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Introduction
This research defines a new genre of software, called Casual Creators.  Casual Creators are a category of software that 

encourages the fast, confident, and pleasurable exploration of a possibility space, resulting in the creation or discovery of 

surprising new artifacts that bring feelings of pride, ownership, and creativity to the users that make these artifacts.  Many 

pieces of software already exist that satisfy these heuristics.

Some examples may be familiar, like Kid Pix , the Spore Creature Creator , or Electroplankton . Many are lesser‐

known recent apps like WolframTones , BubbleHarp , Toca Salon , Sketchabit , Let's Create Pottery , Silk , and 

the many works by Nervous System .  There even exist many non‐digital examples: Spirograph, children's knitting 

machines like the KnitMagic and the Knitting Nancy, and the 18th century dice‐rolling music game Musikalisches 

Würfelspiel.  These examples come from a very broad range of areas, children's games, toys, apps, utilities, and musical 

tools, and so have never been grouped together as a common genre.   In this dissertation, I will show that these disparate 

examples share many common design patterns.    Identifying and defining “casual creators” as a new separate genre 

highlights clear design patterns, useful in analyzing current examples and productive for designing strong new ones.   

These design patterns also show that casual creators are a genre distinguishable from other neighboring genres, as 

illustrated in the graphic “Getting to Know the Neighborhood”.

Contributions
The primary contribution of this 

research is the definition of this 

new genre of interactive system, 

and the creation of a starting 

'toolkit' of knowledge for those 

who want to use this concept in 

their own work.  

To that end, this dissertation 

research involves the production of three useful deliverables.  First, the construction of a framework and definition that 

accurately describes what a casual creator is, providing a set of definitions (defining them by goals, by strategies, and by 

architecture), as three different lenses to maximize the ability of researchers and designers to understand existing and 

potential casual creators and their relationship to nearby fields.  Second, to provide a handbook for successfully designing 

new casual creators (and secondarily as a way of documenting the current existence of the field) I am collecting a pattern 

language of successful or interesting design patterns, collected from existing casual creators, related fields, and from the 

conditions of creativity and flow.  Finally, to test (and hopefully demonstrate) that these patterns are useful for design 

work, I am using them to design three exemplary casual creators: Exonumia, BotPrint and Tracery which will be evaluated 

to determine if they produce the experience of pleasurable creative flow that defines a successful casual creator.

[1] [2] [3]

[4] [5] [6] [7] [8] [9]

[10]

Getting to Know the Neighborhood

Casual creators exist in relation to many other fields

http://scholar.google.com/scholar?hl=en&q=Kid+Pix
http://scholar.google.com/scholar?hl=en&q=Spore
http://en.wikipedia.org/wiki/Electroplankton
http://tones.wolfram.com/
http://www.snibbestudio.com/bubbleharp/
http://tocaboca.com/game/toca-hair-salon-2/
https://play.google.com/store/apps/details?id=com.superfiretruck.sketchabit&hl=en
http://potterygame.com/
http://weavesilk.com/
https://n-e-r-v-o-u-s.com/cellCycle/
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 Through developing this toolkit, I will answer the following questions:

Casual Creators
Casual creators, like the current well‐

established category of productivity software, 

are software designed to create some kind of 

artifact.   Productivity software, in its usual 

role as a professional tool, must be able to 

generate a wide range of possible artifacts, 

each to a different but demanding standard.  

Adobe Photoshop must create comic books and 

wedding albums and sales brochures.  

Autodesk's Maya must build animated monsters 

and accurate architectural models and 3D 

printable miniatures.  Microsoft Word must be 

able to format research papers and invitations and newsletters and resumes.  The underlying computational model of each 

program can support the range of artifacts it creates, and provide a set of tools that might be useful to a broad range of 

common projects, but with such a huge range of possibilities, further support is necessarily limited.  Productivity software 

requires high levels of control and customization, as is necessary for professional work, and must make do with lower 

levels of ease and automation because of that.

In contrast to professional productivity software, consider the case of a non‐professional casual user, using the software 

primarily for entertainment, and only secondarily for producing quality artifacts (see the section 'Related Works: Crafts' for 

why this is a surprisingly common use case).   This casual user engages with the software in an undirected way, often 

without a fixed goal in mind.  Unlike the professional use case of productivity software, there is no art director or manager 

or customer demanding a particular end product; this user is flexible and willing to consider a wide range of possible 

outcomes. Design patterns which would be undesirable if used in productivity software suddenly become useful in the case 

of a casual, flexible user.  Imagine opening an application and seeing a half‐made artifact already in the workspace: with 

task‐based software, this would just be an annoying thing to clear away, but in a casual creator, it can be a spark of 

inspiration to an indecisive user.  Similarly, a highly generative tool like the Kid Pix brush that draws a trail of L‐trees, a 

tool that delighted me when I was a child with a short attention span and bad drawing skills, is of no use to a professional 

What defines a "casual creator", and what new experiences do casual creators enable?

How are those experiences predicted or explained by theories of creativity and flow?

What set of design patterns provide prescriptive guidance for designing new successful casual 

creators?

If these design patterns are used to design new casual creators, do they ease and improve the 

design process?  Will these new casual creators induce the kind of experience predicted by the 

framework

Recent Casual Creator Examples

From top left to bottom right: Let's Create! Pottery , Toca 

Salon , The Sims 4 Create‐a‐Sim , Instagram , RPGMaker , 

PaletteBuilder , and Cake Pop Maker

[8]

[6] [11] [12] [13]

[14] [15]

http://potterygame.com/
http://tocaboca.com/game/toca-hair-salon-2/
http://www.thesims.com/the-sims-4
http://instagram.com/
http://www.rpgmakerweb.com/company/
http://www.play-crafts.com/blog/palettebuilder2/
https://itunes.apple.com/us/app/cake-pop-maker/id500941697?mt=8
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illustrator, who would need to control the placement of every branch, or change the style of the trees.  Being surprised, in 

a design tool, is a fun gift in a casual creator, but a nuisance and a liability for productivity software. The design patterns 

are different because the use case is different.  The addition of this new genre of casual creators allows us, as designers 

and academics, to begin understanding why casual creators require new design patterns, and why designing new casual 

creators can produce experiences that neither games nor productivity software can match.

The relative simplicity of casual creators, and the flexibility of their users, allow the pursuit of other ideals than efficiency 

and productivity.  The guiding principles of casual creators are instead flow and creativity.  Creativity is the discovery of 

useful novel solutions within the possibilitiy space, though 'useful' in an autotelic situation like a casual creator only means 

that the new solution is interesting, desirable, or delightful in some way.  Flow , the pleasurable feeling of being both 

focused and immersed in an activity, provides the motivation to keep exploring the possibility space.   The removal of 

obstacles, implicit in creating flow, facilitates the rapid exploration of the space, that more of it can be seen faster, and 

thus the user can find solutions that are more novel, more useful than they might find moving at a more cautious or 

impeded pace.  These two concepts, “flow” and “creativity,” are both well studied and theorized about, and so provide a 

lens through which existing casual creators and their design patterns can be examined.  How do they create flow?  How do 

they support creativity?

Drawing from Flow and Creativity
Flow is a firmly‐established concept: it was proposed in 1991 , and was useful enough to become a sensation among 

game designers and user experience designers who found it an excellent framework for building interative digital 

frameworks.  The conditions for flow are well understood and easy to enumerate,  and most of them are straightforward to 

implement as design patterns :

Creativity is a much harder concept to nail down.

Creativity for everyone
What does it mean to be creative?   We can consider great creative geniuses that spring to mind: Michelangelo, 

[16]

[16]

[17]

From Creativity

There are clear goals every step of the way

There is immediate feedback to one's actions

There is balance between challenges and skills

Action and awareness are merged

Distractions are excluded from consciousness

There is no worry of failure

Self‐consciousness disappears

The sense of time becomes distorted

The activity becomes autotelic

[17]

http://scholar.google.com/scholar?hl=en&q=Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Creativity:+Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Creativity:+Flow+and+the+Psychology+of+Discovery+and+Invention
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Shakespeare.   Perhaps also entrepreneurs, 

artists, and actors  or even businesses .

But we also speak of children as being 

creative, and of regular people being creative,

often without recognition or payment.  People 

gather and celebrate each other's creativity on 

Deviant Art, Etsy, and Pinterest. Craft stores, 

art stores, and woodworking stores are all big 

businesses.  Creativity is accessible and 

important to all people.  It provides 

entertainment, but also enough emotional and 

psychological value that it can even be used as 

therapy.  It seems that humans enjoy being 

creative, and even that humans need to be 

creative.

Why do we need to study creativity?  Why develop new methods to encourage and support creativity?  The most readily 

apparent reason suggests that creative people create more, better, and more novel solutions to problems.  If applied to 

industrial design, creativity produces new innovative objects to sell and use, improving the quality of life of those who use 

them and the bottom line of those who sell them.  If applied to problems in the scientific or social spaces, creativity finds 

solutions that make possible what was previously impossible, and uncover new insights about the world.  Creative people 

improve society by finding better solutions, so reasonably we would want more creative people, and seek to optimize the 

creative process in those who are gifted.  

Creativity allows an individual to affect society, but the process of being creative affects the individual in return.   

Creative work can be used to improve cognition and mood, as well as distract from negative emotions or pain.  A 

qualitative study of hobbyist needleworkers suffering from depression found that  creative work both distracts the crafters 

from negative feelings, and also create positive benefits like improved self‐esteem, “ a sense of empowerment”, and social

contact that further defend against depression. .  A similar study of a population of aging 60‐93 year olds found similar 

effects: the arts distracted them from physical and psychological pains of aging, and provided higher meaning and purpose 

to actions:   “When a person is creative, he opens up doors and it's important he expands, and creativity is the means for 

that expanding. While you are creating you are taking your mind and building a wall between you and the undesirable 

things in your life.” 

Creativity, productivity and the soul

The act of creating something can be seen as a creative act, or a productive act or both.  A factory worker in a 19th 

century factory (or a modern one) produces something useful, creates something that wasn't in the world before, but is not 

'creative'.    To quote the early humanitarian John Ruskin,

[18] [19]

[20]

[21]

Common perceptions of creativity

A collage of motivational‐quote creativity posters gathered from 

Pinterest.

http://www.fastcompany.com/section/most-creative-people-2013
http://www.fastcompany.com/section/most-creative-people-2013
http://scholar.google.com/scholar?hl=en&q=Managing+depression+through+needlecraft+creative+activities:+A+qualitative+study
http://scholar.google.com/scholar?hl=en&q=Successful+aging+and+creativity+in+later+life
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“You can teach a man to draw a straight line, and to cut one; to strike a curved line, and to carve 

it; and to copy and carve any number of given lines or forms, with admirable speed and perfect 

precision; and you find his work perfect of its kind: but if you ask him to think about any of those 

forms, to consider if he cannot find any better in his own head, he stops; his execution becomes 

hesitating; he thinks, and ten to one he thinks wrong; ten to one he makes a mistake in the first 

touch he gives to his work as a thinking being. But you have made a man of him for all that. He 

was only a machine before, an animated tool.”

If one does work according to an external specification, 

even if the specification was originally creative, there is no creativity, no chance of mistake or failure, but also no chance 

of expression or greatness.  

Productivity and creativity should both exist in labor, to improve the human condition of the laborer.  “We are always in 

these days endeavoring to separate the two; we want one man to be always thinking, and another to be always working, 

and we call one a gentleman, and the other an operative; whereas the workman ought often to be thinking, and the 

thinker often to be working, and both should be gentlemen, in the best sense.” Ruskin concludes.  To do mindless work is 

damaging to the human spirit, but so too is the retreat into unproductivity.  Ruskin's contemporary, William Morris, among 

many others, holds that creating connects one with the whole of humanity, becoming more human through the process:

“a man at work, making something which he feels will exist because he is working at it and wills 

it, is exercising the energies of his mind and soul as well as of his body. Memory and imagination 

help him as he works. Not only his own thoughts, but the thoughts of the men of past ages guide 

his hands; and, as a part of the human race, he creates. If we work thus we shall be men, and our 

days will be happy and eventful.”

Creativity is useful: it produces economically valuable goods, it 

makes us happy, connected, and fulfilled.  Those reasons alone could justify investigating methods to improve and 

encourage creativity.  

Jerome Bruner, writing in On Knowing: Essays for the Left Hand points out the “shrillness to our contemporary concern 

with creativity”. As humans we reasonably know that there is something important and ennobling about being creative, but 

this is too soft a reason for hard scientists to be interested in studying it.  To make up for the deficit, one can appeal, as I 

do in this advancement document, to the usefulness of creativity in therapy, or to the increased productivity that 

creativity will produce in science and the arts , or even to create better CEOs, as the introduction to the Handbook of 

Creativity suggests .  Bruner reminds us, while we can still consider these arguments, there still exists nonscientic, 

nonpractical reasons that drive us to study creativity, and its worthwhile remembering these. “Yet there is good reason to 

inquire about creativity, a reason beyond practicality, for practicality is not a reason but a justification after the fact.  The 

reason is the ancient search of the humanist for the excellence of man: the next creative act may bring man to a new 

dignity.”   To be human is to create, and we create to further humanity.

John Ruskin, The Stones of Venice, Volume III the Fall

William Morris, Useful work versus useless toil

[24]

[25]

[26]

http://scholar.google.com/scholar?hl=en&q=Creativity+support+tools:+accelerating+discovery+and+innovation
http://scholar.google.com/scholar?hl=en&q=The+concept+of+creativity:+Prospects+and+paradigms
http://scholar.google.com/scholar?hl=en&q=On+knowing:+Essays+for+the+left+hand
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Encoding ideas about creativity 
Can we encode ideas in software? And how does an abstract framework translate into a working piece of software? 

It is well‐accepted that certain kinds of software improve cognitive abilities.  Video game playing has been show to 

increase, or at least correlate with, greater precision and speed in surgery  , and first‐person shooters improve attention

and multitasking ability, at least in the short term .   Schools are adopting Minecraft as a classroom activity and after‐

school programs on the clear qualitative evidence that it improves creativity, although quantitative studies are just barely 

emerging.

These games were not designed to improve cognitive ability; this feature emerged as a result of the gameplay that they 

implemented.  If there exist clear methods for influencing the user's psychology, then presumably software could 

implement these frameworks to intentionally create similar effects.   Though the human mind is not a particularly well‐

documented system, there are known ways to influence perception and behavior, and some software designers have used 

them as rulebooks for designing psychologically fine‐tuned systems, superior for their intended tasks.  

Bruce Tognazzini used the known principles of stage magic to control users' perceptions of the behind‐the‐scenes activity 

of Apple software, creating the illusion of more intelligent or foolish AI, suggesting activity that did not really exist, or 

hiding activity which did  .    Csikszenmihalyi's theory of Flow  specifies a number of conditions to encourage a 

psychological state of pleasurable focus.  It continues to be one of the most productive frameworks in software design and 

provides guidance to a wide range of applications, but none more clearly than video games.   Game designer Jenova Chen 

took it as such a strong influence to his work that his first breakout game was titled “Flow”, and a subsequent one was 

titled “Flower” in homage.  These games, and many others likewise inspired by Csikszenmihalyi, use the framework as a set 

of principles and interventions to keep the user in the 'flow state', offering choice and challenge only in ways that 

preserve the flow .

