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Abstract

This paper describes the conceptual and implementation
shift from a creative research-based evolutionary system
to a real-world evolutionary system for professional de-
signers. The initial system, DarwinsGaze, is a Creative
Genetic Programing system based on creative cognition
theories. It generated artwork that 10,000’s of viewers
perceived as human-created art, during its successful run
at peer-reviewed, solo shows at noted museums and art
galleries. In an effort to improve the system for use with
real-world designers, and with multi-person creativity in
mind, we began working with a noted design firm explor-
ing potential uses of our technology to support multi-
variant creative design iteration. This second generation
system, titled Evolver, provides designers with fast,
unique creative options that expand beyond their habitual
selections that can be inserted/extracted from the system
process at any time for modular use at varying stages of
the creative design process. We describe both systems
and the design decisions to adapt our research system,
whose goal was to incorporate creativity automatically
within its algorithms, to our second generation system,
which attempts to take elements of human creativity theo-
ries and populate them as tools back into the process. We
report on our study with the design firm on the adapted
system’s effectiveness.

Introduction

Creativity is a complex set of cognitive process theorized
to involve, among other elements, attention shifts between
associative and analytical focus (Gabora, 2010), novel
goals (Luo and Knoblich, 2007), and situated actions and
difficult definitions of evaluation (Christoff et al, 2011).
Computational creative systems strive to model a variety of
creativity’s aspects using computer algorithms from evolu-
tionary ‘small-step’ modifications to intelligent autono-
mous composition and ‘big-leap’ innovation in an effort to
better understand and replicate creative process (Boden,
2003). The focus by some researchers on replicating crea-
tivity in computational algorithms has been instrumental in
learning more about human cognition (individual and col-
laborative) and how creative support tools might be used to
enhance and augment human creative individuals and
teams. All these aspects continue to evolve our perceptions

of creativity and its role in computation in the current tech-
nology-saturated world.

Systems modeling creativity computationally have
gained acceptance in the last two decades, situated mainly
as artistic and research projects. Several researchers in
computational creativity have addressed questions around
such computational modeling by outlining different dimen-
sions of creativity and proposing schema for evaluating a
"level of creativity” of a given system, for example (Ritch-
ie, 2007; Jennings, 2010; Colton, Pease and Charnley,
2011). While there is ongoing research and scholarly dis-
course about how a system is realized, how the results are
generated, selected and adjusted and how the process and
product are evaluated, there is less research about direct
applications of creative cognitive support systems in real-
world situations. Now that more autonomous, generative
creative systems have been developed, we are re-
evaluating the role of the human collaborator(s) when de-
signing a creative system for real-world applications in an
iterative creative design process environment (Shneider-
man, 2007).

We explore creativity from theories of cognition that
attempt to understand attentional shifts between associative
and analytical focus. The existence of two stages of the
creative process is consistent with the widely held view
that there are two distinct forms of thought (Dartnell, 1993;
Neisser, 1963; Piaget, 1926; Rips, 2001; Sloman, 1996). It
has been proposed that creativity involves the ability to
vary the degree of conceptual fluidity in response to the
demands of any given phase of the creative process (Gabo-
ra, 2000; 2002a; 2002b; 2005). This dimension of variabil-
ity in focus is referred to as contextual focus. Focused at-
tention produces analytic thought, which is conducive to
manipulating symbolic primitives and deducing laws of
cause and effect, while defocused attention produces fluid
or associative thought which is conducive to analogy and
unearthing relationships of correlation. Thus, creativity is
not just a matter of eliminating rules but of assimilating
and then breaking free of them where warranted.

