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1
I N T R O D U C T I O N

Designers use composition tools to create documents such as books,
posters, and flyers. In this type of tasks, designers focus on organizing
visual content. They define a hierarchy of elements and change their
properties to serve the visual message they want to communicate to
their viewers. Designers choose color schemes and typefaces. They
align graphical objects or distribute them in the document. These
tasks rely on manipulating object properties including color, typog-
raphy, alignment, distribution, size, position, and layering.

Early commercial composition tools such as the Xerox Star (John-
son et al. 1989), the Lisa user interface (Ludolph and Perkins 1998),
and the Apple Macintosh (Williams 1984) used direct manipulation
principles for graphical objects. In the Star and Lisa systems,“text,
graphics, tables, and mathematical formulae are all edited inside documents”
(Johnson et al. 1989). This model already selected text, graphics, ta-
bles, and mathematical formulae as targets for user manipulations.
The Xerox Star, the Apple Lisa, and the Apple Macintosh were all
based on the principle of progressive disclosure:“detail is hidden from
users until they ask for it” (Johnson et al. 1989). Thus, elements other
than these targets, including visual properties such as color, size,
height, position and typefaces, were considered details the user can
access through dialog boxes, only when asked for. Progressive dis-
closure alleviated the problem of overwhelming users with choices
and commands irrelevant to what the user is trying to do (Johnson
et al. 1989). In this thesis, I am questioning whether visual properties
are really irrelevant for composition tasks. Are these properties de-
tails for designers trying to organize visual content on a document?
Should visual composition tools still hide these properties in dialog
boxes similar to the Xerox Star Property Sheets?

Progressive disclosure still prevails in today’s application-based
desktop interfaces. More recent applications such as the Adobe Cre-
ative Suite, and Microsoft Office, still provide access to properties
through menus and dialog boxes. These applications also introduced
new tools to manipulate visual properties. The color picker supports
selecting a color from the representation of a color space. Guides,
grids, and masters, define the position of visual elements in a doc-
ument. Property inspectors such as the eyedropper tool, extract and
copy an object property, and apply it to another object. Designers use
desktop interface tools to create their visual compositions. They ma-

1
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nipulate visual properties such as color, size, height, position, and
layering of graphical elements.

In this thesis, I focus on designers’ tools and practices in visual com-
position: How do designers manipulate properties when they create
their artifacts? How do current visual composition tools support the
manipulation of visual properties? And how can we better support
designers in creating visual compositions?

1.1 illustration : visual composition practices

Artists and designers manipulate visual properties such as color, tex-
ture, size and position, as they create physical and digital artifacts.
To understand how designers manipulate color in digital documents,
we first look at there practices when they choose colors for physi-
cal artifacts. Then, we describe these practices in digital composition
tools.

Alice is a ceramist. The following scenario illustrates how she ma-
nipulates a specific property: color, for physical and digital composi-
tion tasks.

In her atelier, Alice closely follows all the steps from mak-
ing initial shapes, to firing and polishing the final object.
She wants to create red tiles for a kitchen wall. First, she
looks at small tiles she used in the past (Fig. 1). For each
of these tile colors, she created her own personal code.
This code starts with the first one or two letters of the
color name, R for “Rouge”, and then the year where she
created the color, 16 for 2016 and the number of trials she
went through before getting this specific color. Thus, while
creating a red tile, the color resulting from the third trial
would have the code: R1603. In a separate notebook, she
keeps a table with the color codes, and the corresponding
recipe for preparing this color, with quantities in grams
of the materials she had used, firing time and tempera-
ture. In this notebook, she also writes down any names
she gave to this color, and whether she used it as a final
color for an artifact. Having access to all this information
helps Alice choose a starting color. She knows at this point
that she will probably not use the exact same red for her
new color tiles. But she picks one recipe as a starting point
for a new set of trials.

creating personal representations :
Precise color names help Alice remember how she created each color.
The code is often linked to the color source, to where she applied it,
or to some specific incident while preparing it. She can also recall
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these incidents by looking at the trials she went through to get the
final color. She compares the recipes, and instantly notices the differ-
ences between the two colors. She can also deduce, from looking at
the physical tiles, impacts of firing time and temperature.

Alice creates her own color representations. When she wants to
select a color for a new tile, she starts from a previous tile, from a
notebook with precise recipes of her previous colors, or from phys-
ical samples of colors she created (Fig. 1). These personal color rep-
resentations contain information about the materials she used, the
proportions of these materials, and the exact effect they will produce.

Figure 1: Creating personal color representations

A few weeks later, Alice is invited to present her work in
an art exhibition. The organizers sent her their poster and
said she could use it to send invitations for the event. Alice
wanted to personalize the poster to create small foldable
flyers for clients and visitors. Alice first opened the poster
in Adobe Photoshop. She wanted to keep the same poster
design. She also wanted to maintain the event logo, but
change its colors.

fixed and flexible visual properties :
Alice defined the positions and sizes of graphical elements as fixed.
The logo colors are flexible, she wanted to use them to create a varia-
tion of the initial poster.

Alice picked from her ceramic tiles collection, a set of
colors she wanted to use in the flyer. While several tiles
had similar colors, they all had different textures. To cap-
ture these differences, Alice scanned the physical tiles. She
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saved them as images, and opened them within the Photo-
shop document. She then used the images to color specific
areas within the poster. She composed the titles to create
a color arrangement she liked.

combining multiple visual properties :
Alice was not interested only in changing the colors. She wanted to
create a visual effect through manipulating the combination of color
and texture for each scanned tile. Trough scanning each physical tile,
she wanted to add an independent visual element in her composition:
the result of combining color and texture.

This scenario illustrates how Alice finds innovative ways of manip-
ulating visual properties as she creates physical and digital artifacts.
Alice uses personal color representations to choose her colors. She de-
fines fixed and flexible visual properties across related compositions.
She also combines several visual properties into independent visual
elements.

1.2 thesis statement

This work supports the following thesis:

Designers use visual properties such as color, size, posi-
tion and layering, to organize their content. I argue that
visual composition tools should reify visual properties—
that is, create them into first-class, interactive objects. Vi-
sual composition tools should support creating personal
representations of these properties. They should support
interacting with these properties directly in the compo-
sition. They should also support linking properties in a
document. Finally, they should support creating rules to
define how these properties change in space, in the same
composition, or in time, across different compositions.

1.3 research approach

Three types of contributions ground this thesis work: empirical find-
ings, technological proofs and theoretical perspectives. This section
presents triangulation (Mackay and Fayard 1997) as a method to link
these three types of findings. Then, it presents critical object inter-
views (Mackay 2002b) and grounded theory (Corbin and Strauss 2007)
as an analytical method to justify empirical findings, and comparative
structured observation (Mackay 2014) (Garcia et al. 2014) as a method
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to facilitate systematic comparisons (Fig. 2).

Figure 2: Thesis process. My research includes a variety of methods that in-
clude observing designers in field and laboratory settings, design-
ing a variety of interactive technologies to support manipulating
visual properties, connected with a common theoretical founda-
tion.

1.3.1 Critical Object Interviews

We use a variation of the critical incident technique (Flanagan 1954)
to conduct critical object interviews grounded in participants’ practices
in real projects they are currently working on (Mackay 2002b). We
ask participants to show recent artifacts or projects they created. We
probe for details about the specific steps participants went through to
create this artifact.
We use this interview technique to collect Critical Object Stories: each
participant’s interview includes multiple stories according to the num-
ber of artifacts shown and the granularity of the steps described.
We create a visual representation for each critical object story. We call
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these representations StoryPortraits (Jalal, Maudet, and Mackay 2015);
they capture the situated nature of the story-based data we collected
from the interviews.
We extract these stories from recordings of heterogeneous formats
(Appendix A).

StoryPortraits represent the components of a critical object story in
a single-page format. We used StoryPortraits to compare and classify
critical object stories. Chapter 5 and Chapter 6 introduce Color Por-
traits and Layout Portraits; two examples of StoryPortraits, adapted
to the stories extracted from two interview studies.

1.3.2 Grounded Theory

We use Grounded theory (Corbin and Strauss 2007) to uncover artists’
and designers’ practices in their recent projects. Grounded theory “de-
notes theoretical constructs from qualitative analysis of data” (Corbin
and Strauss 2007). Grounded theory provides the tools for using em-
pirical field data to let a phenomenon emerge instead of evaluating
theories with empirical observations.

Grounded Theory provides a set of methods and strategies for de-
scribing and analyzing field observations. Different techniques, in-
cluding interviews, documents and observations, provide heteroge-
neous data which are iteratively coded. The codes are then sorted,
critically analyzed, compared amongst themselves and grouped into
categories. Finally, categories are analyzed by looking at relationships
emerging from their descriptions. Grounded Theory does not aim
to validate theories by illustrating phenomena, but rather highlights
emerging phenomena which can be further explored by various stud-
ies. We use Grounded Theory methods to codify and categorize sto-
ries extracted from interview studies in chapter 5 and chapter 6.

1.3.3 Comparative Structured Observation

We use Comparative Structured observation to compare designers’
strategy and tool choices for similar visual composition tasks. Com-
parative Structured observation (Garcia et al. 2014) (Mackay 2014)
combines elements of controlled experiments to allow comparisons
and a realistic task to enhance external validity. In contrast to a con-
trolled experiment, the goal is not to assess a clearly defined hypoth-
esis with the data collection. Instead, we want to create comparable
conditions for observing and comparing common patterns and pro-
cesses.
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1.4 thesis contributions

In this dissertation, I discuss how the reification of visual properties
into first class interactive objects, can provide a better support for
visual composition tasks. The thesis offers the following empirical,
theoretical and technical contributions:

empirical findings :

• Artists and designers create their own color representations.
They start from these representations to select colors for their
new artifacts.

• Color manipulation occurs through manipulating the visual prop-
erties of color, in the context of its surrounding visual elements
in the composition. Artists and designers experiment with the
size, position and layering of color swatches. They also com-
bine color with other visual properties such as texture and light
reflection, and manipulate the combination as an independent
visual element in the composition.

• Graphic designers create links between spatial properties such
as size, position and layering. They manipulate these links to
create a layout concept.

• Graphic designers define fixed and flexible visual properties.
They create rules to define how flexible visual properties change
in space, within the same composition, or in time, across related
compositions.

• Graphic designers choose strategies where they directly manip-
ulate visual properties on the document. They prefer tools that
provide direct access to visual properties, to dialog box tools.
They find novel ways to use properties to complete visual com-
position tasks.

theoretical perspectives :

• The framework for reifying visual properties introduces dimen-
sions for the manipulation of visual properties in composition
tools. These tools should support creating personal representa-
tions of visual properties. They should support manipulation
of these properties in the composition. They should also sup-
port creating links among these properties. Finally, they should
support creating rules to define how properties change in space,
across instances of the same composition, or in time, across re-
lated compositions.
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innovative technologies :

• Color Partner supports creating personal, informative represen-
tations of the color manipulation process. Users can benefit from
the cues the system provides (size of the dots, distance between
the dots), to guide their color manipulation process.

• Color Revealer permits creating personal, informative color repre-
sentations of how a process evolves. These representations are
based on the progress of an activity over time. They contain
information about the length of this activity and visually com-
municate its phases.

• Palette Explorer supports manipulating visual properties of color,
such as size, position and layering. Users can change these prop-
erties in the context of the surrounding colors. Through manip-
ulating these properties, they can create personal color repre-
sentations using specific values for color visual properties.

• Color Compositor combines colors and textures. It supports ma-
nipulating the visual properties of this combination. Users can
create this combination visually on the colors and textures of
interest. Color Compositor also supports extracting color and tex-
ture from a colored-texture, and getting its component elements.

• Linkify supports linking visual properties directly on the doc-
ument. It supports visually defining rules for how these links
evolve as the content changes.

• Contextify supports creating rules that define how visual prop-
erties change in a visual composition. It also supports creating
these rules directly on the content elements.

1.5 thesis overview

Chapter 2 introduces the main concepts used in this thesis. First, it
presents a framework for refiying visual properties for visual compo-
sition. Then, it presents factors affecting how designers create their
visual compositions. Perception, design tools and guidelines affect
how designers create their visual compositions. Then, it describes vi-
sual composition as a reflective practice, where designers know more
than they say, and respond to the situated circumstances of creating
their compositions.

Chapter 3 describes user interface tools that support visual compo-
sition. It presents tools that address the manipulation of visual prop-
erties through hiding complexity, or automatizing part of the manip-
ulation process. It also presents selected tools that address specific
groups of experts, such as artists, illustrators and graphic designers,
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to support specific visual composition tasks. Finally, it describes the
advantages and remaining challenges of the approaches these tools
used to support manipulating visual properties.

Chapter 4 focuses on designer’s visual composition practices within
a specific design application. It presents a comparative structured ob-
servation study of graphic designers, as they perform visual compo-
sition tasks in a graphic design application. It extracts and compares
the tools and strategies they use to complete visual composition tasks.
It presents recurrent strategies across graphic designers and the types
of tools they use. Based on this comparison, it suggests new direction
for the design of visual composition tools.

Chapter 5 focuses on designers’ and artists’ color manipulation
practices, as they create their artifacts. It extracts and analyzes color
manipulation stories from interviews with artists and designers. Based
on these observations, it summarizes main color manipulation prac-
tices displayed in their projects, and the resulting implications for the
design of color manipulation tools.

Chapter 6 focuses on graphic designers’ layout practices in their
current projects. It extracts and analyzes stories from an interview
study with graphic designers. Based on these observations, it sum-
marizes main layout creation practices across graphic designers, and
suggests new directions for the design of layout creation tools.

Chapter 7 illustrates how the framework dimensions could be ar-
ticulated in the form of visual composition tools. It introduces two
groups of prototypes. Four color tools demonstrate new possibilities
for color manipulation. These tools support creating personal repre-
sentations, manipulating the visual properties of color, and combin-
ing color with other visual properties. Two layout tools demonstrate
new directions for layout tools. They support creating links between
spatial properties such as size and position, and defining rules for
dynamic properties. Two studies present how designers used and de-
scribed the tools with respect to the practices they support.





2
C O N C E P T U A L F O U N D AT I O N S

This chapter introduces concepts used throughout this thesis. It presents
a framework for the reification of visual properties in visual composition
tools, to turn them into first class interactive objects. It then presents the
factors that affect how designers create their compositions. First, designers’
perception and interpretation of visual stimuli affect how they create their
compositions. Also, art and design principles help designers plan and justify
their composition choices. These choices also depend on the existing repre-
sentations designers use to create their compositions. I focus on the repre-
sentations of color, layout and typography. Finally, visual composition is a
reflective process. It depends on the designer’s reaction to the current situ-
ation. Plans based on rules and best practices guide, but do not completely
shape the final composition. For this reason, in situ observations of designers
at work is helpful to uncover their composition practices.

2.1 concepts in this thesis

This section defines the concepts and theoretical foundations of this
thesis. First, the concept of visual properties, also called “attributes”,
“features”, or just “properties” appears in several domains. I identify
different types of visual properties based on how we perceive and
interpret visual stimuli.

Then, I draw from the empirical findings I present in the following
chapters, the perspectives explained in this chapter, and the analysis
of current visual composition tools to present a framework for manip-
ulating visual properties. This framework describes the main dimen-
sions composition tools should consider to support the manipulation
of visual properties for designers.

2.1.1 Visual Properties

The Gestalt’s concept of emergent features (Pomerantz and Cragin
2015) distinguishes between two types of visual properties. Properties
of a component depend only on this component. Emergent features
are visual properties created from a particular organization of visual
objects. Gibson’s ecological view (Gibson 1979) presents visual prop-
erties as perceived affordances. These are possibilities for action that
depend on the observer’s current action capabilities. Perceptual learn-
ing (Adolph and Kretch 2015) introduces distinctive features. These
are the minimal visual properties required to differentiate a stimu-

11
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lus (Fig. 3).
Visual properties affect how observers perceive objects and the possi-

Figure 3: Perceiving visual properties.

ble actions to take on these objects. For this reason, visual properties
affect how designers perceive and act on objects as they create their
compositions.

2.1.2 Designers’ visual composition practices

As they create visual compositions, designers move between stages
of problem setting and problem solving (Schon 1984). In this thesis,
I focus on the practices designers develop when creating visual com-
positions. We observe these practices in tasks where designers do not
recreate existing artifacts, following detailed procedural instructions.
They work instead within a set of predefined initial constraints.

2.2 theoretical framework

In this thesis, I argue that visual composition tools should treat prop-
erties as first class objects for interaction. Designers should be able
to directly access these properties in the composition. I use the in-
strumental interaction model, and specifically the design principles
of reification, polymorphism and reuse to describe how visual com-
position tools can transform visual properties into first class objects.

2.2.1 Instrumental Interaction

Instrumental interaction (Beaudouin-Lafon 2000) generalizes and op-
erationalizes direct manipulation principles, suggesting a reification
of commands into interaction instruments (Beaudouin-Lafon and Mackay
2000). Domain objects in the instrumental interaction model form the
purpose of the interaction. These objects have attributes the user can
act on, and can become domain objects of their own.

Two design principles complement reification. Polymorphism means
that one command can be applied to objects of different types. Reuse
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makes users’ previous input, output or both available in the current
context (Beaudouin-Lafon and Mackay 2000).

In this thesis, I propose the reification of attributes, visual prop-
erties of domain objects. These properties become first-class objects
for interaction. I argue that the reification of visual properties into
first-class objects, provides a better support for designers in visual
composition tasks.
The reification of properties in a visual composition tool creates new
objects of interest. Polymorphism helps to maintain a small number
of commands, as the number of objects of interest increases. Thus,
the same polymorphic commands, can operate on new reified objects,
such as visual properties. Reification of properties will also facilitate
output reuse, since new objects will be available for the user’s upcom-
ing visual composition tasks.

2.2.2 Framework for reifying visual properties

We use the empirical findings from observing designers (Chapter 4,
Chapter 5, and Chapter 6) to create a framework for the manipulation
of visual properties in visual composition tasks (Fig. 4). This frame-
work is based on the design principles of reification, polymorphism,
and reuse.

Figure 4: Framework for the reification of visual properties for composition
tasks

I argue that the reification of visual properties into first-class inter-
active objects requires supporting:

personal , instead of generic representations of visual

properties .
Designers should be able to use personal samples to create representa-
tions of visual properties. For example, they can create personal color
representations based on collected images, or personal palettes. They
can also start from previous artifacts, instead of generic templates, to
create a new layout. Personal representations hold meaning relevant
for the user, and for the current composition.
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links among visual properties

Changing values of visual properties depends on other visual prop-
erties in the composition. Designers establish links among proper-
ties. They manipulate these links throughout their composition. They
know and articulate these links, but execute them manually in cur-
rent visual composition tools. They cannot embed these links as part
of their composition. Instead, they have to change values of individ-
ual properties separately and repeatedly in the composition.

rules for evolving visual properties .
As they create their compositions, designers define fixed, constant vi-
sual properties. They define other properties as flexible, and change
their values in space, for several objects in the composition. They can
also change their values in time, across related compositions. Design-
ers establish rules to define how these properties change in these
situations. In current tools, designers define these rules verbally, but
cannot embed them in the tool. They need to change the property
value for each instance manually.

interactions with visual properties in the composition,
not in separate windows or dialog boxes .
Designers need to maintain a constant conversation with the content
as they create their composition. For this reason, manipulating visual
properties depends on the content, and on the current state of the
document. Designers thus need to manipulate properties in the doc-
ument. They need to experiment with several values of these proper-
ties, before getting their final result.

In the following, I present factors that affect how designers cre-
ate their visual compositions. First, perception helps identify how we
sense and comprehend the components of a visual stimulus. Then, de-
sign guidelines determine best visual composition practices. Finally,
existing representations of visual properties such as color, layout and
typography affect how designers use these visual properties in their
compositions.

2.3 perceiving visual properties

Our perception of visual properties affects how we interpret, inter-
nalize and manipulate them in creating compositions. In perceptual
processing, visual properties are component parts of the image we
perceive. Gestalt psychologists rely on phenomenological evidence to
support that perception follows a holistic approach. The properties
of the whole object are different from the properties of its component
parts. Also, detecting the whole object facilitates and precedes the de-
tection of its components.
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Recent studies (Wolfe and Robertson 2012) showed early perceptual
processing of object properties. Two observations supported this: spe-
cialized populations of neurons tuned to specific colors, disparities,
orientations, or spatial frequencies. Also, selective attention to a spe-
cific property was found efficient in sorting and classification tasks. In
these observations, there was no significant interference from proper-
ties irrelevant to the task.

2.3.1 Perceptual Organization

Perceptual organization is “the process by which particular relationships
among potentially separate stimulus elements are perceived and in turn
guide the interpretation of those elements” (Pomerantz and Kubovy 1986).
Three major approaches to perceptual organization suggest different
roles for properties as we perceive a visual stimulus. All three ap-
proaches agree on the early processing of these properties as we sense
and comprehend visual objects.

the structuralistic approach :
The perceived whole is equal to the sum of its part. For this rea-
son, perceptual organization and perception are separate. Different
sensory organs perceive individual components. The resulting sensa-
tions have a trace: memory images. These traces are evoked when the
same sensory object is encountered again. The organization then is
done separately when the brain creates links between the collected
memory images (Pomerantz and Kubovy 1986). Thus, each visual
property has a memory image that determines how it is perceived.
Interaction between these properties depends on the existing links
between memory images. From a structuralistic point of view, differ-
ent observers will perceive different links between visual properties
depending on their memory images.

the helmholitzean approach :
The Helmholitzeans and the Structuralists provide similar definitions
of the roles of sensation and memory images.The Helmholitzean ap-
proach also acknowledges sensation to be the first step in perception.
Memory images acquire associations that help recognize what we see.
The Helmholitzean approach is more flexible. The organization of
sensations creates a whole that is larger than the sum of its perceived
components. This approach adds the likelihood principle:“sensory ele-
ments will be organized into the most probable object or event in the environ-
ment consistent with the sensory data” (Pomerantz and Kubovy 1986).
Thus, visual properties in the Helmholitzean approach, like in the
structuralistic approach, are sensations that trigger specific associa-
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tions. They are associated to their closest resemblance based on the
sensed data.

the gestalt approach :
Designers use Gestalt principles to guide the manipulation of visual
elements (section 2.5.3). The Gestalt approach states that “the whole is
more than the sum of its parts”.

Visual properties, as components of the whole stimulus, are per-
ceived holistically rather than separately. The notion of holism led to
new theories that explain the nuances of considering the whole larger
than its component parts. Emergent features (Fig. 5) are visual prop-
erties that emerge when different parts combine into a whole. For ex-
ample, a set of trees closely spaced is visually grouped into a forest.
This forest has new visual properties such as density, that individual
trees do not have (Wagemans et al. 2012). Other examples of emerging
features include symmetry, closure and regularity. These emergent
features, also called holistic properties, exist along with properties of
individual components (Wagemans et al. 2012). The Gestalt approach
does not ignore the importance of visual features that belong to indi-
vidual components. It suggests a new type of visual properties that
emerge from a specific organization of the components.

Figure 5: Top row shows how novel features emerge as additional dots are
added to a stimulus, while the bottom row shows the same for line
segments.(Pomerantz and Cragin 2015)

These three approaches to perceptual organization provide differ-
ent insights about the perception of visual properties. They base their
definitions on the structure and function of the brain, and on the
role of learning versus innate functions in perception. The Gestalt ap-
proach highlights the importance of the stimulus’ structure in defin-
ing what we perceive. Thus, a new type of visual properties, emergent
features, are the result of a specific organization of the stimulus ele-
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ments.

Another approach to perceptual organization is direct perception (J.
J. Gibson 1950, 1966, 1979). In direct perception, the organization does
not happen in the brain. We perceive the organization the stimulus
already has. Perceptual organization does not need more informa-
tion from memory to interpret the stimulus (Pomerantz and Kubovy
1986). Perceptual learning further explains how the perception of vi-
sual properties evolves over time.

2.3.2 Affordances and Perceptual learning

Gibson’s ecological view of perception is based on the theory of af-
fordances. He focused on the“interactive relationships of behaving agents
with systems in their environments” (Greeno 1994). Gibson refers to vi-
sual properties as:“object qualities”. He explains the particularity of
the ecological view:

“Orthodox psychology asserts we perceive these objects insofar as we dis-
criminate their properties or qualities [...] But I now suggest that what we
perceive when we look at these objects are their affordances, not their quali-
ties (Gibson 1979).”

In Gibson’s view, we do not perceive visual properties such as size
and distance. We perceive instead if the object is within arm’s reach,
or whether it can fit into our grasp (Adolph and Kretch 2015).

Affordances are the invariant combination of perceptible proper-
ties that compose the object. Gibson, like Gestalt psychologists, also
claims it is easier to perceive the whole invariant unit first, compared
to perceiving all the variables separately. Gibson’s affordance theory
further explains why meaningful perception is direct by considering
the “ecological object” of perception to be value-rich (Gibson 1979). The
object’s affordances are a set of properties taken with reference to the
observer. These affordances are preconditions for activity. Their pres-
ence does not mean the activity will occur, but contributes to the
possibility of its occurrence (Greeno 1994). Affordances are always
there to be perceived, but the observer, depending on her needs, may
or may not perceive them (Gibson 1979).