There are no shortage of frameworks and definitions for creativity, including a few from Csikszenmihalyi.  Many fields have 

had an interest in creativity, from philosophers to artists to business management , humanistic psychologists and 

neuroscientists and educators, and so each field generates a few theories of creativity that attend to their particular 

interests.  As a software designer, I will be gathering ideas from diverse frameworks to make one suitable for my particular 

needs, although this framework is only a product of this dissertation insofar as it allows me to define and create a 

framework for my real project: the definition and design patterns for a new genre that optimizes that type of creativity.

[27]

[28]

[29]

[30] [16]

[31]

http://scholar.google.com/scholar?hl=en&q=The+impact+of+video+games+on+training+surgeons+in+the+21st+century
http://scholar.google.com/scholar?hl=en&q=Cognitive+Callisthenics:+Do+FPS+computer+games+enhance+the+player%E2%80%99s+cognitive+abilities?
http://scholar.google.com/scholar?hl=en&q=We+are+all+future+creatives:+Awakening+the+creative+seed+in+our+Social+Studies+garden
http://scholar.google.com/scholar?hl=en&q=Principles,+techniques,+and+ethics+of+stage+magic+and+their+application+to+human+interface+design
http://scholar.google.com/scholar?hl=en&q=Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Flow+in+games+(and+everything+else)
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Related Work
Frameworks for Creativity
What is creativity?  The most widely accepted definition in both user‐experience and psychology seems to converge on a 

declaration that creativity creates ideas that are novel and appropriate (or useful) , or “the interaction among aptitude, 

process, and environment by which an individual or group produces a perceptible product that is both novel and useful as 

defined within a social context.” .  After concurring on that point, the multivarious approaches diverge on what 

conditions cause creativity, and how novelty and usefulness are defined.  

Whether an idea is novel or useful is not a clearcut division: if Leibnitz or Newton discovered the calculus first, was one 

less creative?  Or if a musician invents a melody, 200 years after it was first hummed and lost, is that still creativity?  If an 

artist paints a landscape, but the art world never takes note, is that creativity? There are no shortage of edge cases, so 

these questions provide cause to split the common‐knowledge concept of creativity into multiple species: “personal” and 

“historical” creativity , or “big C”‐“little c” creativity or a further division into two variants of little‐c and two of big‐C 

.  All of these are variants on the idea that some creativity produces ideas that are locally novel and useful to the 

individual having the creative insight, and other ideas are novel and useful globally, changing entire fields of practice on 

historical scales.  With the exception of  Csikszentmihalyi’s domain‐view of creativity, most creativity frameworks are 

useful for looking at everyday creativity, and provide actionable interventions that work on that scale, rather than the 

mythological scale of historical creativity.

Creativity as psychological state: Csikszentmihalyi’s Flow

Csikszentmihalyi’s Flow presented the conditions that support an autotelic experience, “joy, creativity, the process of 

total involvement with life I call flow” .  He sets a number of conditions for flow, all focused around balancing skills, 

challenges, anxiety and boredom to maintain a psychological centering in the channel of flow, allowing a person in the 

flow state to maintain focus and gain higher levels of ability and “a creative feeling of transporting the person into a new 

reality”.   Such a state could be attained through any activity, physical or mental, though “to enjoy a mental activity, one 

must meet the same conditions that make physical activities enjoyable.  There must be skill in a symbolic domain; there 

have to rules, a goal, and a way of obtaining feedback.”

He notes that challenge and goal‐based activities like rock‐climbing or tennis and open ended creative pursuits like art or 

music will require different approaches to the 'rules and goals' requirement: 

[25]

[32]

[33]

[34]

[16]

http://scholar.google.com/scholar?hl=en&q=The+concept+of+creativity:+Prospects+and+paradigms
http://scholar.google.com/scholar?hl=en&q=Why+isn%27t+creativity+more+important+to+educational+psychologists?+Potentials,+pitfalls,+and+future+directions+in+creativity+research
http://scholar.google.com/scholar?hl=en&q=18+Computer+Models+of+Creativity
http://scholar.google.com/scholar?hl=en&q=Beyond+big+and+little:+The+four+c+model+of+creativity.
http://scholar.google.com/scholar?hl=en&q=Flow+and+the+Psychology+of+Discovery+and+Invention
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“In some creative activities, where goals are not clearly set in advance, a person must develop a 

strong personal sense of what she intends to do. The artist might not have a visual image of what 

the finished painting should look like, but when the picture has progressed to a certain point, she 

should know whether this is what she wanted to achieve or not. And a painter who enjoys painting 

must have internalized criteria for "good" or "bad" so that after each brush stroke she can say: "Yes, 

this works; no, this doesn’t." Without such internal guidelines, it is impossible to experience 

flow.”

Though he doesn't cite either William 

Morris or John Ruskin, he seems to share their conclusions that ennobling work and productive leisure are both sides of the 

same experience of the 'worthwhile' use of time.  “People who learn to enjoy their work, who do not waste their free 

time, end up feeling that their lives as a whole have become much more worthwhile.

Creativity as social consensus:  Csikszentmihalyi’s Creativity

The Flow framework proved to be enormously useful for many researchers seeking to understand this state of pleasurable 

creativity , , , and designers seeking to produce it , , .  There are few user‐experience works, especially 

for those that touch on creativity, that don't cite it.  As a state that can be induced with the right design, it is a framework 

easily operationalized into a design.

In a later book focusing just on the conditions for creativity, , he performs an abrupt about‐face.  In this work, he 

provides a competing argument that creativity is not at all a self‐contained personal experience, as flow is, but is instead a 

negotiated result that occurs in society, not an individual.  Raphael painting “The School of Athens” is not being creative, 

he asserts: that creativity only comes when the painting is adopted as a symbol of the Renaissance rejection of gothic 

painting traditions and influences other artists.  So Raphael blinks from creativity to uncreative every few centuries, as he 

is considered avant garde or reactionary.   In this framework, creativity occurs between the domain, the set of rules and 

goals governing artistic productions, the field, the cabal of domain experts and tastemakers who decide what new ideas 

will be adopted as 'interesting' by the domain, and the individual, who produces those ideas.  

This framework is much harder than Flow to encode into software.  To enable this kind of creative process, systems have to 

explicitly include the social space of the domain experts, not just serve the individual: “Csikszentmihalyi’s definition 

stresses context, making creativity a social and political process in which the structured methods and Aha! moments are 

merely middle stages.” .  Systems that adopt this framework usually use human social collaboration, review and 

external judgement as part of the creativity process.  A reified example of social creativity judgement can be found in 

games like Apples to Apples  or Cards Against Humanity , in which players attempt to construct the most clever 

juxtaposition of cards, to be judged by other players.  No card combination, no matter how creative, 'wins' unless judged 

to do so by the current expert.  Another, less human‐intensive approach is to use the same structures that govern human‐

judged creativity to create AIs representing the domain‐field‐individual interactions, like Rob Saunders' work on simulating 

creative fields with agents  (for more on that project, read the section “The Machine As Audience”).

Mihaly Csikszentmihalyi, Flow and the Psychology of Discovery and Invention

[35] [36] [37] [31] [38] [24]

[17]

[24]

[39] [40]

[41]

http://scholar.google.com/scholar?hl=en&q=The+design,+play,+and+experience+framework
http://scholar.google.com/scholar?hl=en&q=Flow+and+immersion+in+first-person+shooters:+measuring+the+player%27s+gameplay+experience
http://scholar.google.com/scholar?hl=en&q=Motivational+Design+Patterns
http://scholar.google.com/scholar?hl=en&q=Flow+in+games+(and+everything+else)
http://scholar.google.com/scholar?hl=en&q=Designing+for+creative+engagement
http://scholar.google.com/scholar?hl=en&q=Creativity+support+tools:+accelerating+discovery+and+innovation
http://scholar.google.com/scholar?hl=en&q=Creativity:+Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Creativity+support+tools:+accelerating+discovery+and+innovation
http://scholar.google.com/scholar?hl=en&q=Apples+to+Apples
http://scholar.google.com/scholar?hl=en&q=Cards+Against+Humanity,howpublished+=+{Card+game
http://scholar.google.com/scholar?hl=en&q=The+digital+clockwork+muse:+A+computational+model+of+aesthetic+evolution
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Creativity as play and conflict

A common refrain is that creativity requires taking risks: no novel solution could possibly be reached if the thinker is afraid 

to step beyond the safe space of established well‐known solutions: 

“Self expression, the search for novelty — also called "innovative design" — the demonstration of 

one's personality, the search for originality, trying to create something that’s different, are all 

motivations which do not lead to variety.  They are all negative impulses, urging you notto do 

something causing the designer to hold back, rather than to give.  All negative attitudes inhibit 

the process of creation; they stop the joy of aesthetic play.

…

Only a positive attitude of generosity, a friendly dialogue with your work from the beginning to 

the end of its development, will produce pleasant variety”

A central task, then in inducing creative thoughts, is to lead the thinker to 

jump to new thoughts, while simultaneously making it safe to do so.

One approach is to provide a followable instruction that leads to challenging previously held conceptions, such as the 

common 'divergent thinking' tasks of coming up with new uses for a paper clip.  The clear guidance of the instructions 

(“write down uses”) seems to trigger a state of flow, where it is easy to write down one use, then just one use more, with 

only incrementally greater difficulty as the exercise goes on. The user has a task and goals, and enjoys continually 

accomplishing it, as the more they write down, the better they are doing.  At the same time, they find the challenge of 

coming up with new solutions to be an increasing challenge as obvious solutions are exhausted.  Safety and task‐focus, 

paradoxically, lead to riskier solutions and bigger leaps of creativity.  The process of work has created playfulness.

Another common thread in the experience of creativity is the feeling of internal conflict, of containing multiple actors, 

and the synthesis and mediation of their conflicting demands creates creative ideas.  Psychologist and writer Jerome 

Bruner cites “internal drama” played out by “dramatic personalities, producers of surprise” as a condition of creativity: 

“...it is the working out if conflict and coalition within the set of identities that compose the person that one finds the 

source of many of the richest and most surprising combinations” .  If one doesn't have a cast of passionately disagreeing 

actors already in mind, there are step‐by‐step methods that can artificially generate this conflict.

Creativity guru Edward De Bono suggests a 'six‐hat' method: create mental characters arguing for their values of 

“managing”, “information”, “emotions”, “discernment”, “optimistic response”, and “creativity”.  By pitting these voices 

against each other, new ideas will become synthesized by their juxtaposition.  Similar games and activities can be found in 

Thinkertoys, a compendium of such techniques by Michael Michalko . For games Jesse Schell creates a similar method of 

dissociation and reassociation with his “Book of Lenses”,  a set of provocations for leading a game designer to consider 

new and conflicting voices about a design.

Eva Zeisel, Eva Zeisel on Design

[26]

[43]

[44]
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Creativity Support Tools
All of these concepts of creativity support an experience of creativity that can be, to some extent, externally assisted.  

The flow state can be created with a balanced feed of challenges.  Playfulness and improvisation and divergent thinking 

can be induced by following a set of instructions or playing mental games.   Sternberg derides these techniques 

(specifically De Bono's) as unscientific:

“Equally damaging to the scientific study of creativity, in our view, has been the takeover of the 

field, in the popular mind, by those who follow what might be referred to as a pragmatic 

approach. Those taking this approach have been concerned primarily with developing creativity, 

secondarily with understanding it, but almost not at all with testing the validity of their ideas 

about it”

But developing creativity is a real goal, for 

this dissertation, and for business, society, and education.  Experientially, if not scientifically, these activities are found to

be useful for creative types (anecdotally, I've had many professional game designers rave to me about Jesse Schell's 

lenses).   Thus, if creativity is a fluid state that we can induce or prevent, even Sternberg agrees that we can build 

systems, social or digital, that can influence the creative state:

“Like any habit, creativity can either be encouraged or discouraged. The main things that promote 

the habit are (a) opportunities to engage in it, (b) encouragement when people avail themselves 

of these opportunities, and (c) rewards when people respond to such encouragement and think 

and behave creatively. One needs all three. Take away the opportunities, encouragement, or 

rewards, and one will take away the creativity. In this respect, creativity is no different from any 

other habit, good or bad.”

De Bono, Michalko and Schell's work all shares a framework of 

creativity based on divergent thinking, as encoded in mental exercises.  However, creativity support tools are equally well 

suited to forms other than paper instructions, like being encoded in software. They can also explore and operationalize 

many other frameworks of creativity as well.  As this idea is practiced and encouraged in a number of different fields, it 

has adopted names like “creativity support tools” , or “information technology in creative practice”, the practice of 

using technology to assist creativity.  Beyond Productivity  heralds this as an excitingly futurist intervention:

“This report argues that, at the beginning of the 21st century, information technology (IT) is 

forming a powerful alliance with creative practices in the arts and design to establish the exciting 

new domain of information technology and creative practices—ITCP.”

Ben Shneiderman, 

writing in Leonardo's Laptop, a precursor to the NSF Workshop on Creativity Support Tools , sees the merging of 

creativity and technology as instead a continuation of the past:

Sternberg and Lubart, The concept of creativity: Prospects and paradigms

Robert Sternberg, Creativity as a Habit

[24]

[46]

Marjory S Blumenthal et al, Beyond Productivity:: Information, Technology, Innovation, and Creativity

[47]
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“A critic might say that creativity is inherently human and no computer could or should be brought 

into the process.  But technology has always been part of the creative process, whether in 

Leonardo's paint and canvas or Pasteur's microscopes and beakers.  Supportive technologies can 

become the potter's wheel and the mandolin of creativity‐‐opening new media of expression and 

enabling compelling performances.”

Both Beyond Productivity and the report of the NSF Workshop on Creativity Support Tools cite the need for greater 

understanding of the conditions for creativity: “It is possible to identify and establish the conditions necessary for 

creativity, and conversely, we risk stifling creativity if we get those conditions wrong.” , and Creativity Support Tools 

provides a more grounded, application‐specific framework.  This framework suggests methods to facilitate social creativity 

(similar to Csikszentmihalyi's domain evolutions), such as creating online collaborative spaces so that more diverse 

perspectives can contribute and clash and collaborate, “exploiting conceptual collisions and breakdowns to stimulate 

imagination and invention”, an externalized version of Jerome Bruner's internal creative drama.

Design Principles for Tools to Support Creative Thinking , an individual report from the Creativity Support Tool 

workshop, suggests twelve concrete design principles for building such tools:

"Support Exploration": not only should the user be able to find alternative solutions in the space, they should be able 

understand what the tool itself is capable of, discovering the domain space of the tool

"Low Threshold, High Ceiling, and Wide Walls ": a tool with a low threshold can be learned very quickly, or at least, be 

understood enough to use the tool, but not necessarily mastered.  A high ceiling means that, once mastered, the tool 

can be powerful enough to create very sophisticated solutions. A tool with wide walls has a large and interesting 

possibility space

"Support Many Paths and Many Styles": recognize that both hard and soft approaches have merits, and so don't force 

users to work in a mode they aren't comfortable with

"Support Collaboration": celebrate the strengths of collaborators, and search may be understood as a way to collaborate 

with past users and thinkers.

