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Abstract: Process diagrams as a means to visualize or model dynamic aspects (e.g.
work practices or business processes) of an organization can be considered a common
practice in modern organizations. While shape and orientation of graphical elements in
process diagrams are largely prescribed by the modeling notation (and the implementation of this standard in the software tool) the actual color, texture, size and position
of elements is left to the (often unskilled) hands of a modeler. Similarly state-of-theart process modeling tools offer only very limited guidance for a modeler in choosing
colors that are aesthetically pleasing and at the same time facilitate readability and understandability of process diagrams. In this paper, we present an approach that takes
into account the aspects a process diagram reflects to derive aesthetically pleasing sets
of colors to be applied to diagram elements. Finally, we describe the exemplary implementation of this approach in an assistive color selection feature in a process modeling
environment.

1

Introduction

The usage of process diagrams to visualize dynamic aspects (e.g. work practices or business processes) of an organization can be considered a common practice in modern organizations [NPL+ 11]. Process diagrams can have different flavors reaching from simple
hand drawn flow charts to fully fledged process models that were created by means of a
software environment and adhere to a modeling standard like BPMN1 , IDEF2 , EPCs3 . Process diagrams as the visual representation of process models (or an actual process) serve as
mediating artifacts and communication aids for process (re-)design activities that involve
a large community of stakeholders but may as well be simply used to graphically enrich
textual process documentation. Moreover, process diagrams are often used to visualize the
result of process mining [vdAW04]. Process diagrams consist of graphical elements that
are used to denote the various types of entities involved in a business process, e.g. events
and activities to model the activity flow of a process and entities that are closely related to
activities (e.g. data objects, human actors, software systems). For an exemplary process
diagram see figure 1.
1 see

http://www.bpmn.org, accessed on 2014-01-20
http://www.idef.com, accessed on 2014-01-20
3 see [NR02], [Men09]
2 see

In the light of Bertin’s renowned Semiology of Graphics[Ber10] a process diagram can be
seen as a graphic system consisting of a set of graphical components. Visual perception of
each of these components is influenced through visual variables like size, value, texture,
color, orientation, shape. While shape and orientation of graphical elements in process
diagrams are largely prescribed by the modeling notation (and the implementation of this
standard in the software tool) the actual color, texture, size and position of elements is
mainly left to the (often unskilled) hands of a modeler. For instance, the BPMN specification is quite determined about the shapes to use for drawing BPMN diagrams but is very
unspecific about the use of colors, textures and sizes for shapes and lines. Similarly, a
review of state-of-the-art process modeling tools (e.g. ARIS BA, ADONIS, Signavio) reveals that only very limited guidance is provided for a modeler in choosing colors that are
aesthetically pleasing and at the same time facilitate the readability and understandability
of process diagrams.
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Figure 1: Exemplary process diagram based on ARIS EPC notation [NR02] with arbitrary colors
applied to diagram elements

The latter conclusion is strongly supported by our own observations from several years of
teaching experience in process modeling courses. Throughout these courses students created hundreds of process diagrams both in individual sessions and in group sessions. We
observed two kinds of behaviors. First, some students seem to have a need to color process
diagrams whereas others do not. For some students this need emerges quite early as they
create their first diagram, others start to color their diagrams in later sessions, others do
not color their diagrams at all. Students used colors for pure aesthetic reasons – to beautify – , to emphasize certain parts of a process diagram, to distinguish parts of a process
model or to label certain parts. The latter was often accompanied by a legend that explains
the meaning (semantics) of colors used. The resulting process diagrams especially when
created as part of a group task revealed a certain arbitrariness or inconsistency regarding

the colors used. In fact, both from an aesthetic point of view and a technical point of view
colors were often misused in a way that detracted readability, distracted from capturing
important facts and in the worst case led to severe misunderstandings.
Driven by insights from prior research in the domain of psychology and cognitive science
(see for example [BJ88, PH89, WLIL93, TP99, SWRR06, CH08]) and our personal observations we strive to initiate research in the effective use of colors in process diagrams with
the goal to provide practical guidance for designers of modeling environments and modelers at the same time. In this paper we first reflect on several principles of effective color
use as mentioned in literature. Then we elaborate on the theory of color harmony and it’s
potential application in process diagramming. Furthermore, we present an approach that
takes into account the aspects a process diagram reflects to derive aesthetically pleasing
sets of colors to be applied to process diagrams. Finally, we describe the exemplary implementation of this approach in an assistive color selection feature in a process modeling
environment.

