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Analyzing creativity is no easy task. The diffigulbf the task is often
compounded by a problematic analytical strateggrt stvith paradigm
instances of artistic genius and work down. Usimg basic techniques of
evolutionary robotics, a team of researchers basecharily at the
University of Sussexare attempting to artificially evolve robots witne
capacity to draw, or at least make marks in a \hay tesembles drawing.
One project goal is purely theoretical, namely,ngsartificial life and
evolutionary robotics to study creative behaviolihis implies a more
immediate goal, which is not to evolve art or astisbut to evolve
minimally creative agents. We thus take the tradal tack on creativity
and stand it on its head: rather than starting Wwithh level creativity or
genius and then working down, we start with a malinmotion of
creativity and then work up. We are interested uilding the simplest
creative systems possible, that is, systems vitte Bomplexity that act in
ways that at least satisfy certain conditions ehtivity.

This paper highlights some of the preliminary stagéd research,
clarifying the underlying conceptual assumptionsl dhe experimental
methodology. The project is still quite young, awdconclusions are few.

1 The project Creativity, Cognition, Computationaleifigence, and Aesthetics: A
Multidisciplinary Investigation, is funded by theHRC. The research team
comprises cognitive scientists, artificial life easchers, philosophers, roboticists,
and artists. The goals are many: develop an autousnartwork (Bird et. al,
forthcoming); study creative behaviour (Bird andkess, 2006; forthcoming);
study evaluation (Bird and Stokes, forthcominglidst issues of agency and
autonomy (Boden, forthcoming); and study computet iateractive art.
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Nevertheless, early results already shed lightayious problematic issues
that come with analyzing or modelling creativity.

One such issue, discussed at length in the firtdilose is as follows. A
popular folk conception of creativity is that crigat thinking or acting
requires a constraint-free set of circumstancesw@b an increase in
constraints on thought and action comes a decrigatiee potential for
creativity. In its strongest form, the claim is tleene cannot act creatively
if one is working under constraints.

With respect to artistic creativity, Kant seemsetworse this general
claim. He writes,

When the imagination is used for cognition, theis iinder the constraint
of the understanding and is subject to the re&tricof adequacy to the
understanding’s concept. But when the aim is asisthéhen the

imagination is free, so that, over and above tlaamlony with the concept,
it may supply, in an unstudied way, a wealth ofewedoped material for
the understanding which the latter disregardedsirconcept (Kant 1987:
185).

This reasoning derives, for Kant, from his viewttihales may not be
invoked to make aesthetic judgments. In creatingthe artist thus must
avoid the constraints of rule-bound thought, optingtead for the free
play of the imaginatioA.

This general conception is echoed across mucladitional literature
on creativity, most especially in romantic thougBteative persons, the
thought goes, work best when they are free fronstramts of various
sorts: social, conceptual, intellectual. This usthrding of creativity is
further encouraged by famous reports of creativauges, where a flash
of insight comes during a contemplative momenteé imagery.

2 See Kant 1987: §46-50. For criticism of this positf Kant's, see Cohen 2003.
3 Examples from the chemist Friedrich von Kekulé geenaps most famous. With
respect to his insight on a new model of molecsiarcture, he writes:

One fine summer evening, | was returning by thedasnibus... ‘outside’

as usual, through the deserted streets of the pwispwhich are at other
times so full of life. | fell into a reverie, and!l The atoms were
gambolling before my eyes. Whenever, hitherto, éheéisninutive beings
had appeared to me, they had always been in mdtignyp to that time, |
had never been able to discern the nature of theiion. Now, however, |
saw how, frequently, two smaller atoms united torf@ pair; how a larger
one embraced two smaller ones; how still largersdaept hold of three or
even four of the smaller; whilst the whole kept sihg in a giddy dance. |
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For simplicity, call this theomantic thesis.* Broadly, the thesis is that
a person (or more basically, an agent or systeny)anacreatively only if
the person is free from constraints. This is a tiesis indeed: many
guestions remain. Constraints of what sort? Mugteeson be entirely
constraint-free? If not, how much or how many craist(s) is too much?
Answers to these questions underwrite romantic tisiga theses of
differing strengths.