This paper focuses first on the implementation and ap-
plicability of contextual focus through our research system,
DarwinsGaze, developed to use an automatic fitness func-
tion. Second, we present our effort to adapt this successful



but specific research system for more general use with re-
al-world designers, and with multi-person creativity in
mind. We worked with a noted design firm to examine
potential uses of our technology for supporting multi-
variant creative design iteration. Our analysis of their pro-
cess combined with our knowledge of the cognitive aspects
of creativity (gleaned from our early research), were used
to completely rewrite the DarwinsGaze system to an inter-
active creativity support tool within a production pipeline.
This 2nd generation system, Evolver, provides designers
with fast, unique options that expand beyond their habitual
selections that can be inserted and extracted from the sys-
tem process at any time for modular use at varying stages
of the creative design process. The changes focused firstly
on usability needs, but became more important when we
saw opportunities for affecting the shifts between contex-
tual and analytical focus of the designer through the
Evolver system. This process required evaluating the real-
world iterative process of designers and testing various
prototypes with designers from the firm Farmboy Fine Arts
(FBFA) to see how they engaged with interactive creativity
support. Lastly we evaluated with a user study the effec-
tiveness of this conversion process and how non-technical
designers appreciated and used this Creative Evolutionary
System. We hope that our experience and evaluation can
be a guide for other researchers to adapt creative research
systems to more robust and user centric real world produc-
tion tools.

The DarwinsGaze System

The DarwinsGaze system (DiPaola and Gabora, 2007) is a
Creative Evolutionary System (CES) (Bentley and Corne,
2002) (see Figure 1) based on a variant of Genetic Pro-
gramming (GP). Unlike typical Genetic Programming sys-
tems this system favors exploration over optimization,
finding innovative or novel solutions over a preconceived
notion of a specific optimal solution. It uses an automatic
fitness function (albeit one specific to portrait painting)
allowing it to function without human intervention be-
tween being launched and obtaining the final, often unan-
ticipated and pleasing set of results; in this specific and
limited sense we refer to DarwinsGaze as "autonomous".
The inspiration for this work is to directly explore to what
extent computer algorithms can be creative on their own
(Gabora and DiPaola, 2012). Related work has begun to
use creative evolutionary systems with automatic fitness
functions in design and music (Bentley and Corne, 2002),
as well as building of a creative invention machine (Koza,
2003). A contribution of the DarwinsGaze work is to mod-
el, in software, newly theorized aspects of human creativi-
ty, especially in terms of fluid contextual focus (see Figure

2).

DarwinsGaze capitalizes on recent developments in GP
by employing a form of GP called Cartesian Genetic Pro-
gramming (CGP) (Miller and Thomson, 2000; Walker and
Miller, 2005). CGP uses GP techniques (crossover, muta-
tion, and survival), but differs in certain key respects. The

Figure 1. Source Darwin image with examples of evolved
abstract portraits created using the DarwinsGaze autono-
mous creative system.

program is represented by a directed graph of indexed
nodes. Each node has a number of inputs and a function
that gives an output based on the inputs. The genotype is a
list of integers determining the connectivity and functional-
ity of the nodes, which can be mutated and mated to create
new directed graphs.

CGP has several features that foster creativity including
1) its node based structure facilitates the creation of visual
mapping modules, 2) its structure can represent complex
computational input/output connectivity, thus accommo-
dating our sophisticated tone and temperature-based color
space model which enables designerly decision making,
and most importantly 3) its component-based approach
favors exploration over optimization by allowing different
genotypes to map to the same phenotype. The last tech-
nigue uses redundancy at the input, node, and functional
levels, allowing the genotype to contain nodes that are not
connected to the output nodes and so not expressed in the
phenotype. Having different genotypes (recipes) map to the
same phenotype (output) provides CGP with greater neu-
trality (Yu and Miller, 2005). Our work is based on Ash-
more and Miller's (2004) CGP application to evolve visual
algorithms for enhanced image complexity or circular ob-
jects in an image. Most of their efforts involve initializing
a population and then letting the user take over. Our initial
prototype was based upon their approach, but expanded it
with a more sophisticated similarity and creativity func-
tion, and revised their system for a portrait painter process.

Since the advent of photography, portrait painting has
not just been about accurate reproduction, but also about
using modern painterly goals to achieve a creative repre-
sentation of the sitter. We have created a fitness function
that mainly rewards accurate representation, but given cer-
tain situations it also rewards visual painterly aesthetics
using simple rules of art creation as well as a portrait
knowledge space. Specifically, the painterly portion of our
fitness function 1) weighs for face versus background
composition, 2) uses tonal similarity over exact color simi-
larity matched with a sophisticated artistic color space
model which weighs for warm-cool color temperature rela-
tionships based analogous and complementary color har-
mony rules and 3) employs unequal dominate and subdom-
inant tone and color rules and other artistic rules based on a
portrait painter knowledge domain (DiPaola and Gabora,
2007) as illustrated in Figure 2. We mostly weight heavily



towards resemblance, which gives us a structured system,
but can under the influence of functional triggers allow for
artistic creativity. The approach gives us novelty and inno-
vation from within, or better said, responding to a struc-
tured system -- a trait of human creative individuals.
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Figure 2. The DarwinsGaze fitness function mimics human
creativity by moving between restrained focus (resemblance)
to more unstructured associative focus (resemblance and
more ambiguous art rules of composition, tonality and color
theory).