"Support Open Interchange ": Many tools may be employed in a single task, consider data portability

"Make It As Simple As Possible ‐ and Maybe Even Simpler ": reduced features do not always mean reduced utility.  Users 

will find more unexpected uses for a tool with few features than designers would predict.

"Choose Black Boxes Carefully ": sometimes abstractions can be useful

"Invent Things That You Would Want To Use Yourself": if the designer doesn't take pleasure in a system, who would?

"Balance user suggestions, with observation and participatory processes": with simplification and black boxes, a user 

could still ask for greater complexity without understanding the drawbacks of cognitive clutter

"Iterate, Iterate ‐ Then Iterate Again": no‐one knows what users will do. A designer can make predictions, but only user 

testing can prove them out

"Design for Designers": be aware that you cannot anticipate your users goals, make a system extensible enough to 

surprise you

"Evaluation of tools": usability and usefulness are not the same thing, so be wary of "tools that are not effective and 

efficient will probably hinder creativity, but it isn’t clear that the reverse will hold"

These design principles are clearly applicable to casual creators, as well as general creativity tools.  Exploration of the 

[46]
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possibility space is a core value of casual creators, but these principles suggest exploration of the tool as a significant 

process as well.  Collaboration and data portability are important for professional creators and scientists, but as creativity 

tools like Twine  and Minecraft  show, users value being able to host and share files independent of a central server, 

a portability which also encourages sharing communities and the construction of third‐party add‐ons to the tool. 

 

 Supporting Pleasurable Productivity: Lessons from the History of Craft
Why look at the history of craft when designing a framework for digital software works?  Causal creators are both designed 

to be pleasurable, and to be productive: video games could be used to inform the pleasurable side, and productivity 

software can be used as a model for the productive side.  But the competition between pleasure and productivity, the 

alternations between directed flow and open‐ended creativity, the need to balance the interestingness of production 

methods with the utility of the object being made, these are not the primary concerns of either games or productivity 

software.    They have, however, been in the domain of crafting for a hundred years.

Crafting has another advantage: it is big and it is old.  Crafting in its current form as a cultural pastime is at least as old as 

the Victorian era, and is a well developed industry with established structures and traditions.   The history of crafting 

provides a century (or more) of experimentation in this space, and there exists thousands of highly successful products to 

draw inspiration from.   

Balancing guidance and improvisation

One of the most interesting insights from the field of 

crafting is on how to combine directed guidance and 

sanctioned improvisation together in a way that makes the 

user feel both safe, that they are doing the right thing and 

the project will succeed, and free, that they have control 

over the project and creative input into its finished state. 

The example of the Ukulele Kit in this image provides a good

example of this balance.  There is only one way to put these 

parts together such that they will make a pleasant‐sounding 

instrument, and variation would not yield good results, a 

high‐risk, low creativity process.  As long as the assembler follows directions, they can be confident that they will end with 

a functional product.  But the ukulele isn't painted or finished because that is a lower risk, higher creativity activity.  At 

this stage, the user is not given instructions, but can decorate, stain, or etch the surface as they find pleasing, and it will 

not harm the ukulele's functionality.  Now try imagining the reverse of the kit.  The pre‐painted uke parts are provided, 

and the user can assemble them in any configuration they like without direction.  Clearly this would be an inferior 

product.  The owner would end up with a broken unplayable instrument that they felt like they had no creative control 

over.  Providing high‐guidance for high‐risk aspects of the project while supporting high‐improvisation for low‐risk aspects 

[49] [50]

[51]

This kit provides guidance in constructing it, and also 

freedom to be creative in decorating it.  From: 

http://www.vat19.com/item/build‐your‐own‐ukulele‐

kit

http://twinery.org/
http://scholar.google.com/scholar?hl=en&q=Minecraft
http://scholar.google.com/scholar?hl=en&q=Hobbies:+Leisure+and+the+culture+of+work+in+America
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seems to be the guiding principle for a successful kit.

Generativity, chaos, and surprise

One non‐obvious lesson of crafts is the common aesthetic of generativity, the idea that a simple or repeatable action 

produces 'more than you put in'.  Not all crafts have this feature; model kits, for example, are sold with the expectation 

that the builder will get precisely what is on the box at the end.  However there exist a large number of crafts whose 

pleasures derive from the unexpectedness of their outputs.  One of the oldest and most primitive examples is the 'apple 

granny': by cutting slices in an apple, then drying it, the apple becomes wizened and shrunken, looking like the head of an 

elderly woman.  But this process relies on the vagaries of nature, each time the apple will shrink differently, and the face 

at the end will have a different look.  The pleasure in making apple grannies is the surprise of seeing the unintended new 

personality emerge at the end.

A very different version of the same phenomenon can be seen in the Spirograph, which has a much clearer connection to 

generative digital drawing programs like KidPix  or Context Free Art .  On an early cover of the toy, it advertises itself 

as: “A simple and fascinating way to draw a million marvelous patterns”.  What a statement for a casual creator!  The 

simplicity is an important feature, as despite the complex mechanical precision of the output, Spirographs are meant to be 

an activity even for very small or careless children.  “A million marvelous patterns” suggests the breadth of the possible 

output, positioning as the opposite of kits that could only make a single fixed product.  “Fascinating” is a hard word to 

unpack, why would these mechanical drawings be “fascinating”?  The answer, lies, like the pleasures of the apple grannies, 

in the unexpectedness of the output.  The output of the Spirograph is technically predictable from a purely mathematical 

perspective, but the user cannot accurately predict the pattern of the loops or the Moire patterns that the lines create 

when overlaid on a previous layer.  Each drawing contains a surprise.  Thus, the user is drawn irresistibly to see the next 

pattern, and the next, and the next: in a word, fascinated.

Bruner describes true creativity as having an “effective surprise”, an unplanned or unanticipated insight or juxtaposition: 

“it is the unexpected that strikes one with wonder or astonishment” .  These simple old‐fashioned toys, and many others 

with very simple mechanisms, are capable of producing new personalities, new patterns, and new juxtapositions.

Creativity and the Machine
The Machine as Solo Artist: Computational Creativity

PCG and generative methods

“Abstractly, a generative method is a function which produces artifacts (Fig. 1). Generative 

methods often begin with some set of inputs which may consist of user‐provided tuning values, 

static assets (such as 3D models, story segments, or audio samples), or higher‐level inputs like 

partially‐ configured artifacts or scripts. The generator, a core component of every generative 

method, then manipulates, composites, or combines these inputs to create a set of artifacts.”

[1] [52]

[26]

Kate Compton et al, Generative methods
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Generative methods  and casual creators are often found 

together.  A generative method is some process which turns 

smaller inputs into larger, more complex outputs.  

Therefore, they are particularly useful to create systems in 

which very small user actions create florid, expansive, 

surprising outputs.  For example, Spirograph, Silk, and 

Context Free Art all use generative methods to create 

complex line drawings, but both Spirograph and Silk do so in 

response to user gesture, while Context Free Art requires a 

lot of careful coding.What is the relationship between 

generative methods and casual creators?  In both, a domain 

space is encoded into a carefully‐constrained domain model, 

architected to provide the greatest  amount of expressive 

breadth, while simultaneously excluding from the possibility 

space any broken or undesirable solutions.  

A racetrack could be encoded in many ways, as a series of 

points radially offset from a central point, a set of 

deformations of a known shape, or a sequence of 

independent curve segments.  Whether one were designing 

a tool for a human user, or for a PCG algorithm, the model 

should ideally be able to represent both positive expressive 

characteristics (sharp turns, decreasing turn radius, 

switchbacks) and be able to excise negative characteristics 

(overlap, the ends of a looping track not connecting 

physically).  In reality, very rarely do models perfectly 

outline the desirable possibility space, and must use coping 

mechanisms ,  to avoid negative solutions.

Searching the possibility space

Many creators of generative systems speak of “searching” a 

possibility space.  Mathematically, once there exists a computational model of a domain space, all possible artifacts in that 

space also exist, in potential.  Then it only remains to sift out the good artifacts from the bad.  Of course, for any non‐

trivial computational models, the state space quickly expands to thousands, or trillions, of artifacts, and brute‐force search 

is ineffective, so there are a wide variety of ways proposed to search such a possibility space.

Search methods are borrowed from generalized computer science search algorithms suitable for such a noisy space, such as 

generate‐and‐test, hill‐climbing, and genetic algorithms.  Generate and test is the simplest and so is very common in 

computational creativity papers.   

[53]

[54] [55]

Examples of generative methods: Spirograph (top‐left, 

http://en.wikipedia.org/wiki/Spirograph), Silk 

Interactive Drawing  (bottom‐left) and Context Free 

Art (bottom‐right, my own drawing)

[9]

[52]

A general form of a generative method.
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Yu‐tung Liu  proposes that the creative 

process can be seen as an implementation of 

generate‐and‐test search, but that this process 

occurs both at the personal level and at the 

domain level (as described by Csikszentmihalyi 

individual‐field‐domain framework).  On the 

first, individual level, the user generates 

ideas, synthesizing them from the static 

domain knowledge that they have 

internalized, and then testing them against 

that same knowledge until they have an idea 

that 'passes' their own personal filter.

The user possesses knowledge of domain values and rules as a heuristic and as starting material, but in this stage, does not 

affect the domain itself, only their own work.  Once the user's search process has completed, that is they've found an 

artifact, they submit this to the approval of the domain experts, who, in a similar search process to the individual, sift the 

submissions of hopeful individuals to find new ideas to evolve the domain.

A similar framework is proposed for procedural content generation in games, in Search‐based Procedural Content 

Generation .  This framework lacks the secondary social layer of Liu's work, but adds more of the advanced search 

methods.  It still  considers the option of generate‐and‐test (and adds the “constructive” label for generate‐and‐test 

searches that don't bother with testing, like the Spore Terrain Editor).  The framework extends the search algorithms in 

which “generating new candidate content is contingent upon the fitness assigned to previously evaluated content 

instances”.  Presumably this includes many forms of hill‐climbing or gradient descent, not only evolutionary algorithms, 

which are the only examples provided.  Any optimization technique like this, whether hill‐climbing or evolutionary 

algorithm, requires a heuristic to measure fitness, and this framework categorizes them into “direct”, “simulation”, or 

“interactive” fitness functions.  Direct heuristics provide an encoding of designer intention or an optimization for some 

other value, possibly statistically derived from play data which can be directly calculated on the object as soon as it is 

created.  A “simulation” heuristic requires some automatable but intensive simulation, although the line between that and 

a direct fitness function blurs when looking at complex direct fitness functions or simplified approximations of simulation 

heuristics.  Finally, the heuristic can appeal directly to the user for guidance: “explicitly, using questionnaires or verbal 

input data, or implicitly by measuring e.g. how often or long a player chooses to interact with a particular piece of 

content.”

The Machine as Audience: Judging and Responding to Creativity

The Liu and Togelius frameworks both assume that the machine is producing creative artifacts, and provide heuristic 

judgement based on that.   Heuristic evaluation in the Search‐based PCG framework provides a way to hill‐climb the 

possibility space, but this is not the only way to use computational judgement to augment creativity.

[56]

[54]

  Understanding generative methods as a template, rather than a 

definition, provides a lens through which systems that incorporate 

generative methods can be compared to each other.
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In real creative work, the domain is ofter split into numerous subdomains: heavy metal music might be classified as Cello 

Rock, Christian Metal, Viking Metal, Dark Metal, Doom Metal, or Glam Metal based on its contents and context.  Categories  

make creative work measurable by its context: it may be hard to say whether a Black Metal song or Impressionist artwork is 

creative over all time, but it is easier to compare it to other exemplars in its context and determine whether it is locally 

innovating in the fields of metal or impressionism.  This insight provides an interesting way to provide context and 

comparison for computationally‐created (whether designed by user or computer) works as well.

The Petalz game , a game about evolving generative flowers, generates its artwork from a compositional pattern‐

producing network, so the representational space of all possible flowers is a completely smooth multidimensional floating 

point space.  Asking users to collect all the flowers would be impossible and undesirable, so to implement a collection 

mechanic, they are building a computational classifier to cluster potential flowers,  a self‐organizing map which covers the 

domain space with a reasonable number of “types” to be collected.  Now, when the user generates a new flower, they get 

context as to what kind of flower it is, and whether they already have one in that category, encouraging them to see the 

flower as less creative if it categorized with a preexisting one, or more creative if it finds itself placed in a new territory.  

From an undifferentiated infinitude of a possibility space, the act of categorization creates comparison and context, thus 

creativity.

Saunders and Gero use a similar categorization and contextual judging mechanic to create a simulation of creativity in 

their work on The Digital Clockwork Muse.  They have agents capable of creating little abstract artworks, not unlike the 

artworks generated by other works like Picbreeder  and The Painting Fool .  Instead of the global categorization in 

Petalz, each agent carries its own categorization scheme (also in a self‐organizing map) around with it, as an expert in, 

metaphorically, heavy metal or impressionism, but not both.  This allows any agent to view any artwork through its own 

lens, and calculate creativity mathematically based on its experience:“ The error in categorization of an artwork is used as 

the novelty of an artwork and from this measure the interest that the agent has in an artwork is calculated” .  This 

novelty is then fed through the “hedonic function”, a way of representing that we aesthetically prefer things that are 

recognizable, but different from what we know, but not things which are too familiar, or too strange.

When simulated, the agents made their art and began separating themselves into mutually isolated communities of 

practice, just as real artists would: 

“The result of putting collections of agents with incompatible hedonic functions in the same group appears to be the 

formation of cliques: groups of agents that communicate credit frequently amongst themselves but rarely acknowledge the 

creativity of agents outside the clique. As a consequence of the lack of communication between the groups the style of 

artworks produced by the two cliques also remains distinct.”

A further simulation of these agents places them in a simulated museum .  In this case, in addition to judging artwork, 

they also are physically simulated moving through the space, and so are 'judging' the gallery as well through their 

movements: “badly designed galleries will result in representations of the colour space biased towards the colour of the 

artworks found near areas of overcrowding and away from the colour of artworks in areas passed through quickly.”

[57]

[58] [59]
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Agent‐based evaluation is not only useful for machine‐generated creativity, but also for responding to human creativity.  

Csikszentmihalyi's Flow requires that users have goals, feedback, and progress.  As creative activities lack an imposed set of 

rules, providing simulated goals and feedback can augment the user's own mental goals.  

It is entirely possible and legitimate to fake this feedback.  Judging creativity and aesthetics is, as seen above, 

computationally and philosophically challenging, and, for a commercial game, the player may feel as much value from 

getting a completely fabricated evaluation.  In the Spore Creature Creator, the creature would (usually) approve of the 

parts the player was pinning to it, grinning and shaking the new part, or (rarely) disapprove by looking alarmed that its arm 

was just removed.

Commercial games also have more sophisticated metrics to evaluate player creativity.  

Rollercoaster Tycoon  rates user‐built roller coasters on three metrics: Nausea, Intensity, and Excitement .  Nausea 

calculates the strain of physical movement placed on the riders, intensity measures the g‐force of the movements, and 

excitement represents the interestingness of the ride: underground sections, scenery, crossovers, and overall variety.  

Though these values can be calculated from a coaster without simulation, it is presented to the player as though the 

coaster‐riding agents are evaluating the creativity of the player's ride.