One can, just from the armchair, think of examftesm the history of
art and science that counter romantic theses gingustrengths. One can
also think of principled reasons—after reflectiggon concepts of creative
behaviour—that the romantic thesis is conceptufidhyed? Alternatively,
one might take the romantic thesis into the lalmwyatls there an
empirical method for dispelling the romantic th@siadeed there is. And
as it turns out, it does not much matter how oiie fiut the thesis.
Empirical considerations suffice to show the fglgif the romantic thesis,
whatever its strength. We must first provide someceptual basis for the
empirical studies.

1- Minimal Creativity

To what, at minimum, do we attribute creativityhguistic intuitions are
inconclusive on the matter, but they do suggestnewmessary conditions.
If there is one obvious condition on creativity, ist novelty. But that
doesn’'t take us far. It only invites another chade, namely,
understanding novelty. The first questionhew new novel properties
need be to be novel (or at least to be noveltyntarest). We might think
that novelty should be understood as literally @ssjble: somé is novel
if and only if F has never occurred before. This is novsitgpliciter. In a
related spirit, we might think of novelty in termmgwhat Margaret Boden

saw how the larger ones formed a chain...(Findlay5138-9). See also
Boden 2004: 25-28.

4 Two notes. It is really a class of theses, anSldnotion 5, different strengths of the
thesis are considered. Second, there are manyig¢keafr creativity which could
suitably be called ‘romantic’, some which incorgerthis point about constraints
plus some other features, and some that are ditfentirely. The choice of the
term “romantic” is thus just one of convenience amod meant to denote all the
possible theories that answer to this term. Fomgkes, see Bergson 1998, 1992;
Collingwood 1938; Dewey 1958; Schelling 1936, amantigers. More recently,
see Sawyer 2000. For criticism, see Boden 2004st#ael964.

5 See, for example, Boden 1995, 2004; P. Stokes 2005



230 CHAPTERFIFTEEN

callshistorical novelty, anF is historically novel if and only if it is new to
the history of ideas (Boden 2004). Boden contréssswith psychological
novelty, which is relative to some particular mind. Hemne tdea is that in
spite of the historical fact that a thought hasnbexdkened or a discovery
made or an artefact created before, there arengtances where a second
tokening of the thought or act, would reasonablyntaas novel in some
interesting way. Psychological novelty, as contrasted with the otjiges
mentioned, is ae€lative novelty; in this case the comparison class is a
psychological profile or mind.

Historical novelty is no doubt an interesting issbet it isn’t the
obvious business of cognitive science. What makesething historically
novel and not merely psychologically novel are sdtstorical facts, not
cognitive or behavioural ones. And so an interestcognition and
behaviour of creative processes is really an igteie some kind of
relative novelty. This choice for relative noveltyplies another decision
point: what is the appropriate comparison classnimvelty? A research
project attempting to model creative processesngusa bottom-up,
synthetic approach, does well not to prejudice fhsue towards
psychological or cognitive agents from the stamd@n’s psychological
novelty can thus be extended beyond the cognitivéhé behavioural.
Behavioural novelty may be understood in, at leasi,ways.

Analogous to Boden’s understanding of psychologinalelty, a
behaviour may be novel relative to the behaviotislory of the acting
agent. Thus a behaviodr is individual-relative novel for some agenA if
and only if @ is novel relative to the behavioural history &f More
broadly, some behaviowp is population-relative novel for some agenf
if and only if ® is novel relative to a population of whighis a member.
There is some flexibility in both definitions. Witthe first, one must
determine how individuals are individuated. Witle teecond, one must

5 For example, imagine two research teams, A andd@king—independently of
one another—on a cure for some disease. If teas@waers the cure a day before
team B, but team B discovers the cure entirelypedéently of team A, there is an
obvious sense in which team B has done somethiaglnand in spite of the fact
that it is not historically novel. One can think oduntless similar examples in
theoretical, scientific, and artistic domains.

7 Of course, one may think of historical noveltyrakative novelty of the broadest
scope. That is, an F is historically novel relativeall of history (rather than some
subset of history, e.g. the behaviour of some aggatup, or population). Our
interest is nonetheless in a relative novelty whbee comparison class is more
restricted.
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determine how the relevant populations are indiatdd. And with both
senses, one needs to determine a level of deserifati the behaviours.