Generated portrait programs in the beginning of the run
will look less like the sitter but from an aesthetic point of
view might be highly desirable, since the function set has
been built with painterly rules. Specifically, the fitness
function in the DarwinsGaze system calculates four scores
(resemblance and the three painterly rules) separately and
fluidly combines them in different ways to mimic human
creativity by moving between restrained focus (resem-
blance) to more unstructured associative focus (3 rules of
composition, tonality and color theory). In its default state
the fitness function uses a ratio of 80% resemblance to
20% non-proportional scoring of our three painterly rules.
Several functional triggers can alter this ratio in different
ways. The system will also allow very high scoring of
painterly rule individuals to be accepted into the next
population. When a plateau or local minima is reached for
a certain number of epochs, the fitness function ratio
switches course where painterly rules are weighted higher
than resemblance (on a sliding scale) and work in conjunc-
tion with redundancy at the input, node, and functional
levels. Using this method, in the wider associative mode,
high resemblance individuals are always part of the mix
and when these individuals show a marked improvement in
resemblance, a trigger is set to return to the more focused
80/20 resemblance ratio.

For CES used to create fine art paintings, the evaluation
was based less on the process and more on the output.
Could a closed process (that has no human intervention
once the evolutionary process was started) produce artwork
that was judged as creative using the methods by which
real human artists are judged? Example pieces from the
output over 30 days were framed and submitted to galleries
as a related set of work. Care was taken by the author to
select representational images of the evolved unsupervised
process, however creative human bias obviously exists in
the representational editing process. This is similar to how
a curator chooses a subset of pieces from their artists, so it
was deemed that is does not diminish the soft evaluation
process.

The framed art work (darwinsgaze.com) was accepted
and exhibited at six major galleries and museums including
the TenderPixel Gallery in London, Emily Carr Galley in
Vancouver, and Kings Art Centre at Cambridge University
as well as the MIT Museum, and the High Museum in At-
lanta, all either peer reviewed, juried or commissioned
shows from institutions that typically only accept human
art work. This gallery of abstract portraits of Darwin has
been seen by tens of thousands of viewers who have com-
mented with dated quotes in a gallery journal that they see
the artwork as an aesthetic piece that ebbs and flows
through creative ideas even though they were solely creat-
ed by an evolutionary art computer program using contex-
tual focus. Note that no attempt to create a formalized “cre-
ativity Turing Test” was made. Most of the thousands of
causal viewers assumed they were looking at human creat-
ed art. The work was also selected for its aesthetic value to
accompany an opinion piece in the journal Nature (Padian,
2008), and was given a strong critical review by the Har-
vard humanities critic, Browne (2009). While these are
subjective measures, they are standards in the art world.
The fact that the computer program produced novel crea-
tive artifacts, both as single art pieces and as a gallery col-
lection of pieces with interrelated themes, is compelling
evidence that the process passed a type of informal creativ-
ity Turing test.

The Shift from Autonomous Creative System
to Creative Support Tool: the Evolver System

To move forward from the DarwinsGaze system we began
looking to explore a real-world application of creativity in
computation by leveraging concepts of contextual focus to
integrate with collaborative process. The opportunity arose
to work with FBFA, an international art consultancy firm
that designs site-specific art collections for the luxury hotel
and corporate sectors, to develop software that could com-
plement and provoke their current iterative design process-
es. The focus on visual design for hotel decor was an inter-
esting perspective that enabled us to consider what we had
achieved with visual creative design in prior work, and
how we could engage in the designer’s intuitive yet visual
(and hence somewhat parameterized) creative process.