Eleanor Gibson further investigates these changes. She introduces
perceptual development: the process of learning about and discover-
ing new affordances as action capabilities change (Adolph and Kretch
2015). “Distinctive features” in perceptual learning are a type of visual
properties. These are: “the relational contrasts or minimal set of attributes
that distinguish one kind of thing from another” (Adolph and Kretch
2015). These properties are invariant under certain transformations.
Thus, all distinctive features are visual properties of the perceived ob-
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ject, but not all visual properties are distinctive features.

Perceptual learning is a process of “differentiating previously vague
impressions” (Adolph and Kretch 2015). The goal of perceptual learn-
ing is to increase the specificity of the perceived information through
differentiation. For example, a novice color practitioner can only dis-
tinguish primary and secondary color hues. An experienced color
practitioner perceives differences that correspond to slightly different
shades of the same hue, to the amount of cyan in a color, or to the
result of using the same color on different media. With practice, the
color practitioner learns to distinguish targets of perception she could
not discriminate before.

Perceptual organization suggests that visual properties are compo-
nent parts of the stimulus we perceive. It explains how we perceive
and comprehend different types of visual properties. In particular,
the concept of “emergent features” differentiates two types of visual
properties. The first type includes visual properties inherent to the
stimulus or to its components. The second type includes visual prop-
erties that are results of the current organization.

The theory of affordances suggests that we perceive how we can
manipulate visual properties depending on our current action capa-
bilities. Perceptual learning introduces the term “distinctive features”
to describe the object properties an observer can differentiate. The
specificity of these properties increases with experience.

Perception and the observer’s knowledge of how to manipulate
visual properties affect what they perceive, and how they manipu-
late these properties. Perceptual organization highlights the role of
visual properties in comprehending what we see. Affordances and
perceptual learning link what the observer knows to the number of
distinctive features they perceive within a stimulus.

In this thesis, I focus on design practitioners who have knowledge
and experience in creating visual compositions. Design guidelines af-
fect the choice of visual properties designers use to create their com-
positions. The representations and tools the designer has at hand also
determine how they can manipulate these properties, and how they
can use them in their compositions.

2.4 visual composition guidelines

”Rules can be broken –but never ignored”
David Jury (Samara 2007)
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We want to identify how design guidelines affect the composi-
tion process. Designers create compositions around a visual concept.
Samara describes the work of a graphic designer as being around
communicating a clear message. The communication tools a designer
has at hand include: “imagery, symbols, type, color, and material -whether
it’s concrete, like printing on a page, or somewhat intangible, like pixels on
a computer screen or light in a video.”(Samara 2007).

Lauer and Pentak (Lauer and Pentak 2012) describe four design
principles that guide designers as they create visual compositions. For
each principle, dedicated guidelines indicate the visual properties the
designer can use to create specific effects.

unity :
The designer should provide some type of organization to relate var-
ious elements. It is the creator’s task to ensure these elements be-
long together, that the whole is larger than the sum of its individual
components (Fig. 6). Visual properties the designer manipulates to
achieve unity include repetition, alignment, continuation and prox-
imity (Fig. 10).

Figure 6: Monochromatic picture uses color to reinforce unity. Damon
Winter. Personal photograph from Iceland. Communication Arts,
May/June 2005. (Lauer and Pentak 2012)

variety :
While unity creates coherence within the design, variety complements
it and brings interest to the composition by changing the character
of some design elements (Fig. 7). The designer manipulates visual
properties such as size, thickness, value, color, angle, orientation and
texture to create variety in the composition (Fig. 10).
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Figure 7: Geometric unity with variations on a theme. Charley Harper. Orig-
inal painting for Titmouse Tidbit (Tufted Titmouse). 1975. Acrylic
on canvas, 1’ 1" × 1’ 2". (Lauer and Pentak 2012)

emphasis :
Attracting the viewer’s attention to what is most important requires
creating a focal point. This point of emphasis will also encourage the
viewer to look at the details of the design (Fig. 8). Visual properties
such as contrast and position help the designer define a focal point
and achieve emphasis in the composition (Fig. 10).

balance :
This principle refers to the distribution of visual weight in a com-
position (Fig. 9). The visual properties of repetition and symmetry
contribute to creating balance in a visual composition (Fig. 10).

Guidelines encourage designers to manipulate specific visual prop-
erties to create unity, variety, emphasis and balance in their compo-
sitions. These guidelines are more often examples and suggestions,
rather than unbreakable rules. Their role is to suggest starting points
for designers to communicate their personal visual concepts.

Designers take these guidelines into consideration as they create
their compositions. More specific guidelines propose tools and rep-
resentations for particular visual properties. I focus on three visual
properties: color, typography, and layout.
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Figure 8: All aspects of compositions attract attention to the grapefruit as a
focal point. Susan Jane Walp. Grapefruit with Black Ribbons. 2000.
Oil on linen, 8" × 81⁄4". Tibor de Nagy Gallery, New York. (Lauer
and Pentak 2012)

Figure 9: An unbalanced design creates uneasiness for the viewer. (Lauer
and Pentak 2012)

Figure 10: Design guidelines suggest changing specific properties to apply
the principles of unity, variety, emphasis and balance.

2.5 representing visual properties

Designers create and use tools and representations to manipulate
color, typography and layout. Some of these representations, such
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as the color wheel, transferred to graphical user interfaces. They thus
affect how users manipulate these visual properties as they create
online compositions.

2.5.1 Color

“If one says “ red ” and there are fifty people listening, it can
be expected that there will be fifty reds in their minds. And ...
all these reds will be very different. Colors present themselves in
continuous flux, constantly related to changing neighbors and
changing conditions.”

Joset Albers (Albers 1963)

Color carries psychological and emotional meanings that vary across
recipients. Color affects the legibility of type, hierarchy, and how
viewers establish connections between visual elements (Samara 2007).
For this reason, the choice of color strongly affects the concept a de-
signer wishes to communicate. Skillful color manipulation requires
comprehending the physical, perceptual and cognitive characteristics
of color.

2.5.1.1 Understanding Color

Color is a singular visual phenomenon. Understanding color the-
ory requires collecting fragments of theories from various disciplines.
These different points of view should be consistent within themselves,
with each other, and with what we see. Physics explains the cause
of color. The literature of art education informs us about the beauty
and harmoniousness of color. From biology, we learn about the func-
tional roles of color in nature. Social sciences study color names and
the relationship between color names and our experience of seeing
color (Sloane 1989).

Figure 11 is a drawing by Newton of his experiments with light.
The two main components of the apparatus are in the center of the
illustration: the prism and the lens. Sunlight passing through the
prism creates an image of a rainbow on the wall. In the upper left
of the sketch, we can see points Newton drilled in the wall to allow
parts of the rainbow to continue through to a second prism. The im-
age produced on the second surface was not another rainbow, but
remained in the same color passed from the first rainbow. Newton
concluded that passing through the first prism separated sunlight
into its fundamental components: no other changes happened when
passing through the second prism (Wandell 1995).
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Figure 11: Newton’s drawing of his Prism Experiment (Wandell 1995)

Newton’s experimentations presented color as a property of light.
Subsequent hypotheses in physics about what causes color defined it:
“in terms of light, and light in terms of waves. The waves were identified as
an electromagnetic phenomenon.” (Sloane 1989)

Physics provides insights about the cause of color. Understanding
the nature of color requires taking sensation and perception into ac-
count. Russel (Russel 1948) illustrates this importance in the follow-
ing example:

“Until the nineteenth century people were uttering meaning-
less noises when they said that blood is red, because nothing was
known of the correlation of wave lengths with sensations of color.
This is absurd. It is obvious that red has a meaning independent
of physics, and that this meaning is relevant in collecting data
for the physical theory of colors, just as the pre-scientific mean-
ing of “hot ” is relevant in establishing the physical theory of
heat.”

Russel argues here that explaining “red” with a wavelength is not
complete. It is not possible to define a color objectively, regardless
of how the eye experiences and encounters this color. Color vision
occurs when photoreceptors convert light into nerve signals. These
photoreceptors, contain photopigments responsible of detecting spe-
cific color wavelengths. Color perception requires cross-referencing
nerve signals coming from multiple types of photoreceptors (King
2005).

Goethe (Goethe 1970) focused on color as a phenomenon he stud-
ied through a series of practical color mixing experiments. These re-
sults demonstrate how the appearance of color to our eyes, and our
brain’s interpretation of what we perceive affect our moods and emo-
tions following this experience.
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Further studies demonstrated that characteristics such as cultural
background, affect our interpretation of color. Kubat et al. asked 23

english-speaking participants to choose one of two color terms to
describe an ambiguous color. Participants’ perception of ambiguous
colors shifted towards typical colors of common objects of a similar
color (Kubat, Mirman, and Roy 2009). In this experiment, participants’
semantic knowledge of typical colors of common objects affected their
description of the color they saw.

Our personal experiences affect the color we perceive, and the color
we perceive affects our moods and emotions. Montazeri et al. found
that color affects the salience of an object, which for their experi-
ment, affected participants’ recycling behavior: 88% of participants
presented with a green recycle bin recycled, while only 52% of par-
ticipants presented with a gray recycle bin used it (Montazeri et al.
2012).

In visual arts, color theory is based on elements from physics, per-
ception, and cognition. It is a body of prescriptive rules that guide
color manipulation. The technical aspect of color theory in visual arts
predicts the results of specific color mixtures. Its aesthetic aspect en-
sures harmoniousness of color arrangements (Sloane 1989).

From a technical perspective, color theory starts from the assump-
tion of three primary colors. Secondary colors result from mixing two
different primary colors. Tertiary colors result from mixing all pri-
mary colors. If we assume that primary colors are blue, yellow and
red, secondaries are orange (red and yellow), green (yellow and blue),
and purple (blue and red). The tertiary colors result either from di-
rectly mixing all three primary colors, or from mixing two secondary
colors. The range of tertiary colors includes brown, russets, olives,
grayish browns, and bluish grays (Sloane 1989). Figure 12 is a repre-
sentation of primary and secondary colors Itten used to teach novice
artists about color theory (Itten 1970). Artists often assume red, blue
and yellow as primary colors. This assumption is based on mixing
pigments and is often called subtractive mixing. Thus, mixing all
colors forms black. Additive color mixing is based on color as light
waves, and mixing all three primary colors forms white. In additive
mixing, the three primary colors : red, blue and green.

From an aesthetic perspective, color theory provides principles and
guidelines to obtain harmonious colors. Goethe (Goethe 1970) intro-
duced the completeness principle: “the eye seeks for a colorless space
next every hue in order to produce the complementary hue upon it”. By
this principle, when the eye perceives a color, it produces another
color. This new color along with the first comprehend the whole color
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Figure 12: The 12 hues color cycle (p.31)(Itten 1970)

scale. (Goethe 1970)

The principle of completeness identifies complementary colors. Goethe
uses the colorific circle (Fig. 13) to identify complementary colors.
Thus, by moving a diametric index around the circle, its two ends
indicate complementary colors. Contrasting complementary colors is
“harmonious” because it carries the conditions for completeness (Goethe
1970). Complementary colors summarized in the following three con-
trasts:

• Yellow and Red-Blue (Purple)

• Blue and Red-yellow (Orange)

• Red and Green

Goethe also classifies colors in one of two sides, using the expres-
sions plus and minus. Warm colors (red to orange to yellow) are on the
plus side, and cool colors (green to blue to purple) are on the minus
side (Goethe 1970).

Color theory is relevant in visual arts because of its practical impli-
cations. The quality of a color representation depends on its practical
usefulness when mixing and arranging colors.

2.5.1.2 Color Representations

Color Representations serve as visual tools to communicate color the-
ory principles. The color wheel is one of the most popular representa-
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Figure 13: Goethe’s Colorific Circle (Plate.1 Figure.3)(Goethe 1970)

tions of color. Newton created one of the first color wheels (Fig. 14) by
placing purple between red and blue. This created a two dimensional
color representation from the spectral one dimensional representation
of rainbow colors (Baumann and Verlag 1994).

Figure 14: Newton’s color circle

The color wheel communicates and summarizes color relationships (Fig. 13).
The color wheel is also a tool novice artists create when learning these
principles. Itten suggests an exercise where his students create the
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12 parts color wheel (Fig. 12). He describes this representation as a
tool to visualize the 12 hues, any other tones in between, and the
relationships between these hues: “The twelve hues evenly spaced, with
complementary colors diametrically opposite each other. One can accurately
visualize any of these twelve hues at any time, and any intermediate tones
easily located.” (Itten 1970)

Albers suggests another representation of primary, secondary, and
tertiary colors: the equilateral triangle (Fig. 15).

Figure 15: The Equilateral Trianlge p.191 (Albers 1963)

The three primary colors are on the edges. They have the highest
contrast and thus are the most separated colors in the triangle. The
three secondaries are in the middle of the outer edges. The three ter-
tiaries present the least contrast and are in the center. Albers suggests
starting with this organization of the equilateral triangle. He encour-
ages his students to create and compare different organizations (Al-
bers 1963).

The Munsell Sphere (Fig. 16.a) is a three-dimensional representation
that visually separates hue, value, and chroma (Munsell 1905). Mun-
sell introduced these three qualities of color. He gave the example of
a faded red cap to further explain their practical meaning. The hue
represents the redness of the cap. Hue is the quality by which we
can distinguish one color from another. In this case, it is what dis-
tinguishes a red cap from a blue cap. The purity of this red is the
chroma. This quality reflects the strength of the color. In this exam-
ple, the cap’s red color has lost in chroma and is getting closer to a
neutral gray. The amount of red in the cap is the value. This quality
differentiates a light color from a dark one. In this example, it makes
the difference between a light red and a dark red cap. Each of these
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three elements contributes to the red we see (Munsell 1905).

(a) The initial balanced Color
Sphere (Munsell 1905)

(b) Chromatic branches of the Color
Tree (Munsell 1915)

Figure 16: Munsell Color Representations

Later, Munsell proposed a different representation: the color tree
(Fig. 16.b). The initial sphere is unbalanced to account for perceptual
distances between hues (Munsell 1929). Tree branches surrounding
the sphere represent chromatic branches for each hue.

The Munsell color tree is a visual representation of the three color
dimensions: hue, chroma, and value. It also visualizes the difference
in distance between chromas of different hues: “HUES of stronger
CHROMA extend some steps out beyond the surface, like immense build-
ings on a very small Earth; or like level limbs on a Color Tree extending
through and beyond the surface of a sphere within which the tree has grown
”(Munsell 1929).

Ultimately, the color tree became a physical tool for color profes-
sionals to identify and create colors (Edward R. Landa and Mark D.
Fairchild 2005). For example, the Munsell tree is heavily used in soil-
profile characterization (Fig. 17).

Other color representations address specific display media. RGB
(red, green, blue) and CMY(cyan, magenta, yellow) two popular mod-
els for color production on digital and print media. They are comple-
mentary models: the primary colors of one are the secondary colors
of the other (Fig. 18). RGB is based on additive mixing, the choice of
colors here is also linked to the types of cones in the human eye, and
to color as light waves (Fig. 18). CMY is based on subtractive color
mixing, and on color as pigments (Fig. 18) (Adobe 2000).
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Figure 17: Munsell Soil Color Charts (Edward R. Landa and Mark D.
Fairchild 2005)

(a) The RGB color model (b) The CMY color model

Figure 18: RGB and CMY color models

CMY is used for printing colors. In practice, it is impossible to
produce a pure black by mixing cyan, magenta and yellow in equal
proportions. for this reason, printers add black ink to boost grays
and shadows. Thus, the CMY model is replaced in practice with the
CMYK process.

RGB and CMY cannot reproduce all the colors we can see (Fig. 19).
Several RGB colors cannot be recreated in CMY(K), and some CMY(K)
colors cannot be reproduced in RGB. The gamut is the range of all col-
ors a model produces. For the RGB model, the gamut depends on the
device. This dependence can create problems when representing the
same colors across several devices (Adobe 2000).

More recent color models reproduce the entire gamut of colors we
can see. The CIE color model (CIE stands for comité internationale
de l’éclairage) is device independent and covers the whole range of
colors we can see (Fig. 19).

The Munsell color system affected color representations on digi-
tal displays. The HSB/HLS color model (hue, saturation, luminosi-
ty/brightness) is based on the Munsell system’s three color dimen-
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sions: hue, chroma, and value. Hues range from red to green, and
from 0 to 360 degrees on a circular pattern. Saturation in this model
is equivalent to chroma in the Munsell system and ranges from 0 to
100% on a linear scale. Luminosity (or brightness) also ranges from 0

to 100 % on a linear scale and represents value in the Munsell color
system (Adobe 2000).

Figure 19: The RGB and CMYK gamuts (OKI Data 2016)

Color models for digital color representations changed from adapt-
ing to individual media, to adapting to human color perception. This
enhanced the persistence of color when changing monitors. Yet, con-
version problems still exist when moving from a color model to an-
other.

Digital color representations differ from color representations in vi-
sual arts. The goal of digital color models is to optimize the number
of perceivable colors they reproduce on a display. Yet, they provide lit-
tle guidance on how to use these models to mix, arrange, and convert
colors from a model to another. We do not have visual color repre-
sentations that predict what mixing red and blue would mean in the
RGB model, and how harmonious the result would be if arranged
with a mixture of red and green.

Color representations based on the HSV model use the color wheel,
with two linear sliders for saturation and luminosity. The color wheel
communicates information about primary and secondary colors. The
whole representation, the color wheel and the two sliders, is less use-
ful that the Munsell color tree for example. The Munsell tree connects
all three qualities. It also includes chromatic distances for the same
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hue and shows the distance between different hues.

Digital color models can now reproduce all perceivable colors. Yet,
we still lack informative representations of their technical or aesthetic
implications. We do not have color representations that inform and
guide the manipulation of color using digital color models such as
RGB or CMY.

2.5.1.3 Using Color in visual compositions

In visual arts, color principles and visual representations should pro-
vide guidance for color manipulation. These rules help predict and
orient color experimentation. Color principles such us complemen-
tary, warm and cold colors specify harmonious color arrangements.

Artists and art teachers highlight the importance of personal exper-
imentation with color. Joseph Albers taught laboratory style courses
where students understand color through practical exercises. His goal
was the development of his students’ sensitive eye for color. The eye
and the mind need to be prepared, through productive exercises, to
recognize beautiful color orders (Albers 1963).

Albers introduced a color manipulation principle in several of his
color experiments: the relativity of color. He called color: “the most
relative medium in art” (Albers 1963). To demonstrate this principle,
Albers suggested an exercise where he made the same color look dif-
ferent. He placed two small rectangles of the same size and of the
same color on large rectangles of two different colors (Fig. 20). This
setup differentiates the influenced color (the color of the small rectan-
gles) and the influencing color (the background color) (Albers 1963).
Understanding how colors affect each other helps designers manipu-
late color relationships to create desired effects.

Color systems, theories, and representations are tools color prac-
titioners use to build a personal color experience. Gaining this ex-
perience permits recognizing and creating aesthetically harmonious
color orders. Itten (Itten 1970) identifies three directions for gaining
knowledge about the aesthetic aspect of color effects.

• Impression (visually):
This consists of observing color in nature and reproducing the
finest details of these colors. Itten gives the example of impres-
sionists, such as Monet and Renoir. They were interested in re-
producing the color vibrations light produces on surfaces at dif-
ferent times of the day (Itten 1973).
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Figure 20: The relativity of color (p.76)(Albers 1963)

• Expression (emotionally):
Color acts here as a tool for expressing the artist’s emotions.

• Construction (symbolically):
The symbolic meanings of color make it an important medium
to convey the artist’s ideas.

These three directions are interrelated. Itten says: “Symbolism without
visual accuracy and without emotional force would be mere anemic formal-
ism; visually impressive effect without symbolic verity and emotional power
would be banal imitative naturalism; emotional effect without constructive
symbolic content of visual strength would be limited to the plane sentimental
expression” (Itten 1970). The impressive, expressive and constructive
effects of color complement each other. They allow each artist to build
and convey a unique color manipulation experience.

When color practitioners internalize color rules, they create their
own color representations. Kandinsky, a prominent painter, created
famous color compositions with bold shapes and primary colors (Fig. 21).

Like color theory, color representations guide color manipulation,
but do not define the final color choices. Designers use these represen-
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Figure 21: Kandinsky’s concentric circles

tations to classify colors (Fig. 16), and to predict the results of mixing
specific colors (Fig. 20).

2.5.2 Typography

Typography is the process through which language becomes visible.
A typographic style is “the power to move freely through the whole do-
main of typography, and to function at every step in a way that is graceful
and vital instead of binal” (Bringhurst 2002). Typographers learn the
fundamentals and principles of using and designing typefaces. They
have the power to choose and create typefaces according to the goals
they set for themselves.

Working with type requires understanding the fundamental char-
acteristics of typographic systems. For example, western alphabet let-
ters belong to a system with specific visual relationships. At a stan-
dard reading size, the eye perceives letters to be all the same weight,
height, and width. This uniform style discourages distraction while
reading (Samara 2007). Two fundamentals of typography that apply
to digital environments are:

typography forms have a dual nature :
Typography has a semantic and an aesthetic nature (Cullen 2012).
On a formal level, typography forms function like lines, shapes, and
texture. They affect the visual impact of the composition. On the con-
tent level, typography forms communicate a verbal message (Evans
and Thomas 2012). Composing with typography requires consider-
ing these two dimensions while representing and manipulating word
forms.
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legibility and expression :
The trade-off between legible and expressive type can be seen through
two main movements: functionalism and expressionism. Functional-
ism measures the appropriateness of a type by its ability to communi-
cate information to a specific audience. Expressionism gives more at-
tention to experimental, expressive and ornnamental possibilities (Carter
et al. 2015). Bringhurst suggests that “typography must often draw atten-
tion to itself before it will be read. Yet in order to be read, it must relinquish
the attention it has drawn” (Bringhurst 2002). The designer should bal-
ance expressivity of a type form and its legibility.

Typography principles provide prescriptive rules to guide typo-
graphic choices. We focus on principles that define the impact of type
visual properties.

text elements with the same treatment are assumed to

be related :
Typographic properties define the hierarchy of informational com-
ponents. Typographic blocks that have the same choice of typeface
properties are perceived to mean similar things (Samara 2007). Con-
tent predetermines logical relationships of emphasis and value be-
tween parts of text. Typography should clearly express these relation-
ships (Tschichold, Kinross, and Hendel 2006).

type is affected by how it is read :
Typography decisions depend on how the text will be read. It is im-
portant to consider cases where reading does not follow the default
reading directions of the language. For example, the typographer
should not always assume that western alphabet will be read starting
top left. Another plausible order might start from headings, possibly
to the remaining text, in order of importance (Tschichold, Kinross,
and Hendel 2006). The rhythm of strokes and spaces of a typeface af-
fects its optimal spacing. It then affects the optimal spacing between
words, lines, and paragraphs. Arriving at this optimal spacing creates
a “consistent gray value in text” (Samara 2007).

type is a collection of lines , dots and shapes :
Type behaves like its simplified components. The dot defines a loca-
tion in space. It can be used for alignment or to activate spaces in
a composition. The line can be used for separation, enclosing or em-
phasis. The shape can operate as inclusions or details among letters
or words. The shape can support clusters of text, by acting like a field
upon which type lies (Samara 2007).
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2.5.2.1 Digital Typography: Representation and Manipulation

Digital typography tools introduced and encouraged new representa-
tions of type. The screen introduced new aesthetic and technical con-
siderations. Issues related to the digital medium incited typographers
to challenge some of the initial rules of legibility. They developed hy-
bridized forms and used computer-based and algorithmically-driven
typography (Staples 2000).

Figure 22: Text size Georgia h as a bitmap and as an outline. (Carter et al.
2015)

Rendering type on the screen requires going from an outline letter-
form stored as a Bésier curve, to a rasterized -pixelized- version (Fig. 22).
Techniques such as anti-aliasing and hinting, improve the rendering
of fonts on the screen. Antialiasing creates a smooth curvature illu-
sion to replace the stair-step edges created by pixels. Hinting creates
the best possible image of type at different point sizes. Hinting selec-
tively activates specific pixels at different point sizes to improve type
legibility on low-resolution devices (Carter et al. 2015).