Principles of effective color use
In art and related domains like architecture, product design, (computer) graphics and as
well information visualization quite soon researchers and practitioners have focused on
finding general principles in the specification, classification, creation and application of
colors independent of subjective judgments. These efforts led to a variety of principles that
claim to support practitioners in selecting aesthetically pleasing colors and combinations
hereof. In art these principles are commonly subsumed under the term “color theory”
[Kue03].
The first class of principles ranges from the concept of color temperature, where the long
wavelength colors (reddish) are usually regarded to be warm colors and short wavelength
(blueish) colors are attributed to be cold. Warm colors are often considered to make objects
seem larger and closer in the eye of the beholder. Highly saturated hues and tints (color
with a large proportion of white) usually can be used to emphasize an object among others
that is why they are recommended to be used for foreground objects. Applying strongly
saturated colors to an object attracts attention but can as well be tedious to look at for a
longer time if not used sparsely [Ble11]. [Fei06] outlines that cool colors for backgrounds
increases the perceived depth of an image which is often referred to as atmospheric perspective. Background colors can amplify temperature of foreground colors, e.g. a warm
background makes a cool foreground seem even cooler and vice versa. [Fei06] proposes
to use colors in accordance with the general principles and elements of design: rhythm,
balance, proportion, scale, emphasis, and harmony.
The second class of principles is concerned with color harmony. That is how colors should
be used to be aesthetically pleasing. These principles have evolved through early works
by Goethe, Itten and Birren [Kue03] and have often been scientifically challenged [SP11,
Nem12].
Traditional color harmonies frequently found in art are mainly based on simple color mod-

els (color wheels) where hues are arranged in a circular manner. Harmonious colors are
then obtained by variation of hue, saturation or lightness. In the following we will give
some example of such principles. A comprehensive account of color application principles
is given in sources like [IB70, Ble11].
• Monochromatic harmony is made of a single hue that varies only in saturation and
lightness.
• Analogous harmony assumes that neighboring hues on the hue circle with equal or
similar hues are perceived harmonious.
• Complementary harmony is given if colors of complementary hue are used. Complementary in therms of the color wheel are colors that are roughly located on opposite sides. Any variation in lightness and saturation may be used as well.
• Equilateral harmony is reached through colors that form an equilateral polygon on
the color wheel. In other words colors which are equidistant in hue.
• Split complementary harmony means color combinations that consist of a complementary color pair combined with analogous hues to one of them.
The above simplified summary of color harmony principles has been refined and extended
by researchers in various ways. Several researchers have tried to provide empirical evidence for these rather dogmatic but frequently used principles. For example, [Mun12]
postulated that harmonious colors are found along certain paths in his three-dimensional
color space. Namely, along colors that reveal (1) an equal value, (2) an equal value and
chroma or (3) an equal hue and chroma. According to Munsell also colors are harmonious
that are obtained by equally varying the three variables regarding their sign and value.
Nemcsics [Nem87, Nem12] similarly suggests hue, saturation and lightness as variables
and a mathematical model to compute a color space from variations of these variables.
Based on this model Nemcsics postulates several color harmony principles: accordingly
colors harmonize if (1) their differences in hue are in between a certain interval, (2) their
differences in saturation and lightness is equally distributed in value. His color model is
driven by the insight that a designer is not so much interested in actual differences between
colors as their harmonious interplay and that a model is needed that offers a systematic way
of planning color combinations.
[Tru81] and [Mur84] where upon the first to discuss the effective use of colors for computer graphics. [Tru81] points to the importance of colors as it has the potential to increase
the amount of perceivable information that can be injected into, or extracted from, a visual
image. [Mur84] in contrast postulates several principles of effective color use on computer
displays that take into account physiological aspects of the human eye. For example, he
suggests to avoid red and green in the periphery of large-scale displays because the retinal
periphery is insensitive to reds and greens. [Mac99] extends this set of principles with
regard to the purpose of a respective graphics. [Mac99] provides a rather comprehensive
set of guidelines but points as well to his finding that there are “no easy formulas guaranteed to work in all circumstances”. In the domain of information visualization colors were