In the effort to evaluate a CES within a Visual Design
domain, we explored the use and adaptation of “Evolver”.
Evolver is a computational creative tool modified from the
DarwinsGaze project structure. Evolver was created as a
result of in-depth research and observations to support a
specific design process at FBFA by automating some of
the design tasks and restructuring the contextual search
space. It provides a platform for brainstorming by generat-
ing various versions of original artwork provided by de-
signers, through specific features such as controlling the
color scheme or marrying different artworks together. It
also offers some production capabilities by automating
repeating tasks such as cropping for mass quantities of
artworks traditionally performed by designers in programs
such as Adobe Photoshop. Evolver incorporates a user-
friendly GUI (see Figure 3) paired with a flexible internal
image representation format for ease of use by the design-
er. The designer provides the seed material and selects pre-
ferred results while the system generates a population of
artwork candidates, cross breeds and mutates the candi-
dates under user control to generate new design products.
The designer may select and extract any resulting candi-
date piece at any stage of the process for use in other areas
or as generative fodder to later projects. System parameters
of Evolver include shapes, colors, layers, patterns, symme-
tries and canvas dimensions.

Developing the Evolver System to Fit the
Needs and Process of a Design Firm

FBFA takes design briefs from the hotel interior designers,
and based on their extensive photo and graphic design da-
tabase as source, designs specific art and design objects in
a multitude of material (although typically wall hanging)
often in unique sizes, shapes and multiples to specifically
work with the hotel’s (typically their large lobby and res-
taurants) needs. They do this by incorporating a number of
designers who using digital systems like Adobe Illustrator
significantly rework a source design to refit the space,
shape and material specifics.

We began by demonstrating to them an interactive ver-
sion of our DarwinsGaze system, which was mocked up on
the darwinsgaze.com website, called ‘Evolve It’ to show
what a potentially fully-interactive new system would look
like. The designer’s process to create a successful proto-
type for the client was a multi-step, iterative and somewhat
inefficient process which relied on the designer’s ‘feel’ of
the problem context, the potential solution contexts and
their intuitive exploration and selection process. In this
particular situation designers would discuss a project with
a client, then go to physical boxes or their digital database
containing immense amounts of image material, find seed
material that fits the feeling of the multiple contexts and
then manipulate them to better fit the design problem in
Adobe Illustrator. The designer’s manipulation adjusts
size, scale, shape, multiples and color in layers by hand.
This process is highly labor-heavy and we felt it was most
receptive to computational support because the designer

had already defined the contextual focus for this problem
through their own interpretation of the available options,
constraints and aesthetic preference (which had already
been confirmed by the client engaging with this company).

While the designers were reluctant to give up control of
their intuitive, creative knowledge, they readily engaged
with the Evolver system once they saw how CESs could
support the restructuring of the designer’s contextual space
while also reducing the labor-intensive prior process. This
shift freed up the designer’s ability to creatively engage
with the problem at hand. We strove to make the new sys-
tems flexible to different creative processes and paths that
different designers might have.

Figure 3. The Evolver Interface

Evolver’s cognitive aspect provides designers with a plat-
form to externalize and visualize their ideas. Artwork gen-
erated through Evolver can be used for different purposes
in different phases of the design process, from conceptual
design through to presentation. During the early phase of
conceptual design, free-hand, non-rigid sketching tech-
niques have an important role in the formation of creative
ideas as designers externalize their ideas and interact with
them spatially and visually (Suwa, Gero and Purcell,
1998). Evolver supports flexibility of ideas in this phase by
enabling designers to easily produce an extensive range of
alternatives. The ambiguous nature of the multiple genera-
tions produced supports the uncertain and fuzzy nature of
conceptual design as they discover, frame out early ideas
and brainstorm. The alternatives produced relieve cogni-
tive load from the designer by separating them from the
manual task of manipulating the design parameters, but do
not separate them so far from the process that they cannot
use their psychomotor and affective design knowledge.
Evolver is structured to support the shift between con-
textual and analytical focus by restructuring the contextual
space users are working in. Users can choose to relinquish
a degree of control while broadening their focus, gaining
the ability to be inspired or provoked by novel generations
from the system. On the other hand, it is possible to guide
successive evolutions in a more deliberate, analytical way
and the ability of Evolver to import/export individuals



to/from a precisely editable format (SVG - Adobe Illustra-
tor) allows tightly focused design directions to be pursued.
At later stages in the design process, artwork generated
through Evolver can be used as mockups for clients and
prototyping, and also as a communication tool in uses such
as presentation at the very end of design process. The work
produced by Evolver can be incorporated directly into the
tool-chain leading to a finished piece.