Famously, the Sims  also started life as an agent‐based evaluation tool for an architecture simulator: “The dollhouse 

concept is what The Sims started out as. You were designing architecture at a human scale, and the game was scoring the 

usefulness and efficiency of your design. I soon realized that to test the spaces, we had to have little people living in these

structures, walking around and making decisions.” 

These agents provide a very literal instantiation of Bruner's dramatic conflict, and De Bono's argumentative hat‐wearers, 

creating conflicting demands, that, through resolution, create more interesting and novel and useful solutions.   

Evaluations like these, agent‐based or heuristic, push back against the designs of the user, or the computer, providing 

greater context, greater diversity, and inspiring greater creativity.

The Machine as Partner: Mixed Initiative

If the computer can create its own creative products, and if a digital system can productively challenge and critique the 

designs of itself and human users, then it is possible to create a system that is creative in partnership with a human user.  

In any partnership, turn‐taking and power structures can make or break relationships, and responsibilities should match 

abilities and compensate for inabilities.  There are times when the computer should be a partner, and times when it should 

step away, as “Beyond Productivity” cautions that, when building digital creativity assistants:  “it calls for an understanding 

of creativity as human complements to digital capabilities: the opportunity, knowledge, and skill to make disciplined 

judgments about how and when to use or not use those capabilities.”

Direct Manipulation

[61] [62]
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Designing good machine partners to human activities is an old problem in UI design.  The concept of Direct Manipulation 

frames one issue with designing such partners: how is the intention of the user communicated to the system?  How fast, 

how direct, how natural is that communication?  Ideally, it feels like a natural extension of the user's own action, “that 

thoughts are readily translated into the physical actions required by the system and that the system output is in a form 

readily interpreted in terms of the goals of interest to the user” .  Digital systems, to achieve this feeling, should 

reduce the “gulf of execution” and the “gulf of evaluation”, that is, make action upon the system fast, and make the 

feedback from that action fast as well.  These are old insights by now, but they continue to provide a very strong pattern 

for creating a system that the user works with, rather than against.  

Eric Horvitz, much later, harvests a number of implementable design patterns, that will influence the design patterns for 

Casual Creators : “developing significant value‐add automation”, “inferring ideal action in light of costs, benefits, and 

uncertainties”, “providing mechanisms for efficient agent‐user collaboration to refine results” are some, but not all, of the 

useful patterns that he identifies.   Moving from general UI principles to the specific domain of casual creators does not 

invalidate any of these patterns, it just changes the purpose for which they are applied.

Sketching as a metaphor

Sketching frequently serves as a metaphor for how ideas like these can be implemented in mixed initiative systems.  The 

user provides a high‐level 'sketch' to capture intention, and the system builds a suggested expansion based on its own 

knowledge representation, “inferring ideal action in light of costs, benefits, and uncertainties”, to quote one of Horvitz's 

principles.  To expand the sketch, the system might use a combination of generative methods, constraint solving, or some 

other heavy AI techniques for synthesizing a functional artifact out of the minimal input from the user.   If the system has 

provided an insufficient or incorrect solution, the user could always resketch the input to regenerate a new solution, but 

often such systems provide a way to tweak or correct the computer's work.  

This metaphor goes back to Donald Sutherland's Sketchpad  with included constraint solving to create a circle from a 

user's informally drawn blob.  He recognizes that the actions taken by the machine to satisfy the user's demands are 

parallel to the creative process of a human designer: “The ability of Sketchpad to satisfy the geometric constraints applied 

to the parts of a drawing models the ability of a good designer to satisfy all the design conditions imposed by the 

limitations of his materials, cost, etc.”

Expanding and inflating a user's sketch is taken to a literal degree in the Teddy sketching program , in which a user 

draws simple shapes on a 2D surface, and a system inflates them into a puffy three‐dimensional version that maintains the 

silhouette of the original line, while also producing a realistic and pleasing volume.  A different program allows the user to 

sketch and resketch hair, using the input lines to create a vector field to map with a realistic hair texture .  How well 

do programs like these match up to the ideals of direct manipulation?  The answer may depend on how rapidly they update 

to respond to user input (a metric that can be hard to ascertain, as most of these systems have not been released publicly.)

Tanagra
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Tanagra  is a system to create platform level designs for Super Mario type games.  The system can generate valid levels 

in response to constraints with a combination of constraint solving and reactive planning to ensure a level that is 

connected and also contains the rhythmic beats that make such a level pleasurable and memorable.  The user of the system 

can look at the generated level, and choose to manipulate the level's geometry, forcing a redesign to match the new 

geometric constraints, or look at some of the other variants that Tanagra provides as alternate solutions.  The user can also 

edit timing and beat structure, forcing the system to rebuild a level that has matched their intentions and “slowed down 

the pacing of the first half of the level, and significantly increased the pacing of the second half.”

Sketchaworld

Sketchaworld , similar to Tanagra, provides a mixed‐initiative tool to create virtual worlds in response to sketched 

constraints.  Instead of Mario worlds, Sketchaworld tackles the problem of designing realistic city and countryside 

landscapes with correct road and river layouts.  Usually, such worlds are created with high‐end 3D modelling software, 

offering lots of customisability: “These tools offer designers total control. With skill and dedication, designers can create 

literally any world exactly the way they want to. This level of control also has a clear downside: a designer has to model 

every aspect of the virtual world in detail. ”  As an alternative to controlled‐but‐arduous world design, Sketchaworld 

proposes a very casual creator alternative: just outline shapes for cities and lakes and mountains, and the generative 

processes will create all the geometry that fulfills the specifications, giving a huge mutliplication of effort, with the loss of 

some control.  Users can also continuously redraw the spaces, forcing a realtime recalculation of geometry, until they get 

the effect that they were seeking.  This project states it purpose in a way that is very compatible with the goals of a casual 

creator, and suggests as necessary many of the identified patterns of casual creators: “An interactive workflow that 

effectively supports creativity is essential for the usability of a modelling system, be it for experienced game level 

designers or for non‐expert users. This kind of workflow requires the system to execute user actions rapidly, to remain 

responsive even during complex edit operations, to support undo and redo, to have a clear user interface and offer a good 

visualisation of the results.”

Sentient Sketchbook

Sentient Sketchbook  is a tool to create real‐time 

strategy game maps.  Like Tanagra, it is designed as a mixed 

initiative tool where the system alternates between the 

user's input of a specification, and the level‐design system's 

construction of a level satisfying those constraints.  One 

particularly interesting feature, for casual creators, is the 

'suggestion' feature, in which a user is presented with a 

number of levels that have been modified slightly from their 

current built level.  A common situation in any creative 

work occurs when a user 'knows it when they can see it', but cannot articulate what they are looking for, or built it 

themselves.  This presentation of multiple suggestions allows the user to explore many more potential options at once, 

without having to laboriously built it themselves.  In BotPrint, I call this behavior 'mutant shopping' and it seems to be a 

[70]
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Sentient Sketchbook

Sentient Sketchbook  allows the user to 'shop' for 

possible alternatives to the current level.

[72]
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potentially powerful design pattern.
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Prior Work
Spore Planet Editor
While working at Maxis, I was tasked with making the script‐based generator for the procedurally‐generated planets.  I was 

provided with a top‐of‐the‐line particle simulation engine that could track and animate particles moving over the planet's 

surface.  The scripts that I wrote would generate particles on or above the planets, simulate physics (or other forces) for 

them, and, as they moved over the surface of the planet, would leave behind 'stamps' on the grayscale terrain heightmap, 

in the same way that a Photoshop brush repeatedly draws a bitmap along its path.    This greyscale image would be used 

to create the mesh of planetary sphere, on which gameplay occurred.  

Maxis wanted to ship the game with an endless supply of planets, since there would be millions of stars reachable in the 

galaxy, and each might have many planets, all of which should presumably be unique.  The goal was to provide the player 

with the motivation of always wanting to see the next new world, but that would only work if the worlds actually felt 

different.  To that end, I wrote approximately 100 world‐type scripts, each of which generated a different type of world, 

and given different seed values, could generate semi‐infinite variations on it.

Each world script was composed of several different actions, based on a theory that the aesthetics of an object are pretty 

good if it possesses a base, a contrast, and an accent.  Most planets had a large global texture to make the continents.  

Then, filters could be applied to that to create higher level features. Imagine setting each pixel's height to h = 2*|h ‐ .5|, a 

function that flips the oceans into hills, but creates a sharp crease at the fold.  Other filters created wrinkles, or plateaus, 

and could be combined to create interesting valleys.  On top of these base features, “ribbon” brushes could be applied, 

particle systems that could leave behind long swaths of geography, such as long rivers or mountain chains.  Finally, smaller 

features could be peppered over the surface for additional character.  Some planet scripts were more complex, some were 

less, although we frequently had to strip away desirable complexity in order to have a faster generation time.  In the end 

we ended up shipping a large number of good‐looking and diverse planet scripts.

Lessons Learned

Spore was one of the first major games to use such a large 

amount of procedural content, especially in so many 

different aspects of graphics and gameplay.  Though games 

like Diablo and Rogue had generated levels before, we did 

not at the time appreciate how their level generation had to 

satisfy different constraints than ours.  Rogue, as a tiny independent game without a major expected audience, was able to 

be very experimental, creating an algorithm that sometimes produced demanding or impossible levels.   The player could 

usually backtrack, but even if they couldn't, the game became known for difficulty and chaotic punishment, and no one 

could complain that this wasn't the game they had been promised.  Rogue also had a famously spartan art style made from 

ascii characters, so, though the dungeons might not be attractively laid out or make any architectural sense, the game was 

[73]

Height brushes from the terrain editor

Some height brushes used to create the Spore planets
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so abstract that the incoherence went unnoticed.

In contrast, Diablo was a game from a studio known for rich 

graphics and balanced gameplay.  The generated dungeons 

of Diablo needed to look good and play well.  Only very 

tightly controlled procedural generation could support these 

goals, so the generation was accomplished by a modular 

system of large, human‐authored chunks of level that could 

be socketed together, with additional variety provided by 

the monsters and treasures that appeared.  

The game designers of Spore wanted the best of both 

worlds: the extreme variations of Rogue, but with the 

gameplay control of Diablo, with the additional 

requirements that it look good when viewed from above in a 

spaceship, and be navigable on the surface with any 

combination of wings, hooves or fins.

The planet generation procedure described above had no 

controllability at all.  All the initial placement and direction 

of particle movement was random (guided by some distribution shape), so the system couldn't even tell if it was raising a 

mountain a hundred times in a single spot, creating an unrenderable spike.  Brushes couldn't read the slope of the terrain 

they were painting into, so finely‐sculpted mountains were often smeared across slopes and canyons, and there was no way 

to tell a river to avoid running up and over a mountain.   There was also no CPU budget for examining the planet 

afterwards to see whether it was broken in some way.  “Generate and test” was not available; we made do with “generate 

and hope.”

With so little control, using the generated planets for creature‐level gameplay was a complete nonstarter: creatures would 

fall down unintended wells, or find themselves spawning in the middle of endless oceans or tiny spires on a featureless 

plain.  In the end, we had to severely crimp the generativity of the planets by only including “safe” seeds for generating 

space planets, and hand‐authoring the creature‐gameplay planets.

When the expansion “Galactic Adventures” shipped, the team added a planet editor to the suite of editing tools available 

to the player, so that they could author their own planets.  It was assumed that most novice designers, like professional 

designers, wanted control rather than the chaos of generativity.  Most of the unpredictable but exciting geography‐making 

brushes were removed, leaving the player to hand‐place individual stamps.   The resulting editor was controllable, but not 

particularly exciting or lively as the Creature Creator had been.

Pendant Maker

The Planets of Spore

A variety of planets built with generative scripts
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In December 2012, I contracted with the 3D Printer 

Experience to produce an application to entice casual users 

to try 3D printing.  3D printers are becoming increasingly 

common and affordable to average consumers, especially for 

collective‐use cases like schools, libraries and hackerspaces, 

so that even those with a casual interest in the technology 

have the opportunity to print without investing in their own 

equipment.  The 3D Printer Experience wanted to move into 

that space, allowing customers to print on demand in the 

store.

However, at the same time as the equipement itself is more 

accessible, the technology used to produce the digital 

models is not.  There are now free alternatives like 

Sketchup to the old thousand‐dollar traditionalists like 

Autodesk's Maya, but either of these programs require 

months of training to be able to make even simple printable 

models.  So, most curretly consumer prints are of pre‐

created models made by professionals or skilled artists, 

available on sites like Thingiverse.  Users could either spend 

time and money learning modelling, or use a completeley 

customizable technology to print only precreated objects.  

Was there an alternative?  

I took inspiration from Doodle3D, an app to turn users quick 

scribbles into a 3D printable object.   The object was very 

limited, just an extrusion of the vectors of the drawing, and 

it would be hard to make anything useful with it, but it 

allowed a completely novice user to sit down, draw, and 20 

minutes later, have a completley custom printed object.  

The form of the object also supported the mission: filament 

printers print by laying down layers of melted plastic, so an object made of non‐cantilevered single strands is the ultimate 

fastest and cheapest object to print.

When we watched users using this system, though, they seemed frustrated.  Users didn't realize that all the lines had to be 

connected or their work would fall apart.  Often the users would also be frustrated with their own lack of artistic ability; 

they didn't feel the ability to draw anything worth printing.

In Pendant Maker, I attempted to maintain the advantages of Doodle3D by making a low flat, easy‐to‐print object that 

would print even on very cheap printers, and rectify its failings by making a tool that would turn even random scribblings 

Doodle3D

Doodle3D printing out a drawing on a low‐end printer

PendantMaker

The interface of PendantMaker.  The user draws in the 

left box, then manipulates the sliders to find a 

desirable shape.
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into a pleasing shape.  The beginnings of the casual creator framework were beginning to be apparent in my work, so it 

implemented what I knew to be the best practices at the time, though still missing some obvious ones.

Users were presented with a small window to scribble in, a Processing window that allowed them to draw a continuous 

line.  As they drew, a separate window showed a 3D version of the shape, extruded, morphed, and repeated many times 

around the center.  A bar with a hole extended from the center, creating a built‐in way to hang the finished product from 

a necklace.

The repetition of the scribble created interesting intersections between the many arms.  This would be a hard situation to 

design for, but because the shape was redrawn in realtime according to the movements of the user, it was easy for even a 

novice user to create shapes that would form attractive intersections that kissed or intertwined or avoided each other.  

The lines also had a fixed length, so the user could never completely fill in the space (which would look bad), but this also 

kept them moving forward.  In informal testing, I never had a user ask for a 'back' or 'restart' button: they just kept drawing 

and found newer better solutions.  Users could additionally tweak the morphs of the shape, spinning or flaring it in ways 

that made it more floral, but never broke the constraints of the 3D printing process.

PendantMaker showed the first evidence that these casual creator patterns were useful in making an actually working piece 

of software that engaged users creatively.