2.5.3 Layout and Visual Organization

“To design is much more than simply to assemble, to order, or even to edit; it
is to add value and meaning, to illuminate, to simplify, to clarify, to modify,
to dignify, to dramatize, to persuade, and perhaps even to amuse.”
Paul Rand (Cullen 2007)

The designer creates a unique concept that communicates a clear
and concise message. For this purpose, the white space on paper
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or on a digital document is a canvas to create meaning. Designers
build an order system for visual elements. They assign a level of
importance and activity to color, form, image, space, and typogra-
phy (Cullen 2007). Layout is the conversation that happens between
different visual elements. Designers define rules for how visual ele-
ments interact in space. Each designer finds a unique concept and de-
fines how arranging visual elements can best communicate it. Cullen
identifies two fundamental elements to guide designers through this
process (Cullen 2007):

hierarchy :
The designer creates an ordering system of visual elements the viewer
can recognize. This ordering system evolves around a focal point
that first attracts attention. Starting from the focal point, other visual
points are ranked by importance. The designer also identifies visual
elements that belong to the same group. In this step, the designer
builds consistency by defining relationships between visual elements.

composition :
The designer manipulates composition factors: properties such as po-
sition, tension, repetition, and scale. The designer selects and manipu-
lates composition factors to create the design hierarchy. Composition
factors are visual properties the designer uses to create a visual con-
cept for organizing content.
Contrast distinguishes the visual elements that interact in the compo-
sitional space. Contrast makes the ordering system apparent to the
viewer.

Hierarchy and composition help the designer build an ordering sys-
tem the viewer can decrypt and interpret. The designer manipulates
composition factors to order visual elements in space.

Principles based on perception and aesthetics help the designer
build a hierarchy where composition factors activate visual elements
in the composition space. These principles maintain the link between
the viewer’s perception, composition factors, visual elements and the
designer’s intention. It is important for designers to be aware of these
principles. Breaking them is allowed if the composition concept justi-
fies it.

The principles of Gestalt relate to “the way things come together”.
These principles state that the interaction of visual elements has a
higher dynamicity than each element individually (Evans and Thomas
2012). The following Gestalt principles guide the manipulation of
composition factors for visual organization:
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heavy visual elements attract attention first :
This principle depends on a composition factor: visual weight. Heav-
ier elements will attract the viewer’s attention sooner and for longer
periods.
Visual weight depends on the visual element and on other composi-
tion factors. Position affects visual weight. Visual elements near the
central horizontal or vertical center of the composition have more vi-
sual weight.
Depth also affects visual weight: “the greater the depth of the visual field,
the greater the weight it carries”(Arnheim 1974). Visual weight also de-
pends on size: larger objects are heavier.

similarity is a prerequisite for noticing differences :
Arnheim suggests that comparisons, separations and connections be-
tween visual elements happen only when the context provides suf-
ficient background(Arnheim 1974). This principle also links to com-
position factors that predict prominent visual groupings. Size, shape,
color and position all contribute in creating detectable groupings of
visual elements.

orientation depends on the frame of reference :
This principle helps the designer answer the following question: “What
conditions must visual form meet for an image to be recognizable?” (Arn-
heim 1974)
Orientation defines how the designer expects the viewer to relate vi-
sually to the image. A default frame of reference consists of “perceiv-
ing the world standing or sitting perpendicular to the ground” (Evans and
Thomas 2012).
Changing the orientation of a triangle or a rectangle without chang-
ing the frame of reference does not change the shape (Fig 23) . It is
perceived as deviated from its more “normal” position. Changing the
orientation of a square by the same angle changes the square into a
different shape (Arnheim 1974).

Figure 23: Changing orientation depends on the frame of reference. (Arn-
heim 1974)

In this section, I point at composition factors, spatial properties
such as size, position, orientation and layering. Layout guidelines
emphasize the role of this type of properties for visual organization.
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Layout guidelines help predict the results of certain arrangements
of composition factors. These guidelines do not replace the impor-
tance of experimenting with composition factors to build an ordering
that conveys the designer’s concept. Experimentation requires orga-
nization tools, such as the grid, that keep composition factors visible
throughout the organization process.

2.5.3.1 The grid: a tool for representing visual organization

The grid is a tool to visually represent composition factors. The grid
keeps these factors visible when defining how visual elements inter-
act in the composition space. This visual representation is often re-
moved from the final composition (Fig. 24).
The grid is a network of horizontal and vertical intersecting lines
that transform the page into a framework of areas (Lauer and Pen-
tak 2012).
In the 20th century, the grid shifted from focusing on external appear-

(a) Composition Grid (b) Final Poster

Figure 24: Zürich Tonhalle Musica Viva Concert Poster, 1958, Joseph Müller-
Brockmann

ance to focus on structure. It became a tool for representing the pro-
cess of structuring and delivering rational information (Williamson
1986).
Bauhaus designers presented a mature version of the “structuring
grid” used in the 20th century. The grid remained invisible under
the final composition.
The postmodern grid is a visual element the designer manipulates.
The grid remains in the final design. It is a visual element to express
anti-rationality and randomness (Williamson 1986).

The Grid’s resistance to time reveals its importance in represent-
ing composition factors to order visual elements. The purpose of this
layout tool remained unchanged: activating the composition space
to serve the design concept. Breaking the grid occasionally followed
changes in perceptions and practices in visual organization.
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Designers create representations to guide the manipulation of vi-
sual properties such as color, typography and layout. These represen-
tations summarize information about the visual property, and help
experiment with it to express their visual concept.

2.6 the visual composition process

In this section, I identify visual composition as a reflective practice (Schon
1984), where designers know more than they say. This practice also
depends on what happens at the time of creating the visual compo-
sition. Thus, understanding this practice requires observation of how
practitioners create their compositions in situ.

2.6.1 Visual composition is a reflective practice

Schon identifies a set of practices where skillful professionals know
more than they say. These practices include design, city planning, en-
gineering, management, law, education, psychotherapy, and medicine
(Visser 2010).

Reflective practice is an activity where: “doing and thinking are com-
plementary. Doing extends thinking in the tests, moves, and probes of exper-
imental action, and reflection feeds on doing and its results. Each feeds the
other, and each sets boundaries for the other” (Schon 1984).

Schon observes designers at work to describe the notion of “reflection-
in-action”. Designers are in a constant conversation with design situ-
ations. They frame and reframe problems. Their attempts to solve
their reframed problems lead to new discoveries, and thus to new
reflection-in-action. This is a closed process of appreciation, action
and re-appreciation (Visser 2010).

Schon also emphasizes the role of “problem setting”, where practi-
tioners interactively name the things they will attend to and frame
the context in which they will attend to them (Visser 2010). Reflective
action involves creating a design world. Practitioners are in a constant
conversation with the materials of the design situation.

Visual properties are part of the properties of the design materials
reflective practitioners interact with. Each practitioner creates a per-
sonal design world, and a unique appreciation of the properties of the
design materials (Schon 1992). Schon gives an example from one of
his studies with architects. Petra, an architecture student, describes
her design process around the blueprint she created for a school
building (Fig. 25):“I had six of these classroom units but they were too
small in scale to do much with. So I changed them to this more significant
layout (The L-shapes)” (Schon 1992). Petra based her design move on a
subjective judgment: “too small in scale”. This judgment is related to
two visual properties of the prototype: scale and size. Petra changed
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these two properties and created a new prototype. She again judges
the organization of the new prototype based on its visual properties:
“a more significant layout”, and decides it is convenient.

Figure 25: Petra changes the initial blueprint based on two visual properties:
scale and size. (Schon 1992)

In reflective activities, the practitioner establishes a constantly evolv-
ing dialog between a prototype and a site (Schon 1992). The prac-
titioner selects an initial prototype from her repertoire according to
the constraints and possibilities of the site and the design task. Then,
through reflective action, the prototype and site both transform based
on the practitioner’s judgments in each step. These judgments are
subjective, and they are often related to visual properties of the site
or of the prototype.

Schon describes design work in a view similar to Suchman’s situ-
ated action (Suchman 2007). He considers design knowledge to be:
a knowledge-in-action revealed only when designers are actually de-
signing (Schon 1992).

2.6.2 Manipulating visual properties in situ

Suchman introduced “situated action” to emphasize the impact mate-
rial and social circumstances have on any course of action (Suchman
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2007). Purposeful action includes: plans, situated action and recol-
lected reconstructions. Suchman uses the example of riding rapids
in a canoe. One might come up with a detailed plan for the descent.
However, when responding to currents and handling the canoe, dur-
ing the actual descent, you abandon the plan and rely on any em-
bodied skills available to you (Suchman 2007). Your recollection of
the ride afterwards might be different from what actually happened.
Plans, situated action and recollections involve different representa-
tions of the action.

Rules and procedures might be involved in the action’s represen-
tation when creating plans. The action, when it occurs, is transpar-
ent: it is a response to the current circumstances. Rules might appear
when the situated action becomes problematic. The action, which is
not procedural by nature, accounts then for rules and procedure. I be-
lieve a similar phenomenon takes place when creating compositions.
Designers know composition rules and guidelines. Procedures help
them select the strategies they want to use. However, decisions of
how the final composition will look like take place at the time of cre-
ation. For this reason, probing for the details of how designers create
compositions provides more exhaustive accounts of their practices.

Designers know the rules and procedures that define and guide
creating visual compositions. They also respond to the circumstances
of the situation as they create these compositions. It is thus important
to know the principles designers use to establish their composition
plans. It is also important to identify practices of creating visual com-
positions in situ.

Designers know more about the task than they say. Their actions
involve moving from one prototype to another in a closed cycle. They
first use the visual properties of the prototype to make a qualitative
judgment of the prototype and the design situation. Then, based on
this judgment, they decide to act on some visual properties of the
prototype to transform it, along with the design situation.

2.7 summary

Based on our empirical findings, and on the design principles of reifi-
cation, polymorphism and reuse, I propose a framework for the ma-
nipulation of visual properties. I argue that visual composition tools
should support the creation of personal, rather than generic represen-
tations of these properties. Also, designers should be able to change
these properties directly in the composition. They should be able to
combine and link them. Finally, they should be able to define how
these properties evolve in time, across several compositions, or in
space, across components of the same composition.
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Perception, expertise, and design guidelines affect how designers
create compositions. First, perceptual organization identifies different
types of visual properties. Emergent properties depend on the current
organization of the perceived object, while inherent properties relate
to its components. Distinctive features are the minimal set of visual
properties an observer needs to differentiate an object. Perceived af-
fordances are the manipulation possibilities observers see depending
on their action capabilities. Then, composition rules and guidelines
encourage designers to use specific visual properties to ensure unity
and variety, or to create emphasis and balance in their compositions.
I focus on dedicated guidelines that help designers use three visual
properties: color, typography and layout. Finally, I describe visual
composition as a reflective practice. Designers know more than they
say about their composition choices. Creating a visual composition
also responds to factors from the current situation, and depends on
the designer’s visual concept. For this reason, observing designers as
they create and organize visual content provides more complete in-
sights about their composition practices.
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R E L AT E D W O R K

This chapter discusses how composition tools’ support the reification of vi-
sual properties. The desktop metaphor affected how visual properties appear
in desktop composition tools. The Xerox Star and the Apple Lisa both rep-
resented visual properties based on the desktop metaphor. They use property
sheets: dialog boxes to access properties when the user asks for them.
Early direct manipulation systems, such as Sutherland’s Sketchpad and
Kay’s Dynabook proposed unique visions for changing object properties.
Direct manipulation principles affected how applications support composi-
tion tasks, but focused on graphical objects. These principles did not propa-
gate to object properties. More recent composition tools, designed for experts
and novices, suggest different approaches to manipulate visual properties for
composition tasks. I discuss how these approaches support the reification of
visual properties into first-class interactive objects.

3.1 direct manipulation

Early direct manipulation systems such as the Sketchpad and the Dyn-
abook suggested directions for representing properties in graphical
user interfaces. The Xerox Star, and later commercial systems, applied
progressive disclosure to properties. These properties are details hidden
in dialog boxes accessed on demand (Johnson et al. 1989).

3.1.1 Sketchpad

Sutherland (Sutherland 1964) demonstrated early concepts of direct
manipulation in the Sketchpad system (Fig. 26). Using a light pen, the
Sketchpad supports direct manipulation of graphical objects. This ma-
nipulation includes grabbing, resizing, rotating and moving graphical
objects.

The Sketchpad supports changing three visual properties: orienta-
tion, size, and position. Manipulating one of these properties occurs
through constraining specific variables. For example, a user can de-
fine constraints to make a line horizontal (orientation), and two inches
long (length). Figure 27 shows the chosen display for constraints in
the Sketchpad. In this example, three sets of digits display the same
scalar value: -5978. Users can change the size, orientation or position
of the digits without changing the scalar value. The Sketchpad’s design
requires pointing the light pen at the abstract display: # to change the

43



44 related work

Figure 26: Ivan Sutherland using Sketchpad (Sutherland 1964)

scalar value. This would then change this value for all three sets of
digits. The figure also shows two constraints that could apply inde-
pendently of each other. One constraint applies to the scalar value
and the other to the position of the digits.

The Sketchpad’s design relies on a fundamental principle: constraints
should be visible when needed. Constraint visibility is important be-
cause it reveals the existence of a constraint, and helps the user aim at
it with the light pen (Sutherland 1964). Users can display constraints
by turning on a toggle switch. When they turn off the toggle switch,
only graphical objects -lines, circles, text, digits, and instances- appear
on the screen.

Figure 27: Three digits representing one scalar value in Sketchpad

Sketchpad’s graphical manipulations were soon reused for 3D draw-
ing in the MIT Lincoln laboratory (Johnson 1963). Sketchpad is also an
early demonstration of using a pointing device to manipulate visible
graphical objects on a screen.
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Sketchpad supports manipulating size, orientation and position through
constraints. These constraints are not always visible. They are dis-
played on demand, when the use wants to change them.

3.1.2 The Dynabook

In 1972, Kay (Kay 1972) introduced the Dynabook, a vision of the com-
puter as an active medium for thought and creation. Kay describes
the personal computer:
“ It would be both a medium for containing and expressing arbitrary sym-
bolic notions, and also a collection of useful tools for manipulating these
structures, with ways to add new tools to the repertoire.” (Kay 1972)

The Dynabook, like the Sketchpad, demonstrates notions of direct ma-
nipulation. It also advocates the importance of putting these notions
in the hands of ordinary users. Kay gives the example of a drawing
painting system (Fig. 28), programmed by a child. In this system, pic-
tures are constructed from geometric shapes, using a menu of com-
mands for creating regular polygons. These pictures are created by
directly manipulating the polygons’ following visual properties: posi-
tion, size, color and line width (Kay 1972).

Figure 28: One of the first painting tools designed and implemented in
Smalltalk by a twelve-year-old girl (Kay and Goldberg 1977)

The Dynabook also offers the possibility of creating tools that have
interactive visual properties. For example, Dynabook pens can draw
with ink of different colors, and with different thickness values. Also,
a brush allows creating halftones depending on the size, the shape,
and the velocity of the brush (Kay and Goldberg 1977).

Kay argues personal computers can be useful for a large audience
if they manage to combine power and flexibility. Power comes from
anticipating different use cases. The personal computer, like the car
or the television, will present many functionalities. But unlike these
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items, it will also offer the opportunity of taking unanticipated paths.
Like paper or clay, the personal computer should offer many dimen-
sions of possibilities. Klay presents two principles to design power-
ful and flexible personal computers. First, users should be able to
describe their specifications. They should have a general medium to
communicate their desires. Second, they should be able to create their
own tools based on these specifications. They should have a set of
starting tools, and the possibility to create new tools as needed (Kay
and Goldberg 1977).

In this vision, users define the properties relevant to their composi-
tion tasks, and how they want to change them. In the previous exam-
ple (Fig. 28), the child’s designed interface included the properties of
size, position, color and line width. The interface also included tool
properties, such as the brush size, thickness, and velocity.

3.1.3 The Xerox Star

The Xerox Star design emphasizes recognition over recall, and seeing
over remembering. One of the Star’s design principles makes the sys-
tem’s state always reflected on the display. Another principle relies on
Object Properties to vary the appearance of objects of the same type.
Object properties have different types themselves. For example,“the
Size property might be a number or a choice from a menu. and the
Justified property of a paragraph is either ON or OFF ” (Johnson et al.
1989).

Figure 29: Progressive disclosure: The Xerox Star’s property sheets display
object properties upon user request (Johnson et al. 1989)

The Xerox Star recognizes object properties as graphical entities in
the interface. It also suggests design strategies to manipulate them.
The Xerox Star uses the principle of progressive disclosure to represent
visual properties. Progressive disclosure calls for hiding details from



3.2 the desktop metaphor 47

users until asked for. The Xerox Star Property Sheets (Fig. 29) apply
this principle to display object properties and set their values. Proper-
ties are details the Star hides from users, and displays them progres-
sively, as the user selects the right fields in the Property sheet dialog
box.

3.1.4 Direct Manipulation Principles

Shneiderman defined three concepts of direct manipulation (Shnei-
derman 1983):

• Continuous Representation of the Object of Interest

• Physical actions instead of complex syntax

• Rapid, incremental, reversible operations whose impact on the
object of interest is immediately visible

These principles were demonstrated in early systems such as Sketch-
pad, the Dynabook and the Xerox Star. Later graphical user interfaces
adopted these principles for graphical objects as targets of manipula-
tion. These systems did not explicitly apply direct manipulation prin-
ciples to visual properties. The Sketchpad links changing properties to
constraints, based on a principle Sutherland calls“ Draw first, and fix
up later” (Johnson 1963). The Xerox Star recognizes the importance
of visual properties, but suggests a rather indirect design choice for
manipulating them. The Xerox Star property sheets do not follow the
first principle: they represent visual properties only when the user
asks for them. Setting and modifying property values happens in di-
alog boxes. The result of the manipulation is then visible only after
closing the property sheet. The Dynabook is the closest to supporting
direct manipulation principles for visual properties. For example, in
the systems children created, they could directly change color and
trace thickness on the composition (Kay and Goldberg 1977). These
are examples where users created their own tools and defined their
own specifications.

Direct manipulation principles affected the manipulation of objects
in composition tools. Properties are details hidden and displayed
on demand. The desktop metaphor also affected how properties ap-
peared in composition tools. Properties did not have independent rep-
resentations. They are inferred from users’ actions on the objects.

3.2 the desktop metaphor

Several commercial graphical user interfaces such as the Xerox Star,
the Apple Lisa, and the Apple Macintosh relied on the desktop metaphor.
The Macintosh human interface guidelines stated:
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“You can take advantage of people’s knowledge of the world around them
by using metaphors to convey concepts and features of your application.
Use metaphors involving concrete, familiar ideas and make the metaphors
plain, so that users have a set of expectations to apply to computer environ-
ments.” (Apple Computer, Inc 1992).

Halasz and Moran addressed the concern of using analogies to
teach and design computer systems (Halasz and Moran 1982). Ana-
logical models create a complete mapping between a known and an
unknown complex system. This mapping also includes the concep-
tual structure of the systems: objects, relations, and operations. The
two systems carry similar tasks, but familiar concepts from the struc-
ture of the known system might be fundamentally inappropriate for
the unknown system. Halasz and Moron propose replacing analogi-
cal reasoning with a conceptual model of literary metaphors. Accord-
ing to Lakoff and Johnson, literary metaphors are natural, ubiqui-
tous and grounded in everyday experience (Lakoff and Johnson 1980).
Blackwell uses the following working definition of a metaphor:“a rep-
resentation created to help the user understand the abstract operations and
capabilities of the computer” (Blackwell 2006).

The desktop metaphor is a design approach based on the analogy
between manipulating information in a computer system and manip-
ulating physical objects on a desktop. The Xerox Star uses the desktop
metaphor to create a visual representation of physical objects in the
office: “The Desktop is the principal Star technique for realizing the physi-
cal office metaphor. The icons on it are visible, concrete embodiments of the
corresponding physical objects” (Johnson et al. 1989).

The desktop metaphor presented an important consequence for
computer systems: the display became a reality: “Objects and actions
can be understood purely in terms of their effects upon the display” (Smith,
Ludolph, and Irby 1985). For example, documents have two main vi-
sual forms on the display: icons and windows. These two visual rep-
resentations imply different actions. Both icons and windows have a
position. They are both movable on the display. On the other hand,
windows have a size property that leads to an action of resizing while
icons do not. This difference might seem trivial in today’s desktop in-
terfaces: we expect to be able to resize a window, but not an icon. In
both cases, the two visual properties, size and position, are inferred
from the actions, but do not have any visual representation on the
screen. The desktop metaphor focused on making graphical objects
and actions visible on the screen. Visual properties on the other hand,
are inferred from actions on the object’s visual form.

The Xerox Star and the Apple Lisa (Ludolph and Perkins 1998) auto-
matically define which application opens a document. Starting from
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(a) The Xerox Star Interface (b) The Lisa Interface

Figure 30: Two Interfaces based on the desktop metaphor, centered on the
concept of a document

the Macintosh (Williams 1984), the concept of applications adds an ex-
tra layer to the way the desktop metaphor was first articulated. Users
now need to specify data files for each application. This is an example
of use of the tools metaphor (Johnson et al. 1989), where applications
are tools to access and edit data files. The desktop metaphor focuses
on creating visual representations of physical objects in the office. Vi-
sual properties do not have a standard, defined representation on the
screen. These properties are usually inferred from the user’s actions
on the object.

The desktop metaphor was introduced more than 40 years ago. It
provided novel ways for tasks for which it was originally designed,
such as routine office tasks. The adaptability of the desktop metaphor
is questionable as interface users perform more diverse types of tasks
(Tristram 2001). For example, composition tasks rely on changing ob-
jects properties in the document. I argue that this type of tasks re-
quires rethinking the current representation of visual properties, still
based on the desktop metaphor.

3.3 visual composition tools

Some visual composition tools support specific expert practices as
they create visual content. Other tools focus on facilitating visual com-
position for novices to create good, and accessible results. For these
tools, I focus on the visual properties the tool represents, the manip-
ulations it suggests, and the implications for experts or novices using
the tool.

3.3.1 Visual composition tools for novices

Tools designed to support novices in visual composition tasks pro-
vide simplified views of visual properties, or perform additional con-
figurations on behalf of the user. These tools include more generic
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interface tools that can be used for visual composition.

3.3.1.1 Automating Visual composition

Systems that automatize visual composition often hide visual proper-
ties. They do not support full manipulation of these properties. For
example, Reis suggests a mutli-agent system based on visual compo-
sition styles created using rules and constraints extracted from expert
practices. The novice user chooses and applies one of the proposed
visual composition alternatives (Reis 2008).

automatic color selection :
Many color tools are based on computational algorithms that hide
the complexity of color manipulation. If users do not understand the
underlying models, they have trouble using them to achieve specific
effects. ACE (A Color Expert) (Meier 1988) addresses this by auto-
matically selecting colors based on a model of the functional relation-
ships among components of a design drawing. Wang et al.’s (Wang
et al. 2008) colorization process lets users choose hues from a color
wheel. Then, an expert system calculates optimal brightness and sat-
uration values. These expert systems support clearly defined tasks
but are less helpful for creative tasks in which users define their own
rules and constraints. While they provide good-enough initial results,
it remains difficult to modify the results.

automatic layouts :
Many layout tools assist users in visual organization by creating auto-
matic layouts. For example, DesignScape (O’Donovan, Agarwala, and
Hertzmann 2015) makes suggestions during both the brainstorming
and refinement phases of layout creation (Fig. 31). R-ADoMC (Jaha-
nian et al. 2013) makes recommendations for magazine covers based
on visual properties such as color themes and visual balance. Edge
et al. (Edge et al. 2015), propose automatic alignment systems and
systematic restyling of related objects to maintain consistency across
slides. Piccoli et al. (Piccoli et al. 2011) propose an interactive system
using physics principles to guide content organization on the page.
These expert systems hide visual properties from the user. Instead,
they perform automatic manipulation of these properties to propose
visual organizations.

Other tools hide only specific visual properties, allowing users to
change the remaining visual properties to create their layout. Auto-
mated responsive design (Colby 1992) creates semi-automated de-
signs that adapt to devices’ screen sizes and content selections (Schrier
et al. 2008) (Kuhna, Kivelä, and Oittinen 2012). Sukale et al. (Sukale,
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Figure 31: DesignScape: The system generates layouts in a variety of styles
by sampling a low-dimensional parameter space learned from
examples. (O’Donovan, Agarwala, and Hertzmann 2015)

Koval, and Voida 2014) also automate the adaptation of layouts based
on users’ proximity to the screen. In these examples, the proposed lay-
outs automatically define the size of content elements. Adaptive grid-
based document layouts (Jacobs et al. 2003) automatically choose and
fill existing templates. Thus, the system automatically assigns posi-
tions to content elements. These systems reduce the number of visual
properties users can change to suggest rapid layouts.

3.3.1.2 User interface tools for Visual composition

Several tools and systems rethink the traditional hierarchy of graph-
ical elements, which focuses on graphical objects, and hides other
elements, such as object properties and interface tools.

habilisdraw :
HabilisDraw (St Amant and Horton 2002) is a drawing application de-
signed to explore the use of tools for drawing tasks. HabilisDraw in-
cludes a Show Properties window. Based on progressive disclosure (John-
son et al. 1989), this window provides access to the visual properties
of drawn objects.