Population relative novelty might just be a formhigtorical novelty,
where the behavioural history relative to whiche&dwiour is novel is just
that of the specified population. This reveals justv flexible the notion
of population relative novelty is: depending updre tpopulation of
comparison, one gets very different answers to dbestion whether
something is novel. Thus at least some featurdsswbrical novelty are
the business of cognitive science, namely the hiebeal and cognitive
ones. So from the perspective of cognitive sciense-matter the scope of
the comparison class (e.g. the behavioural higtariendividuals or entire
populations)—an interest in novelty is an interiesthe behavioural and
possibly cognitive changes necessary for the agequestion to act in
ways novel relative to that comparison class. Ofkatures, the purely
historical and sociological ones, are better amalyby history and
sociology, among other disciplines. It is not tlab jof the cognitive
scientist to explain how cubism was startling te #rtworld or why the
conceptual shift to quantum mechanics was grouradtiorg.

Intuitions secure us a second condition for crégtiCreativity is not
properly attributed to events or artefacts thatlteBom accidents. We
attribute creativity only to things that result, some non-trivial sense,
from agency. SomeF is creative only ifF is the product of agency.
Agency can be understood in radically different svalphilosophers, for
example, analyze what constitutes agency and tefotts on intentional
(and thus cognitive) states and deliberate actaansequisite for agency.
Researchers in artificial life tend to focus on thégins of agency, and
less on deliberation, reasoning, or intentionalithese differences in
approach can result in confusing differences inceph use. However, the
second, bottom-up approach can be understood amwoms with the
first, that is, as an alternative way to clarifg tbonstituents of agency, or
at least its evolutionary and developmental fouiodat

Agency, at least for a start, may be understooddiyo A system is an
agent if that system is self-moving, that is, notirely controlled by an
external system or programmer. This requires neither seffegation nor
cognition or deliberation. Thus many of the simedatrobots found in
artificial life research qualify while remote coolted robots do not. Some
behaviour, artefact, or evehtis the product of the agency of A onlyHf
would not have occurred had A not acted in somereuhous way.

Here then are the two necessary conditions idedtifi

e Agency: x is creative only ik is the product of agency;
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* Novelty: x is creative only ik is behaviourally novel

The agency condition depends upon a broadfrings attached notion of
autonomy and a counterfactual dependence betweerdhaviour and
that autonomy. The novelty condition separates itwo: individual-
relative and population-relative. One may specifheo comparison
classes for behavioural novelty. Is this enough? MNely. Necessity
aside, satisfaction of these two conditions does look sufficient for
creativity. | can right now, token the followingainght “Worms are not
the only wormy thing in this one-pony town.” Thissurely a thought that
depends upon my agency in the right way and i©aght which is novel
relative to me. In fact, it is likely historicallyovel. But it is not obviously
creative. So a third condition (or more) is needed creativity. What
additional conditions should be appended to thevalao is unclear, and
largely because intuitions on creativity after aggeand novelty vary and
in ways according to the context of inquiry. Célhh open question, then,
what additional necessary conditions are conjoistifficient for creativity
(in some context or other), assuming that the gqonie even cleanly
definable. In any case, the two identified condisicare necessary and
must be satisfied irrespective of any additionaidittons. Thus to model
creative behaviour, one must model something #tahinimum, involves
the right kind of agency and novelty.

The choice for the broad construal of both the agesnd novelty
conditions is motivated by our underlying reseapbject. A central
theoretical goal of the project is to see whatlsahearned about creativity
and cognition using synthetic, bottom-up modelliteghniques. The
immediate task is thus to evolve the most minimetems that satisfy
these minimal conditions. The supposition that aotous agents can be
produced using a bottom-up, synthetic approach, examined for
individual and population-relative novelty, allovigr fruitful methods of
modelling and opportunities for hypothesis generatEven if the project
fails to evolve agents that meet more demandingliions of creativity,
the mere attempt should illuminate features ofakglanandum. This is a
basic methodological assumption shared with mudaoghitive science.

2 - Evolutionary Robotics

Evolutionary robotics (ER) is a biologically-inspit approach to creating
autonomous robots (Husbands et al. 1997; Nolfi &tmeano 2000).

Using evolutionary search algorithms (Holland 19#hiferent aspects of
a robot—the software control system and sometinaedviare properties
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such as body shape and sensor and actuator chitactedesign—are
evolved.