Other generative works
I have also made a variety of other generative works involving user input.  These works have influenced and informed the 

concept of casual creators, even though each of these projects was small and experimental.  As I am proposing to produce 

three finished works of very diverse software as part of this advancement, it seems prudent to point out that I have made a 

large number and variety of similar software works before, so the proposed work is not as technically risky as it might seem 

if a less experience programmer were proposing it. 
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Extruding geometry

A particle simulation leaving behind trails of 

geometry, part of a prototype to make 3D 

printable jewelry

Marble wallpaper generator

Marble textures generated by displacing the 

results of perlin noise radially, according to 

another perlin noise funtion.

Orrery solver

Results of a brute force algorithm to calculate 

the most accurate gear ratios to make an orrery 

to simulate the day and year lengths of planets.  

This was able to generate an extremely accurate 

simulation, but the ratios were too high to be 

actually feasible to laser cut this design.

Living Scribbles

A procedural drawing tool based on a class 

project.  The user draws lines on the screen, 

which are given flexible 'bones' and 'muscles' 

that expand and contract the line.  The drawn 

lines come to 'life', and lurch around the 

screen.

Skirtmaker

The original 'casual creator' I designed, to make 

circle skirts that could be printed as a custom‐

sized pattern on custom‐printed fabric, 

automatically generating a seamless print with 

all the sewing marking included.

Proposed Work: Definition and Framework
The most significant contribution of this dissertation is the identification of the new genre of Casual Creators.  I anticipate 

that this genre will be useful to researchers examining existing casual creators, or those trying to create a taxonomy of 
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such systems.  If this new terminology and definitions are found to be useful to this community, there is certainly future 

work that could be done on a more rigorous taxonomy and historical examination of the evolution of casual creators. 

My interests and training, however, are primarily in the design and production of software, and so I am structuring this 

dissertation with the goal of supporting future designers who wish to build casual creators.  To that end, this 

advancement proposes the creation of a ready‐made 'kit' for those seeking to understand and build casual creators:

How should casual creators be defined, that is, what definition would be the most useful addition to the kit?  There isn't a 

single answer, as each kind of definition can provide a useful lens to highlight a different understanding of casual creators, 

and so this framework provides three ways of looking at casual creators: as a set of goals, as a set of common properties, 

and as an architecture.    In this section, I will also describe how genres can be a useful way to understand design patterns, 

why a definition based on goals can be useful as a categorization tool, why a list of properties can be useful for broadening 

the perspective outside of the category, and how a deep dive into the structure of casual creators can be used to situate 

and understand the design patterns in the next section.

Creating a new genre

Defining Casual Creators

a framework explaining the goals of casual creators and their heuristics for success, and the 

strategies that are most successful at achieving success

a handbook of specific design patterns that support the achievement of those goals

the construction of three new exemplary casual creators demonstrating the applications of 

these patterns

A Casual Creator is an interactive system that encourages the fast, confident, and pleasurable 

exploration of a possibility space, resulting in the creation or discovery of surprising new 

artifacts that bring feelings pride, ownership, and creativity to the users that make them.
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Casual creators as a genre can be best defined by the 

definition above, a definition that specifies the function 

which a casual creator fulfills, like making the user feel 

safe, empowered, and creative.  This is an aspirational 

definition: it can identify successful casual creators because 

it defines the heuristics for success, but it does not, in 

itself, suggest the best strategies of accomplishing these 

goals.

When these systems are designed, built, and encountered 'in 

the wild' of the app store, they almost always take the same 

shape, suggesting that there is a separate functional 

definition: a casual creator is some system, often software, 

that, by restricting the domain model to a narrow (but still 

expressive) domain space can provide design support 

structures like implicit (e.g. model constraints) or explicit 

(e.g. generative methods or simulation) computational 

assistance.  The strategies, as seen in the map above, are 

also commonly seen in casual creators.  Each strategy in the 

map augments, strengthens, or in some way 'plays well' with 

the goals of a casual creator.  For example juxtaposition of 

culturally meaningful elements (as in Cards Against Humanity cite:cardsagainsthumanity) very effectively creates surprising 

artifacts.

Should the definition of  casual creators combine both goals and strategies?  Examine the 'conditions for flow' that 

Csikszentmihalyi compiles in Creativity [cite:creativity], and you find a mix of strategy and result.   Some 'conditions' are 

clear concrete strategies that a designer could implement: “There is immediate feedback to one's actions”, and others are 

abstract descriptions of the resulting experience: “Self‐consciousness disappears”.

Common successful strategies for creating 
interesting 'artifacts'

There are many different successful strategies for 

creating interesting content. These strategies develop 

and become popular because they create 'meaning' (or 

interest, or pleasure, or humor) with a minimal amount 

of overhead.  This expansion of effort is one reason 

that generative methods are so common throughout 

casual creators.  The proposed exemplary creators (in 

pink) explore a variety of the most common 

techniques.  

From Creativity

There are clear goals every step of the way

There is immediate feedback to one's actions

There is balance between challenges and skills

Action and awareness are merged

Distractions are excluded from consciousness

There is no worry of failure

Self‐consciousness disappears

The sense of time becomes distorted

The activity becomes autotelic

[17]
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Such a mixed definition complicates its use: if a system seeking to create a flow state implements half of the conditions, 

but doesn't become autotelic, is it still flow?  How can that implementation be usefully critiqued by that framework of 

conditions?   For the Casual Creator framework, I keep the goals defined separately from the strategies.  

This separation creates a number of benefits useful for diagnosing interesting subgroups of casual creators.  For example, if 

a tool has goals that align with the casual creator definition, then it can be evaluated on whether or not it succeeded in 

those goals, and judged to be a successful, or unsuccessful casual creator, without referencing the specific strategies that 

enabled the satisfaction of those goals.  Once the system is evaluated, then strategies can be examined separately, 

allowing systems that find successful but unanticipated new strategies to be grouped with casual creators, even if the 

strategies were not predicted by this framework.   This type of definition will allow the pattern book and the knowledge 

base of casual creators to continue growing as the field evolves, while still keeping a sufficiently delineated definition to 

be useful in categorization.

Csikszentmihalyi's blended definition seems to still be useful to designers as a set of properties.   So as a more prescriptive,

rather than exclusionary, definition, casual creators could also be described as a set of design choices, as motivated by the 

goals of flow and creativity:

The structure of a casual creator
Casual creators can be usefully examined by their goals, and by their properties.  They can also be examined as process in 

which a user generates artifacts in collaboration with the casual creator.  Despite their diversity, casual creators all have 

the same underlying structure to guide this process: an iteration loop creating an artifact.  Many of the design patterns 

affect the iteration loop, which likewise affects the user's experience as they repeatedly iterate on their artifact.

A casual creator is a system that

privileges enjoyment of the creative process above productivity or efficiency

guides the user to a state of creative flow

encourages the exploration of the domain space, leading to the discovery of unanticipated 

solutions

maintains the user's confidence in their actions by reducing any risks of exploration

provides feedback, information, or visualization to help the user understand the domain space 

enough to make meaningful predictions about the outcomes of future explorations

produces artifacts within a limited domain space, enabling more sophisticated automation and 

support, both passive (encoded into the domain model) and active (responding to user actions) 

results in the user’s feeling of pride and ownership toward the produced artifact, and sense of 

pride in their own creativity

often provides tools or communities for users to communicate about, share, or build on each 

others artifacts, allowing users to generate social capital and meaning from their work
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The Artifact

What is being generated?  One could build a casual creator to design nearly any type of 

artifact, from physical objects like bookshelves and necklaces, to digital artifacts like 

particle swarms or planets.  Artifacts may be static, or have their behavior generated by 

the casual creator.  The ‘artifact’ being generated could even be as abstract as the  

behaviors for preexisting digital agents .  In Tracery (described later on), the artifact 

being created is actually a generative system, a grammar, itself, and the user is 

sculpting the possibility space of stories which this this grammar can generate.  

The artifact usually consists of two perspectives.  The first is a user‐facing model of the 

artifact, which is the human‐viewable version, including 3D models, readable text, 

controls, and any visualizations that can be generated.  There exists also a data model 

of the artifact, invisible to the user, but which the system can modify, store, and use to 

generate the user’s model.  The system has no way of understanding or making use of the user model; that model exists 

solely to make the data model, used exclusively by the system, visible to the users.

The Iteration Loop

Examination and Evaluation

The user examines the artifact.  How good is it?  For some 

artifacts, this may be strictly visual and the user can 

evaluate it instantly.  For other domains, the answer may 

require a simulation, either digitally or in the user’s mind, 

of how the artifact would function in its intended 

environment.  Will this teapot hold water, or break under 

the pressure?  Will this story be pleasurable when read by 

someone else? Is this level playable or fun, and what kind of 

experience will it provide to different kinds of users?

Prediction

The user imagines the possibility space around the current 

artifact, often by imagining the results of varying one axis of control.  The user formulates a theory of the gradient of the 

current possibility space: along which dimensions will a modification effect the most positive change?  This is a difficult 

task for any user, especially one who is not a master in this domain space.   Even if users can identify whether a solution is 

good (as the process described in Examination and Evaluation shows that this cannot be blindly assumed), determining how 

to improve a given artifact presents a much more difficult cognitive problem.

[74]

The artifact model

Illustration of the iteration loop
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Modification

Whether or not they have a plan and outcome predicted in their mind, the user will do something with the controls 

available, toggling switches, sliding sliders, dragging pieces around the space.  In software, these controls can only affect 

the system‐facing representation of the artifact, never directly the version of the artifact that the user can see.  The user‐

facing artifact must be regenerated or modified via the decoding algorithm.  For many modern systems this is perceived as 

instantaneous, but for older creativity software or more computationally intensive algorithms, it could take seconds, 

minutes, or even days to see the change.

Reevaluation and Learning

Now that the new artifact is generated, the user re‐examines it.  How does this new artifact compare to the old one?  The 

user compares their memory of the previous artifact to the new one, and notices the difference in the evaluation, either 

perceived by the user, or calculated by the system.  For whatever combination of heuristics the user values, has this 

artifact improved or regressed?  What actions caused this change, and will further similar actions cause a similar change?  

A user is a much more sophisticated hill‐climbing  algorithm than a computer, and can use this comparison to make a 

variety of predictions about how future changes will affect the artifact.  Furthermore, this feedback from the system will 

add to the user’s expertise in the domain space.  Over many iterations, the user can test their predictions many times, 

building a strong and flexible knowledge about this domain, while concurrently developing an optimized artifact.

If the user can be modeled as a form of hill‐climbing algorithm, than the number of iterations that the user can make 

becomes a determining factor in how well they can optimize the solution.  With a user with limited time or attention (that 

is, all users), this means that the number of iterations, and the success of the artifact, depends on the speed at which this 

loop can be traversed.  Where is time lost in this loop?  

Three of the four stages occur literally at the speed of thought: the only physical movement required of the user is in 

manipulating the controls during Modification.  If the controls are unusable or require significant gestures, the user will 

lose time simply trying to direct the system to change the values of the data model, so some advantage can be gained by 

switching to more intuitive controls: sliders over number entry, dragging instead of numerical positioning.  Though less 

common with fast computers, the time to generate the new user model from the data model can also slow the iteration 

process.The stages of Evaluation, Prediction, and Learning take place at the speed of thought.  But what is the speed of 

thought?  For humans, certain tasks can be carried out incredibly fast, such as evaluating visual attractiveness.  But others, 

such as reading a story or testing a game, are very slow indeed, even for a user to simulate in their mind, much less 

actually conducting a reading or play test.  For domain spaces like this, the iteration process may be so slow that only very 

few, if any, iterations can take place, which can lead to very suboptimal final artifacts, as users used to the speed of the 

Spore Creature Creator discovered when trying to use the Spore Galactic Adventure Creator .  Can anything be done to 

speed this process?  It depends on the artifact’s domain, but there are often many automated ways, from physical 

simulations to automated game testing, to at least get a rough evaluation in real time.  Other domains, such as generated 

stories, have fewer options, perhaps only word usage or some other vague and unhelpful automated text analysis.

[2]
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Another way to improve the output of this optimization is to improve the user’s ability to calculate, or estimate the 

gradient of the heuristic over the possibility space.  If the user’s goals were a calculated heuristic instead of an 

incalculable human preference, we could do so with statistical modeling like a Markov chain Monte Carlo analysis , but 

that’s not a reasonable approximation.  Instead, the system can augment the user’s own intuition and memory, by showing 

the previous artifacts, assisting the user in remembering what came before, or by showing many nearby variants or their 

implications, as Dryad does .  Some additional heuristics may even be calculable, either directly, or statistically, and 

this information can be given to the user with additional visualization or other forms of information.

Design Patterns and the Iteration Loop

This iteration process (Examination and Evaluation, Prediction, Modification, and Reevaluation and Learning) is the core 

experience of a casual creator.  Remember that a casual creator is an interactive system that encourages the fast, 

confident, and pleasurable exploration of a possibility space, resulting in the creation or discovery of surprising new 

artifacts that bring feelings pride, ownership, and creativity to the users that make them.  

 Whether the “fast, confident, and pleasurable exploration of a possibility space” is possible is dependent on this iteration 

process, so many of the design patterns that will be identified will focus on this loop.

[75]

[76]

http://scholar.google.com/scholar?hl=en&q=Metropolis+procedural+modeling
http://scholar.google.com/scholar?hl=en&q=Exploratory+modeling+with+collaborative+design+spaces
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Proposed Work: A Handbook of Prescriptive Patterns
(and a few descriptive ones)

Computer science , architecture , HCI  and games  have all found design patterns to be a useful method of 

organizing both descriptive and prescriptive knowledge about a field.  Design patterns provide many benefits: a shared 

“lingua franca”, a lookup table of problems and their solutions, and a way to analyze new situations and link them to 

existing design knowledge.  They make producing good products easier, improving the state of a field:

“The central idea presented here is that HCI, software engineering and application domain experts 

in a project team each express their expertise in the form of a pattern language. This makes their 

knowledge and assumptions more explicit, and easier for the other disciplines to understand and 

refer to. Such a common vocabulary can greatly improve communication within the team, and also 

serve as a corporate memory of design expertise.”

The field of casual creators has no common language, as 

many of its practitioners don't share a field or common domain knowledge with each other.  If domain knowledge, 

including solutions and best practices, is to be amassed in the field of casual creators, then building a pattern language is 

an intervention with well‐proven utility.

Finding Patterns
Where will the patterns in this library come from?  Many of them will be selected from careful analysis of currently 

available casual creators.   With the definition put forward in the previous section, I can identify a very large number of 

potential digital systems (as well as a few non‐digital systems like Spirograph and MadLibs) that fulfill the requirements of 

casual creators.  I expect that successful creators will yield a greater number of patterns, and successful creators often do 

share a number of common patterns.

However, there are also patterns that are identifiable by the way their absence can cause a creator to fail, notably in the 

case of the Spore Galactic Adventures  adventure editor, which lacked any of the verification or feedback mechanisms 

of the Creature Creator, suffered a greatly abbreviated or nonexistant iteration cycle for the users, and was prone to 

create game‐breaking levels.   There will also be dark patterns , patterns which support goals other than the users sense 

of flow and creativity, such as patterns designed to get users to spend more money or time on a game.  These will included 

as well, but noted only as possible dark patterns, because getting creative people to spend money on new art supplies 

(exciting new textures of yarn, new colors of paint, new kinds of pens) has a long and uncontroversial history in crafting, 

where it is considered a pleasure, not a trap.Anti‐patterns, which destroy or derail the user's experience of flow and 

creativity, are easier to identify, so can be included and labelled as well.

