by Leitner et al. [42] are used: Add, Delete, Execute, and Monitor. The left
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Fig. 5. Example for use case 2: Juxtaposition of the number of permission assignments
with the number of users who conducted permission operations between the versions
(V1-V10).

chart shows the number of assignments of permission operations to users and
the right chart presents the distinct number of users who conducted operations
between the versions. The visualization shows that only little differentiations of
permission assignments to their users exist between the versions (see left chart in
Figure 5). Therefore, changes of permission assignments between versions (e.g..
between V6 and V8 in Figure 5) stand out from the relative stable representation. The juxtaposition of the number of permissions assignments with the
number of users who conducted permission operations allows to see possible discrepancies between the versions. For example, in Figure 5 more users conducted
the Add operation between V1 and V2 than the number of authorized users
who are assigned to this operation. Further possible discrepancies can be found
between V4 and V5 for the Delete operation as well as between V8 and V9 for
the Execute operation. Although, further information is necessary for a detailed
analysis (e.g., to find out the reasons for these discrepancies), such an overview
allows a fast detection of interesting areas. However, detection of discrepancies
is only possible if the number of users who conducted permission operations is
higher than the number of permission assignments. Therefore, the usage of additional visual hints can be helpful in case a conflict exist between the versions (see
Figure 6 for an example). Further limitations are discussed in the next section.

6 Limitations and Future Work
In this section we discuss limitations of the presented design concept and our
next steps.
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Fig. 6. To highlight subcategories with discrepancies, a dotted line is used as additional
visual hint.

One limitation is that the linear representation of versions in chronological
order only allows to analyze versions which are connected directly. For example,
a comparison between V2 and V8 in Figure 4 is not possible. Furthermore, it is
not possible to compare different branches from one version. Hence it is necessary
not only to provide a static visualization but also interactivity. One of our next
steps is to find ways to integrate interactivity in our concept, e.g., to select the
versions for comparison and the aggregated information is presented in a shared
stacked bar.
A further limitation is that only the juxtaposition of two characteristics is
possible. For the analysis of more than two characteristics, small multiples [43]
can be used as series of paired stacked bar charts to present different juxtapositions of two characteristics between versions. The advantage of small multiples
is that multidimensional data can be visualized without packing all information
into a single chart.
According to Ware [33, 36] the skill to detect complex patterns in visualizations has to be learned by the viewers. Therefore, it is necessary that the
visualization is designed in such a way that supports users to easily identify patterns. Ware [36] recommends to consider pattern-finding skills (e.g., based on
graphical perceptual capabilities) that are common for the viewers. Therefore,
we plan to evaluate our design concept in order to investigate how well viewers
can identify patterns and to detect possible improvements.
An increasing number of subcategories and therefore an increasing number
of bars makes the comparison – especially for bars which are further away from
the midline (y-axis) – more difficult. Hence, we will investigate if the number of
bars influence the identification of patterns. Moreover, we want to find out the
maximal number of bars which can be used.
The use cases in Section 5 show that visual hints can be helpful to visualize
additional information (e.g., to make discrepancies clearly visible). However such
additional visual hints can influence the detection of patterns. Therefore we plan
to find solutions how we can use such visual hints in order to reduce negative
effects on the identification of patterns.
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7 Conclusion
In this paper we suggested a visualization concept for a high-level comparison
of complementary or contrasting characteristics between different process model
versions. The concept based on the Shneiderman’s Visual Information-Seeking
Mantra to provide an overview in order to detect areas of interest that can be
used as starting point for further detailed analysis of the process versions (e.g.,
with the help of detail-on-demand techniques). Furthermore, the presented approach can be used as add-on feature to the commonly used lists that present
the different versions in repositories. This supports users to answer simply questions, like, between which versions more or less change operations were made.
We introduced the concept on the basis of two use cases to illustrate the diversity of situations where the approach can be useful. However, the concept also
shows several limitations (e.g., only representation of chronological order or limitation of subcategories) that need further investigations. Moreover, we also plan
to evaluate the visualization concept with users to improve the concept further.
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