Typically, a population of agents is tested forirttability to perform
some desired behaviour and the fittest individdaisl to get selected to
produce the next generation of robots. This processinues until either
the robots perform at a satisfactory level or gomeexnent has been carried
out for a large number of generations (typicallgusands). Agents may be
individuated by theirgenotype, the data structure that encodes the
controller and other properties of the robot des@rtheirphenotype, the
software and hardware instantiation of the genotyjre the initial
population the genotypes (generally a string of bers) are usually
randomly generated. An experimenter defineditaess function for
automatically measuring the fitness of each agEmé genotype of each
agent in turn is instantiated as a robot, placeal tiest environment, and its
fitness tested. The testing process is carriedrosimulation, in the real
world or in a combination of both. For example aa®bot moves around
an arena it might gain fitness for avoiding obstaabr collecting objects
or performing phototaxis.

In the initial generations the performance is galhewvery poor, which
is not surprising as the designs result from randmmotypes. However,
some individuals will be fitter than others andsthéend to get selected to
form the next generation of agents. This new pdjmnais created by
applying operations to the genotypes of selectethtag Mutation involves
randomly changing some of the numbers in the gemotyCrossover,
inspired by sexual reproduction, consists of cotnlginparts of two
individual's genotypes to create a new genotypéeifit from the two
‘parents’.

ER has been applied successfully to the creatioa wide range of
simulated and real autonomous robots that demdesirecreasingly
complex behaviours. Examples include discriminaing moving objects
around to achieve multi-stage tasks such as gartaltgetion (Nolfi and
Floreano 2000); visually navigating through complexvironments
(Floreano et al. 2007); and competitive (Floreand Bolfi 1997) and co-
operative group behaviour (Quinn et al. 2003).

One of the advantages of ER pertinent to our ptagethat it facilitates
experimenters overcoming themductive bias (Pollock et al. 2001). For
example, an experimenter might have strong assomgptabout how a
robot should interact with its environment and tiee of software and
hardware required to successfully perform a dedielhviour. Whether
an experimenter’s prejudices are explicit or implitiey limit exploration
of the possible space of designs, potentially h@sexperiments in
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unproductive ways. ER, however, can potentiallylexmny constraints
arising from the interaction between componenthérobot and between
the robot and the environment, even ones of whitlexperimenter may
be unaware. Keeping conceptual assumptions to aimmin can
sometimes lead to simpler and more robust robais Would be generated
by conventional design (Pfeifer and Scheier, 1988)ng an ER approach
to model creativity can thus potentially reduce thituence of various
preconceptions, theories and case studies of citgati

3 - Evolving a Drawing Agent: Experiments
and Methodology

Drawing is an embodied activity. Thus, our projed ultimately carry
out experiments on a physically embodied robot tmakes marks in
response to feedback from its environment, inclgdire marks that it has
left previously. This choice is motivated by a nanbf factors. Marks on
a page provide a visual record of the robot's maamtst embodiment
potentially affords unpredicted environmental iefheces on the robot's
behaviour; and, very practically, a physical robat its behaviours are
more compelling to both the specialized and ungfieed eye, whether
modelling creativity or whatever.

That said, we carry out the development of robontradlers in
simulation. This choice is largely pragmatic. Adiél evolution, though
usually quicker than natural evolution, takes tingenerally involving
hundreds or thousands of generations. Simulatimgofeen expedite the
proces$. Simulations also afford experimenters the oppadtyun go back
and observe developmental features of agents ahavimeirs. Over the
course of an experiment, one can rewind the clack were to see how
behaviour varies given changes in certain parameténally, physical
robots are neither cheap nor easy to build. Anceanly evolutionary
stages, the agents are dumb, tending to destragstiiees by crashing
into walls. Experimenting in simulation enables king out these knots,
before the control software is transferred to ptalyy embodied robots.