Evolver Genetic Encoding: Moving to a More
“Linear” Scheme

One of the most far-reaching design decisions involved in
the construction of an evolutionary system is the specifica-
tion of the genetic encoding. A particular choice of encod-
ing delineates the space of possible images and dramatical-
ly influences the manner in which images can change dur-
ing the course of evolution. The genotype induces a metric
on the space of potential images: certain choices of repre-
sentation will cause certain styles or images to be genet-
ically related and others to be genetically distant. The re-
lated images will appear with much more probability, even
if the distant images are technically possible to represent in
the encoding system. For this reason, it is important that
the genotype causes images that are aesthetically similar to
be genetically related. Relevant aspects of the aesthetic
merit of a work can then be successfully selected for and
combined throughout the course of the evolutionary run.
This property is referred to as gene linkage (Harik et al,
2006). We identified this property as especially important
to an interactive creativity support tool, for designers who
are used to exerting a high degree of creative control over
their output and in a scenario where a certain sense of
“high quality design” is to be maintained.

A genetic encoding can either be low level, representing
extremely basic atomic elements such as pixels and color
values, or high level, representing more complex structures
such as shapes and patterns. A common low level encoding
is to represent images as the composition of elemental
mathematical functions (Bentley and Corne 2002). Though
it is technically possible that any image can be conceivably
represented as a composition of such functions, this encod-
ing typically results in recognizable geometric patterns that
readily signal the algorithmic nature of the process. A
higher level encoding can be seen in shape grammars that
represent not individual pixels but aggregates of primitive
shapes (Machado et al, 2010). This approach can theoreti-
cally produce a much narrower range of images, but the
images that are produced do not demonstrate the same
highly-mathematical nature of lower-level encodings.
Compared to the CGP genetic structure of DarwinsGaze,
Evolver uses a list-based, tree-structure encoding that
draws some inspiration from CGP but operates on higher-
level components in order to maximize the property of
gene linkage and user interpretability.

We viewed this new genetic representation as broadly

“linear” in the sense that the genotype could be decom-
posed into elements and recombined, leading to a corre-
sponding effect in the phenotype of recombining visually
identifiable elements. The genetic representation is based
on a collection of "design elements" (DEs), which are ob-
jects that denote particular aspects of the image. For exam-
ple, a major component of our image representation is that
of a symbol: a shape that can be duplicated and positioned
on the canvas according to a position, rotation, and scaling
parameter. DEs are defined in terms of atomic values and
composite collections. The DE for a symbol, for example,
is represented as a tuple consisting of two floats represent-
ing the x and y coordinates of the shape, a float represent-
ing the rotation, a float representing the scale, and an enu-
merable variable representing the particular shape graphic
of the symbol. An image is then described by a list of these
symbols. The genetic operations of mutation and crosso-
ver are derived from the structure of the DE definitions.
Mutation is defined for the atomic values as a perturbation
of the current value. Crossover is defined for the collection
structures. The genotype is "strongly typed" so only genes
of the same type can cross over. (For example, "position"
may cross over with "position" of another other stamp's
record, "color" may cross over with "color"; however "po-
sition" will never cross over with "color".) Figure 4 shows
an example of Evolver system output.

Evolver User Interface: Optimizing Creative
Support

To make the power of this flexible encoding system avail-
able to designers, we constructed an automatic import tool
that analyzed existing images and parsed their structure
into DEs that formed initial seed populations for the inter-
active evolution. This approach served to bootstrap the
evolutionary search with images that are known to demon-
strate artistic merit. Source artwork is converted to the
SVG vector image format, which is a tree-based descrip-
tion of the shapes and curves that comprise a vector based
image. The hierarchical grouping of art elements in the
original work is preserved in the SVG format, and is used
in determining which pieces are isolated to form symbol
DEs. We also make use of heuristics that take into account
the size of various potential groupings art elements and any
commonly duplicated patterns to identify candidates for
extraction.