quite early recognized as a means “to label (color as noun), to measure (color as quantity),
to represent or imitate reality (color as representation), and to enliven or decorate (color as
beauty)” [Tuf90]. As a consequence many principles from art and design can be found as
well in the context of information visualization. The domain of information visualization
can be regarded as the primary point of reference for research in the effective use of colors
for process visualizations (see for example [WGK10, War13]) as it combines peculiarities
of computer graphics with general findings in graphics and art. Though, process visualizations in particular are not have several unique characteristics which we will discuss in
the following section.

2

Aspect-oriented auto-coloring of process diagrams

Based on the principles of color use an approach is presented that supports a modeler in
applying aesthetically pleasing combinations of colors to process diagrams. The approach
is based on an aspect model to determine the number of colors needed and a possible
weighting of colors but takes into account as well practical constraints that are needed to
ensure readability and usability of a process diagram.

2.1

Aspects

Process diagramming is a particular technique for articulating models of a business process. Depending on the notation process diagrams may be able to reflect multiple aspects
of a ‘real-world” process (or process model), e.g. the flow logic of activities – that is
their timely and logical sequence and alternatives hereof – but also organizational units
and roles participating, software and hardware components involved, materials and energy
consumed, data objects associated and messages exchanged during the flow of activities.
An aspect can be defined as a certain perspective or view on a process model that a user
takes in a certain situation.
For some purposes the meta-model of a modeling language is built upon may be sufficient
to derive aspects. However, to offer modeling language independent coloring support it
makes sense to create a separate aspect model that can be used to refer to language dependent concepts. In figure 2 an example of such a taxonomy of aspects is shown. Within
this taxonomy various sub-aspects of a process (as the root aspect) are shown on multiple
hierarchical levels. The aspects are shown in relation to BPMN modeling concepts that are
relevant for a specific aspect. In the example the BPMN classes Activity and Event
are chosen to reflect the FlowOfActivities aspect.
An aspect taxonomy allows to systematically identify which aspects are expressed through
which visual features of a graphical modeling notation and which aspects are not sufficiently covered by the notation. Additionally, an aspect taxonomy may be used as a basis
to configure visualizations. For example, aspects may exhibit a weight attribute that enables a modeler to specify the relative importance of an aspect which in turn can be used
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Figure 2: Possible aspects of a process and their relation to BPMN 2.0 concepts

to choose a respective visual feature.

2.2

Colors

Process diagrams typically are based on the concept of process graphs where nodes represent the conceptual building blocks of a process and edges are used to relate these concepts. In a diagram different node types (different concepts) are expressed through different shapes and edges (relations) are represented by lines or arcs to indicate a certain
direction of a relation. The diagram itself is placed on a canvas which marks the visual
borders and background of the drawing. Shapes have borders and fills which can be varied
by color or texture.
Diagrams are a feature-rich means to represent a process model. In figure 3 features of
a typical diagram notation are shown. Modeling languages like BPMN, IDEF and EPCs
usually specify only shapes and their basic style to be used whereas modelers are free to
choose size, color of shapes, text, borders and lines. For example, in BPMN 2.0 activities
and events both part of the same aspect FlowOfActivities are distinguished by their
shape, a rounded rectangle for activities and a circle for events whereas the higher-level aspects like FlowOfActivities, FlowOfData are not explicitly addressed by a visual
attribute. Having an aspect taxonomy along with a feature model of a graphical notation
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Figure 3: Visual features of process diagrams

allows us to map visual features to aspects. Thus, identifying the gaps of a graphical
notation or the potential visual features that we can use to outline additional aspects.
As can be seen from figure 3 color is one visual feature among others that can be used to
outline/distinguish aspects of a process model that are not covered by other visual features.
In the approach presented here we focus on the shortcoming of process modeling notations
and tools in providing user support for diagram coloring. We make use an aspect model
to determine the number of colors needed to distinguish aspects from each other and as
a means to emphasize certain aspects of a process visualization. The method proposed
takes into account the number of aspects of a process model and the constraints of context,
contrast and comfort to ensure usability of the resulting process diagram.