There are many examples where experimental resitlsphysically
embodied robots are interesting and unpredicted,jast in virtue of the
robotsbeing situated. Thus, one worry goes, a simulated version of the
real thing may not faithfully track the way a siarilembodied agent
behaves. And this is largely because the simulatttonmental features

8 All of this is contingent on the complexity of thesk being evolved, and the size
of the population of agents.
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may be inaccurate with respect to the actual enwiental features. A
situated agent may exploit or use these featureissitehaviour. Our
methodology reflects these concerns. First, the@#notor activity (more
specifically, of the infrared sensors) of the siatetl agents in the early
stages of experimentation is partly governed byalcteadings of a
physical, Khepera robot (Figure 0-1). This providas initial set of
simulated experiments, still informed by detailsenfibodied robots. By
carefully pairing these readings with noise, it haen repeatedly shown
that simulated robot controllers can be successfutbnsferred to
physically embodied robots without a deterioratinrbehaviour (Jakobi
1998). At a second stage of experimentation, sitadlaxperiments based
on measurements from the sensorimotor morphologg cfistom built
robot platform will be conducted (Figure 0-2). Orfiteindividuals have
been evolved in simulation, the software contrsliedll be transferred to
the physically embodied robot. This final step npagve the crucial one
for getting interesting or radically unpredictabésults.

Figure 0-1 Khepera robot

°For example, see Scutt 1994; Bird and Layzell 2002.
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Figure 0-2 Early prototype robot at Sussex

Our robots use artificial neural networks contnal€éANNS)(Nolfi 1997).
In such systems, the low level primitives consit “peurons” and
connections between them. In our khepera simulgticeach robot
controller consists of seven sensors (six infraned one line detector) and
six motor neurons (a pair of left motor neuronspar of right motor
neurons, a pair of pen motor neurons). Each seosonects to every
motor neuron, making 42 total connections in théwoek. At each
sensory-motor cycle, the most strongly activatagtore out of each pair of
motor neurons is selected to control the appropmiadtor. The genotypes
encode properties of the neurons and strengthseofdnnections between
them in the ANNs, which are then decoded into rafamitrollers:’

A fitness trial involves placing an individual inrandom position and
orientation (with the pen always in the down staigally) in a walled
arena and testing them for 200 (#20) sensory-matpcles. Each
individual in the population is tested over 10l#id he individuals are all
tested on the same series of initial positions @nigntations each
generation, and these change every generationpdfn@ation consists of
100 individuals and the experiments run for 600egations.

We would ultimately like novel behaviour from oushotic agents.
And it would be nice to get some drawings: someksian the page that
are in some way aesthetically pleasing or intemgstHowever, it would

For more technical details, see Bird and Stoke$2Bid et al. forthcoming.
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be a mistake, for reasons given above, to incotpdizese desires in a
heavy handed way into the fitness functions. A priymrmotivation for the
use of ER is overcoming inductive biases. Thedhfttness functions thus
reward simple changes in sensory-motor correlatiéimsagent acquires
fitness for correlation between changes in its §isasor state and changes
in its pen state. The line detector has two st@er off), as does the pen
(up or down). An agent gains fitness for raising pen when a line is
detected and it gains fitness for lowering its pémen the line detector
changes from on to off. If agents crash into the arena boundaries the
testing ends, limiting the opportunity to gain &8s. These functions are
independent of our underlying theoretical motivasicand biases about
creativity.

4 - Resultsand Interpretations
Figure 0-3 and Figure 0-4 provide examples of low niid fitness

individuals in the first stage of experiments, whenly the pen state/line
sensor correlations and wall avoidance determineds.

start

Figure 0-3 An example of low-fithess behaviour typical of aob in the first
generation. It makes a continuous line up to thiatpgbat it crashes into the arena
wall. The robot does not change its pen state duhia whole trial.

1In both cases, fithess is rewarded if the pen stsaages within a short period of
time after the change in line detection. So thereas it were, a brief window of
opportunity for acquisition of fithess.
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Figure 0-4 Performance of a mid fitness robot in an early gatien. The image
shows the line made in the arena - the robot staréar the top left hand corner
and moved across to the right top hand cornelincaend lowering the pen during
this movement. The grey region is magnified to stioevmore complex marks the
robot made at the end of the trial period: it matert line segments and moved
forwards and backwards over them. The robot therghins fitness for this
"squiggling" behaviour, correlating activity betweehanges in its pen state (“up
to down” or “down to up”) and changes in its lirensor state (“on to off” or “off
to on”).

Figure 0-5 Performance of a high fitness individual after Sf#herations. The

robot completes one circuit of the arena with #s plown by following the walls.