HabilisDraw considers tools as first class artifacts. The application
provides access to tool properties. For example, the pen tool has a
width property, and a color property. The ruler tool has two visual
properties: length and angle. Tools’ visual properties in HabilisDraw
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can also be accessed and modified through Property Sheets.

HabilisDraw provides access to the visual properties of application
tools. However, it does not suggest new ways of representing and ma-
nipulating these properties.

toolglasses and magic lenses :
Toolglass widgets are interface tools that operate within the see-through
interface. They appear on an additional layer between the application
and the traditional cursor. Toolglass widgets are combined with view-
ing filters called Magic Lens filters (Bier et al. 1993). A single sheet in-
cludes multiple widgets (Fig. 32). These widgets provide customized
viewing modes and multiple commands. The user can switch be-
tween these commands and viewing modes by repositioning the sheet.

(a) A sheet of widgets. Clockwise
from upper left: color palette,
shape palette, clipboard, grid,
delete button, and buttons that
navigate to additional widgets.

(b) An outline color palette over a
magnifying lens.

Figure 32: Toolglasses and Magic Lenses (Bier et al. 1993)

The see-through interface, with toolglass widgets, represents visual
properties in an additional layer, on top of the object. It also provides
interactive tools to manipulate these visual properties through the
sheet of widgets (Fig. 32).

surrogate objects :
Javed et al. (Javed et al. 2011) propose creating an additional represen-
tation: a surrogate object, to control the visual properties of a domain
object. Any changes to the surrogate propagate to the domain object.
In a drawing application based on surrogates, four types of surro-
gates illustrate how using a different representation to manipulate
visual properties can support drawing tasks. The first type of surro-
gates is a shape, which exposes the following visual properties: line
width, color, and transparency. The second type is a circle surrogate,
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which exposes radius. The third type is a rectangle surrogate, which
exposes height and width. The last type of surrogates is freehand,
and provides access to individual vertices (Fig. 33).

Figure 33: Vector drawing editor using surrogate interaction (Javed et al.
2011)

In this model, visual properties still depend on the visual object.
Only specific properties are visible in the surrogate, and thus avail-
able for manipulation, depending on the object type. Designers de-
fine the visual properties they want to manipulate. These properties
might not be part of the surrogate designed for this object.

object-oriented drawing :
Object-Oriented Drawing replaces Wimp (winodows, icons, menus,
pointers) user interface elements with Attribute Objects: representa-
tions of digital content attributes as interface objects. This approach is
based on considering attributes as independent objects, instead of pa-
rameters that determine the appearance of an object (Xia et al. 2016).

Object-Oriented Drawing proposes a novel representation of visual
properties for touch interfaces. Visual properties are represented us-
ing a paper-like card. These cards can be attached to objects, as they
might sit independently on the screen (Fig. 34).

Figure 34: a. A collection of attribute cards, connected to an object.
b. Free floating attribute cards (Xia et al. 2016)
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Object-Oriented Drawing extends physical direct manipulation of
the attribute cards through: dragging, stretching and helding, using
manipulation gestures. Specific gestures support manipulating visual
properties to create new cards, delete cards, or detach them from ob-
jects (Xia et al. 2016).

These tools challenge existing representations of properties to sup-
port new devices, such as touch interfaces. They also show the im-
portance of manipulating the visual properties of other graphical el-
ements, such as interface tools. Other tools support manipulating vi-
sual properties for specific visual composition tasks. I focus on tools
designed to support artists’ and designers’ visual composition tasks.

3.3.2 Visual composition tools for experts

Tools designed for visual composition experts base their design choices
on experts’ needs in specific phases of visual composition.

parallel pies :
Parallel Pies (Terry et al. 2004) is a user interface mechanism that
supports design exploration through generating multiple alternatives.
Users add variations of the current image. They use the Add varia-
tion command to duplicate the document, apply the current change,
and insert the result in the workspace. Parallel Pies extends Side
Views (Terry and Mynatt 2002b) to provide on-demand previews of
multiple commands without changing the original data (Fig. 35). Side
Views support experimentation with visual properties by displaying
previews of potential future states (Terry and Mynatt 2002a).

Parallel Pies shows a variation of the whole original image to rep-
resent the change in visual properties. Like in the desktop metaphor,
visual properties are still inferred from their effect on the object. The
user compares different variations of the same image simultaneously,
to see and change its visual properties.

artistic resizing :
Artistic Resizing supports the creation of multiple copies of the same
object, at several key sizes (Dragicevic et al. 2005). Artistic resizing
handles visual properties that have spatial semantics. For example,
opacity is handled relatively to size: the smaller the object, the more
transparent it appears.
Like Parallel Pies (Terry et al. 2004), artistic resizing represents visual
properties by creating new instances of the graphical objects.
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Figure 35: The Parallel Pies tool can be rotated and moved to selectively
show all or part of a variation. A paddle extending from the hub
controls the angle of rotation. (Terry et al. 2004)

textdraw and typels :
TextDraw is a prototype for gestural typesetting (Kirton 2011). It pro-
vides direct control over individual glyphs through gestures. TextDraw
supports simultaneous manipulation of multiple visual properties.
For example, typographers can change the size, color and position
of a letter at the same time. Artists used TextDraw to create visual
compositions based on gestural typesetting (Fig. 36.a).

(a) The interface for TextDraw. On the
left are panels for choosing font
and colour. On the right two lines
of text have been drawn in blue
and black, with a third currently
being drawn in red

(b) An example of 2 words placed on
the same baseline. Notice the let-
ters a and n are different sizes be-
tween the word man and the name
ian. This is because the letters m
and i have different widths.

Figure 36: TextDraw and Typels use gestures to draw with type (Kirton 2011)

Typels extends TextDraw to provide better storage and rendering
capabilities. Typels also generates weighted baselines: visual represen-
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tations of a property of type: visual weight (Fig. 36.b).

TextDraw and Typels support new ways for visualizing and manipu-
lating the visual properties of typefaces. Their approach to visualizing
properties is based on generated baselines for individual characters.
The two tools support the manipulation of type properties through
capturing differences in users’ input gestures. While they use base-
lines for type properties, the two tools still rely on a traditional color
picker for color selection, and a dialog box for font selection (Fig. 36).

explicit and implicit structures :
Based on contextual interviews with designers, Hoarau and Con-
versy (Hoarau and Conversy 2012) designed a drawing application
where visual properties are visible next to the main workspace. Users
can change visual properties by dragging a sample from the property
sheet to the object on the workspace (Fig. 37). Users can also create

Figure 37: The user drags the “width: 280” shared value and drops it on the
“shape: circle” shared value. All circles in the selection now have
a width set to 280. (Hoarau and Conversy 2012)

links between visual properties of different graphical objects. Users
create links by clicking on a property, drawing a link, and dropping
it onto another object (Fig. 38). The concept of “cloning” supports cre-
ating a new object from a previously existing object. Unlike a copy,
a clone references the visual properties of the original objects. Thus,
changing the visual properties of the prototype (the original object),
changes the properties of the clone.

The application suggests an augmented property sheet, also based
on the concept of progressive disclosure (Johnson et al. 1989). These
property sheets display all possible values of categorical visual prop-
erties. Properties with numerical values appear as blank text fields.
Augmented property sheets enhance the manipulation of visual prop-
erties by supporting the selection of objects with the same visual prop-
erty (Fig. 37). The user can then apply a second visual property to
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(a) The users creates a links between
the fill property of two objects

(b) Creating a clone (right), from a
prototype (left)

Figure 38: Creating links between visual properties (Hoarau and Conversy
2012)

these objects from the property sheet.

kitty :
Kitty is a sketch-based tool for creating interactive illustrations (Kazi
et al. 2014b). Kitty supports creating functional relationships between
objects through direct manipulation. The system focuses of spatial
and temporal properties of the scene’s visual entities.

Kitty extends the Draco (Kazi et al. 2014a) system, which uses patch
and motion properties to encode collections of objects and their mo-
tions. In addition to this animation component taken from Draco,
Kitty adds an interactivity component. Interactivity in Kitty is based
on a framework where objects and collections have attributes. These
attributes define their visual propertiessuch as shape or color.

(a) Excerpt from a dynamic inter-
active illustration authored with
Kitty

(b) The associated relational graph

Figure 39: Artists can create links between elements’ visual properties using
a relational graph (Kazi et al. 2014b)

Artists can use Kitty to create animated objects and textures. They
can create links between the visual properties of entities within an
illustration. Creating links requires creating a relational graph in the
graph mode (Fig. 39). Kitty’s framework uses visual properties for
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sketching visual entities within the illustration. A graph model cap-
tures links between the spatial and temporal properties of visual en-
tities.

tools for directly manipulating visual properties

Direct manipulation mechanisms, such as copy-paste, drag and drop,
and undo, are ubiquitous in graphical user interfaces (Myers 1998).
New features extend these mechanisms to support new composition
tasks.
Based on the observation of users’ selection practices, Paint Selec-
tion progressively solves a series of local optimization problems to
match users’ directions, without sacrificing usability and selection
quality (Liu, Sun, and Shum 2009). Aquamarine (Fig. 40) uses a script
model for selective undo. It allows users of a painting program to
select and undo specific operations in the past, while keeping the
remaining operations unchanged (Myers et al. 2015). Paint Selection
and Aquamarine both extend the “undo” command. They represent
parts of the graphical object to keep traces of previous visual property
manipulations.

Figure 40: Aquamarine shows support for the history of visual property ma-
nipulations (Myers et al. 2015)
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color manipulation tools :

Several web-based tools allow users to experiment with different color
combinations. Adobe Color 1 lets users combine colors around a par-
ticular theme: they can manipulate multiple color swatches sampled
from images, or generate palettes based on color rules, e.g., color tri-
ads or complementary colors. Other tools preselect sets of colors to
address specific requirements. Color Brewer (Harrower and Brewer
2003) helps users choose effective color schemes for coloring maps,
based on specific properties of the data being represented and human
color perception. iWantHue 2 helps users generate palettes with opti-
mally distinct colors. Both have the advantage of simplicity, but with
a very limited scope. Several recent tools explore innovative ways
of manipulating color. For example, Histomages (Chevalier, Dragice-
vic, and Hurter 2012) allows users to edit images by modifying a
histogram of the colored pixels within the image. Users can select
and change subsets of colors, such as turning the sky from shades
of blue to shades of orange (Fig. 41). Pouli and Reinhard (Pouli and
Reinhard 2010) demonstrate how to transfer color by progressively
matching a histogram to a target image’s color, and Meier et al.’s In-
teractive Color Palette Tools (Meier, Spalter, and Karelitz 2004) offer
additional techniques for interacting with color. Although these tools
offer promising new techniques for manipulating color, they remain
isolated from mainstream authoring applications.

Figure 41: (a)the image is duplicated and its pixels rearranged into a light-
ness histogram; (b) bright pixels are selected with the rubber-
band selection tool; (c) all pixels are rearranged into a hue his-
togram and yellow pixels are filtered out ; (d) the sky is enhanced
by resizing the selection on the saturation histogram. (Chevalier,
Dragicevic, and Hurter 2012)

alignment tools :

Several tools support designers in creating visual organizations. Adobe
Comp 3 allows designers to draw rapid initial layout ideas before

1 https://color.adobe.com/

2 http://tools.medialab.sciences-po.fr/iwanthue/

3 https://www.adobe.com/products/comp.html

https://color.adobe.com/
http://tools.medialab.sciences-po.fr/iwanthue/
https://www.adobe.com/products/comp.html
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moving to specialized applications. Systems such as Adaptive Ideas (Lee
et al. 2010) help create website layouts by sampling elements from ex-
amples. DÉCOR (Sinha and Karim 2015) is a recommendation tool
that helps designers adapt their layouts for a wide range of screen
sizes. Adobe Edge Reflow 4 also helps designers envision their layout
for various devices using media query breakpoints.

Other tools support specific tasks in the process of creating a layout.
For example, alignment tools suggest new ways to perform this tasks.
For example, GACA (Xu et al. 2015) is a group-aware alignment tech-
nique that helps professionals deal with complex alignments. Moul-
der and Marriott (Moulder and Marriott 2012) propose a machine
learning approach to solve line-breaking issues. NEAT (Frisch, Langner,
and Dachselt 2011) and Grids and Guides (Frisch et al. 2011) suggest
representations of the alignment visual property. NEAT introduces
Cross and Snap, an interaction technique to create guides and bind
objects to this guide at the same time. Users can change the visual
properties of the guide. They can change its size, angle and position.
StickyLines (Felice et al. 2016) represent alignment and distribution
using Guidelines.

3.4 visual composition tools support of the reification

of visual properties

Several visual composition tools recognize the importance of manip-
ulating visual properties for composition tasks. Some tools incorpo-
rate ideas related to the reification of visual properties. These ideas
are rarely articulated as design principles within the tool. Also, these
tools support only some aspects of the reification, depending on the
constraints of specific tasks or media. I use the framework in sec-
tion 2.2.2 to discuss how current visual composition tools support the
reification of visual properties. I discuss the approaches these tools
suggested to represent and manipulate visual properties.

inferred visual properties

Several tools represent visual properties through their effect on the
object. They create and maintain alternatives the user can revisit. Side-
views (Terry and Mynatt 2002b), parallel pies (Terry et al. 2004) and
GEM-NI (Zaman et al. 2015) support exploring multiple design alter-
natives. They capture how visual properties evolve over time, through
saving the state of the whole object. This approach supports saving
the contextual information surrounding visual properties. They do
not support creating personal representations of visual properties.

4 https://www.adobe.com/products/edge-reflow.html

https://www.adobe.com/products/edge-reflow.html
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They do not support creating links or rules that describe how proper-
ties evolve across alternatives of the same object.

enhanced property sheets

Several tools propose enhanced versions of the traditional property
sheets, introduced in the star (Johnson et al. 1989), and adopted in
most commercial applications. For example, Habilisdraw suggests
property sheets to manipulate the visual properties of interface tools.
Augmented property sheets (Hoarau and Conversy 2012) show visual
properties next to the composition. These properties are always visi-
ble. Users can select them. They can change all objects with a specific
value for a visual property in one manipulation. Augmented prop-
erty sheets support creating links between visual properties. They do
not support creating personal representations of these properties, or
creating rules to define how they evolve.

This approach suggests new types of property sheets, while pre-
serving the representation and basic interactions of the traditional
property sheet. This approach maintains consistency with existing vi-
sual composition tools. It also retains some of the challenges of the
property sheet. Visual properties are not accessible in the composi-
tion. Users cannot create personal representations of these properties.
Also, this approach keeps the dependency between properties and
objects. Property sheets depend on the currently selected object or
objects. Thus, links and rules between visual properties are difficult
to create.

see-through interfaces

See-through interfaces suggest representing visual properties on top
of the composition. They provide contextual access to the properties
of interface elements. For example, toolglass and magic lenses (Bier
et al. 1993) include visual properties, and tools to manipulate them,
in a transparent layer that floats on top of the object. This approach
supports manipulating visual property in the composition. It does
not support creating personal representations of visual properties, es-
tablishing links between them, or rules to define how they evolve.

dedicated visual property objects

Some visual composition tools suggest creating new, dedicated repre-
sentations of visual properties. These tools are the closest to refiying
visual properties into first-class interactive elements. For example, At-
tribute cards (Xia et al. 2016) and surrogate objects (Javed et al. 2011)
are independent representations of visual properties. Users can cre-
ate, delete and manipulate the properties these cards represent. They
can link these properties. Attribute cards and surrogate objects do
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not support creating rules for how a visual property evolves, or cre-
ate personal representations of visual properties.

Figure 42: Composition tools’ support of the reification of visual properties.

3.5 summary

Visual properties are part of graphical user interfaces. Early visual
composition systems based their design choices on direct manipula-
tion principles, and on the desktop metaphor. In these systems, visual
properties are considered details, and inferred from the user’s action
on the object. More recent visual composition tools suggest differ-
ent approaches for manipulating visual properties. Tools designed
for novices often hide all or part of an object properties. Novices can
choose from a set of suggestions the system generates. Expert visual
composition tools focus on specific tasks.
Existing approaches for manipulating visual properties include infer-
ring the properties from their effect on the object, through suggesting
several alternatives of the same object. They also include suggestions
of enhanced property sheets, that support more ways of manipulat-
ing visual properties. The see-through interface approach suggests
creating an additional layer, on top of the object, to manipulate its
properties. Finally, a fourth approach creates an independent repre-
sentation for visual properties in the composition. This latter is closer
to the reification of visual properties.



4
M A N I P U L AT I N G V I S U A L P R O P E RT I E S I N A
D E S I G N A P P L I C AT I O N

Graphic design applications suggest different types of tools to support vi-
sual composition tasks. We want to know the tools and strategies graphic
design professionals choose for composition tasks. This chapter presents a
comparative structured observation study of the tools and strategies graphic
design professionals choose as they recreate visual compositions in a design
application. Initial observations revealed potential factors that might affect
the tools and strategies used for visual properties manipulation. We found
that graphic designers prefer manipulating properties directly in the docu-
ment. They use tools that provide direct access to these properties. Designers
also take advantage of visual properties to find innovative strategies for com-
pleting visual composition tasks. Participants perceived some strategies as
Clever Tricks and others as Bad Hacks. In a follow-up study, we found
that this perception holds for strategies used in other applications.

4.1 introduction

Over the past 30 years, graphic design applications have introduced
new features to better support visual composition. This resulted in
phenomena such as software “bloat” and creeping featurism. Soft-
ware “bloat” occurs when the cost of adding new features outweighs
the benefit (McGrenere and Moore 2000) (Kaufman and Weed 1998).
Creeping featurism happens when adding new features leads to a
less homogeneous interface, as experienced by the user (Hsi and Potts
2000). Increasing the number of tools might lead to problems such as
bloated, less homogeneous user interfaces.

Introducing new features did not introduce new ways of manipu-
lating visual properties. The new feature types resemble those intro-
duced in the Macintosh in 1984 (Williams 1984) (Myers 1998). They
still include “a menu bar and overlapping windows, and a limited set of in-
teraction techniques, including widgets (menus, buttons, dialog boxes, scroll-
bars), drag&drop and copy-paste.” (Beaudouin-Lafon 2004)

The Adobe creative suite introduced advanced tools to better sup-
port visual composition tasks. For example, the official release of
Adobe Illustrator CS6 describes the benefit of the new pattern fea-
ture saying:

“Pattern creation and editing tasks have been simplified, so you
can save hours of repetitive and tedious work. The new Pattern

63
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Options panel provides you with an easy set of options to exper-
iment and modify your design until you get the pattern of your
choice.”

The pattern panel mentioned above, and the gradient on stroke fea-
ture were both introduced in Adobe Illustrator CS6

1. Both are dialog-
box widgets with a list of visual properties. Users need to modify
the values of these properties to create the final result. This type of
tools already existed in the Xerox Star property sheets (Johnson et al.
1989) (Fig. 43).
We are interested in the types of tools graphic design profession-

(a) (b)

Figure 43: Property Sheets in the Xerox Star and in Adobe Illustrator Cs6

als choose as they create visual compositions. Tool choice provides
insights about the tools professional designers find “useful” for ma-
nipulating visual properties. We are also interested in the visual com-
position strategies they follow.

We define a strategy as the tool or tools users choose for complet-
ing the visual composition task, and the detailed description of the
steps leading to the final output. We want to know the visual compo-
sition strategies graphic design professionals choose, and the factors
that affect their choices.

We run a study where we ask 12 professional graphic designers
to recreate posters in a design application. We select a visual com-
position task involving heavy manipulation of visual properties. Par-
ticipants manipulate visual properties such as color, size, repetition,
alignment and layering. We are interested in the tools and strategies
graphic design professionals choose when manipulating visual prop-
erties in a professional design application.

Our initial observations pointed at two factors that might influence
the choice of visual composition strategies. The first is result quality,
when users create high versus low quality results. The second is rep-
etition, when they create results with one versus many occurrences.

We want to vary these factors to compare graphic design profes-
sionals’ strategy choices for visual composition tasks. We designed a

1 https://helpx.adobe.com/illustrator/using/whats-new-cs6.html

https://helpx.adobe.com/illustrator/using/whats-new-cs6.html
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comparative structured observation study. We asked 12 professional
designers to recreate two isomorphic posters. We then compared tool
and strategy choices across participants. We also identified the types
of tools and strategies they use more often. This study design allowed
us to compare tool use and strategy choices across participants while
maintaining contextual details of individual user strategies.

4.2 context

4.2.1 Designers’s composition practices

Experts and novices perceive and perform tasks differently. They dif-
fer in the granularity with which they view the constituents of a
particular problem or task. Novices are more attentive to low-level
details. Buxton gives the example of finding a particular character
on the keyboard or remembering the name of a command. These ac-
tivities require problem solving, which diverts the novice’s cognitive
resources from the central problem at hand (Buxton 1986).

Graphic design professionals want to find unique approaches for
each design problem. Berryman, a designer and design teacher ex-
plains how each design problem presents unique challenges. Yet, some
commonalities do help designers structure their approach to solve the
problem (Berryman 1990). Terry and Mynatt describe design prob-
lems as open-ended tasks. They find that users experiment to better
understand the problem and their available options. They generate
alternative strategies to approach the problem from multiple angles.
They also reflect on their progress to inform their future actions (Terry
and Mynatt 2002b). Designers perform these activities insitu. They
choose a convenient approach when confronted to a problem, with-
out always being able to answer theoretical questions about what they
would do in a similar situation (Visser 2010).

While these studies of graphic design professionals describe their
practices, they do not specify the types of tools they use or how they
use these tools for visual composition tasks. We want to know how
graphic designers choose tools and visual composition strategies for
manipulating properties in a design application.

4.2.2 Approaches to study software use

Major approaches investigating software use include quantitative, qual-
itative, and mixed methods. Laboratory experiments focused on com-
paring different applications or different formats within the same ap-
plication. Galetta et al. studied error finding performance from dif-
ferent Lotus 1-2-3 spreadsheet presentation formats. They proposed
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five formats: on screen or on paper, with and without formulas, and
with formulas presented in each cell directly under each calculated
value. Users found only about 50% of the errors across all presen-
tation formats (Galletta et al. 1996). In another experiment, nine ex-
perts in Lotus 1-2-3 each created three spreadsheets. Although users
were confident their spreadsheets were error free, 44% contained for-
mulae errors (Brown and Gould 1987). This suggested the need for
tools to debug spreadsheet formulae. Similarly, Saariluoma and Sa-
janiemi studied the time needed to learn a spreadsheet formula. They
showed that users learned them faster when the surface appearance
was congruent with the computational structure beneath. This sug-
gested that spreadsheet tools should show how the surface maps to
the computational structure (Sajaniemi and Pekkanen 1988). Baxter
and Oatley compared learnability of two spreadsheet applications,
Microsoft Excel and Wingz, a spreadsheet application on Macintosh.
They found that expertise in creating spreadsheets affected learnabil-
ity while the spreadsheet application brand did not (Baxter and Oat-
ley 1991). These types of studies provide design recommendations
based on the impact of specific experimental factors on users’ perfor-
mance.

Another type of studies includes in-depth interviews with soft-
ware users. Ethnographic interviews with eleven spreadsheet users
showed that specific properties of spreadsheet software enable coop-
eration. For example, dividing the interface into two programming
layers allows distributing computational tasks among users with dif-
ferent levels of programming knowledge. Also, the spreadsheet’s vi-
sual structure helps users share domain knowledge. The authors de-
scribed studying software use as one of the “topics that by their very
nature cannot be identified under the controlled conditions of the labora-
tory” (Nardi and Miller 1991). In another study, Hendry and Green
ran interviews with ten spreadsheet users about their experience with
spreadsheets. They found that users focused on the weaknesses of the
model while debugging or interpreting spreadsheets. On the other
hand, experts’ description of the spreadsheet model emphasized its
strengths (Hendry and Green 1994). These types of studies provide
a contextual understanding of user practices based on rich stories ex-
tracted from interviews and observations.

Other approaches investigate specific aspects of software use. Sa-
janiemi and Pekkanen analyzed 135 spreadsheets from different fields.
They found that only 5% of cells contained formulae. They concluded
that most spreadsheets are computationally very simple (Sajaniemi
and Pekkanen 1988). Napier et al. collected command usage data
from experienced users of Lotus 1-2-3. They found that 5% of com-
mands available in the application accounted for 85% of the total
commands issued. Also, commands for copying and moving data and
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for changing the appearance of the sheet, accounted for 45% of com-
mands used (Napier et al. 1992). Mcgrenere and Moore used a trian-
gulation of methods to study how users experience complex software.
They identified two types of features. A first subset includes features
that are not used or wanted by any user. The second type includes
two sets which vary from user to user and are thus subjectively de-
fined (McGrenere and Moore 2000).
We want to systematically compare strategy choices across graphic
design experts, while maintaining the contextual details of each user
choice. For this reason, we choose a comparative structured obser-
vational study. This design involves specifying factors that might af-
fect user choices, while still investigating emerging patterns in users’
strategies as they perform the visual composition tasks.