The interactive evolution proceeds from a seed popula-
tion constructed from these original parsed image ele-
ments. The user interface, by default, depicts a population
of 8 pieces of generated art. These individuals can be se-
lected from, to become the parents of the next generation,
as is typical in interactive evolution. An added feature,
which proved useful, was the ability to bookmark individ-
uals, which placed them in a different collection that was
separated from the evolutionary run. This collection of
bookmarked individuals allowed users to store any



interesting images discovered during the run while pro-
ceeding to guide the evolution in a different direction.

Figure 4. Example Evolver Output Image

Evaluating Designers’ Usage and Opinions of
the Evolver System

Some months after the end of the project, with Evolver still
being used and available for real world production at
FBFA, we invited a small group of FBFA and associated
designers to our labs, now under controlled study condi-
tions. There we conducted a 45 minute questionnaire-based
qualitative study that took place in 2 phases: it began with
a uniform re-introduction and re-demonstration of Evolver
and its functionalities, followed by a short session where
the designer had the opportunity to re-explore the tool and
answer a series of nine structured interview questions that
concentrate on the adaptation of Evolver within their cur-
rent and future work practices. The specific questions in
phase two were:

1. What is your first impression of ‘Evolver’?

2. How and in which stage would you use this tool in

your current practice?

3. How does this tool change your design process? Can

you provide an existing scenario of your current practice

and how you envision Evolver would change that?

4. Which features of this tool do you find most interest-

ing? Why?

5. What features would you like to change and/or add in

the future? Why?

6. How would you use this tool apart of your design

thinking stage in your process?

7. How does it help with the conceptualization of ideas?

8. What do you think of the role of computational tools

such as Evolver within the Visual Design domain?

9. Do you have any further comments/suggestions for

the future of this research?

The full qualitative study discursive results are beyond
the scope of this paper; however we have included an ex-
emplary set of these results, based on direct quotes from

the designers and our assessment of the dominant themes
in designer responses. Our main takeaways from this study
were:

1. Designers saw Evolver as a creative partner that could
suggest alternatives outside of the normal human cognitive
capacity:
"[The] Human brain is sometimes limited, | find Evolver
to have this unlimited capacity for creativity." (KK, In-
terview)
"Evolver introduces me to design options | never
thought of before, it enhances my design thinking and
helps me to produce abstract out of the norm ideas."
(LA, Interview)
2. Evolver also enhanced the human user’s ability to enter
a more intuitive or associative mode of thought by easing
some of the effort in manually visualizing alternative de-
sign concepts:
"Sketching stuff out on paper takes more energy and
tweaking - Evolver allows me to visualize easier, have a
dialogue and collaborate with the design space." (RW,
Interview)
3. Evolver could be used flexibly at different stages of the
design process to support different tasks and modes of
thought, including both generation and communication of
ideas
"The best part about the Evolver is that you can stop it at
any stage of generation, edit and feed it back to the en-
gine, also it is mobile and you can take it to meetings
with clients and easily communicate various ideas and
establish a shared understanding. It provides a frame of
reference- what is in your head now.” (RW, Interview)

Comparison and Discussion

We compare the details of the decisions made to shift from
the autonomous DarwinsGaze system to the interactive
Evolver system and describe their importance (see Table
1). One of the first changes was to shift the genetic repre-
sentation (or the ‘gene’ structure). The DarwinsGaze sys-
tem has genes which work together in a tree structure, to
evolve output as a bitmap of the whole piece. The Evolver
System genes were more linear and 'predictably recombin-
able' in order to minimize contextual focus within the sys-
tem while prioritizing a variety of potentially successful
solutions. DarwinsGaze used automatic fitness function-
based Cartesian Genetic Programing while Evolver shifted
to a simpler and interactive Genetic Algorithm in order to
engage the designer in the system and support their intui-
tive decision-making process. In DarwinsGaze there is no
control over pieces, layers or options for interaction in-
volvement. The Evolver system has many layers and ele-
ments and is built on the standards based vector language
(SVG). Using a design-shelf structure the user has more
subtle control including feature navigation, text, symmetry
and rotation. The user can either import many small SVG
files as seed material or import a single large file and the