Many patterns have also been identified in neighboring fields like HCI and games.  Many of the patterns for Farmville‐style 

games , “where players construct game worlds either as a means of attaining more resources or as a creative expression, 

[77] [78] [79][80] [81]

Jan O Borchers, A pattern approach to interaction design

[82]

[83]

[85]

http://scholar.google.com/scholar?hl=en&q=Design+patterns:+elements+of+reusable+object-oriented+software
http://scholar.google.com/scholar?hl=en&q=The+timeless+way+of+building
http://www.mit.edu/~jtidwell/interaction_patterns.html
http://scholar.google.com/scholar?hl=en&q=A+pattern+approach+to+interaction+design
http://scholar.google.com/scholar?hl=en&q=Games+and+design+patterns
http://scholar.google.com/scholar?hl=en&q=Spore+Galactic+Adventures
http://scholar.google.com/scholar?hl=en&q=Dark+Patterns+in+the+design+of+games
http://scholar.google.com/scholar?hl=en&q=Motivational+game+design+patterns+of%27ville+games
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much like games such as Sim City, The Sims, Harvest Moon and Animal 

Crossing” are likely to fit with casual creators if they focus on motivating 

creativity (and constricting resources as a means to provide creative 

constraint does appear to be common in casual creators).  HCI has many 

applicable patterns, like direct manipulation , and the challenge will 

be to limit the patterns from HCI to only those that are particularly 

powerful in casual creators, not just any software.

Other patterns come out of reading firsthand accounts of creativity: there 

are shared experiences of creative processes that stand out very clearly 

across several accounts.  Some are subtle: when ceramicist Eva Zeisel  

and pyschologist Jerome Bruner  both agree that in a creative work we 

can often see a logic that is as coherent as it is unexpected, that may 

suggest the existence of design pattern about preserving a visible 

reminder of the generative methods that produced an artifact.  Others are 

obvious: Zeisel, Bruner, Winston Churchill , and the creative geniuses 

interviewed by Mihaly Csikszenmihalyi  all note the liberating feeling 

of creating playfully, casting aside the self‐judgement or imagined 

judgement of others in consequence‐free exploration.

Descriptive and prescriptive patterns
There will be many design patterns running through the many systems that 

I will examine.  Which patterns should actually be elevated into the final 

library of patterns?  One option would be to include all the patterns, annotating each pattern with where it was found and 

when, like an archeologist documenting a dig site.  This descriptive would be an appropriate approach if the final library is 

meant to understand all the systems currently in existence and be able to chart the evolution of the field of casual creators

and the trends, memes, and features that pass through it. This would be useful research, but it is not in line with the goals 

of this dissertation.

Building a network of connections
Though design patterns are a common approach to knowledge generation, many sets of design patterns present them as a 

simple list, or hierarchical taxonomy, of patterns.  This runs counter to Alexander's original definition of patterns, in which 

the connections between them were more important than the patterns themselves:

[65]

[42]

[26]

[86]

[17]

More tools for more money: a 
dark pattern?

Draw Something , a collaborative 

iPhone game, sells additional colors for 

money.  They don't greatly affect game 

difficulty, but do enhance the creative 

experience.   Is this a dark pattern, or 

just a design pattern?

[84]

http://scholar.google.com/scholar?hl=en&q=Direct+manipulation+interfaces
http://scholar.google.com/scholar?hl=en&q=Eva+Zeisel+on+Design
http://scholar.google.com/scholar?hl=en&q=On+knowing:+Essays+for+the+left+hand
http://scholar.google.com/scholar?hl=en&q=Painting+as+a+Pastime
http://scholar.google.com/scholar?hl=en&q=Creativity:+Flow+and+the+Psychology+of+Discovery+and+Invention
http://scholar.google.com/scholar?hl=en&q=Draw+Something
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“Each pattern sits at the center of a network of connections which connect it to certain other 

patterns that help to complete it.  [...] If we make a picture of all the patterns which are 

connected to the pattern A, we see then that the pattern A sits at the center of a whole network 

of patterns, some above it, some below it. Each pattern sits at the center of a similar network.  

And it is the network of these connections between patterns which creates the language.”

Each pattern strengthens or draws strength from other 

patterns.  When identifiable, such connections will be made between casual creator design patterns as well.  By the end of 

the pattern book, I hope that these connections will have formed the sort of tightly‐connected network that Alexander 

finds for architecture, the bundle of mutually‐supportive patterns that “stable pattern formation” as a genre .

Example patterns
From the preliminary work done so far, patterns seem to be emerging, though I have yet to fix them into an established 

hierarchy, a task for later in the dissertation work when the number of systems examined are high enough that the patterns 

have become more definite.  A few patterns that have become clear so far include:

The domain model encodes the possibility space in such a way that bad solutions are impossible

Offering a number of browsable 'mutants' supports a user who knows what they like but can't express it 

Having an 'undo' creates the safety to explore, as do sliders

No blank slates: there is always a starting point to accept or reject or build on

Generative methods multiply effort and produce surprise

Combinatorial algorithms create surprise by juxtaposition

Artifacts are identified by their creator/discoverer, allowing them to take credit

Artifacts can be sent out or shown to a social group

Artifacts can be modified by others, but still show some attribution to the original maker

Note that all of these patterns support the core goals of a casual creator, and that they have clear relationships to the 

common properties of a casual creator.  Many of them, like offering browsable variants, are patterns designed specifically 

to speed and improve the iteration loop. 

In the usual version of a software or HCI design pattern, the pattern is listed as an object containing “Name”, “Problem”, 

“Solutions”, “Consequences”, though there are different fields used in some literature .

Example pattern: No Blank Slate
Never Start With A Blank Page

Christopher Alexander, The timeless way of building

[87]

[88]

http://scholar.google.com/scholar?hl=en&q=Game+Genres+and+High-Level+Design+Pattern+Formations
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“ So very gingerly I mixed a little blue paint on the palette with a very small brush, and then with 

infinite precaution made a mark about as big as a bean upon the affronted snow‐white shield. It 

was a challenge, a deliberate challenge; but so subdued, so halting, indeed so cataleptic, that it 

deserved no response. At that moment the loud approaching sound of a motor‐car was heard in the 

drive. From this chariot there stepped swiftly and lightly none other than the gifted wife of Sir 

John Lavery. "Painting! But what are you hesitating about? Let me have a brush ‐ the big one." 

Splash into the turpentine, wallop into the blue and the white, frantic flourish on the palette ‐ 

clean no longer ‐ and then several large, fierce strokes and slashes of blue on the absolutely 

cowering canvas. Anyone could see that it could not hit back. No evil fate avenged the jaunty 

violence. The canvas grinned in helplessness before me. The spell was broken. The sickly 

inhibitions rolled away. I seized the largest brush and fell upon my victim with Berserk fury. I have 

never felt any awe of a canvas since. ”

A google search for “Terror of the blank page” turns up many writers 

lamenting how paralyzing the sight of a nice empty sheet of paper can be, or, to quote Margaret Atwood, “The fact is that 

blank pages inspire me with terror“. With nothing on the page, there is no constraint, no fixed anchor, nothing to push 

against. The possibilities are endless, and the creator is frozen by choice paralysis.

But even just a small bit of starting material can give the creator something to build on, or subvert or rebel against.

This is a pattern in which casual creators and productivity software diverge sharply.  No‐one would expect to open up 

Microsoft Word and see a half‐written novel in the window, but in a casual creator, that technique can be extremely 

useful. If the creator comes to the software with a fixed idea in mind, they are not deterred by having to click ‘erase’ or 

‘clear’, but for a creator who wants to make ‘something’, the presence of something, anything, on screen to provide a 

starting point is absolutely critical.We can see an easy example of that in the Spore Creature Creator.  This is one of 

several pre‐authored blobs that might appear when the creator opens the creature creator.  Right away, there is the 

suggestion of next steps, as Csikszentmihalyi lists as his first condition for creative flow, “there are clear goals every step 

of the way”, and this body suggests a neck where you might place a head (the first open tab) and perhaps an indentation 

where some legs might go.  The user is not frozen, but presented with a manageable number of options, all correct.  A 

very novel form of this is in Adam Smith and Kathleen Tuite’s Sketch‐a‐bit , an Android drawing app.  It is highly 

unusual, in that almost every other drawing program starts with a blank slate, but in this app:

Winston S Churchill, Painting as a Pastime

[89]
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“When a user starts up Sketch‐a‐bit, a random sketch is downoaded and displayed. If the user does 

not like that image, he can select the “Fetch” menu option to get a new image, repeating this 

until he finds an image that inspires him to draw.”

The user first sees someone 

else’s image, and the first action that the player must take is not “What shall I draw”, but “Do I like this?  What do I 

imagine it becoming in the future?” a much clearer guiding of their initial action.  Of course, some small number of users 

erase the entire image (a laborious process in Sketch‐a‐bit) but many others took the opportunity to make a drawing that 

they could not have anticipated.

Giving the creator a seed to start with unlocks their creativity, and allows them to use it as inspiration, and to gain 

pleasure from finding creative new solutions to using it.  As the tv show Who’s Line Is It Anyway? shows, any improvisation 

is easier with a prop to inspire you.

Kathleen Tuite et al, Emergent remix culture in an anonymous collaborative art system

Spore Creature Creator

Spore creature creator as it would appear when the 

game is opened.  The game would choose from a 

preset variety of starter bodies, chosen to inspire 

creators to make a wider range of creatures. (picture 

from Mobygames.com)



8/29/2014 Kate Compton - Casual Creators

http://127.0.0.1:8000/ 38/62

Proposed Work: Three Exemplary Casual Creators
Exonumia, BotPrint, and Tracery

Exonumia
The Straightforward one

Exonumia (the name is from the numismatic term for coins and medals which are not legal tender) is an online application 

to create coins, awards, or medallions from their own text and images.  

This type of object presents an ideal subject for a casual creator, with a well‐constrained model that captures user’s 

expectations of the possibility space, but also allows significant and personally‐meaningful customization.  

One can easily formulate a simple, well‐defined model of what a coin contains: edge detail around some circular form, 

with some raised images and some text on the plane of the object.  Within that restricted form, however, there has been 

ample room for personalization and creativity, as nearly all the numismatic history of most nations can be represented by 

this model.  

 One of the central tenets of casual creators is the ability for users to feel ownership and pride over their creations; thus, 

if the software can match a similar level of customization of real world coins (which are considered a proud part of 

cultural identity) then it is reasonable to expect that there will be enough freedom for ordinary users to also feel pride 

and ownership over their coins.

Domain Model

The exhaustive domain model of an Exonumia coin is:

The coin base, which is a circle of some radius, and has a thickness

The outline of the coin may have some number of sides, which may be flat or have their midpoint moved outward by a 

multiple of the radius

The midpoint and the ends of the edge each have a sharpness of their curve handles, which can change the outline 

from scalloped, to serrated, to wavy

 A second coin base can optionally be positioned behind the first one, allowing even more complex coin shapes.

On the front face of the coin (geometrically‐speaking, at the z‐plane of the thickness) there may be some number of 

images in bas relief and embossed texts.

A text is one or a few lines of characters, with a depth, and a font size and font type.

Texts can be placed at some location on the coin (like the "In God We Trust" on a quarter) or can be linked to some 

radius offset (like the "E Pluribus Unum" on a quarter).

Images are the most complex part, as users can import their own SVG vector line drawings, or use some provided.  These 

images can also be positioned and scaled (and automatically clipped to fit the outline)

Each of the bold words above represents some part of the domain model that the users will be able to modify.  However, 



8/29/2014 Kate Compton - Casual Creators

http://127.0.0.1:8000/ 39/62

this would require at least 12 numerical sliders, drop‐down menus for 

fonts, duplicate menus for the second base, and so forth.   A novice user 

would be quickly overwhelmed, so this is time to apply the first design 

pattern.

Pattern: Tiered Complexity

Minimize the number of actions available when a user has just started a 

project.  When a relevant component is selected (or a mode entered), 

then show additional controls contextually based on what could be done 

with that component. 

Ideally, there should be some reason that the user has selected that 

component without knowing that there would be further customization 

options in it, such as moving the component.  This allows the system to 

acknowledge the user’s interest in that particular object by rewarding 

them with more options, as an intrinsic reward. 

In this case, the depth, size and font for the text should only appear once 

the player has typed something in and clicked on the text component to 

move it.  This allowed them to finish the initial placement without 

interruption, but alerts them to these new possibilities.

Constrain the possibility space to only non‐broken 
solutions

Are there hard constraints for the finished artifact?  This is very dependent on the domain and function of the artifact 

being generated.  Artifacts which will be instantiate into real‐world object often have many implicit but invisible 

constraints, such as tipping over due to gravity, disconnectedness, or factors which would make them difficult to 

manufacture, such as steep overhangs for certain types of 3D printers.  The user should never discover that they have made 

a broken artifact after it fails to print correctly; the system must have ways to detect and alert the user to the problem.  

Often, the best solution is to make certain broken solutions unreachable by the sophisticated design of the domain model: 

the model cannot actually represent a broken solution, therefore anything it does represent must be unbroken.  

This is a very general pattern, and will apply to many different aspects of any particular system.  Some are straightforward: 

rather than setting the z‐offset of the text and image relief independently, the z‐offset is automatically set to be slightly 

inset into the surface of the coin.   

Since Exonumia will be sending its output to a 3D printer, there can be no hovering pieces, nor disconnected pieces.  

Since the printer may possibly be an inexpensive one, overhangs are avoided.  Some constraints are actually invisible to 

The inspiration

When Exonumia is complete, the user 

should be able to import or draw vector 

graphics, and have them lofted into 

geometry suitable for 3D printing.  This 

project was initially inspired by this 

collectible coin from comic Girl Genius, 

which is clearly based on the line 

drawings from the comic.  The cartoonish 

sculpture on this coin, while probably 

done by hand, seemed much more 

possible to automate than the more 

sophisticated sculpture found on most 

coins.
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most novice users: a 3D printable object must have a 

‘watertight’ mesh with no exposed edges or unconnected 

vertices, and be made of fully joined seams.  Most 3D 

modeling programs like Maya, Sketchup or Rhino can’t 

encode this constraint, as non watertight models may be 

desirable in other situations, so maintaining this very 

difficult constraint (or repairing it) is considered one of the 

more painful parts of hobbyist 3D printing.  Exonumia can 

rely on this constraint, though, and so all the geometry 

generation is made to only create models that satisfy 

watertightness, invisibly assisting the user around a pitfall 

they couldn’t see or understand

Current State and Remaining Work

Exonumia is still at a very early stage of development.  

Despite its overall simplicity, this is the most technically‐

difficult programming of any of the three creators.  During 

the spring quarter, I achieved a working svg importer, 

triangulation algorithm, and the beginnings of a contouring 

algorithm.   These technical challenges still need a few 

more weeks of work to get them to a point where they are 

stable and relaible enough for normal use, rather than the 

constrained environment of a  tech‐demo.  After that is 

accomplished, the controls for editing the coin and 

importing graphics (either from saved svgs or imported ones) 

need to be built.