4.3 initial observations

Graphic design professionals create their strategies as they solve vi-
sual problems (Visser 2010). Their recollection of the tools and visual
composition strategies might be different from what they actually do
when creating the visual content. For this reason, we observe graphic
design professionals as they complete composition tasks.

We want to identify the tools and strategy choices different graphic
designers choose for the same task. For this reason, we define key fac-
tors for a more systematic study. We observe how three users perform
the same visual composition task, in three applications. Figure 44 pro-
vides an example of different strategies for creating a shape. In Mi-
crosoft PowerPoint (Fig. 44 .a), Alice draws two squares and creates
a white one to hide their intersection. In Adobe InDesign (Fig. 44.b),
Bob deconstructs each side to three smaller squares. He then groups
them to create the “L” shape and duplicates it on the other side. In
Adobe Illustrator (Fig. 44.c), Carol creates two identical squares and
a smaller square on top. She then subtracts the intersection between
the two initial squares. She duplicates and resizes one of the initial
squares and places it inside the white one.

Our preliminary observations revealed that users might choose dif-
ferent tools or visual composition strategies depending on the tools
available in the application’s graphical user interface. Another factor
that might affect their choices is the type of visual composition tasks
they try to perform. For example, if they need to create a visual out-
put with several occurrences, they might opt for a tool or a strategy
that reduces the amount of manual repetition. The choice of tools and
strategies might also depend on the output quality the user is looking
for. Thus, they might choose different tools or strategies when they
want to create an accurate output, to send to the printer; while they
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Figure 44: Three visual composition strategies for the same visual composi-
tion task.

might accept a more approximate output, when creating a first ver-
sion of a document. Other possible factors include time and peer pres-
sure, or the document destination medium. We focus on two factors:
working on a visual output with one versus multiple occurrences, and
on high versus low quality outputs. We use these factors to system-
atically compare users’ choices of tools and strategies, as they create
different output qualities and different visual composition tasks.

4.4 study of designers tools and strategies for manip-
ulating visual properties

We are interested in the variety of strategies and tools graphic design
professionals choose to complete visual composition tasks. We want
to compare these choices and identify recurrent strategies or tools
within a professional design application. We use comparative struc-
tured observation (section 1.3.3) to compare designers’ strategy and
tool choices for the same visual composition tasks.

We designed a [2x2] within-participant comparative structured ob-
servation study to extract and compare designers’ strategies in visual
composition tasks. Participants complete the design of two isomor-
phic posters. Each poster involves six visual composition tasks. They
cover the values of two primary factors; the first factor is output qual-
ity: users complete one of the two posters with a high output quality
instruction and the other poster with a low output quality instruction.
The second factor is task type: composition tasks with a visual output
occurring once, versus composition tasks with a repeated visual out-
put. For each of these two factor values, we choose three composition
tasks, supported by different tools within the application.
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4.4.1 Participants

We recruited 12 professional designers (10 men, 2 women, aged 23-
30), including four interaction designers, four designers and four
product designers. All use Mac OS X and have extensive experience
in performing visual composition tasks with Adobe Illustrator.

4.4.2 Hardware and Software

All participants used their professional laptop computers under OS X
and their own installed version of Adobe Illustrator. We encouraged
participants to use any input or output devices they usually work
with. Ten participants used their computer trackpads. One partici-
pant used a graphic tablet and one participant used a mouse. Seven
participants used the Creative Suite six (CS6), four the Creative Cloud
and one the Creative Suite five (CS5). We used QuickTime player for
screen and audio recording.

Figure 45: Initial and final versions of the two study posters
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4.4.3 Task

Each poster includes six different tasks. The remaining visual ele-
ments already exist in the initial file (Fig. 45). Poster A (Fig. 45.a)
involves six tasks: Replicating a text box in the background, high-
lighting text, aligning a text box in the art board center, creating a
logo and copy-pasting text format. We provide participants with the
color code they need to replicate and the indication that the format is
similar. Poster B (Fig. 45.b) also involves six tasks: creating a square,
creating a vertical pattern with squares, cutting squares anchor points,
selecting multiple squares, copy pasting color and creating a logo.

4.4.4 Procedure

We ask each participant to complete the design of two posters in
Adobe Illustrator: one poster with high output quality, for a client
deliverable, and another poster with low output quality, for an initial
version of the document. Within each poster, we expect the partici-
pant to perform two sets of tasks: three involve a unique and three in-
volve a repeated visual output. Each participant performs 12 distinct
visual composition tasks, within two isomorphic posters, counterbal-
anced for order and output quality across participants.

We provide starting files from an external drive. We do not impose
any order for the six tasks. Participants have as much time as they
need to complete the two poster designs. They can use only tools in-
ternal to their version of Adobe Illustrator, and only visual content
within the current poster. They start with a warm up task that lasts
two minutes, where we explain the study protocol. Then, they open
the files from the external drive. We provide them with the task in-
struction, start the screen and audio recordings, and make sure the
final files are properly saved once a poster design is complete. Fol-
lowing this initial training, we provide the participant with a printed
version of the first poster in their condition and read the correspond-
ing instruction: high or low output quality. Then, we ask the partici-
pant to describe out loud their steps and the tools or shortcuts they
use. We proceed similarly for the second poster. We stop the screen
recording when participants say they finished. We then ask them to
fill out a final questionnaire. We debrief about the tasks before we
stop the audio recording.

We log each participant’s screen while performing the task, and
keep an audio recording of the whole session. The initial question-
naire includes questions about thes users’ background in using Adobe
Illustrator. The final questionnaire includes questions about their per-
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ception of the overall difficulty of each poster, and asks for comments
about the tasks they performed.

4.4.5 Data Analysis

We want to know users’ tool and strategy choices for each of the
study’s 12 visual composition tasks. For this reason, we extract from
each user’s screen recording the strategy and tools used for each vi-
sual composition task. A strategy is a detailed description of how
the participant proceeded to complete the task. Within each strategy,
we identify the tools, describe the steps, and extract quotes and com-
ments from the participant’s audio recording. Two strategies are sim-
ilar if they include the same steps using the same tools. For example,
to cut 12 squares into triangles (Fig. 45.b), a user creates the visual
output by cutting the anchor points using the pen tool for each of
the twelve squares individually. In a different strategy for the same
task, the user starts by creating a rectangle along the intersection line.
She applies the background color to this rectangle, and uses the path
finder to cut the rectangle and its intersection with the three squares.
She then duplicates the result of cutting these three squares and ro-
tates it for the remaining three occurrences. In this case, the two strate-
gies include different steps and different tools. To create the umbrella
shape, a user follows a strategy where she creates a large circle, fol-
lowed by three smaller circles. She then places them inside the larger
circle, and uses the path finder to extract the overlapping path. In a
different strategy, she follows the same steps to create and place the
circles. In the last step, she uses the pen tool instead of the path finder,
to cut individual anchor points. In this case, although the two strate-
gies share the same steps, they involve different tools for creating the
same visual output.

4.4.6 Results

Participants used 41 different strategies to finish the 12 visual compo-
sition tasks in the two posters (Fig. 46). The visual composition task
with the largest number of strategies is cutting the 12 squares into
triangles in poster B.

4.4.6.1 Manipulating visual properties in the composition

Graphic design professionals manipulate visual properties directly
on the graphical objects. We call strategies where users manipulate
visual element directly in the document: direct strategies. Indirect
strategies involve manipulating these elements through dialog boxes.
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Figure 46: Number of different strategies per visual composition task

For example, to create a rectangle, a direct strategy is to select the
rectangle tool, and draw the rectangle on the document. An indi-
rect strategy involves selecting the rectangle tool, typing the desired
width and height in the dialog box, and clicking OK. For all 136 ex-
tracted strategies, there is at least one direct strategy to complete the
visual composition task. However, 88 out of 136 strategies have an
equivalent indirect strategy. Across users’ strategies, 96% (131 out of
136) are direct and only 6% (5 out of 88) are indirect strategies.

Repetition did not affect participants’ choice of direct strategies.
Almost all strategies participants used for repeated tasks (95%) were
direct, even if choosing a direct strategy increased the number of repe-
titions. In one extreme, participants repeated the task for the smallest
repeatable unit. We call these repeated action strategies. In this type
of direct strategies, participants create the output for a single visual
element and then replicate it to complete the number of occurrences.
For example, eight participants duplicated a group of text boxes to
create the vertical text box distribution in poster A. The second type
of direct strategies participants used for repeated tasks is: modular
strategies. These involve the creation of composite units participants
reuse to complete the number of occurrences. For example, five out
of seven strategies participants used to cut 12 squares into triangles
in poster B include modular repetitions. In these strategies, partici-
pants cut a group of squares, and then reused this module instead of
cutting squares individually. In the two remaining strategies for the
same task, they used repeated actions where they cut each of the 12
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squares.

Two participants finished a repeated task in one manipulation. We
call these: single action strategies (Fig. 47). They involve setting pa-
rameters to create the repeated output in a single action. For exam-
ple, to create the background text pattern in poster A, P9 and P10

modified the blend options and generated the 35 text boxes at once.
Similarly, to create the square pattern in poster B, P10 modified the
spacing, color and number of occurrences in the pattern option panel
to generate the square pattern.
Participants used modular repetitions in more than half of the strate-

Figure 47: Modular repetition is a reasonable trade off between single action
and repeated actions.

gies for repeated tasks (12 out of 21). They created the output for a
smaller composite and then reused it to generate the remaining occur-
rences. For example, to create the square pattern, P2 used a modular
strategy to reduce the number of repeated actions: “To go faster, I du-
plicate the whole group.”(P2) They found repeated action strategies (4
out of 21) time consuming: “I have to count the number of copies. This
might take some time.”(P6) And sometimes avoided single action strate-
gies: “I wanted to do everything at once. I will just do it manually to avoid
any problems.”(P10). Repeated actions provided direct control over the
output, but involved tedious manual repetitions. On the other hand,
single action strategies reduced repetition, but provided little control
over the visual output. Modular strategies were a reasonable trade off
between direct control over the output and repetition (Fig. 47).

4.4.6.2 Choosing tools that provide direct access to visual properties

Graphic design professionals use generic GUI manipulations, such as
drag and drop and resize handles. They also use application tools
that provide direct control over visual properties.
We extract from each strategy the tool or tools used to complete
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the visual composition task. We identify two categories of tools ex-
tracted from participant strategies: generic GUI manipulations, and
application-specific tools (Fig. 48).

Figure 48: Categories of tools participants used to complete visual composi-
tion tasks in the study.

The first category includes generic GUI manipulations such as drag
and drop, resize and copy-paste. The second category includes appli-
cation specific tools. These are tools specific to Adobe Illustrator or
to the Adobe Suite. In this category, we identify two types of tools.
The first type includes simple application-specific tools. These are
strong specific tools (Denning 2001) that act directly on the visual
output. They act in a single step and perform one defined action on
the current selection. The second type includes advanced application-
specific tools. These tools support a complete visual composition task,
through changing several parameters. Visually, they are often similar
to the Xerox property sheets (Johnson et al. 1989), or the Adobe Pat-
tern tool 2.

Participants used 16 different tools in total. They used six different
GUI manipulations and 10 different application-specific tools. Partici-
pants still chose generic GUI manipulations for tasks with application-
specific tools. For these tasks, they used application-specific tools half
of the time. For the remaining half, participants used GUI manipula-
tions or combined them with application-specific tools. Fig. 49 illus-
trates this distribution. Looking at tasks where the application has
specific tools, participants used these application tools is almost half
of the tasks (yellow in the figure). For the remaining half, participants
used either standard GUI manipulations (Green in the figure), or com-
bined these GUI manipulations with application specific tools (Blue
in the figure) .
Participants used simple application-specific tools such as the path

finder and the pen tool repeatedly in different strategies, for multiple
visual composition tasks. Almost all participants(11 out of 12 ) used
the path finder in five different strategies for three different tasks. Ten
participants used the path finder to create the logo in Poster B; and
seven participants used it to create the logo in poster A.

2 https://helpx.adobe.com/illustrator/using/whats-new-cs6.html

https://helpx.adobe.com/illustrator/using/whats-new-cs6.html
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Figure 49: Tool choices for tasks supported with an application specific tool.

On the other hand, very few participants used dialog-box tools, where
they manipulate visual properties through sliders, checkboxes, and
text fields. Thus, instead of using dialog box tools that generate com-
plete tasks, such as those introduced in later versions of professional
design applications, users chose tools that support single actions; and
reused them in strategies for different visual composition tasks.

More than half of the participants (7 out of 12) used the pen tool in
four different strategies for three different tasks and four participants
used the distribution tool in three different strategies for three differ-
ent tasks. P4, P7 and P11 used the tool for two out of three visual
composition tasks: vertical and horizontal text box blending in poster
A and creating the square pattern in poster B.

Participants rarely used advanced application specific tools. Only
one participant (P10) used the pattern option panel 3 to create the
square pattern in Poster B; and only two participants (P9 and P10)
used the blend options to create the text box blending in Poster A.
Participants who used these tools spent significant time reconfigur-
ing their options. For example, when creating the background text
box blending, P9 spent more than two minutes trying to change the
tool options, and was still not sure about the output:“I feel there are
still too many repetitions.” (P9). These participants wanted to see the
results of changing the tool configuration directly on the document.

Graphic design professionals prefer manipulating visual properties
with application-specific tools, that do not require additional configu-
ration, and act directly on the object properties. They reuse these tools

3 https://helpx.adobe.com/illustrator/using/whats-new-cs6.html

https://helpx.adobe.com/illustrator/using/whats-new-cs6.html
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in different strategies for various composition tasks. They rarely ma-
nipulate visual properties through option panels similar to the Xerox
Star property sheets.

4.4.7 Strategies to manipulate visual properties: Clever Tricks and Bad
Hacks

In the debriefing sessions, we were struck by how often people re-
flected on their strategies. They were either satisfied with the results
and considered their visual composition strategies as new ways of
performing the task, or considered them “a way out” to finish a task
in a very particular context. We call these two types of strategies
“clever tricks” and “bad hacks”. In both cases, users complete the vi-
sual composition task. However, users are proud of their clever tricks
and would happily reuse them; by contrast, they consider bad hacks
cheating and treat them as temporary solutions they would rather
avoid in the future. Note that one person’s clever trick may be an-
other’s bad hack. Also note that these definitions are based upon the
user’s perception of the software, rather than an inherent property of
the software design. We categorized users’ strategies in performing
the 12 tasks into clever tricks and bad hacks. We identified 47 unique
clever tricks and 43 unique bad hacks.

Clever tricks included cases where the participant first used tools
for alignment, proportional positioning or convenient spacing before
starting the task. For example, P1 used the ruler to compute the width
of the artboard. He then divided this width by the number of repeti-
tions, and used guides to position the object he wanted to replicate
within this exact distance. Thus, replication gave a precise result he
did not need to fix or verify later. These strategies are clever tricks
because they involve planning by computing measures or placing
guides. Participants also used tools that provide better visibility and
thus ensure better access to the details of the visual elements. For ex-
ample, while creating a bird shape, P2 created two circles directly
in the isolation mode, to ensure that intersection points are prop-
erly linked, before moving back to the overprint view for editing the
shapes. P5 created a rectangle he placed on top of the logo shapes,
just to create an intersection area he would then subtract with the
pathfinder tool. Clever tricks occurred when participants used tools
that gave them better visibility of the objects and their properties.

Bad hacks usually include fixing or adjusting an acceptable, yet not
perfect result. For example, P6 copied each vertical text box of the
background text, and moved it manually by pressing the arrow key
to achieve the desired distribution. This required keeping in mind the
current and remaining number of text boxes as well as the number of
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arrow presses throughout the task. P8 created a line that cuts through
many squares, and then used the scissors to cut all squares in half.
For reproducing the same result on other groups of squares, he pre-
ferred duplicating, moving and rotating the squares he already cut:
“It was already too tedious the first time around.”(P8) Participants used
bad hacks when they were willing to accept some degree of imper-
fection. For example, P2 copied the text box several times to recreate
the poster background. She then grouped the copies and resized the
whole group. Although this deformed the font, she considered the
change acceptable. Participants were not satisfied with the results of
these strategies because they involve tedious manual manipulations,
or because they hide some of the final result properties. These hidden
properties require participants to go through extra manipulations for
fixing, verifying or undoing unwanted results.

Clever tricks and bad hacks capture users’ perception of their vi-
sual composition strategies. They also consider the task’s context in
defining the user intention, and thus, the adaptability of a strategy to
the current task.

4.4.7.1 A recurrent example: Alignment and Spacing

Five participants created a rectangle to measure the spacing between
groups of already aligned objects. Then, they moved this rectangle to
copy the spacing among new objects they created. P11 commented
on this technique:“This rectangle is a visual indicator for saving the space
between squares.” This was an example of an established clever trick
where five different participants used the visual properties of an ob-
ject for alignment tasks.

The same participant used different alignment clever tricks within
the same poster. For example, P2 used four different alignment strate-
gies at different times in the same poster. She created a rectangle for
measuring the spacing and reused it five different times. She also
copied a group of squares on top of the last row of an existing group
of squares to make sure the two groups are aligned. In the same
poster, she dragged a text box to the edge of an existing shape to ver-
ify the text box alignment. She also created a guide and aligned the
logo to this guide. This is an example of the variety of clever tricks,
by the same user in the same visual composition task.

Clever tricks and bad hacks describe how participants perceive
strategies they chose for a specific visual composition task. We want
to see if they also appear in examples of real visual composition tasks
and in other applications.
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4.5 interview study : how common are clever tricks and

bad hacks?

We conducted a follow-up interview study with 12 participants, to
see if clever tricks and bad hacks still appear in user strategies as
they manipulate visual properties, regardless of software application.

4.5.1 Participants

We interviewed 12 professionals (5 women, 7 men aged 23-35) from
different fields about real projects where they performed visual com-
position tasks. Professions included: researcher in interactive visual-
ization, software engineer, virtual reality-engineer, front-end devel-
oper, product designer, graphic designer and interaction designer.

4.5.2 Procedure

Each session lasted around 30 minutes. We asked participants to
choose a particular recent or current visual composition they created,
such as a book cover, a website, a presentation or a report. We asked
them to show us the corresponding artifact, and walk us through
the process, step-by-step, of using particular tools and strategies to
achieve each result within their chosen application. We probed for ex-
amples of strategies that were particularly effective as well as strate-
gies that were tedious or less successful. In each case, we asked them
how satisfied they were with their strategies and whether or not they
did or would reuse it.
We recorded audio for each interview and took written notes. We also
took photos of the final results participants showed us and videos of
their interactions with the applications and with the artifacts they pre-
sented.
We did not ask specifically for “clever tricks” and “bad hacks”. We
probed for details about participants’ perception of their strategies,
their satisfaction and if they reused this strategy for similar tasks.

4.5.3 Results

We collected a total of 31 unique examples of clever tricks from all
12 participants. Each participant had between one and five different
examples. P7 (Product designer) explained how she could have cre-
ated a table in Adobe InDesign and then resized the rows to create
her book cover. Instead, she created a rectangle and drew lines inside
to have more control over the size of the rows and more freedom to
modify and reuse it later on. She also reused this same strategy for
several covers she showed us within the same book.
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Figure 50: Using a default pie chart, hidden with a circular shape, to simu-
late menus of an interactive prototype in Keynote.

P9 (Interaction designer) wanted to try different visual effects for
the design of an interactive prototype. He used Keynote default charts
with random data and then hid the center of the chart with a cir-
cular shape instead of creating a ring with different colored stripes
Fig. 50). Similarly, P10 (graphic designer) wanted to create an oven
icon in Adobe Illustrator. Instead of drawing a line for the oven han-
dle, she drew a rounded rectangle she then squeezed to appear as a
line. This result was closer to her original idea: “I was more interested in
the rounded edges.” These clever tricks were all strategies participants
reused and felt proud to discover and maintain.

Most participants (10 out of 12) admitted using bad hacks. Each par-
ticipant had between one and four different examples (20 examples in
total). P1 (graphic designer) wanted to position characters appearing
randomly on the pages of an author’s website. To deal with the char-
acters appearing under the web page content, he changed their trans-
parency in the style sheets. He described this solution as acceptable
for the project’s constraints although he wanted to first know how
to create safe zones around the characters and have a result similar
to his original idea. P10 (Graphic designer) needed to reuse specific
drawings from an old version of a website. She rotated the picture,
drew a black rectangle to hide the text, and used the pictures on the
side: “This was for a mock-up, I did not use this technique for the actual
website.” P6 (Software engineer) needed to simulate how a tracking
system would work in a room. He wanted to create an isometric per-
spective without using 3D software. He created a 3D grid in Inkscape
and set the stroke width of the wall manually to create perspective.
He described this as a good enough solution for creating this slide
once. These bad hacks were presented as ad-hoc solutions, chosen
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only because users could not find a better alternative.

4.6 discussion

Observing graphic designers uncovered their tool and strategy choices
in a design application. Designers choose strategies where they ma-
nipulate visual properties in the composition. They prefer strong-
specific tools to the ubiquitous property sheets (Johnson et al. 1989)
. We use these insights to articulate implications for the design of
digital visual composition tools.

4.6.1 Appropriating visual properties

Graphic design professionals use visual properties such as height,
width, color and layering to perform tasks such as distribution, align-
ment, and shape creation.

More than half of the participants (8 out of 12) used properties
of graphical objects for alignment, spacing or distribution tasks. P2

created a rectangle to use its height as a measuring tool to copy the
spacing between two squares in poster B. Then, she moved this rect-
angle to define the exact position for new squares with the same spac-
ing (Fig. 51).

Figure 51: Mapping visual properties and visual composition tasks they
were used to complete

For text highlighting, all participants created colored rectangles
they sent to the background. For this task, we expected users to look
for a highlighter they would grab and apply to the text lines, simi-
lar to the tool available in other applications. Yet, nine out of the 12

participants searched for a tool to change the character background
color. For example, P1 and P2 first looked in the character tools. P11
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and P12 wanted to change the underline stroke thickness and color
to highlight text. While these attempts were not successful, they re-
vealed users’ need to access and manipulate visual properties and
use them as tools for visual composition tasks.

Designers appropriate visual properties when they can access them
directly on the interface objects. In these cases, they changed visual
properties not to edit their values for graphical objects, but to use
these properties for visual composition tasks. For example, a recur-
rent strategy consists of creating a rectangular shape and applying
the background color to this shape. The user then places this rectan-
gle on top of any graphical elements they want to hide. The manipu-
lation of height, width, and color is not the user’s goal. Instead, these
properties serve to hide specific objects from the composition.

4.6.2 Implications for design

Our observations of how designers manipulate visual properties in
an application suggest the following directions for designing tools
for manipulating visual properties:

• Direct access to visual properties:
Participants use strong-specific tools more often because they
act directly on the visual output. Participants use these tools in-
stead of property sheets (Johnson et al. 1989).

Property Sheets appeared in the xerox star (Johnson et al. 1989),
but also in the latest versions of visual composition tools such
as Adobe Illustrator CC 4. Panels in Adobe Ilustrator provide ac-
cess to visual properties such as size, height and width through
text fields and check-boxes.

The initial Xerox property sheets are based on the principle
of progressive disclosure: details should be hidden from users
until they ask or need them (Johnson et al. 1989). In this per-
spective, visual properties are part of the intrinsic properties of
an object. Visual properties are details hidden, within property
sheets. They are displayed on demand and not in the same dia-
log box. An “Other” button reveals more visual properties upon
request.

Progressive disclosure of visual properties is adapted to typing
text or performing calculations. However, visual composition
focuses on experimenting with visual properties such as height,

4 https://helpx.adobe.com/illustrator/how-to/live-shapes.html?set=

illustrator--whats-new

https://helpx.adobe.com/illustrator/how-to/live-shapes.html?set=illustrator--whats-new
https://helpx.adobe.com/illustrator/how-to/live-shapes.html?set=illustrator--whats-new
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size, color, position and layering. The user’s main goal is to as-
sign values for these visual properties to build a visual concept.
For this reason, hiding visual properties in dialog boxes like the
property sheets is not adapted to designers’ visual composition
practices. In fact, graphic designers in our study did not often
choose this type of tools. They preferred tools that provide di-
rect access to visual properties. Thus, visual composition tools
should support direct access to visual properties. Visual proper-
ties should not be details linked to graphical objects, displayed
on demand. They should be independent objects users can di-
rectly access.

• Independent representations of visual properties:
Current graphical user interfaces provide different representa-
tions of the same visual property, depending on the current
selection. For example, to change the stroke and fill colors in
Adobe Illustrator, users need to select the stoke or fill box from
the tool panel. If they select the stroke box, they get the represen-
tation in (Fig. 52a). If they select the fill box, they get a different
color representation (Fig. 52b). These two standard color rep-
resentations also suggest different interaction techniques, and
provide access to different color parameters. The stroke repre-
sentation has hues only. The fill representation resembles the
standard color picker. The stroke representation provides an
eyedropper tool to select a hue from the spectrum. The fill repre-
sentation provides a cursor to select saturation and brightness,
and another cursor for hue. It also has text fields for entering
specific HSB, RGB, or Hex color codes.