2.3

Constraints

Context. Process diagrams are usually created as part of some higher-level activity such
as a business process redesign, modeling or documentation activity. Artifacts (process
manual, process pages in a process portal, presentation) resulting from these activities
often need to adhere to corporate design guidelines that define the principal colors and
fonts to be used. A process diagram therefore needs as well to follow these guidelines to be
usable within a corporate context. A color usage guideline may vary from the specification
of a set of foreground colors and background colors to a more relaxed specification of a
principal color range. In our approach we assume that a foreground color range (shape
fills and line colors) along with one background (canvas) color is sufficient to describe the
color context. Using the HSL color model [JG78] each color c can be specified through
a vector in a three dimenional sphere. Thus, a single color is defined through it’s hue h,
saturation s and lightness l values, cF,i = (hF,i , sF,i , lF,i ). Assuming the range of colors
to be used is restricted we formulate a constraint where each color from a set of colors
C = {cF,0 , cF,1 , ..., cF,n } (the color scheme) must lie within a certain range specified

by respective min, max values for hue h, s and l as the lower and upper bounds of the
foreground color range.

∀cF,i ∈ C : hF,min ≤ hF,i ≤ hF,max ∧ sF,min ≤ sF,i ≤ sF,max ∧ lF,min ≤ lF,i ≤ lF,max
The background color cB is defined through fixed values for it’s hue hB , saturation sB and
lightness lB .
cB = (hB , sB , lB )
Contrast. Contrast is defined as the difference between luminance of two different colors. In order to maintain the recognizability and readability of diagram elements against
their background a certain contrast has to be maintained. In diagrams this constraint is of
relevance both for shapes and text elements. To check each color combination whether it
fulfills a minimum contrast we make use of a heuristic provided by the Web Content Accessibility Guidelines Version 2.0 4 . The heuristic specifies a contrast threshold that needs
to be satisfied. It proposes as well a model that allows to compute the contrast of a given
color combination. The model suggests a method to compute the relative luminance of a
color specified by it’s RGB color components. Setting the relative luminance of a background color to it’s font color gives a ratio that must not exceed the given threshold. The
luminance of a color is computed from its corresponding RGB (red, green, blue) values.
lum(cF,i ) := 0.2126 ∗ rcF,i + 0.7152 ∗ gcF,i + 0.0722 ∗ bcF,i
where r, g and b are obtained through a transformation from h, s, l values. The transformation algorithm is described in [Smi78]. Which leads to the formulation of the contrast
constraint.
∀cF,i ∈ C :

lum(cF,i ) + 0.05
≥ 4.5
lum(cB ) + 0.05

Comfort. According to color theory a color scheme (a set of colors) that is perceived as
aesthetically pleasing needs to adhere to the principles of color harmony as summarized
in [Mac99]. Accordingly, different models of harmonious color combinations exist that
define relations between colors according to some color model. In our approach we make
use of two principles: equilateral harmony where foreground colors (hues) are distributed
evenly across the whole range of hues and analogous harmony where foreground hues
must be distributed evenly across a hue range given. The first principle can be captured
as a special case of the latter which we call equidistant color harmony. This principle
allows to take into account a prescribed color range (e.g. from a contextual constraint)
or any other hue range as a basis for computing a set of harmonious hues. We formulate
this constraint as a condition for all colors cF,i of a color scheme C where the distance
4 http://www.w3.org/TR/WCAG20,

accessed on 2014-01-20

between neighboring hue values must equal the distance between the maximum hue value
and the minimum hue value divided by the number of colors given.
∀cF,i ∈ C : |hF,i − hF,i+1 | =