BotPrint
Evolution and Entertaining Evaluations

BotPrint is a website designed to edit, simulate, and evolve generated robots, and produce the bot's laser‐cuttable chassis 

diagram and electronics layouts which can then be sold as custom electronics kits to a target market of precocious nine‐

year‐olds interested in robotics. This project is based on an original design by Jim Whitehead, and a very preliminary 

prototype by Huascar Sanchez and Zhongpeng Lin, in which the chassis of a real‐world toy robot could be designed and a 

laser cut template exported.  I proposed a new design in 2013 to add a selection and evolution mechanic that was inspired 

by work like Galactic Arms Race  and PicBreeder , and created a new prototype.  That prototype has been further 

developed with Johnathan Pagnutti, Afshin Mobramaein, Joe Mazeika, and  Dylan Lederle‐Ensign.

[90] [91]

Parts of a coin

This screenshot of an early version of Exonumia shows 

that many of the traditional elements of a coin

SVG importing

The current prototype is able to load, triangulate, and 

extrude an SVG file, although it cannot yet created the 

soft sculpted shapes of the target coin.

http://scholar.google.com/scholar?hl=en&q=Evolving+content+in+the+galactic+arms+race+video+game
http://scholar.google.com/scholar?hl=en&q=Picbreeder:+evolving+pictures+collaboratively+online


8/29/2014 Kate Compton - Casual Creators

http://127.0.0.1:8000/ 41/62

The Pet Store Metaphor

Why would a user care about the chassis that they had created in an online portal?  There are available ones that can 

already be purchased that have the wheels in the right place, with all the components laid out by professional designers in 

a way that can work, and software written for that particular build.  Why would a novice designer's version be any better?

The original design had a layout tool that was too limited to make intrinsically interesting designs, just a variety of blobby 

shapes, so there was nothing motivating in that direction.  The sensors and wheel layout was more promising, but aside 

from a standard car‐chassis layout, most users wouldn't be able to plan or build other more custom layouts that actually 

worked.  They also wouldn't be able to predict how the robot would perform.  Therefore, to turn this project into a casual 

creator, we made use of the No Blank Slate pattern, and also used the patterns of entertaining evaluations, evolutionary 

algorithms, and mutant shopping.Imagine you are a child, and your parents have told you that you can get a puppy.  You 

might already know your ideal puppy: that breed you saw on the internet, knows lots of tricks, can fly, etc, but when you 

go to the pet store (or shelter) you see lots of dogs, none of which are the one you imagined, but when you see them all 

romping together, it's easy to notice that one dog, that dog doing that crazy thing, the dog you didn't know you wanted, 

but now it's the only dog for you.  BotPrint is trying to recreate that feeling, but in a web game, with robots.The robots are

all exploring and competing in an arena, and being scored.  The user can look at all the bots, and get a feeling for which 

ones are most performant, but can also just be delighted by odd behavior or unexpected shapes.

No blank slate

We expect that users will fall in love with bots that they would not have thought to build themselves.  If given a blank 

slate, most users will mimic what they think the 'right' answer is: two or four wheels, light sensors in front, rectilinear 

layout.  By never giving the players a blank slate, only a variety of randomly generated starting bots, we can show them 

the breadth of the state space, and they will try out non‐traditional, counterintuitive shapes.  A user can modify any bot, 

tweaking it, and releasing it back into the wild.

Entertaining evaluations

Evaluation an artifact computationally provides goals and 

feedback, which creates more structure in the possibility 

space.  Some bots become 'winners' and some 'losers' even if 

the goals are artificial.  We will provide a variety of 

heuristics for the player to explore, to create fast bots, 

smart bots, tough bots, or bots that chase light.  These could 

be simulated automatically, but by allowing the player to 

see the bots competing, we create a sense of drama and 

narrative that imbues the bots with more meaning.   A bot 

who won a race by smashing into other cars has more 

personality as a 'rough' 'mean' bot, rather than just a 'fast' 

Working prototype of the Bot arena with performance 

graph tracking the bots' progress against a selected 

heuristic
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bot.

Mutant shopping

The bots are created from a tree‐structured form of DNA, allowing more control over their overall structure, and a variable 

number of parts, inspired by Hornby et al's work on modular robots .  This construction is reversible: a bot can be 

constructed from DNA, but DNA can also be constructed from a user‐modified bot, which is a rare feature.  This means that 

when a user modifies a bot, that bot can create mutant offspring.  If a user likes a bot (whether modified or wild), they 

can opt to populate the next generation from its mutants.  Showing variants of an artifact is a powerful way to get users to 

quickly explore a possibility space.  This technique is successful in Dryad  and PicBreeder , and I've implemented it 

before in a face‐generation prototype.

Evolutionary algorithms

Once we have a simulated heuristic and a way to translate DNA to a bot, we can do automated evolution of the winners.  

Are the winners the bots that are best at the heuristic, or the one's most favored by the player?  That is up to the player.  

They can choose each generation's winners, to populate the world with their favorites, or hit the 'fast‐forward'  button to 

automatically simulate a few dozen generations at time, to optimize the current population towards the selected heuristic.

Current State and Remaining Work

As seen from the screenshots, BotPrint is running well.  It still needs a lot of work to get the UI into a stable shape for 

[92]

[76] [91]

Mutant Shopping

Progression of mutant shopping in my prototype Facemaker.  After only a couple selection of decreasing variety, the 

algorithm finds much higher quality faces.

http://scholar.google.com/scholar?hl=en&q=Evolution+of+generative+design+systems+for+modular+physical+robots
http://scholar.google.com/scholar?hl=en&q=Exploratory+modeling+with+collaborative+design+spaces
http://scholar.google.com/scholar?hl=en&q=Picbreeder:+evolving+pictures+collaboratively+online
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players, but selecting and populating a new generation of bots is working.  

 The evolved brains, while successfully prototyped, have been removed and the bots are currently wandering randomly.  As 

behavior should be evolved, this will need to be added back and merged with the evolution and evaluation code.

Tracery
Tracery is a grammar‐based storytelling tool begun as a class project for an interactive narrative class, but now under 

development as a releasable tool for authoring shareable generative story grammars.

Closing the iteration loop

Tracery is a story‐generation system that empowers users to author context‐free story grammars.  Any such grammar that 

the user authors is not just a single story, but a grammar capable of creating many different traces of a story.  Essentially, 

One page design doc for BotPrint

BotPrint's architecture for genetic storage and evolution
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the users feels like they are authoring a whole possibility space of 

stories.  Of these three proposed systems, Tracery is the only one 

in which the user is authoring a generative system, and not a single 

static artifact.

This setup is complex, and easier to understand as a data flow as 

shown in the one‐page design document below.  The user authors a 

Tracery grammar, a codex of symbols and possible expansion, often 

called lexical rules in context‐free grammars.  This grammar 

describes a whole combinatorial space of possible expansions.  For 

even short grammars, this possibility space is usually too big to 

enumerate all of the possibilities, so this ‘story space’ can only be 

understood either abstractly or roughly mapped by looking at a 

number of examples.  A single expansion of this grammar is called a 

Trace, the genesis of the name “Tracery”, and is viewable as a 

human‐readable block of text, like a normal story.   In summary, 

the user authors a grammar, which describes a story space, which is 

Automatic Brain Generation

Visualization of the bot's generated decision 

tree 'brain.' In addition to the bodies of the 

bots, their brains are also being created by the 

genetic algorithm.  This way, the player can test 

out lots of different varieties of behaviors for 

their bot.  BotPrint is a casual creator that 

creates both a physical model and running code 

(as generated by the decision tree).

Tracery interface

The Tracery interface (www.brightspiral.com/tracery) showing, on the left, the interface for authoring the grammar 

and lexical rules.  On the right is the reconstruction of the story.
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comprised of many potential Traces, some number of which are instantiated and readable. 

Creating a grammar‐based story generation system is far from a novel contribution.  What makes Tracery a useful part of 

this dissertation?  Almost all similar systems use content authored by the researchers themselves, expert users, and only 

very rarely by novice users .  Wide‐Ruled is designed to be usable by novice users, and the stated goals are those of a 

casual creator: “Most of Wide Ruled strives to be as straight forward as possible, even for those without programming or 

scripting experience.”.  But despite this clear goal, Wide Ruled had mixed results when it came to the final usability tests.  

If applying casual creator design patterns can enable flow and creativity in the user, and empower them to explore the 

design space, then applying these patterns to a technique like grammars should allow the level of expressive authoring that 

Wide Ruled and similar tools were seeking, and with greater usability by a casual audience.

Challenges

 Grammars have been rejected by many generative story 

researchers as being incapable of generating interesting or 

satisfying stories due to their lack of constraints: “What Mad Libs 

and Propp’s grammar fail to capture is the message level of 

storytelling. Any storytelling system based solely on the surface 

features of stories– whether a complex system like Propp’s or a 

simple system like Mad Libs–will inevitably fail to be 

successful.” .   Is this rejection valid?   Can it be changed with a 

casual creator?  Is the perceived lack of narratively interesting 

grammar‐based stories a result of the users' inability to explore 

more of the possibility space?

What will happen if I design a casual creator system for authoring 

grammars that is usable and supportive? 

If users are capable of quickly exploring the possibility space, will 

they find new ways to express themselves within the constraints?  

What visualizations or analysis will allow the user to evaluate and iterate on their artifact at anywhere near the same 

speed as they would for a more visual artifact?

Can a seemingly barren subfield of story generation be made to bear fruit, by simply improving the UI?

Domain model

Tracery uses a modification of a context‐free grammar to represent a story space.  A context‐free grammar, is at its heart, a

list of symbols, each with some number of possible ways to expand it.  If the symbol cannot be further expanded, it is a 

“terminal” .The artifact that the user is authoring is simply the list of symbols and their expansions.  This symbol 

“dictionary” is the only data that needs to be saved or modified.  The pleasure in creating such a story grammar does not 

lie in admiring the dictionary, but in seeing the changing shape of the story space.

[93]

[95]
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The Brainstormer , an idea‐generator and 

creativity support tool for the iPhone and web.  

Like Tracery, it uses strategies of combinatorial 

phrases juxtaposed to create new meanings.
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A dictionary of Symbols

The user authors a dictionary of symbols, each with a unique symbolic name.  Each symbol also has a non‐zero number of 

possible expansion rules, or lexical rules.  The user’s only way of modifying the grammar is to add or remove symbols, or 

add or remove or modify the lexical rules. 

Unusually for a grammar, each dictionary entry for a symbol is not just an array of possibilities, but a stack of such arrays.  

This allows the dictionary to change over the course of generation.  This feature (along with the Modification rules) means 

that Tracery is not a strict “context‐free” grammar, but the increased authorial affordances make it well worth the loss of 

strict mathematical formality of a true context free grammar.

Lexical rules

A lexical rule is a way of expanding out some single symbol into either a sequence of symbols, or text, or some 

combination of text and symbols.   In Tracery, these are authored as a plain‐text string, which is then parsed by the Tracery

system as an array of some number of the following elements.  Such an array is referred to as a “Pattern”.

Tracery one‐page design document

The Tracery architecture
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Text: no further expansion is necessary.  These are the terminal symbols for Tracery. 

Symbol: look up the current options for this symbol in the dictionary.  Pick one, and iteratively expand it until it 

consists only of a tree of texts.

Modified symbol: expand out this symbol, but then apply some number of modifications to the subtree of texts returned 

by the symbol.  This is useful for solving common natural language generation issues like capitalization, "a/an" 

discrepancies, pluralizing or conjugating the returned text.  

Push/Pop operators: when expanded, these push a new Pattern onto the stack for this symbol.

Modification functions

Tracery provides a fixed set of functions that can transform text trees in ways that might be useful to an author, such as 

providing capitalization.  The casual author is not expected to write these functions themselves, as they are actual code, 

and could be arbitrarily complex manipulations of the text tree, but they should perform a single, easily comprehended 

transformation, like capitalization, so that the casual author knows when to call for them.

Expansion examples

Imagine a Pattern’s text representation as this line:

“Once #mainCharacter# went on an adventure to the #placeAdj.capitalize# #destination.capitalize#. Seeing such a 

#placeAdj# #destination# made #mainCharacter# #emotion#.”

Here is how Tracery would parse, and then expand this Pattern:

The string is split into an array of text and non‐text sections as delimited by the "#" characters: "Once", "went on an  

adventure", ". Seeing such a", etc, for the texts, and mainCharacter, placeAdj.capitalize, destination.capitalize, etc, for 

the symbols.

The texts are terminal symbols, so are added to the text tree without further modification.

These symbols are recursively expanded into text trees of the user's own, and the ones with modifications (capitalize) 

have the text trees modified by those modification functions.

The finished text tree is viewable as a human‐readable text string: "Once Jamal the Iguana went on an adventure to the 

Scenic Wasteland. Seeing such a delightful wasteland made Jamal the Iguana happy", but can also be passed back to 

whatever generated it as an additionally‐modifiable text tree.

Core Issue: Visualizing the possibility space

Like purely visual artifacts, a good visualization of an artifact can be nearly instantly processed and evaluated by the user.  

But is the evaluation of the visualization of the artifact a useful replacement for a (much slower) evaluation of the artifact 

itself?  Will users optimize for an evaluation? Or just build it into their mental model?
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The answer will depend on the type of visualization.  Tracery will implement many kinds of interactive visualizations, 

including the simplest one of just outputting one (or several) traces through the story space.  

Tracery is a grammar, and like many grammars, the likelihood of any expansion rule of being used is controlled by a 

weighting value, but the overall chance of use may depend on all the other symbols that call it.

Useful visualizations, then, may include likelihoods of use, possible (and average) expansion sizes and complexities of the 

generated output for any given symbol.  As the authors of Ice‐Bound  learned, it helps to visualize which branches of the 

story will be, statistically, underserved with content.

Core Issue: Encouraging collaboration

Twine , an online hypertext authoring tool, is serving as 

my model for the online collaborative aspects of Tracery.  As

suggested in the Design Principles report from the Creativity 

Support Tool workshop , filetype and data storage are 

actually important considerations with these tools.  Where is 

the data being held?  Can it be transfered between software 

systems?  It seems from their report that they were primarly 

concerned with inter‐software data portability, but in an 

online system, being able to download one's data from a site 

for data migration or personal use or reuse is not 

guaranteed.  Twine made an interestingly political decision 

by allowing users to export their stories directly to HTML 

which could be hosted anywhere.  This allowed user to 

maintain control of their works, publishing in their own web 

communties or on Steam, can heavily modify the generated 

HTML to get new effects.

Inspired by that portability and the creativity that it 

enabled, Tracery is designed to be maximally portable.  

Grammars are saved as JSON objects, a plaintext format that 

is becoming the lingua franca of the web.  As plaintext, they 

can be pasted onto forums, emails, or whatever form of 

text‐based communication becomes popular next.  My hope 

is that this will allow the friction‐free sharing of grammars 

on users' 'home turf.'   When Spore saved creatures 

automatically as steganographic .png files, users could share 

them on forums, as most forums accepted image posting.  This allowed creatures to go viral and spread through whole 

communities who could drag and drop them back into the game.

[97]

[49]

[48]

Early work on visualization

The Tracery interface showing the hierarchical 

expansion of symbols as, effectively, a treemap.  Each 

symbols color corresponds to the color of its expanded 

variants.