(a) (b)

Figure 52: Two different representations to access color in Adobe Illustrator
CS6.

Visual composition tools should provide representations of vi-
sual properties, independently of the current selection. These
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representations should also provide consistent interaction tech-
niques.

4.7 summary

Graphic designers manipulate visual properties directly in the com-
position. They choose tools within the application, that provide direct
access to these properties. Graphic designers find novel ways to use
visual properties for composition tasks. Users perceive these strate-
gies as Clever tricks they create and maintain, or Bad hacks they use in
specific situations.

Visual composition tools should provide direct access to visual
properties. They should provide access to these properties, indepen-
dently of the current selection.

4.8 contributions

1. Creation of two isomorphic visual composition tasks with Pana-
giota Tziova.

2. Found that graphic designers manipulate visual properties in
the composition. They choose tools, from the application, that
provide direct access to visual properties.

3. Found that graphic designers create visual composition strate-
gies based on finding new ways of using visual properties. They
perceive these strategies as Clever tricks they maintain, or Bad
hacks they use for specific visual composition tasks.

4. Implications for the design of tools for manipulating visual prop-
erties for visual composition tasks.





5
A RT I S T S A N D D E S I G N E R S C O L O R
M A N I P U L AT I O N P R A C T I C E S

Visual composition tools include color tools, such as the color picker, to sup-
port selecting a color from a color representation. This chapter investigates
how these tools support artists’ and designers’ color manipulation practices.
It presents an interview study with artists and designers about their color
manipulation practices. We found that artists and designers create and use
personal instead of generic color representations. Artists and designers ma-
nipulate the visual properties of color, such as size, position and layering,
in the context of the surrounding visual properties. They also combine color
with other visual properties such as texture. Finally, this chapter suggests
implications for the design of color manipulation tools.

5.1 introduction

Bauersfeld and Slater highlight problems with current color tools,
including the traditional color picker (Bauersfeld and Slater 1991) .
Color tools usually hide the objects to which color will be applied.
They also use the gamut of the color model as an interface to the tool,
which does not always support the color manipulation task at hand.

The ubiquitous color picker usually includes three common fea-
tures: a visual representation of a specified color model, the organi-
zation of displayable colors into a three-dimensional color space, and
controls to change parameter values within that space (Douglas and
Kirkpatrick 1999). Users can select individual colors from the color
space, either with the mouse or by specifying a three-digit code, such
as an RGB value. Some color pickers also allow users to select a color
from a pixel in an image or from existing color swatches.

Despite being ubiquitous, color pickers have changed little over the
past 25 years. Fig. 53 shows almost identical layouts and controls for
three common color pickers; the only new features are their under-
lying color spaces, which have been updated according to research
in color perception (Faul and Ekroll 2002) and representation (Meier
1988).

Manipulating visual properties such as color, depends on the ex-
isting tools and representations (section 2.5.1). For this reason, the
tools visual composition tools provide to support color manipulation
tasks affect how artists and designers manipulate color. What tools

85
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Figure 53: Today’s color pickers have changed little since 1990.

do artists and designers use to manipulate color? Are existing color
tools enough to support their practices?

5.2 context

Chapter 2 (section 2.5.1) describes color representations popular among
artists and designers as they manipulate color. Most current digital
color tools, including the color picker, still focus on creating represen-
tations of these color models.
Our goal is to improve how authors of digital media manipulate color
to achieve desired effects. This requires a more detailed understand-
ing of current color practices, beyond the use of the ubiquitous, but
unchanging color tool: the color picker. We are interested in the tools
and techniques artists and designers use to incorporate color into
their work, especially how they produce specific color effects. Al-
though digital color tools are our primary concern, we also want to
understand physical color practices that may inspire new ways to ma-
nipulate color online. We run an interview study to investigate artists’
and designers’ color practices as they create their artifacts.

5.3 participants

We observed and interviewed eight artists and designers (4 men, 4

women; age 23-45) who consider color an essential part of their work
practice (Fig. 54). Their professions included painter, illustrator, ce-
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ramist, spatial designer, graphic designer, product designer, service
designer and interaction designer.

Figure 54: Eight artists and designers demonstrated how they manipulate
color to achieve effects in both physical and digital media.

5.4 procedure

We interviewed participants in their studio or office for about one
hour. We asked participants to tell stories about their use of color in
recent projects and to show us the resulting artifacts. We recorded
audio for each interview and took written notes. We also recorded
video of participants’ interactions with the objects they created, and
photographed each artifact and any related color creation or manipu-
lation tools. We probed for situations in which their interaction with
color was particularly effective, but also when it was extremely dif-
ficult or impossible. We framed the interviews around a core set of
questions (Appendix B) that evolved throughout the discussion.

We conducted critical object interviews (section 1.3.1) grounded in
participants’ color manipulation practices. We asked participants to
show us recent artifacts or projects they created. We asked for details
about the specific steps participants went through to select and apply
color.

For each artifact, we asked the participant to explain how she ob-
tained: this color, meaning the color we see on the artifact. Starting
from the final object, we probed for the specific steps participants
went through to find and apply colors. We also asked about the on-
line and physical tools they used, and any intermediary representa-
tion before applying color to the artifact.

5.5 data collection

We created a visual representation for each critical object story (Fig. 55).
We call these representations Color Portraits (Jalal, Maudet, and Mackay
2015); they capture the situated nature of the story-based data we col-
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Figure 55: Color Portrait illustrating a Critical Object Story.

lected from the interviews.

Color Portraits represent the components of a critical object story in
a single-page format. We use Color Portraits to compare and classify
critical object stories. We later showed Color Portraits to the partic-
ipants to verify the details of the stories extracted from their inter-
views.

5.6 data analysis

We used Grounded theory (GT) (Corbin and Strauss 2007) (section 1.3.2)
to uncover artists’ and designers’ color manipulation practices in their
recent projects. We extracted color manipulation categories from crit-
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Figure 56: Color Portraits help comparing participants’ color manipulation
stories.

ical object stories. In the initial phase, we went through all the stories
and extracted color manipulation codes, then categories (Fig. 56).

5.7 results and discussion

Participants explained the strategies they followed to create specific
color effects. Artists and designers prefer personal to generic color
representations. They manipulate visual properties of color, such as
size, position and layering. They also combine color with other visual
properties, such as texture and light reflection. Their color manipu-
lation depends on the surrounding visual properties in the composi-
tion.

5.7.1 Personal color representations

Most color tools, including the color picker, provide color representa-
tions that depend on the color model. These representations are not
easy to adapt to the current constraints of the artifact and to the user’s
concept. Participants create different types of representations they use
to select their color schemes. They also use these representations to
communicate meaningful information about their color manipulation
process, or to reveal how an activity evolves over time.
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5.7.1.1 Sampling and tweaking colors

Artists and designers derive their colors from different sources, either
from the color space provided by a color picker or from an existing
sample. Although users can apply these colors directly, they more of-
ten tweak them, by modifying them before use in their artifact. Fig. 57

defines two activities related to color selection. Artists and designers
select their artifact colors from previous color samples. When work-
ing on a new artifact, they select their first colors from personal repre-
sentations. They then modify these colors before using them in their
artifacts.

Figure 57: Users pick colors from diverse sources, and often tweak them
later.

Most participants (7/8) used personal representations, including
websites, color palettes and photographs, as well as physical objects
such as ceramics or textiles. P4 (Graphic designer) chose a blue from a
catalog to ensure that the printed version of his poster would appear
exactly as he wanted. P7 (Product Designer) selected his colors from
a book he likes to read. He searched online for the digital book cover,
and used the eyedropper tool in InDesign to sample the cover’s colors.
P1 (Painter) described a project where he mixed his paint colors based
on printed frames from a video he had created. He identified video
frames with the colors he wanted. Then, he printed these frames and
taped the printed papers on his easel. Finally, he visually compared
the results of his color mixtures to the printed frames while painting.

Few participants (2/8) still used generic color representations to
select their starting colors. P6 (Product Designer) used Adobe Photo-
shop’s color picker to recreate a particular blue she had already used
for a website, and P4 (Graphic designer) tried to create “unusual col-
ors” using Adobe Illustrator’s color picker: “Salmon colors are strange
colors, they are at the border of ugly, but I like to play with ugly colors, as
long as they fit with the concept”(P4).

Even with personal representations, most participants (7/8) still
tweaked the colors before using them in their final artifacts. They
started with a sample and then tweaked it before applying it to the
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artifact. For example, P2 (Exhibit designer) sampled colors from paint-
ings she found online, and then used the color picker to change the
samples before adding them to her mood board. P7 (Service designer)
created a palette using Adobe Color. She extracted colors from the
screen with InDesign’s eyedropper, changed one of them, and then
used the resulting palette in her final design. P1 (Painter) started from
a sample of three tubes of oil colors and mixed them to obtain the fi-
nal colors for his painting (Fig. 55).

Artists and designers prefer personal representations to generic
color spaces. They search for their colors in previous projects, in on-
line or in physical objects. They use these personal representations
because they contain information relevant to their current artifacts.
Artists and designers tweak colors before using them in their artifacts.
Current color tools provide generic color representations participants
use once they know the color they want to use. Prior to this selection,
they create their own, personal representations, outside the tool.

5.7.1.2 Creating personal informative color representations

Artists and designers sometimes observe color changes that reveal
useful information about interim states in their work process. They
use color to visualize the evolution of their work over time. Fig. 58 de-
fines two activities related to the color manipulation process, includ-
ing: using colors that result from other activities and revealing on-
going processes. Artists and designers also create informative color
representations of their color manipulation process. They save the
source, the destination, and the interim colors they explored before
selecting their final color scheme. Fig. 59defines two activities related
to creating informative representations of the color manipulation pro-
cess. They include: preserving source materials and final artifacts, and
capturing intermediate steps in the color manipulation process.

Figure 58: Artists and designers user color representations to reveal useful
information about interim states in their work process.

Artists and designers use personal color representations to reveal
how they created and artifact, or the amount of time they spent on
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its creation. These color representations provide additional informa-
tion about the evolution of an activity over time. Half the participants
used color to indicate how they created an artifact or the amount of
time spent on its creation. P6 (Product Designer) observed colors to
determine important details about her design process:“Just by looking
at the pot, you can see how many layers I created ”. In another project, she
heated metal chairs, which caused the metal to change colors. She
stopped the process when she liked the color and applied a coating
to stabilize the color.

Figure 59: Users record color sources and targets, as well as intermediate
steps

Artists and designers use personal color representations to capture
their color manipulation process. Half the participants (4/8) sought
ways to save meaningful intermediate steps in the process of creating
a final color. For example, P5 (Ceramist) kept samples of every color
she created over the past decade, as well as notebooks containing per-
sonal names, codes and the numbers of trials needed to obtain each
color. A few participants (2/8) also kept track of source colors. For
example, P7 (Service designer) saved images he downloaded from
the Internet: “I use these images to extract colors for my palettes and I keep
them for later reuse.”[P7]. Other participants saved their final palettes
with the resulting artifact. For example, P4 (Graphic designer) placed
different-sized rectangles with each final color into the unused space
beyond the margins, and saved them as part of the final document.
Some participants (2/8) wanted to return to a previous use context,
with both the initial color source and the final artifact. For example,
P5 (Ceramist) used several previously created red tiles to develop a
nuanced set of three slightly different red tiles for another client.

Current color tools provide little support for histories. Apart from
saving previously used colors, usually outside the document, color
tools do not support creating informative representations of color
changes over time. Artists and designers are aware of how color
changes throughout their work. In fact, these color changes provide
additional information about their work processes. They want color
representations that reveal these changes. They also want color rep-
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resentations that capture the meaningful intermediate steps in their
color manipulation process.

5.7.2 Manipulating color in context

Artists and designers experiment with colors. They develop rich color
manipulations, according to the surrounding visual properties.

5.7.2.1 Manipulating visual properties of colors in context

Artists and designers create coherent color sets and manipulate them
in groups. They create color palettes: representations of color schemes
they use in their artifacts.

Figure 60: Artists and designers manipulate the visual properties of color
swatches within a palette.

Artists and designers manipulate color palettes by manipulating
the properties of individual color swatches. They change the position,
size, and layering of these swatches.

Most participants (7/8) created related sets of colors rather than
separate individual colors. P2 (Exhibit designer) took photographs of
related colored objects. For her, “each picture is a different palette”[P2].
Although the pictures contained the same objects, their positions dif-
fered, which resulted in different color compositions (Fig. 61).

Artists and designers also manipulate all the palette colors simulta-
neously. P8 (Illustrator) created one palette and then modified the hue
of each color by the same amount, generating a new palette. Simul-
taneously adjusting one property for the entire set of colors allowed
her to maintain a related, harmonious color palette.
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Figure 61: Changing sizes and positions of colored objects creates different
palettes.

Color pickers provide a list of past color choices, but with no con-
text. Color swatches are usually juxtaposed, of the same size, and
in fixed positions. Artists and designers manipulate colors in con-
text. For this reason, they manipulate the visual properties of indi-
vidual colors in a palette, or those of the whole palette, to create
coherent color compositions. Color visual properties they manipulate
include absolute and relative size, position, and layering of individual
swatches (Fig. 60).
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5.7.2.2 Combining color with other visual properties

Colors are affected both by their surrounding colors and by other ad-
jacent visual properties. (Fig. 62) defines two activities related to color
composites, including: composing and decomposing multiple compo-
nents, and manipulating these components individually or together.
Artists and designers combine color with other elements, such as

Figure 62: Artists and designers create composites, by combining color and
other visual properties. They manipulate a composite as a sin-
gle element. They also decompose it to extract composing visual
properties.

texture and light reflection. They manipulate the resulting combina-
tion as a single visual element. Half of the participants (4/8) had
examples of combining color and texture. P2 (Exhibit designer) de-
scribed the screen as “a flat surface that does not always transpose the
richness of the physical world” (P2). To reproduce the yellow texture of
a tablecloth on the screen, she scanned it and used the resulting im-
age to provide the effect she wanted. Color and texture, are equally
important in her process (Fig. 63). P8 (Illustrator) used Photoshop to
manipulate a color and a texture she paired together in several illus-
trations. She used this combination as a single visual element, but
had to manipulate color and texture separately each time, and later
combine them. P1 (Painter) created a special preparation that added a
particular type of light reflection to each color. He considers this com-
bination of color-plus-reflection as his personal signature. He would
apply this preparation to his colors and think of the resulting colors
only when combined with this preparation (Fig. 55).

Most color tools propose separate color, and pattern or texture
palettes. Users need to manipulate these elements separately, and
combine them later. Artists and designers do not only manipulate
color in the context of other visual properties. They also manipulate
the combination of color and other visual properties, such as texture
or light reflection. They often mention the “effect”, or the “result”,
which is the visual output of combining color and another visual
property into a single unit for manipulation.
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Figure 63: P2 combined color and texture into a single visual unit for ma-
nipulation.

5.7.3 Manipulating personal color representations in context

Most color tools provide generic representations, based on digital
color models (RGB, CMYK, HSV...). Representations associated with
these color models are generic. They do not contain personal refer-
ences to help users select one or more colors for the specific artifacts
they want to create. For this reason, when they need to select colors,
users often start using these tools once they already know the colors
they are looking for. Tools such as the color picker, support selecting a
color from an existing representation. They do not help users “choose”
their colors. These representations do not adapt to users’ media, arti-
facts, and to the meaning users attach to each color.

Color manipulation practices appear in user practices in two main
forms. First, users want to focus on color by manipulating its visual
properties- such as size, position and layering- in the context of other
colors. Second, they want to create “composites”, by combining color
with other visual properties, and manipulating the combination as a
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single visual element. These two directions reveal the changing mean-
ing color acquires depending on its visual properties, and on its sur-
rounding visual elements in the composition. Thus, supporting color
manipulation practices requires balancing the focus between color
and its context of use.

5.7.4 Implications for design

Our observations of how artists and designers interact with color
suggest the following directions for supporting color manipulation.
Visual composition tools should support:

• Creating personal color representations. Users should be able
to adapt color representations to their media, to their visual
concepts, and to their work processes. Color tools should sup-
port creating color representations that capture the meaningful
steps in the color manipulation process. They should also sup-
port creating informative color representations, that reveal how
a process evolves over time.

• Manipulating the visual properties of color such as the size, po-
sition, and layering of different colors in a palette. This should
be in the context of other colors, and of other visual elements in
the composition such as text, shapes, and images.

• Combining color with other surrounding visual properties. Color
tools should support creating new visual elements based on this
combination.

5.8 summary

Artists and designers create personal color representations. They care
about the information a color representation contains (references to
existing artifacts, particular themes or ambiances...). For this reason,
they want to create color representations that capture their color ma-
nipulation process, and that reveal how their activities evolve over
time.

As they manipulate color, artists and designers consider surround-
ing visual properties. These visual properties include size, position,
and layering. Artists and designers manipulate these properties to
create specific color changes. They also combine color with other vi-
sual properties in the composition.
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5.9 contributions

1. Method for extracting specific story elements from critical ob-
ject interviews, and creating a representation of critical object
stories: StoryPortraits with Nolwenn Maudet.

2. Found that artists and designers create and use personal, infor-
mative color representations. They manipulate the visual prop-
erties of color, in the context of surrounding visual properties.
They also combine color with other visual properties, and ma-
nipulate the combination.

3. Implications for the design of color manipulation tools. Visual
composition tools should support creating personal color repre-
sentations. They should allow manipulating the visual proper-
ties of color, in context.
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G R A P H I C D E S I G N E R S ’ L AY O U T P R A C T I C E S

Graphic designers use tools, such as the grid, to specify values for spatial
properties. We want to know the visual properties professional graphic de-
signers use to structure content, and the tools they use to create their layouts.
This chapter presents the results of 12 interviews with graphic design profes-
sionals about their layout practices. Graphic designers use spatial properties
such as repetition, symmetry, size and position to activate their composition
space. The traditional grid allows fixing values for these properties accord-
ing to the constraints of the page format. As they create their compositions,
graphic designers want to create layouts that evolve in space, throughout
the components of a composition, and in time, across related compositions.
Graphic designers define fixed and flexible properties. They manipulate the
links between these properties throughout their composition, and define rules
for how these properties change over time.

6.1 introduction

The grid is designed for organizing print content, where the graphic
designer knows in advance all the properties of the final design, in-
cluding content length, page size, binding, etc.
Traditional visual composition tools base their structuring features
on grids, guides, rulers, and masters. These tools embed the assump-
tions of a static and fixed output. How do graphic designers organize
content? What are the visual properties graphic designers manipulate
when they organize content? How do graphic designers manipulate
visual properties when they create their structures?

6.2 context

Chapter (section 2.5.3) presents visual composition rules that guide
graphic designers when structuring content. In this process, graphic
designers activate compositional factors such as size, position, repe-
tition and orientation. These compositional factors help the designer
establish a hierarchy among their content elements. Layout principles
guide graphic designers in structuring content. These principles do
not define how the final composition looks. Designers choose tools
and define the behavior and hierarchy of visual elements to create
their layout.
We are interested in graphic designers’ layout creation practices. We
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want to know the tools and techniques graphic designers use to create
their layout both for digital and print media.

Our goal is to improve how authors of digital media manipulate
properties to create their structures. This requires a more detailed
understanding of current layout practices, beyond the use of the ex-
pected spatial properties such as size and position, traditionally rep-
resented in the grid (section 2.5.3).
We run an interview study to investigate graphic designers’ layout
creation practices as they organize content.

6.3 participants

We interviewed 12 graphic designers (5 male, 7 female), age 24-50,
with 4-25 years of experience (mean=10,5) who work in various en-
vironments (freelance, studio, agency) and create layout for digital
media (2), print media (2) or both (8).

6.4 procedure

We interviewed participants in their studio or office for about two
hours. We asked participants to tell stories about their structuring
practices in recent projects and to show us the resulting artifacts. We
recorded audio for each interview and took written notes. We also
recorded video of participants’ interactions with the objects they cre-
ated, and photographed each artifact and any related structure cre-
ation or manipulation tools. We probed for situations where their in-
teraction with layout was particularly effective, but also when it was
extremely difficult or impossible. We framed the interviews around a
core set of questions (Appendix B) that evolved throughout the dis-
cussion.

We conducted critical object interviews (section 1.3.1) grounded in
participants’ layout practices. For each artifact, we asked the partici-
pant to explain how they structured the content in this artifact. Start-
ing from the final object, we probed for specific steps participants
went through to create their layout. We were also interested in the
online and physical tools they used, and in any intermediary formats
in which they represented or manipulated layout before applying it
to the artifact.

6.4.1 Data Collection

We created a visual representation for each critical object story. We
call these representations Layout Portraits (Jalal, Maudet, and Mackay
2015); they capture the situated nature of the story-based data we col-
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lected from the interviews (section 1.3.1).

Layout Portraits visualize the components of a critical object story
in a single page format. We used Layout Portraits to compare and
classify critical object stories. We later showed Layout Portraits to the
participants to verify the story details.

6.4.2 Data Analysis

We used grounded theory (section 1.3.2) to uncover designers’ lay-
out manipulation practices in their recent projects. Appendix B pro-
vides additional details about the categories extracted from partici-
pants’ stories using grounded theory.

6.5 results

6.5.1 Manipulating links between spatial properties

Graphic design professionals establish links between the spatial prop-
erties of content elements. Participants use visual weight, by manip-
ulating the relative proportions of content over white space. They
create borders by placing lines, guides or a grid around the content.
Participants manipulate other spatial properties such as position and
layering. They are interested in the relative positions of elements on
the page.

Eight participants used visual weight and size to create their struc-
ture. P7 first explored and played with relative weights of visual el-
ements: “the content creates visual masses I use to establish the concept
of my book structure”. Similarly, P8 created a dynamic column system
and adapted it for all of his website layouts. He called it the “grosso-
modo grid” because it worked using approximate proportions: “tiny,
little, big and huge”. He used this dynamic column system to link vi-
sual properties such as size and position. He then changed this link
to adapt to different website layouts.

Participants used “borders”, “guides” and “grids” to create their struc-
tures. P1 defined her website structure using InDesign guides. Some
of these guides defined the margins while others marked elements’
position and alignment. When she finished the first page, she dupli-
cated the entire file to reuse her guides in other pages. P5 established
a well-defined grid in the beginning. She then changed text orienta-
tion, font size and type, while remaining within the initial grid:“The
text remains inside the grid, but I change its orientation”. (Fig. 64)
Participants created links between elements’ positions to create their



102 graphic designers’ layout practices

Figure 64: P5 changed text orientation, while remaining within the grid.

structure. P1 created an initial layout for four master pages of a web-
site. She defined the relative position of visual elements on these
pages:“All master pages should have the same look. This is a global posi-
tioning”. She started by drawing and positioning elements on paper
before creating the layout in Adobe Photoshop. P9 defined the pre-
cise position of a recurrent caption that appears on all the pages of
his book: “This way, the reader will not feel lost if we move other images
around”.

Participants also created links between elements’ layerings. P4 de-
signed a unique book layout by superimposing several layers. Each
page contains three layers, one for each primary color used to print
black in the CMYK model. By cutting specific areas in each layer, she
revealed colors from the two other layers. In this example, P4 manip-
ulated the order of her layers to create her book structure.

Participants created links between the properties of content ele-
ments based on the content they wanted to structure. Ten participants
used content properties to structure their content. P4 assigned a num-
ber of occurrences and a different color to each content category. For
example, a title would be repeated five times, but a subtitle only three
times. She used repetition and color to emphasize specific content el-
ements depending on their role in the composition. Participants also
used semantic relationships between content elements to create their
structure. P11 created a tree structure to layout a webpage of text-
editing tools. She started with the main tools, using lower tree nodes
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to place more recent tools based on the main ones on top (Fig. 65).

Figure 65: P11 used semantic properties of the content to create a link be-
tween visual properties.

Participants created links between the visual properties of content
elements based on the properties of their destination format. Ten par-
ticipants used the properties of their destination to create their struc-
turing concept. For example, P5 created a book with sheets folded in
two, nested, and stapled. She used physical properties proper to the
binding process to structure her book. Images spanned full sheets of
paper. Once folded, the left part of the image is juxtaposed with the
right part of another image, “creating an interesting confrontation” (P5).

Graphic design professionals establish, maintain and modify links
between spatial properties such as size, position and layering. They
create these links based on the source: the content they want to struc-
ture, or the destination: the format where their content will appear.
Graphic designers use these links to create and reuse their structur-
ing concept throughout the composition.

6.5.2 Flexible and fixed visual properties

Graphic designers create consecutive layouts that need to be coher-
ent (pages of a book, issues of a magazines). They want to create
layouts that evolve over time. For this reason, graphic designers se-
lect fixed, and flexible visual properties. Flexible properties ensure
variety, while fixed properties create unity across several related com-
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positions.