|hF,min − hF,max |
, with 0 < i < n
n

Algorithm
As a formal basis for computation of colors we have chosen the HSL color model [JG78].
The HSL color model uses three color making attributes (or variables): hue, saturation
and lightness. Hue corresponds to the term color as used in common language. Saturation
refers to the chromaticity of a color where saturation can vary between 0 (completely
chromaless colors such as gray) – and 1 (intense or highly chromatic color such as pure
red). Finally, lightness is related to reflectance evaluated against the reflectance of a white
standard. In other words, the lightness of a color can vary between 0 (dark, perceived
as black) and 1 (bright, perceived as white). The three dimensions used within HSL color
model refer largely to the concepts commonly found in color theory (e.g. the Munsell color
model) and heuristics regarding the effective use of colors. Furthermore, the HSL color
model is mathematically transformable into the RGB color space [JG78] which makes it
possible to implement it in a respective software tool. The RGB color space is the basis
for light emitting devices such as computer monitors. It is based on the assumption that
any perceivable color can be additively mixed from three primary colors: red, green and
blue and is therefore widely used in computer graphics.
Based on the HSL color space and the number of aspects within the process diagram an
initial set of colors is determined. The number of aspects to be considered for computing
a set of colors is automatically derived from the process diagram. To be more precise
only the aspects from a preselected level are considered. For example, if the process
diagram covers only the FlowOfActivities then all sub-aspects may be the level to be
considered. If the diagram includes as well the FlowOfData aspect then only aspects on
this level are considered for computing related colors. Theoretically a multi-level approach
is as well appealing but increases the complexity of color selection.
In the following we limit our considerations to shape fills only to reduce complexity. For
the background we assume white and for text fonts and shape borders we assume black
color as the colors of choice. Figure 4 depicts the three dimensions of the HSL color
model and the principal steps performed by the algorithm. For the initial step a set of
equidistantly distributed hues is picked from the HSL color cylinder (→ 1 ) according to
the number of aspects and the hue range given. Saturatation and lightness are set to initial
values as for example specified by contextual constraints. In a second step each color of
the computed set of harmonious colors is evaluated against the contrast constraint and in
case it exceeds the threshold color attributes are adjusted. This adjustment is performed
by a slight variation of the hue. If a variation of the hue value does not fulfil the contrast
constraint the lightness level of colors is varied until the contrast constraint is fulfilled (→
3 ).
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Figure 4: Computation of a color scheme based on equilateral and equidistant distribution of colors
within a given hue range

All steps are executed in an iterative manner, that is step 1-3 are repeatedly performed
until a satisfying combination of colors is found. In the computation sketched above we
assumed full saturation and an equilateral distribution of all hues on the color wheel. This
is actually a special case where no contextual constraint is given, e.g. a principal foreground color that prescribes the hue range and saturation to be used. Such scenarios are
actually special cases of the equilateral case where hue value must be picked from within a
predefined hue range (see also figure 4). As a consequence hue values may be varied only
to a very limited degree and the third step gains even more importance to gain sufficient
contrast.

3

Implementation

The above described concept was implemented as a graphical user interface component
for the graph modeling widget graphel 5 . graphel is based on HTML, SVG and
JavaScript. It can be integrated into any web-based modeling environment (e.g. a xoProcessWiki [EN13]) and provides stencil sets for process modeling notations like BPMN,
EPC. Process diagrams are rendered through SVG elements which can be interpreted by
state-of-the-art web browsers.
The user interface component is visible through a button element that is integrated as an
extension to the editors tool bar. It unfolds as a list with multiple lines where each line
represents an aspect and a color palette. The aspects and color palettes are computed ac5 http://code.google.com/p/graphel/

cording to the above described approach. A user may then choose a color for each aspect
manually or may request for a random suggestion. It is also possible to choose colors
for selected aspects and subsequently trigger automatic assignment of colors to remaining
aspects. Color choices are immediately applied to the diagram. The aspect model is specified through XML. This allows for a flexible extension regarding the modeling language
concepts that realize an aspect. The aspect model specification along with the process
model specification has been used to automatically derive the aspects for coloring.
Figure 5 shows a screenshot of the process modeling editor and the implemented color
picker. It shows a situation where one color has been picked for the FlowOfActivities
aspect only and all other colors have been automatically retrieved. The predefined relatively narrow color range in figure 5 leads to a rather balanced color combination.