Analysis of authored Ice‐bound story data .  In any 

combinatorial work like Ice‐bound or the works made 

with Tracery, the author must balance the desire to 

have a wide space of possiblities with the limitation of 

constrained authoring time.
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Finally, Tracery itself is a front‐end web site, but will also be shipped as a standalone javascript library, allowing anyone to 

write games or editors that can parse and create Tracery grammars.

Current State and Remaining Work

Tracery is the furthest along of any of these works.  It is completey playable, and has been used in several classes.  

However, visualization, with the exception of the colorization, has not yet been explored.  Neither has the online 

sharability.  Both of these aspects will need close attention to the design patterns.
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Evaluation
This dissertation will produce a diverse set of deliverables: a framework for describing and defining Casual Creators as a 

genre, a handbook of prescriptive design patterns for that genre, and three exemplary works showcasing the use of the 

patterns.  Altogether, these should provide a toolkit for subsequent researchers and designers. 

After such a toolkit is built, how can I verify and validate it?  

Verification implies that it actually does what it claims to do. In this case, I have claimed that applying these patterns to a 

work of software (sensitive to the needs of the design) will cause the tool to become a more successful example of a casual

creator, which signifies that it should see playful and rapid exploration of the possibility space, and result in more creative 

artifacts with greater ownership by users.

Validation specifies that the product (the framework, the handbook, the example works, and my writitng about them) 

meets the needs of the “customer”   The customers, in this case, are the academics and designers who would be using 

this framework in the future to either analyze work in this area, or to build new work to satisfy their own users, the casual 

consumers of the final apps.   

Evaluating a new framework
What would make this bundle of work useful to the intended audience of designers and academics?  Unfortunately, it is not 

feasible in the scope of this research to run a user test in which app developers “tested” this framework by developing 

their own casual creators, or a test in which academics could analyze given works using either this or a competing 

framework.  Software development is a long expensive process, as is academic writing, and as yet, no‐one has raised the 

budget necessary to scientifically test a framework on an eclosed population of double‐blind academic theorists in a sterile 

environment.

As testing it on others academics or designers is infeasible, many frameworks are tested only by their own author, who, 

[98]

What defines a "casual creator", and what new experiences do casual creators enable?

How are those experiences predicted or explained by theories of creativity and flow?

What set of design patterns provide prescriptive guidance for designing new successful casual 

creators?

If these design patterns are used to design new casual creators, do they ease and improve the 

design process?  Will these new casual creators induce the kind of experience predicted by the 

framework

http://scholar.google.com/scholar?hl=en&q=Validation,+verification,+and+testing+of+computer+software
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while not impartial, can at least document their own expereiences attempting to use this new framework to build systems 

or analysis.  The author of the framework may apply their framework to an analysis of some digital artifacts, documenting 

the new ways that the framework allows them to see that artifact, and highlighting all the insights that would not be 

possible using a previous framework.  Alternatively, for an author with technical ability, the framework can be used to 

create such a digital artifact, using the patterns prescriptively to generate an exemplary specimen for the framework. 

Dahlskog and Togelius take the second approach after identifying a pattern library for Super Mario Brothers levels .  

Once the patterns are selected, they are encoded into a level generator that creates new pattern‐themed levels.  This 

process will create good levels if the patterns are sufficient to both describe and recreate the content from which they 

were gathered:

“However, our level generator is based on existing content that was placed in SMB trying to take 

advantage of the effort that Nintendo put into designing and playtesting its original successful 

product. By doing so we hope that an experienced player will enjoy these levels as much as he did 

playing the original SMB but that the variation the randomization provides will keep the player 

interested for a longer time.”

This hope is not a 

guarantee, though. Are these the right patterns?  Are they suffiecient to capture the quality of the original levels? Are 

patterns implemented correctly, that is, are there important components of the actual gameplay patterns that are not 

supported by this implementation?

Evaluation by implementation
Dahlskog et al's previously‐described Super Mario level generator takes for granted that the patterns selected were correct, 

and that, if they were correct, the patterns themselves would be sufficient to create quality levels.  How can that be 

tested, and how can the success (or failure) of a level be attributed to the patterns that were chosen?  Ken Hullett's  work 

on first‐person shooter patterns  follows a similar process, though in that case the patterns were implemented with 

hand‐designed levels, rather than encoded into a level‐generator.  This evaluation then went further than the Super Mario 

Brothers work, evaluating the user responses to the levels, and their behavior during the play sessions.  Testing the 

patterns allowed Hullett to examine which patterns seemed to behave as expected and which were producing an influence 

counter to what intuition and research had predicted.

Evaluation by expert analysis
David Milam and Magy Seif El Nasr's work on player movement in Assassin's Creed  uses two sets of expert (or semi‐

expert) evaluation.  First, the true experts, professional level designers, were interviewed, and a set of patterns 

constructed based on their responses.  These patterns were first validated by asking the experts if the selected patterns 

accurately captured their intention.  Then, the patterns were used by two expert researchers to annotate gameplay videos.   

Like the work of this dissertation, their intended audience is both game design scholars interested in analysis and game 

[99]

Dahlskog and Togelius, Patterns and procedural content generation: revisiting Mario in world 1 level 1
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designers seeking to make better games, and so they propose following this analysis‐focussed evaluation with an evaluation 

of using these patterns in a generative way:

“From this analysis, pacing, goal complexity trends, and approaches to leading the player forward 

can be discussed in further detail. Then, we are planning to conduct a user study to address the 

designer’s intended experience vs. actual player experiences and investigate the use of the 

framework to analyze play styles.”

Do either of these evaluation methods 

prove that their set of patterns are either useful for theorists or designers?  Perhaps not, but they do provide a method to 

gather more information about what is, in the end, the highly subjective process of inventing new design patterns.

Evaluation by operationalization of theory
A third option, which will be used in addition to more traditional forms of evaluation, is using the process of building the 

specimen as a method of critique in the mode of Mateas and Sterns “Build it to understand it” work on Façade :  “...a 

full understanding of the design space requires understanding the relationship between authorship and the game 

architecture. The technical realities of game architectures help structure the complex relationships and tradeoffs in the 

design space.”  As I encode the patterns into the operational logic and data structures of these exemplary casual creators, I 

will find pushback and disharmony where I didn't anticipate it.   The process of using the framework will be one important 

method of critiquing it.

The true “evaluation” of new frameworks often occurs only in the wild, after the work is published.  Will academics notice 

and begin researching this under‐examined area, and will they use this framework as a tool of examination?   Will the term 

“casual creator” become a well‐used industry term?  If successful, this work would be useful enough to publish as a 

practical manual for developers who have no interest in academic rigor, but need to expect a reliable increase in quality 

from using the patterns.

“It will be very influential in five years” is not a useful short term evaluation, however, so in the meantime, I will pursue 

evaluations that, while they don't fully prove the research questions, at least provide insight and direction that I am 

getting closer to satisfying them.

Evaluating creativity tools
Following the lead of Dahlskog and Milams's investigations, I will evaluate the design pattern handbook by creating several 

exemplary works implementing the patterns.  Three works were chosen: Exonumia, Tracery, and BotPrint.  Each is a good 

casual creator candidate with clarity of the design space, interesting and encodable constraints, and users who could afford

to be flexible in exchange for greater power.  In addition, each of the three have distinct sets of design challenges, to 

provide three very different explorations of how casual creators can solve such challenges.  (For more detailed information 

on these three works, see section “Proposed Work: Three Exemplary Works.”)

Milam and El Nasr, Design patterns to guide player movement in 3D games
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As noted earlier, evaluations for the first two research questions are hard to come by, but the third question is suitable for 

a more traditional HCI evaluation.  If I apply these design patterns to a work, software or otherwise, does that work 

encourage the user to quickly and playfully explore the possibility space, discovering unexpected solutions, experiencing 

pleasurable creativity and gaining pride and ownership from the artifact that they create?

Usability studies of new software have historically focused on testing the efficiency of task‐completion.  Can the user 

quickly find and select a target (the common Fitt's law task) on a webpage? Can they construct a specified house in 

modeling software, or a specified spreadsheet in an office utility, and how many clicks, undos, and seconds does it take?  

Such an evaluation will highlight usability problems, but not the potential of what the tool could actually create .  

Task‐based evaluations are also blind to the sorts of experiences where time‐use isn't considered a cost, as in 

entertainment. “You spent a week on that painting?  How inefficient!” we could say, but it would be absurd.    Games are 

hard enough to evaluate, but a creativity activity has dual goals of entertainment and production, and thus it is even 

harder to design an evaluation that gives both goals dual consideration.

Consider the evaluation of a creative tool, like a musical instrument .  How do you separate the evaluation of the 

performer from the instrument?  Are they 'completing' a pice of music, or creating a performance, and how do you 

evaluate the performance that is created?

“For instance, how do we evaluate an input device without taking into account a specific aesthetic context? That is, if 

people have only heard one type of music played on the violin, how can they tell if the violin is generally a versatile 

instrument? What is part of the composition, and what is part of the technology? How can we rate the usability of an input 

device if the only available tests were done by few—possibly one—expert and motivated performers?”  

Task‐focussed evaluation provides a clear path to an evaluation, but in this case, the evaluation is not a useful one if you 

want to evaluate the artistic potential for a new tool.

“In music, it must be noted that controllers cannot be evaluated without taking into account subjective impressions of 

performers, ruled by personal and aesthetic considerations. In fact, when skilled performers try a new instrument, rarely is 

a quantitative measurement of the instrument’s characteristics the initial goal.”

In Wanderley and Orio's research, they arrive at a compromise in order to use traditional methods.  Tasks are replaced with 

“features”: “Learnability”, “explorability”, “feature controllability”, “Timing Controllability”, all design patterns that are 

acknowledged to be important in artistic production.  If the features are present, the instrument is more valuable.

 

From the third research question, the following features can be extracted: “Experiencing pleasurable creativity”, 

“Discovering surprising solutions”, “Exploring the possibility space”, “Gaining pride and ownership”.  These features are 

identifiable and testable, so each of the exemplary works can be tested independently, validating all of the design 

patterns, and as a bonus, additionally identifying any design patterns that strongly correlate with any particular features.
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Experiencing pleasurable creativity

The obvious way to measure this is with a questionnaire.  Ask “Are you feeling creative?”, let the user play, ask again at 

the end of the session.  But it would be very illuminating to have any form of feedback that could occur during the use of 

the tool, as the player moves through the possibility space.  Affective evaluations could provide real‐time solutions, if 

there were a way to tie them to creativity .  At the very least, they could be used to identify frustration or pleasure, if 

not creativity.  

Is there anything in the literature of creativity that suggests ways to measure, obliquely, whether someone is in a creative 

state? Studies suggest that one can measure glucose metabolism  to identify creative moments, but that is a more 

clinically intensive evaluation than is in scope for this research.

EEG‐measurement headsets have become commercially viable and are gathering better, clearer data with each new 

generation of hardware.  Obviously the brain must experience some profound difference during such an incandescently 

intellectual process as creativity, and such a difference must be powerful enough to be measurable, right?  Unfortunately, 

no.  “The most forthright conclusion that can be taken away from the present review is that not a single currently 

circulating notion on the possible neural mechanisms underlying creative thinking survives close scrutiny.”   EEG 

appears to be unusable, so measuring the feeling of creativity will have to be undertaken with self‐reported 

questionnaires, at least until a better method is identified.

Discovering surprising solutions

What is the possible solution space for these casual creators?  What breadth of artifact is computationally representable by 

the model, and what kind of breadth is actually likely to be experienced by the user?  Many generative systems can 

produce what I term “a thousand bowls of oatmeal”, that is, a set of technically distinct artifacts (every oat globule is in a 

totally different position!) that are nevertheless experienced by the user as identical, or at least indifferent, artifacts.  

For this feature, I will be using Gillian Smith's “expressive range” measurement to attempt to characterize the 'feeling' of 

the possibility space of the artifacts.  Are there many clusters?  Tightly or loosely clustered?  Have I overly constrained the 

design space so that there is no diversity?  Expressive range may just be the beginning of the metrics that I need to express 

this, but it provides a good starting point. 

Exploring the possibility space

One interesting tendency that we saw in the Spore Creature Creator was how far users would stray from their original plans 

during the course of constructing their creature.  An attempt at Pikachu would gain wings, grow a neck, develop arms, and 

change color as the player saw the option of better‐than‐they‐expected solution.  

If users are considered as optimization algorithms (particularly slow and expensive ones), their actions using the tool can 

be viewed as implementing a form of hill climbing.  At every moment, they look around and try to find a slightly better 
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solution.  Unlike an actual algorithm, they can change their heuristics continually, if, say they don't think they can actually 

get to Pikachu from here, but they are starting to get a pretty good flamingo.

Once the possibility space is mapped out with Smith's expressive range calculations, the user's path through it can also be 

charted.  What kind of paths through the space are they making? Are they doubling back to previous locations, making huge 

jumps into the unknown, or, uncertain, are they only making the tiniest explorations out of safe locations?  This 

characterization can actually be made entirely digtally.  Since I control and build the UI of these apps, I will add telemetric

data‐gathering capabilities in order to capture the paths of any users, and link that to the eventual finished artifact.

Gaining pride and ownership

Since tool evaluation is often used to evaluate professional or productivity focused tools, one of the most common 

evaluation techniques is the use of an expert 'judge' to evaluate the quality of the produced artifact.  Even for measuring 

creativity, most evaluations rely on an external value of 'usefulness' when using the 'novel and useful' definition of 

creativity .  Disregarding, for the purposes of this dissertation, Csikshentmihalyi's unhelpful rejection of personal value 

as a basis of creativity , most people find great personal value and pride in things that they create.  A print of the Mona 

Lisa and a recording of Frank Sinatra would be judged better than anything the average person could create.  And yet we 

sing lullabies in our own voices and put our children's artwork on the refrigerator, even with the availability of 'superior' 

options. Ownership and pride do matter in creativity.

What do humans do when they feel pride, either in owning or discovering a creative object?  As social creatures, they want 

to show their peers or their audience what they have made, gaining social capital for being clever in making it, or tasteful 

in selecting it from its lesser alternatives.  Others, seeing a particularly good artifact, will want to share it to gain a 

reflected portion of the social capital due to good curators, a major motivating factor common in web sharing like blogs 

and Facebook feeds and tumblrs.

Just as the path of a user through the possibility space can be tracked with telemetry, so can an online sharing structure be 

used to track the path of an artifact through a social space.  A user can be given the choice to upload, so the act of 

uploading signals 'pride'.  If they send links to friends, that suggests further pride.  If they can curate objects, are they 

curating 'best of the web' from strangers, or from friends, or showcasing their own work?  

One of the exemplary works in particular, Exonumia, is well suited for a different sort of experiment.  Physical space can 

provide an important measurement of human values: the objects we are proud of have literal “places of pride” in our 

homes, high, protected eye‐level shelves for high ranking objects, bottom drawers and basement boxes for low‐ranking 

objects.  If a study allowed users to use Exonumia to create personalized coins, and study participants were given the 

option to get a 3D printed replica to take home, where would the coin end up?  Asking participants several weeks after the 

experiment about the fate of their little creations might provide some uniquely interesting insights into their experience 

of ownership.

[108]

[17]
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