Participants chose fixed values for specific visual properties. They
used these fixed properties as creative constraints in their composi-
tion. Participants defined other properties as flexible, and changed
their values across composition instances. Ten participants used flex-
ible properties in their structuring concepts. P6 used the same logo
for different issues of the same poster. He defined some visual prop-
erties of the logo as fixed. For example, the logo’s size and position
in the poster remained unchanged. He manually reused the previous
version and slightly modified some of its properties, such as color. In
this example, P6 created an evolving structure, where all poster logos
have a set of similar visual properties, while each logo still holds a
unique identity (Fig. 66).
P10 created the layout for four different issues of the same magazine.

Figure 66: P6 defined fixed and flexible visual properties while structuring
visual elements within a poster.

In the first issue, he chose a classical grid, where most of the visual
properties are fixed. In each issue, he made new visual properties flex-
ible and changed their values: “as time goes, I took more freedom with
the grid”. P11 wanted all her website content to fit on a single page.
Thus, she fixed the page size and varied the layering of her content
elements.

Graphic designers define fixed and flexible visual properties as
they structure content. They want to identify and reuse fixed prop-
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erties. Flexible visual properties, on the other hand, vary within the
same composition, or across different related compositions.

6.5.3 Guidelines for dynamically changing visual properties

Graphic designers create rules that define how visual properties change
over time. Participants manually defined how visual properties change
throughout the composition. They created rhythms and patterns through
alternating specific values for the same visual property. For example,
P7 created a two or three columns grid-system based for a cooking
book. She applied one of the two grids for each page: “I created a
rhythm based on the modular repetition of this system”. This temporal pat-
tern guided the reader through the content.
Participants manually created and applied these dynamic changes in
the values of visual properties. They established a temporal pattern,
articulated it during the interview, but could not embed it in their
tools.

Participants also wrote programs to define rules for dynamic visual
properties. Half the participants used code to articulate these rules
in the form of functions. They wanted to obtain predictable, yet dy-
namic changes for specific visual properties. P3 defined parameters
for a generative algorithm to create images with high graphical di-
versity. In each computer-generated image, visual properties change
based on the algorithm. In this project, P5 wanted to find :“the shortest
functions that produce the greatest graphical diversity”. P9 created a dy-
namic scrolling principle by defining the direction and orientation of
scrolling arrows for a website. The specific content to display when
scrolling is interactively defined as the user navigates through the
website (Fig. 67).

Graphic designers define rules and constraints for dynamically chang-
ing visual properties. These dynamic changes contribute into build-
ing their structuring concepts. Graphic designers define these rules
at once, using program functions. They have to apply them manually,
and repeatedly throughout the composition when they use traditional
desktop publishing tools.

6.5.4 Changing the digital nature of visual elements to access specific vi-
sual properties

One surprising practice consists of changing the nature of visual ele-
ments in an online document. When they wanted to access specific vi-
sual properties, graphic designers changed the nature of some visual
elements, the application, and the tools they used for some composi-
tions. P4 wanted to manipulate typography as “form” (section 2.5.2).
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Figure 67: P9 programmatically defined the scrolling behavior for navigat-
ing a web page.

She wanted to consider each individual letter as an image to manipu-
late its size and position individually. For this reason, she converted
the text document into an image. She opened this image in Photo-
shop, and kept only two letters from the original text to structure
a set of flyers. She manipulated the position of each letter to create
unique shapes for each flyer (Fig. 68).

Graphic designers create their structuring concepts as they define
the behavior of visual properties. Visual composition tools do not
always provide access to all the visual properties of graphical objects.
In these cases, graphic designers need to change the visual nature of
graphical objects, the application and the tools they use to manipulate
these properties.

6.6 discussion

Interviews with graphic designers revealed that visual organization
practices do not focus only on fixed values for spatial properties, cap-
tured in the grid. These practices include creating links between spa-
tial properties. They also include establishing rules for flexible visual
properties, that take different values, as the composition evolves. We
use these insights to articulate implications for the design of digital
layout tools to support layout creation practices.
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Figure 68: P4 transform text to an image to control the position of each letter
individually.

6.6.1 Beyond composition factors: flexible visual properties for dynamic
layouts

Graphic design guidelines urge designers to use spatial properties
such as position, size, and alignment, to create a hierarchy of visual
elements (section2.5.3). For these tasks, the traditional grid helps cre-
ate a fixed layout, based on the format constraints of the destination
page.

In their practices, graphic designers go beyond assigning fixed val-
ues to spatial properties. They create links between these properties,
and manipulate these links throughout the composition. They define
fixed, but also flexible properties that change value within the compo-
sition, or across related compositions. Graphic designers also define
rules for how these properties evolve over time.

The traditional grid (section 2.5.3) does not support the representa-
tion of links between spatial properties. Graphic designers still create
these links manually. They have to recreate instances of their structure
for individual components of their composition.

6.6.2 Implications for design

Our observations of how graphic designers interact with layout sug-
gest that visual composition tools should support the following:
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• Creating links between visual properties:

Size, position, alignment and other spatial properties play an
important role in creating the layout. They are especially impor-
tant when the designer creates links between them.

Visual composition tools should facilitate creating these links,
applying them to visual elements, and changing them as the
structure evolves. This will help designers define fixed proper-
ties they want to keep unchanged. It will also help them define
flexible properties they vary throughout the composition.

• Defining rules for dynamic properties:

Graphic designers define patterns manually. Alternatively, they
use program functions, in environments like processing (Col-
ubri and Fry 2012), to define how visual properties change in
space and time. The programmatic approach is more efficient
than the manual, repetitive application of these changes. How-
ever, writing visual rules as code omits the advantages of exper-
imenting with these rules as they are created.
Visual composition tools should support creating rules that de-
fine how properties evolve in space, throughout the composi-
tion, or in time, across related compositions.

6.7 summary

Graphic designers establish and convey their organization concepts
through visual properties. As they structure visual content, graphic
designers identify fixed properties they keep unchanged. They also
define flexible properties they change throughout the composition.
Graphic designers also define rules for changing visual properties.
They create these changes manually, as they establish temporal pat-
terns, or programmatically, by defining rules and ranges for dynamic
visual properties.

6.8 contributions

1. Method for extracting specific story elements from critical ob-
ject interviews, and creating a representation of critical object
stories: StoryPortraits with Nolwenn Maudet.

2. Found that graphic designers create links between visual prop-
erties. They create rules to define how these links change in
time, across related compositions, and in space, across instances
of the same composition.
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3. Implications for the design of layout creation tools. Visual com-
position tools should support linking spatial properties. They
should support creating rules to define how these properties
change in space and time.





7
D E S I G N I N G F O R M A N I P U L AT I N G V I S U A L
P R O P E RT I E S

This chapter presents interactive prototypes that demonstrate the feasibility
of the design implications presented in the previous chapters. I argue that vi-
sual composition tools should: reify visual prototypes into first class objects.
I present four color tools and two layout tools based on design recommenda-
tions extracted from three empirical studies with designers.
I then present two probe studies: one with the color tools, and another study
with the layout tools. Users present the tools conceptually, by articulating
what each tool does, and practically, by providing detailed examples of how
these tools could be used in their current projects.

7.1 manipulating visual properties : implications for de-
sign

Studies with designers uncovered their innovations, workarounds,
and novel strategies as they manipulate visual properties. We ob-
served their practices when working on real projects (Chapter 5,
Chapter 6), and when using a single application (Chapter 4).

As they manipulate color, users do not just select a color from the
representation of a color model. They create personal representations
of color, and base their selection on the information these representa-
tions communicate. Users interact with groups of color, in the context
of their surrounding visual properties. They do so by changing the vi-
sual properties of color swatches, such as size, position and layering.
They also manipulate new visual elements they create by combining
color with other visual properties such as texture.

As they structure visual content, users do not only define fixed
values for spatial properties such as size, position and alignment.
Layout practices involve manipulating links between these properties
throughout the composition. Users define fixed, and flexible visual
properties to create unity and variety in their layout. They also cre-
ate rules to define how flexible properties vary over time. They define
these rules progammatically, or manually by redefining them for each
instance in their composition.

As they perform visual composition tasks in an application, users
manipulate properties directly in the composition. They prefer strong
specific tools (Denning 2001), that provide direct access to these prop-
erties, over dialog boxes, that hide them behind graphical objects.

111
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Based on these observations, we suggest directions for the design
of tools to support manipulating visual properties for online visual
composition.

• Reifying visual properties:
We use the term reification: “creating new objects that can be
manipulated by the user, thus increasing the set of objects of
interest” (Beaudouin-Lafon and Mackay 2000).
We argue that visual composition tools should turn visual prop-
erties from values attached to objects, hidden and accessed through
dialog boxes, to first class objects (section 2.2.2).

Color manipulation practices involve manipulating the visual
properties of color (section 5.7.4). Users perceive and manipu-
late colors as first class objects. They now use ad-hoc strategies
to manipulate the visual properties of color. They create colored
shapes for the purpose of manipulating their colors. They cur-
rently need to go back and forth between this representation
they create on the document, and fixed, small color swatches
provided by color tools, such as the color picker.

Visual composition practices involve manipulating links between
spatial properties (section 6.6.2). This practice shows the ben-
efit of reifying visual properties. Commands such as group-
ing, might apply to visual properties such as size. For example,
users might link several graphical objects of the same size in the
same group, and manipulate this link in their composition.

The reification of visual properties would also encourage think-
ing about these properties as independent objects. Thus, they
would benefit from more consistent representations, and more
consistent tools for interacting with these representations (sec-
tion 4.6.2).

• Manipulating visual properties directly in the composition:
Users manipulate visual properties by changing their values for
graphical objects in their document. We argue that the manip-
ulation of visual properties should take place directly in the
visual composition.

Color manipulation practices include changing the visual prop-
erties of color, such as size, position and layering, in the context
of its surrounding properties. Thus, the values of other visual
properties, including other colors, affect users’ color choices
(section 5.7.4).
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Visual composition practices include defining rules for visual
properties that change in space or time. Users proceed using
code functions or manually by specifying values for the visual
property in each instance of the composition. When they use
code, users miss the benefit of adjusting their rules instantly, de-
pending on the result of the current manipulation (section 6.6.2).

In a composition application, users prefer tools that provide di-
rect access to visual properties. They use composition strategies
where they build the visual output by combining smaller visual
elements, and manipulating visual properties at this scale. For
example, to align 35 lines of text, they would align two lines,
then four and so on (section 4.6.2).

7.2 manipulating visual properties : interactive proto-
types

We present interactive prototypes that demonstrate the feasibility of
using the recommendations above to design tools for manipulating
visual properties.

7.2.1 Color Prototypes

We created a set of four prototypes, each designed to explore an
activity that is not well supported by current tools. The prototypes
demonstrate design implications related to color manipulation. Note
that our goal was not to fully support all possible color manipulation
activities, but rather to illustrate how color tools might inspire new
directions for supporting color manipulation.

Two prototypes support creating personal color representations,
and two prototypes support manipulating color in context. Color Part-
ner visualizes the process of color manipulation. Color Revealer visual-
izes the progress of an activity through color. Palette Explorer supports
manipulating the visual properties of color in context. Color Composi-
tor supports manipulating the combination of color and texture as a
single visual element.

7.2.1.1 Color Partner: Visualizing color manipulation

Users often reuse previous material from earlier projects. They create
personal color representations, to find colors for their current arti-
facts.

Color Partner lets users capture interim steps in their color explo-
ration process. Users identify a starting point by specifying two col-
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ors, after which Color Partner generates novel, related colors. In fig-
ure 69.a, the user creates a white and a black dot. In figure 69.b, the
system generates a set of related dark colors.

Users can guide color generation by manipulating the distance to
previously generated colors: moving the cursor closer to a dot pro-
duces more similar colors whereas moving the cursor away generates
more diverse colors. In Figure 69.b, the user generates pale colors in
the red range by moving from the red dot on the right, towards the
white dot.

Figure 69: Color Partner: Users specify initial colors and move the cursor
to control generation of new colors. They can save interesting
intermediate colors by clicking on the dot.

Over time, unselected colors become smaller and disappear. How-
ever, the user can save colors by clicking on them; multiple clicks
enlarge the size of the dot. In figure 69.c, the user indicates a strong
preference for three yellow and pale orange colors. Color Partner al-
lows users to return to intermediate color choices and use them to
create new colors. ColorPartner offers an interesting partnership be-
tween users and the system, since they both collaborate to create in-
formative personal color representations.

Color Partner supports creating personal, informative representa-
tions of the color manipulation process. Users can benefit from the
cues the system provides (size of the dots, distance between the dots),
to guide their color manipulation process.

7.2.1.2 Color Revealer: Visualizing a process through color

Color changes reveal intermediate steps or the overall state of an ac-
tivity as it occurs over time.
Color Revealer does not treat color as an end in itself, but rather as a
means to an end. Like EditWear (Hill et al. 1992), which uses color to
support annotation, Color Revealer captures traces of the user’s writ-
ing process, through changes in hue and intensity. Each character
appears in a subtle, colored layer in the background.
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In figure 70.a, the user writes with very little hesitation, so the lay-
ers behind the text appear in pale green. Additional layers appear as
the user deletes or rewrites words. In figure 70.b, the user has repeat-
edly deleted and corrected a number of words in his introduction,
which adds blue and purple layers on the text. Color Revealer allows
users to control the mapping of colors to their writing activities. Color
Revealer also provides an adjustable timeline that lets users scroll back
through earlier stages in the writing process. In figure 70.c, the user
needs additional time and has adjusted the time scale accordingly.

Figure 70: Color Revealer: Users’ hesitations and corrections are revealed
through changes in hue and intensity.

Color Revealer permits creating personal, informative color represen-
tations of how a process evolves. These representations are based on
the progress of an activity over time. They contain information about
the length of this activity and visually communicate its phases.

7.2.1.3 Palette Explorer: Manipulating Color visual properties in context

Users actively create sets of colors and manipulate them in the con-
text of surrounding visual properties, including other colors in the
palette. Users usually combine features from multiple tools to create
ad-hoc strategies for these color manipulations.

Palette Explorer lets users create groups of multi-colored swatches of
different sizes and shapes. In figure 71.a, the user creates a large green
foreground swatch, with a pale blue background, and red and blue
intermediate elements. The user can move, resize and adjust layers to
explore the effects of different spatial relationships. In figure 71.b, the
user changes the background to red and the remaining elements are
smaller and repositioned in layers next to each other.

Users can modify a color in the context of the surrounding colors by
moving the cursor along three axes: X for hue, Y for saturation and
mouse wheel for brightness. Users can also select sets of swatches
or the whole palette and modify them at the same time, retaining
the harmony and other characteristics of the original palette. In Fig-
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ure 71 c, the user changes the main foreground blue to orange. The
remaining palette colors follow the same change. Palette Explorer sup-

Figure 71: Palette Explorer: Users create interactive color palettes with dy-
namic swatches. They can manipulate the visual properties of
color swatches in context.

ports manipulating visual properties of color, such as size, position
and layering. Users can change these properties in the context of the
surrounding colors. Through manipulating these properties, they can
create personal color representations using specific values for color
visual properties.

7.2.1.4 Color Compositor: Manipulating the combination of colors and tex-
tures

Some color pickers offer users a limited set of patterns or textures (Pang
2010). These color pickers do not permit the manipulation of the re-
sult of combining a color and a texture, as one visual element.

Color Compositor lets users combine colors and textures, and manip-
ulate their own composites. In Figure 72 a, the user combines orange
with an image containing slices of a citrus fruit. She creates a new
visual element, through combining a color and a texture. In Figure 72

b, the user turns the orange into a lemon. Users can also decompose
the resulting textured image into its component parts. In Figure 72 c,
the user extracts color and texture for later reuse.

Figure 72: Color Compositor: Users combine colors and textures to manipu-
late composites.
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Color Compositor combines colors and textures. It supports manip-
ulating the visual properties of this combination. Users can create
this combination visually on the colors and textures of interest. Color
Compositor also supports extracting color and texture from a colored-
texture, and getting its component elements.

7.2.2 Study: Using Color Prototypes

We wanted to find out how users interpret each tool in general, and
in the context of their current work. We run a study where partici-
pants try each prototype, and answer guiding questions about their
interpretation of the tools purpose, and of its utility in their current
projects.

7.2.2.1 Participants

We interviewed eight participants (5 men, 3 women, aged 23- 40).
Professions included: product designer, illustrator, painter, service de-
signer, researcher in data visualization, information theorist, virtual
reality engineer and programmer.

7.2.2.2 Procedure

Each session lasted approximately one hour in the participant’s stu-
dio or office. We presented each tool, in turn, and gave the partici-
pant five minutes to experiment and perform short tasks with each
tool, as follows: Palette Explorer: Create a book’s cover page. Color
Compositor: Design a textured color for the background of the book
cover. Color Partner: Create your favorite red and favorite blue. Color
Revealer: Write a summary of a recent project. After each task, we
asked participants to think of recent color projects in which they ma-
nipulated color and show us how the tool might, or might not, be
useful for those tasks. We counter-balanced the order of tools across
participants.

7.2.2.3 Data Collection

We collected audio recordings of each session and screen captures of
their interactions with each color tool. We also took notes based on
participants’ answers to a common set of interview questions.

7.2.2.4 Results

Participants suggested different ways of using the color prototypes
both conceptually, by explaining what the tool does, and practically,
to solve problems for their current projects. Interestingly, all partici-
pants wanted to interact with the color tools immediately, to manipu-
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late swatches, dots or textures to obtain a desired effect.

color partner Participants viewed Color Partner as a space for
creating personal colors. P1 (Painter) appreciated how suggesting col-
ors helped him make color-related decisions. However, he “would not
share the result of generation. The colors I get are more personal.” Color Part-
ner also helped participants create interesting clusters of colors and
preserve those they would later use to create a new color exploration
chain. P8 (Information theorist) felt that the tool would help her get
“little by little to the color I want.”

color revealer Color Revealer encouraged participants to reflect
on their typing and writing practices. P8 (Information theorist) com-
pared Color Revealer to an eraser: “When I erase an area several times,
I end up seeing the trace on paper.” She also noticed that she always
deleted the whole word when she makes a typo, which she had not
realized before. P5 (Product Designer) explained that Color Revealer
“projects your thinking as you write. It helps you feel the intensity of your
writing and gives it meaning through making this process visible.”
All but one participant described how they would use Color Revealer
in their current projects. P1 (painter) wanted to use it when collabo-
rating on a course he is teaching. Since his colleague is a fast typist,
he wanted her to use the tool to take notes during class. He would
like to read her notes later and use the change of color to help him
understand when she hesitated, just as in a face-to-face conversation.

palette explorer Participants (7/8) viewed Palette Explorer as a
space for sketching color relationships relevant to those in their daily
work. P5 (Product designer) described Palette Explorer as “a tool for
projection and sketching that allows rapid visualization of scale relationships
among colors.” She wanted to create a color chart to establish a digital
identity for a client and was particularly interested in using it to see
how the colors look together in different contexts. For example, she
wanted to establish a set of colors and then experiment with different
versions of a client’s logo.

color compositor Half of the participants reported develop-
ing ad-hoc strategies to combine colors and textures, but reported
that Color Compositor greatly simplified the task. P3 (Service designer)
was happy to avoid using Photoshop layers when creating and ex-
perimenting with a textured color. P5 (Product designer) wanted to
use Color Compositor’s texture library to group similar components
for future use. Although Color Compositor focused on texture, partic-
ipants had a number of suggestions for combining color with other
elements, such as images. They also offered innovative ideas for how
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to extend the tool. For example, three participants suggested repro-
ducing these patterns on very large surfaces, to establish color and
texture relationships when creating wallpaper.

Participants reported on potential uses of the four prototypes. Their
stories amplify the importance of creating personal, informative color
representations. These stories involve manipulating color visual prop-
erties and combining color with other visual properties. Participants
also explained how the context of their specific projects affects their
decisions.

7.2.3 Manipulating visual properties to structure visual content

We present two prototypes, each designed to explore a visual com-
position practice current tools do not fully support. The prototypes
represent different design implications related to visual composition.
Note that our goal was not to fully support all possible composition
activities, but rather to illustrate how tools might support particular
practices in visual composition.

7.2.3.1 Linkify: Manipulating links between spatial properties

Users create links between spatial properties such as size, position
and layering (section6.6.2).

Linkify supports creating links between content properties. The user
selects two content elements and the system captures the visual ratios
between two of their properties. For the purpose of the prototype, we
implemented a small set of properties: the width of the element and
its horizontal and vertical position, and the font size and number of
characters of text elements. Once the link is created, it is automati-
cally applied when the content elements change, like a spreadsheet
recomputing formulas when a cell changes.

We foresee two main benefits to this approach. Since the layout re-
lies on content properties, it will automatically take into account new
content and visually evolve accordingly. Also, the designer can antici-
pate the outcome of the layout by directly testing it with new content,
but may also let herself be surprised by the generated layouts, encour-
aging serendipitous exploration.

We illustrate this prototype with a simple scenario. Alice is a graphic
designer. She wants to design the layout for a blog. The author gave
her the three first articles. Alice decides that the body text will remain
a stable element for the reader, but wants all the other elements to
generate a new composition for each new blog post. First, she creates
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Figure 73: Color Compositor: Users combine colors and textures to manipu-
late composites.

an interesting composition with her content (figure 73.a). She then
visually and directly links the title character length parameter to the
vertical positions of the images and of the subtitle (figure 73.b): The
more characters in the title, the lower the other elements are going to
be. Linkify automatically calculates the ratio based on the linked pa-
rameters. She then directly checks that the layout produces interesting
results with both longer (figure 73.c) and shorter titles (figure 73.d).

Linkify supports linking visual properties directly on the document.
It supports visually defining rules for how these links evolve as the
content changes.

7.2.3.2 Contextify: Dynamic visual properties

Users define rules for visual properties that change in time, across
compositions, or in space, in different instances of the same composi-
tion. They currently define rules using code. The alternative approach
is to specify values of corresponding properties in each instance of
their composition. The programming approach is more efficient. But
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it omits the possibility of creating these rules based on visual experi-
mentation. The manual approach allows slow-building the rules but
is too repetitive.

Contextify supports visually defining rules for dynamic visual prop-
erties. The system generates the layout by combining sub-layouts cre-
ated with each rule. For the purpose of the prototype, we imple-
mented two sets of rules. The first rule is contextual: the designer
specifies values for properties for day and night. The second rule
depends on the reader: the designer specifies values of properties
when the reader accesses the web page in preview or detailed read-
ing mode.

We illustrate this prototype with a simple scenario. Bob wants to
design the layout for an article to appear in an online magazine. For
the preview condition, Bob wants to show an overview of the article.
He emphasizes the title size to attract attention and includes a selec-
tion of text and images (figure 74.a). He saves this first sub-layout.
To guide the reader through the content in the detailed reading con-
dition, he creates a diagonal flow (figure 74.b) and saves the second
sub-layout. Bob decides to change colors for the night and day condi-
tions. He selects two colors (figure 74.c.d). The reader can now access
different versions for the same article, depending on the rules Bob
created.

Figure 74: Color Compositor: Users combine colors and textures to manipu-
late composites.

Contextify supports creating rules that define how properties change
throughout a visual composition. It also supports creating these rules
directly on the content elements.
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7.2.4 Study: Using Layout prototypes

We wanted to find out how users interpret each tool in general, and in
the context of their current work. We run a study where participants
try each prototype, and answer questions about their interpretation
of the tool’s purpose, and of its utility in their current projects.

7.2.4.1 Participants

We interviewed 12 graphic designers (6 men, 6 women), age 23-57,
with 4-27 years of experience (mean=11), who work in various en-
vironments (freelance, studio, agency) and create layouts for digital
media (n=1) or both digital and print media (n=11).

7.2.4.2 Procedure

Each session lasted approximately one hour and a half. We gave a
scripted presentation of the functionalities of each tool and gave the
participant 10 to 15 minutes to perform a short task based on the fol-
lowing scenarios (figure 75). They could then continue to experiment
with each tool.
In Linkify, the task was to use three sample articles and create a layout
for a graphic design online blog based on the title’s length. In Contex-
tify, the task was to create a layout for an article in an online design
magazine that adapts for daytime and night time, and to the reader’s
choice of getting a preview or the full article.

Figure 75: Color Compositor: Users combine colors and textures to manipu-
late composites.

We used a think-aloud protocol and we counterbalanced the order
of tools across participants. After each task, we asked participants to
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describe to one of their colleagues what they think was the purpose
of the tool and how to use it. We also asked them if they had a recent
layout project in which they thought the tool could have been useful
and to describe in detail how the tool could have been used for this
project. We also asked about possible improvements to the tool in the
context of that project.

7.2.4.3 Data Collection

We collected audio recordings of each session and screen captures of
their interactions with each layout tool. We also took notes based on
participants’ answers to our questions.