system will automatically separate and label the elements.
With the user acting as the fitness function, the population
size can be adjusted and desired results can be ‘book-
marked’ and set aside for manual iteration or can be re-
inserted into the Evolver system’s gene pool. So for in-
stance, work that they create traditionally can be used as
partial seed material, used fully at the start, output at any
time from the system as raw inspiration results to be re-
worked traditionally or used as a final result. A careful
effort was made to iteratively develop the graphical user-
interface based on feedback from the designers about how
they think within a creative process, what metaphors they
use, and which perspectives and skills they rely on based
on their backgrounds and experience. Finally we integrated
additional post-processing options to give added novelty if
needed (outside of the Genetic Algorithm) with effects
such as kaleidoscope and multiple panels.

DarwinsGaze System Evolver System

Genes specific to image
resemblance & art rules

Genes linear, strong typed, fo-
Cus on existing parameters

Automatic CGP: complex
FF / functional triggering

Interactive Genetic Algorithm:
simple structured forms

Bitmap, evolve-as-a-whole | SVG, evolve as labeled layers

Operates autonomously, no
import/export material

Ability to import/export labeled
semantic material — HCI based

Communicates at any point of
process with trad. design tools
supporting wide creative styles

Research system with spe-
cific evolve towards the
sitter images goals

Innovative / complex auto
functional triggers : analyt-
ical to associative & back

Simpler user-interaction: popu-
lation size, bookmarks to sup-
port human creative triggers

One system : full process of | Integrated system: built to work
creativity, no external w/ other tools, processes; sup-
communication ports creativity as an adaptive
human process

Informed by creativity
theory and simulates it
internally in complex ways

Informed by creativity theory
but uses it to support a real
world meta system w/humans

Table 1. Comparison Between DarwinsGaze and Evolver
Systems

The study of Evolver in use also made apparent an atti-
tude shift of visual designers towards CESs, which change
their role from sole creators to editors and collaborators.
The designers became more receptive of tools such as
Evolver as they came to view them not as replacing de-
signers or automating the creative process; but rather as

promoting new ways of design thinking, assisting and tak-
ing designer’s abilities to the next level by providing effi-
ciency and encouraging more ‘aha’ moments. The visual
designers in the study described Evolver as an “invisible
teammate”, who they could collaborate with at any stage of
their design process. Evolver became a center of dialogue
among designers and helped them communicate their men-
tal models and understanding of design situations to clients
and other stakeholders.

Conclusions

Many significant research CES systems exist that are both
innovative and useful. However as the field matures, there
will be an increasing need to make CESs production wor-
thy and work within a creative industry environment such
as a digital design firm. To support others in this effort for
production-targeted transformation, in this paper we de-
scribed the shift from an autonomous fitness function
based creative system, DarwinsGaze, to an interactive fit-
ness function based creative support system, Evolver, for
real-world design collaboration. DarwinsGaze operates
using a complex automatic fitness function to model con-
textual focus as well as other aspects of human creativity
simulated internally. In shifting to the Evolver project we
found that the contextual focus perspective remained rele-
vant, but now re-situated to overlay the collaborative pro-
cess between designer and system. Four design principles
developed on this basis were: 1) support analytic focus by
providing tools tailored to the designer’s specific needs and
aesthetic preferences, 2) support associative or intuitive
focus by relieving the designer’s cognitive capacity, ena-
bling a quick and serendipitous workflow when desired,
and offering a large variety of parameterized options to
utilize, 3) support a triggering of focus-shift between the
designer and the system through options to ‘bookmark’ and
save interesting pieces for later, as well as to move creative
material from and to the system while retaining the work’s
semantic structure and editability, and 4) support a joint
‘train of thought' between system and user by structuring a
genotype representation compatible with human visu-
al/cognitive intuition.

We found that the shift to a real-world design scenario
required attention to the collaboration and creative pro-
cesses of the designers who value their experience-
developed expertise. The system design had to act as both
a support tool engaging some cognitive load of the process,
and a flexible, interactive repository of potentially success-
ful options. Future real-world design considerations can
explore methods for adapting intelligent operations to the
cognitive processes and constraints of necessary situations,
taking into account the expertise of collaborators.
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