Figure 5: Screenshot of color picker. BPMN process diagram containing three different aspects,
FlowOfActivities, FlowOfData, FlowOfMessages, with respective coloring. The hue
range used varies from hF,min = 272 to hF,max = 360.

4

Conclusion

In the above presented sections principles from color theory were discussed with regard to
the peculiarities of process diagrams. A modeling language independent aspect taxonomy

is suggested as a basis for determining the number of colors to be used and to define the
relative importance of an aspect. Along with the aspect model several general constraints
are formulated that are subsequently used to derive a computational model for computing
a set of applicable colors - a color scheme. Through a prototypical implementation the
feasibility of the approach is demonstrated.
The approach presented is a first step towards providing theoretical and empirical foundations for effective coloring support in process modeling environments. In this paper
only a short account of color theory in the domains of art, design and graphics is given.
Especially, the fields of information visualization and cartography need a more detailed review to identify potentially related work (see for example [HB03], [SKGM13]). The color
combinations computed according to our approach need thorough evaluation with regard
to understandability, readability and usability. The implemented feature is restricted to
suggesting color schemes for shape fills only whereas colors for borders, arcs and text
are not considered so far. Another limitation is that only one color harmony model was
integrated so far. The color picker as integrated in graphel needs as well evaluation regarding the effectiveness and efficiency of use. In future research activities the mentioned
shortcomings will be addressed.
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M. Nüttgens and F.J. Rump. Syntax und Semantik Ereignisgesteuerter Prozessketten
(EPK). In Promise, volume 2, pages 64–77, 2002.

[PH89]

C.J. Price and G.W. Humphreys. The effects of surface detail on object categorization
and naming. The Quarterly Journal of Experimental Psychology, 41(4):797–828, 1989.

[SKGM13] Andreas Seyfang, Katharina Kaiser, Theresia Gschwandtner, and Silvia Miksch. Visualizing Complex Process Hierarchies during the Modeling Process. In Business Process
Management Workshops, pages 768–779. Springer, 2013.
[Smi78]

Alvy Ray Smith. Color Gamut Transform Pairs.
12(3):12–19, August 1978.

[SP11]

Karen B Schloss and Stephen E Palmer. Aesthetic response to color combinations: preference, harmony, and similarity. Attention, Perception, & Psychophysics, 73(2):551–
571, 2011.

SIGGRAPH Comput. Graph.,

[SWRR06] Ian Spence, Patrick Wong, Maria Rusan, and Naghmeh Rastegar. How color enhances
visual memory for natural scenes. Psychological Science, 17(1):1–6, 2006.
[TP99]

J.W. Tanaka and L.M. Presnell. Color diagnosticity in object recognition. Attention,
Perception, & Psychophysics, 61(6):1140–1153, 1999.

[Tru81]

Joan R Truckenbrod. Effective use of color in computer graphics. In ACM SIGGRAPH
Computer Graphics, volume 15, pages 83–90. ACM, 1981.

[Tuf90]

Edward R. Tufte. Envisioning information, volume 153. Graphics Press, 1990.

[vdAW04] W.M.P. van der Aalst and A. Weijters. Process mining: a research agenda. Computers
in Industry, 53(3):231–244, 2004.
[War13]

Colin Ware. Information visualization: perception for design. Morgan Kaufmann,
2013.

[WGK10]

Matthew Ward, Georges Grinstein, and Daniel Keim. Interactive data visualization:
foundations, techniques, and applications. AK Peters, Ltd., 2010.

[WLIL93] L.H. Wurm, G.E. Legge, L.M. Isenberg, and A. Luebker. Color improves object recognition in normal and low vision. Journal of Experimental Psychology: Human perception and performance, 19(4):899, 1993.