7.2.4.4 Results

Participants suggested different ways of using the prototypes both
conceptually, by explaining what the tool does, and practically, to
solve problems for their current projects.

linkify

Eleven (11/12) participants reported stories that involve creating links
between the properties of visual elements. Eight participants sug-
gested improvements to the current layouts involved in the task, to
use them in their current projects. P11 sees the tool as a way to save
time when she designs similar presentation slides. She would use the
tool to “avoid manually adjusting each page” since the tool adjusts the
layout to the content properties. P8 would use the tool to rapidly ex-
plore layouts for school books:“their structures are very rigid, but they
have to adapt to diverse content elements.”
More than half of the participants (7/12) wanted to use the tool to cre-
ate layouts they could not create with traditional composition tools.
For example, P1 would like to use the tool “to create a completely
different layout without having to redesign everything from scratch. With
Linkify, all pages evolve when I modify the last page.”

P5 would use Linkify to remember the fixed properties of all his
layouts. The system could directly reuse these properties at the be-
ginning of a new project. P7 would use Linkify for teaching graphic
design. He would add links to new properties such as opacity. The
students will establish links between content properties, and visual-
ize how the layout changes as the content changes. Other participants
also wanted to add additional properties such as white space between
elements (P3, P5, P11).
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Participants wanted to access other properties such as margins and
visual points of reference (P5). They also wanted new ways of creating
links between properties. For example, they wanted to manipulate
ratios by inverting them or to define absolute and relative ratios (P7).
They also wanted to define the bounds and extreme values (P4, P1)
of some properties.

contextify

Ten participants reported stories that involve visually defining rules
for dynamic properties using Contextify. Participants also suggested
improvements to the current prototype, and ways to use it in their
current projects.

Nine participants wanted to use the tool to create layouts they
could not create with their traditional tools. For example, P8 wanted
to use the tool to design school content on tablets. Contextify provides
multiple layouts that could adapt to the learning methods of different
students: “Some students need more images, and others need more words.
Other students need to see all the content at a glance. It would also be very
interesting to add specific types of content only at home, such as sound for
an English workbook”. Similarly, P4 explained that “the tool could help
create and link a global view of her layout and a very detailed one”.

Participants reported on potential uses of the two prototypes. Their
stories show the importance of creating links between properties. They
also provide examples of using the tools to visually define rules for
dynamic properties.

7.3 summary

In this chapter, I argue that visual composition tools should: reify vi-
sual prototypes into first class objects.
I present four color tools and two layout tools based on design recom-
mendations extracted from three empirical studies with designers.
I then present two probe studies: one with the color tools, and another
study with the layout tools. These studies follow the same method.
Users present the tools conceptually, by articulating what each tool
does, and practically, by providing detailed examples of how these
tools could be used in their current projects.

7.4 contributions

1. Design and implementation of interactive color prototypes with
Nolwenn Maudet.
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2. Found that two layout prototypes, designed by Nolwenn Maudet,
demonstrate the possibility of creating rules for links between
visual properties.

3. Found that designers identify with the interactive prototypes.
They explain how they can use these prototypes in their current
visual compositions.





8
C O N C L U S I O N

To conclude this work, this chapter summarizes the contributions of
the thesis and presents future directions for research.

8.1 thesis summary

Chapter 2 introduces the main concepts used in this thesis. First, it
presents a framework for refiying visual properties to support com-
position tasks. Then, it presents factors affecting how designers create
their visual compositions. Perception, design tools and guidelines af-
fect how designers create their compositions. Then, it describes visual
composition as a reflective practice, where designers know more than
they say, and respond to the situated circumstances of creating their
artifacts. Chapter 3 analyzes the main approaches composition tools
propose for interacting with properties. Several composition tools fol-
low an approach where properties are inferred from user’s actions on
the object. This approach provides direct access to the object, but no
representation for its properties. Other tools suggest enhancements to
the traditional property sheets, adding new ways for changing object
properties through dialog boxes. A third approach consists of adding
a layer, on the object, where the user can manipulate its properties.
The fourth approach, and closest to responding to our framework,
creates an independent representation, with specific interactions, for
object properties in the document.

Chapter 4 focuses on graphic designers’ visual composition prac-
tices within a specific application. I present recurrent strategies across
designers and the types of tools they use. Based on this comparison,
I suggest new directions for the design of online visual composition
tools. As they organize content, designers change object properties
on the document, instead of using dialog boxes. Chapter 5 and chap-
ter 6 focus on designers’ color and layout manipulation practices, as
they create their artifacts. We extract and analyze stories from inter-
views with designers about their practices in real projects. Based on
these observations, these chapters summarize main color and layout
practices, and the resulting implications for the design of color and
layout tools. Designers create personal representations of color. They
use these representations to find color schemes for their artifacts. De-
signers create links between object properties such as color, size and
position. They also create rules to define how these links evolve in
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space, in the same document, or in time, across related documents.

Chapter 7 presents tools that illustrate the reification of visual prop-
erties into first class interactive objects. We introduce two groups of
prototypes. Four color tools demonstrate new possibilities for color
manipulation. These tools support creating personal representations,
changing the properties of color swatches, and combining color with
other properties, such as texture. Two layout tools support creating
links between spatial properties such as size and position, and defin-
ing rules for dynamic properties. Two studies present how designers
used and described the tools with respect to their color and layout
practices.

8.2 contributions

This thesis provides contributions at three levels, with empirical find-
ings, illustrative tools and theoretical perspectives. I summarize them
here, following the dissertation plan.

8.2.1 Theoretical perspectives: Framework for reifying visual properties for
composition

Designers base their visual composition practices on their knowledge
of visual organization principles. They also base their composition
practices on how they perceive the objects and on the design tools
they use to create their artifacts. These factors guide, but do not dic-
tate how the visual composition looks like at the end. Visual concepts
depend on the designer’s reflective conversation with the design ma-
terials. For this reason, understanding designers’ composition prac-
tices requires observing them as they create their artifacts.

Based on the observation and analysis of designers’ composition
practices, I propose a framework that describes how composition
tools can support the reification of visual properties, by treating them
as first-class interactive objects. I argue that the reification of visual
properties into first-class interactive objects requires supporting:

• Personal, instead of generic representations of visual properties.

• Interactions with visual properties in the composition, not in
separate documents or windows.

• Links among visual properties of the same type, and among
visual properties of different types.
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• Rules for evolving visual properties in time, across several com-
positions, and in space, across components of the same compo-
sition.

8.2.2 Empirical Findings: Designers’ composition practices

Designers use visual properties, such as color, when they create their
artifacts. They create personal color representations instead of using
the generic representations current color tools provide. Designers use
personal, informative representations as a starting point for color se-
lection. They create these representations based on collected samples
from previous artifacts, collected images, or standard color spaces.
Designers manipulate the visual properties of color. They change the
size, position and layering of individual color swatches. Designers
also combine color and other properties such as texture, and use this
combination as a single visual element.

Graphic designers use spatial properties such as size, position and
layering, to organize visual content. They create links between spatial
properties and manipulate these links throughout their compositions.
As they create their layouts, graphic designers define fixed and flex-
ible properties. They create rules to define how flexible properties
change in space, across instances of the same composition, or in time,
across related compositions.

Graphic designers complete visual composition tasks through di-
rect manipulation of visual properties in the document. They use
tools that act directly on these properties. They also find novel ways
to use properties as tools for composition tasks.

8.2.3 Technologies: Designing for the manipulation of visual properties for
composition tasks

We propose color and layout tools that illustrate how designers could
reify visual properties into first-class interactive objects. Color Partner
supports creating personal, informative representations of the color
manipulation process. Users can benefit from the cues the system
provides (size of the dots, distance between the dots), to guide their
color manipulation process. Color Revealer permits creating personal,
informative color representations of how a process evolves. These rep-
resentations are based on the progress of writing over time. They hold
information about the length of this activity and visually communi-
cate its phases. Palette Explorer supports manipulating visual proper-
ties of color, such as size, position and layering. Users can change
these properties in the context of the surrounding colors. Through
manipulating these properties, they can create personal color repre-
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sentations using specific values for color visual properties. Color Com-
positor combines colors and textures. It supports manipulating the
visual properties of this combination. Users can create this combina-
tion visually on the colors and textures of interest. Color Compositor
also supports extracting color and texture from a colored-texture, and
getting its component elements.

Linkify supports linking visual properties directly on the document.
It supports defining how these links evolve as the content changes.
Contextify supports creating rules that define how visual properties
change throughout a visual composition. It also supports creating
these rules directly on the content elements.

8.3 limitations and perspectives

We proposed a framework based on designers’ practices in visual
composition. This framework presents how visual composition tools
can transform properties into first-class objects. The current dimen-
sions include accessing properties in the document. They also include
creating links between these properties, defining rules for changing
properties, and creating personal representations of visual proper-
ties. We based these dimensions on observing graphic designers’ dig-
ital and physical composition practices. Further studies of designers’
practices could contribute with new dimensions to this framework.
They can reveal new ways of representing and using properties for
visual composition tasks.

Our findings are based on observing the practices of a small num-
ber of experts, with specific skills. Our goal is to find emerging phe-
nomena from recurring, but also surprising observations. Our find-
ings suggest new opportunities for testing more specific hypotheses
using more quantitative experimental approaches. For example, con-
trolled studies like (Mackay 2002a) can investigate which interaction
techniques are better suited for the practices we identify.

I focused on color manipulation and layout creation practices. Fu-
ture work can investigate practices in manipulating other visual prop-
erties. For example, observing the practices of typographers as they
create new typefaces, might provide interesting insights about how
they deal with the duality of meaning and form when interacting
with type.

In this thesis, I focused on the manipulation of visual properties
in desktop environments. One potential direction would be investi-
gating the benefits and challenges experts face as they manipulate
visual properties in other environments, such as touch interfaces. In
these interfaces, property sheets are not practical (Xia et al. 2016).
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Thus, composition tools rely on direct manipulation, using a limited
vocabulary of gestures. Interesting questions relate to extending the
current gesture vocabulary to support visual composition using ges-
tural interaction.

We propose tools that illustrate separate dimensions in the frame-
work of reifiying visual properties for composition tasks. Further
work on the tools could focus on investigating how they communi-
cate and interact. This would permit creating more comprehensive
visual composition tools that better support the whole composition
process, instead of separate composition practices.

Our findings open possibilities to create new tools based on the
suggested design implications. We want to inspire composition tool
designers to create tools that respond to the composition practices we
identify.
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C R I T I C A L O B J E C T I N T E RV I E W S : C O L L E C T E D
D ATA

• Video recordings:
We use video recordings to capture demonstrations and partic-
ipants’ interactions with tools and artifacts in their work envi-
ronments.

• Photographs:
We use photos to capture participants’ work settings, tools, sketches
and artifacts (Fig. 76).

Figure 76: Photo of a participant’s tools and artifacts in her workspace.

• Written notes:
We use the interviewers’ hand-written and typed notes as a
starting point to extract critical object stories. They provide sum-
mary points, sketches, and surprising elements from the inter-
views.

• Audio conversations:
We use the audio recording to extract participant quotes and
articulations of specific aspects of their manipulation practices.
For example, a participant described her process using a color
picker saying :“Ì purify the color by removing the black using
the CMYK sliders”.

Critical object stories gather data from these heterogeneous streams.
They summarize relevant elements from the participant work process
when creating an artifact. Specifically, a critical object story typically
includes the following components:
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• Story Title: We give the critical object story a title that summa-
rizes and communicates the main concept in the story, a surpris-
ing aspect, a breakdown, or a word the participant used.

• Story Code: We give each critical object story a code. Typically,
the code includes the participant number and the story number.
This helps us refer to the story in the following phases of the
analysis.

• Story Steps: We extract from the story an exhaustive set of steps
that communicate the story’s content to a reader who did not
take part in the interview.

• Quotes: We include the participant’s quotes along with contex-
tual information to situate them in the story.

• Tools: When possible, we identify tools the participant used in
the story. These tools could be physical, like a pen or a paint-
brush. They could be features within an application, like the
Adobe Photoshop pen tool. They could also be applications, like
Adobe Color 1

1 https://color.adobe.com/
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C O L O R P O RT R A I T S : I N T E RV I E W Q U E S T I O N S

b.1 interview objectives

We want to collect stories about specific manipulations of color in
the context of a project or of a process where the participant was
involved either alone or within a group. We are mainly interested
in learning about how people with different backgrounds and goals
want to manipulate color and how they actually end up doing that
in their daily work. We are looking for details related to specific ma-
nipulations of color. We ask participants to show us previous projects,
preferably recent projects and to tell us how they manipulated color
for this specific project. We make sure the interviewees have access
to their previous projects and that they can show us elements from
these projects if they want to.

b.2 interviewee recruitment

We chose people who manipulate color excessively in their work. We
want people who have a process of activity that includes extensive
manipulation of color.

b.3 interview proceeding

Before starting the interview, we tell the participant the following in-
troduction: “We are working on a project on how people manipulate
color and we would like to collect stories about how people who
manipulate color extensively interact with color in their respective
fields”. We turn on the audio recording and we let the person show
us previous projects and walk us through how she proceeded for se-
lecting colors for these projects. We probe for more details and ask
more questions to get specific details about how the user proceeded
in the particular case of this project. We take pictures of the projects
(artifacts) or short videos of the participant interacting with the ob-
ject. After the interview, we stop the audio recording, we thank the
participant and we provide our contact information in case they want
to see the results of our work.

b.4 debriefing

After each interview, we go through the audio and written notes and
we extract stories from the interview. We make sure we include the
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most surprising elements in each story and we include as many de-
tails as possible. The debriefing is also the time to point out the most
surprising points and to compare them in order to identify the new
and unusual color manipulation practices in each story.



C
G R O U N D E D T H E O RY C AT E G O R I E S

c.1 typologies of structures :

Structures types are non exclusive, they can intersect

c.1.1 Semantic structures:

Structures defined using semantic properties of the content Intrin-
sic: Structures defined using inherent semantic properties of content
elements Extrinsic: Structures defined using semantic relationships
among content elements

c.1.2 Spatial structures:

Structures defined by spatial properties of the graphical elements. Fill:
Structure defined by elements’ visual masses (visual weight, negative
space) Border: Structures based on elements borders or other lines (ex
: grid, guides) Size: Structures defined by the size of the elements. Po-
sition: Structures defined by relative positions of elements. Layering:
Structures defined by superpositions of elements. (ex : layers)

c.1.3 Pattern structures:

Structures defined by the repetition of graphical elements or pre-
existing structure in time, in space or in both. (ex: navigation prin-
ciple, rhythm)

c.1.4 Conceptual structures:

Structures defined using principles that can be either specific or gen-
eral. Specific: Structures defined using clearly identified and defined
rules or constraints. These rules could be executed by the system or
by the user. General: Structure defined using a non specific concept.
(ex: style, ambiance, idea).

c.1.5 Example structures:

Structures defined using examples. Usual: Structures defined by nor-
mal or recurring examples from the final document. Exception: Struc-
tures defined using extreme or exceptional examples from the final
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document. Placeholder: Structures defined using a user-generated or
system-generated artificial example (ex: filler text (lorem ipsum)).

c.2 interaction with structures :

How do users create, manipulate or use different types of structures
?

c.2.1 Reuse/Application:

Ways of reusing/applying a structure Iterate/Develop : Creating a
variant structure based on an existing one by varying only part of the
components of the source structure. Propagate : Propagating struc-
ture property Combine : Combining several structures

c.2.2 User-System Partnership:

Ways of collaborating in the structure creation, manipulation or appli-
cation Manual: The user must apply or use the structure fully man-
ually Collaborative: The system either participates in the structure
creation, manipulation or application

c.2.3 Adaptability:

Ways of adapting a structure Flexible: The structure has the affor-
dance to be modified. Hackable: The structure doesn’t have the affor-
dance to be modified but it can be overridden or its properties can
still be modified. Unbreakable: The structure cannot be overridden,
neither can it be modified.

c.2.4 Informing Content:

The structure is used to reveal new information about the content

c.2.5 Filtering

The structure is used to filter the content
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Titre : Reified properties for visual composition
Mots-clés : composition, visual properties, creativity, design, color, layout

In this dissertation, I argue that visual composition
tools should reify visual properties— that is, create
them into first-class, interactive objects that design-
ers can manipulate, directly in the document. Artists
and designers use visual properties such as color, ty-
pography, size, and position to create novel compo-
sition concepts. Most visual composition tools treat
graphical elements as objects— but not their visual
properties. The latter are simply attributes of graphi-
cal elements, usually accessible on demand, through
property sheets or dialog boxes, rather than as inde-
pendent interactive objects.
I begin with an introduction, where I outline the
dissertation and summarise the main contributions.
Then, I present a conceptual overview, where I argue
that perception, expertise, theories and existing rep-
resentations of visual properties affect how designers
manipulate them in their work. In the related work
section, I identify the main approaches visual compo-
sition tools propose to manipulate visual properties.
I explain the advantages and limitations of these ap-
proaches.
I present a comparative structured observation study
(Chapter 4) where graphic designers perform visual
composition tasks in Adobe Illustrator. Designers pre-
ferred tools that provide direct access to visual prop-
erties. They use these visual properties to complete
visual composition tasks such as alignment and dis-
tribution. I then present two interview studies (Chap-
ter 5, Chapter 6) that examined artists’ and design-
ers’ practices as they manipulate color and create lay-

outs in their projects. Artists and designers create
personal color representations. They manipulate each
color in the context of its surrounding graphical el-
ements, and combine it with other visual properties
such as texture. As they create their layouts, designers
establish links among visual properties such as size,
position, and layering of graphical elements. They de-
fine rules for how these properties change in space,
across instances of the same composition, or in time,
across related compositions.
Based on these observations, two groups of proto-
types (Chapter 7) demonstrate how we can reify vi-
sual properties into first-class graphical objects. Color
Partner supports creating personal representations
of the color manipulation process. Color Revealer
permits creating informative color representations of
how a process evolves. Palette Explorer supports ma-
nipulating visual properties of color swatches, such
as size, position and layering, in the context of sur-
rounding colors. Color Compositor supports manipu-
lating the combination of colors and textures. Linkify
supports linking visual properties directly in the doc-
ument and defining rules for how these links evolve
as the content changes. Contextify supports creating
rules that define how visual properties change across
instances of a composition. In two follow up studies,
designers explain how they intend to use these tools
in their current projects.
I conclude with a summary of the contributions
(Chapter 8) and a discussions of the limitations and
future work.





Titre : Réification des propriétés visuelles pour les tâches de composition
Mots-clés : composition, propriétés visuelles, créativité, design, couleur, mise en page

Les graphistes utilisent des propriétés visuelles
comme la couleur, la police de caractères ty-
pographiques, la taille ou la position pour construire
et communiquer leurs concepts visuels. La plupart
des outils numériques de composition considèrent les
propriétés visuelles comme simples attributs. Ces pro-
priétés sont accessibles, quand l’objet est sélectionné,
via des boîtes de dialogue, sans êtres considérées
comme objets indépendants dans l’interface. Cette
thèse porte sur la réification des propriétés visuelles
des objets graphiques pour les tâches de composition.
Je soutiens l’importance de créer des outils de com-
position qui permettent de manipuler les propriétés
visuelles directement, sans passer par des menus ou
des boîtes de dialogue.
La manipulation des propriétés visuelles dépend
de la perception des propriétés, de l’expertise de
l’utilisateur et de leur représentations sur l’interface.
Elle dépend également des outils existants pour
manipuler les propriétés visuelles dans le contexte
de travail. Les outils numériques de composition
utilisent principalement des boîtes de dialogue. Cer-
tains travaux de recherche soutiennent l’importance
de faire évoluer les boîtes de dialogues, et proposent
des boîtes de dialogues plus interactives. D’autres
travaux proposent de nouvelles manières de représen-
ter et de manipuler les propriétés visuelles.

Les graphistes préfèrent les outils qui agissent di-
rectement sur les propriétés visuelles. Ils adaptent ces
propriétés, pour les utiliser comme outils leur perme-
ttant de compléter des tâches comme l’alignement et
l’espacement.
Les artistes et les designers travaillent en dévelop-
pant leurs propres représentations des espaces de
couleur. Ils manipulent chaque couleur, dans le con-
texte des autres couleurs utilisées dans le même doc-
ument. Leurs choix de couleur dépendent également
d’autres propriétés visuelles comme la texture, la
matière, ou la luminosité. En créant leurs mise en
page, les graphistes établissent des liens entre les
propriétés spatiales comme la position, la taille, et la
superposition des éléments graphiques. Ils créent des
règles pour définir comment ces liens évoluent dans
un même document, ou entre différents documents.
Deux groupes d’outils proposent des exemples de la
réification des propriétés visuelles pour des tâches de
composition. Deux études avec des designers présen-
tent différentes utilisations envisagées pour ces outils.
Chaque utilisateur présente des exemples de projets
spécifiques dans lesquels ces outils faciliteront leurs
tâches de composition, et comment ils leur permet-
tront d’obtenir les rendus recherchés.





Titre : Réification des propriétés visuelles pour les tâches de composition
Mots-clés : composition, propriétés visuelles, créativité, design, couleur, mise en page

Les graphistes utilisent des propriétés visuelles
comme la couleur, la police de caractères ty-
pographiques, la taille ou la position pour construire
et communiquer leurs concepts visuels. La plupart
des outils numériques de composition considèrent les
propriétés visuelles comme simples attributs. Ces pro-
priétés sont accessibles, quand l’objet est sélectionné,
via des boîtes de dialogue, sans êtres considérées
comme objets indépendants dans l’interface. Cette
thèse porte sur la réification des propriétés visuelles
des objets graphiques pour les tâches de composition.
Je soutiens l’importance de créer des outils de com-
position qui permettent de manipuler les propriétés
visuelles directement, sans passer par des menus ou
des boîtes de dialogue.
L’introduction résume les contributions de cette thèse
et présente les méthodes d’observation, d’interviews,
et d’analyse de données utilisées pour la conduite
des études présentées dans les chapitres suivants. Je
poursuis par la présentation des facteurs qui con-
ditionnent la manipulation des propriétés visuelles
dans les tâches de composition. Cette manipulation
dépend de la perception des propriétés, de l’expertise
de l’utilisateur et de leur représentations. Elle dépend
également des outils existants pour manipuler les
propriétés visuelles dans le contexte de travail. L’état
de l’art présente les approches principales adoptées
par les outils graphiques pour la manipulation des
propriétés visuelles. Les outils de composition com-
merciaux utilisent principalement des boîtes de di-
alogue. Certains travaux de recherche soutiennent
l’importance de faire évoluer les boîtes de dialogues,
et proposent des boîtes de dialogues plus interac-
tives. D’autres travaux de recherche proposent de
nouvelles manières de représenter et de manipuler
les propriétés visuelles.
Je présente une étude (Chapter 4) dans laquelle des
graphistes professionnels recréent deux compositions
dans une application dédiée à ce type de tâches. Cette
étude révèle que les graphistes préfèrent les outils qui
agissent directement sur les propriétés visuelles. Ils
adaptent ces propriétés, pour les utiliser comme out-
ils leur permettant de compléter des tâches comme

l’alignement et l’espacement.

Je présente ensuite deux études (chapitres 5 et 6)
portant sur les pratiques de manipulation de la
couleur, et de mise page de documents chez les
artistes et les designers. Ces praticiens travaillent
en développant leurs propres représentations des es-
paces de couleur. Ils manipulent chaque couleur, dans
le contexte des autres couleurs utilisées dans le même
document. Leurs choix de couleur dépendent égale-
ment d’autres propriétés visuelles comme la texture,
la matière, ou la luminosité. En créant leurs mise en
page, les graphistes établissent des liens entre les pro-
priétés spatiales comme la position, la taille, et la su-
perposition des éléments graphiques. Ils créent des
règles pour définir comment ces liens évoluent dans
un même document, ou entre différents documents.
Deux groupes d’outils (chapitre 7) proposent des
exemples de la réification des propriétés visuelles
pour des tâches de composition. Color Partner per-
met de créer des représentations personnelles de
couleurs. Color Revealer utilise la couleur pour créer
une représentation informative d’un processus de tra-
vail. Color Compositor permet de manipuler des com-
binaisons de couleurs et de textures, et de tester
ces compositions directement sur l’outil. Palette Ex-
plorer permet de manipuler les propriétés visuelles
de carrés de couleur, afin de supporter le choix d’une
couleur dans le contexte des autres couleurs de la
palette. Linkify permet de créer des liens entre les pro-
priétés spatiales des éléments graphiques. Contextify
permet de définir des règles pour gérer l’évolution
des propriétés visuelles dans une composition. Deux
études avec des designers présentent différentes utili-
sations envisagées pour ces outils. Chaque utilisateur
présente des exemples de projets spécifiques dans
lesquels ces outils faciliteront leurs tâches de compo-
sition, et comment ils leur permettront d’obtenir les
rendus recherchés.
En conclusion (chapitre 8), je résume les principales
contributions de cette thèse, et les limitations et exten-
sions possible du travail présenté.
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