On its second circuit it sweeps left and right other line, marking line segments
parallel to the line it had previously left.
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These individuals areagents on the broad construal suggested. The
individual robot’'s activity is not imposed or cooited by the
programmers. Rather, the robots are set free irth@onment and their
fitness assessed over a series of trials. Behawoat least in this early
stage of experimentation, reactive: it derives frahe sensorimotor
activity of the system, itself responsive to th@immment. However, the
interaction between agent and environment invoheeiprocal feedback
since the sensorimotor activity and thus the behavof the robot depend
upon the environment which is itself partly condggd by marks left on
the page by that very agent. When we hold theisgatonditions and
testing arena constant, different agents respoffiereitly (where agents
are individuated by their artificial neural netwodontrollers). Indeed
some of the agents act in behaviourally novel wagempare, for
example, the results displayed in Figure 0-3 tafgd-5.

Across generations, moving from individual behavidike that
depicted in Figure 0-3 to Figure 0-4 to Figure Ga@, see the emergence
of behavioural novelty. Low fitness agents in eaglnerations (Figure
0-3) do not go far, generally just running into theena boundary
straightaway. Mid-fitness agents in early generetifFigure 0-4) begin to
act in ways that acquire fitness for changes in gtate/line sensor state
correlations; some perform a kind of “squigglingghaviour, sweeping
back and forth over their own lines. And high-féseagents in later
generations (Figure 0-5) do the same, some of tegpioiting reliable
features of their environment, namely following #weena walls so as to
score maximum fitness. Other agents in the samingfaand testing
conditions did not perform these behaviours. Theak®urs were thus
novel relative to the relevanpopulations. Indeed, some of these
behaviours—e.g. the wall following behaviour—arevelorelative to all
agents and all starting and testing conditions. elldvehaviours thus
emerge as a successful means for acquiring fitness.

These are preliminary results, and the interpmatithin. There are a
number questions unanswered and technical issweglained. And the
applicability of the conceptual framework depenadpartantly upon some
of these questions and issues. Let all that staneh if these results fail to
conclusively satisfy the two necessary conditiongectiied, they
nonetheless afford fruitful comparisons and lessons

5 - Robots and Romance

Recall the romantic thesis, which motivates a wdikg the following.
“What is all this talk about constraints and cre&t? Isn't a creative
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process, by definition, one that is unconstrainé&iely the more
constrained an artist or problem solver is, the ldely she is to secure
some creative result or solution. So the projeatrisng-headed from the
start, involving highly constrained artificial ageri

There is a grain of truth to the thesis and therwidrmotivates. We do
sometimes need to overcome, insofar as we camusnvironmental
and conceptual constraints in order to have aigeetitought or perform a
creative act. A creative thought may be outside dbireceptual space in
which we are currently operating and constrainedKskulé would not
have discovered the ring-like structure for the Zeer® molecule had he
not thought outside the concepts of the organionistey of his day.
Impressionism would not have been born, had artikess Monet not
decided to pack up their studios and head outside.

But all of this is consistent with rejecting thepposition that creative
processes must be unconstrained ones. The lafiposition is motivated
by a romantic notion of creativity that rests oa fbllowing argument. (1)
If an F is unpredictable, the must result from processes that are
unconstrained. (2) Creatives are unpredictable. (C) Therefore, creative
Fs must result from processes that are unconstrained

One can secure counterexamples to this romantiunmaegt. In
composingThe Well-Tempered Clavier, Bach was constrained by the 12
tones scale, tempered tuning, and clavier instrtatien. His composition
is, however, clearly a creative masterpiece. Pla@t®usly constrain their
compositions by working within certain poetic form& photographer
might choose to limit herself by using an old camer an outdated
development technique. And so on.

There are also questions about unpredictabilitystFmust all creative
Fs be unpredictable? If we accept psychologically behaviourally
relative notions of creativity—in accordance witietnovelty conditions
considered above—then the answer seems to be nth ®Wiough
knowledge about the information and skills possidsea child working
on a problem, | might predict how she will solve throblem. And the
solution may, as a matter of fact, be novel retativ her mind. Assuming
that the other conditions on creativity (whateweyt should turn out to be)
are satisfied, this is an instance of creativity dpite of its being
predictable. So (2) at least looks contentious.

A more fundamental question concerns the very notiof
predictability, and thus, unpredictability. Is thas epistemic or a modal
issue? Is a particular failure to predict an event suéfitt to reasonably

12 To keep these options distinct, the relevant modatiould presumably be
nomological.
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call the event “unpredictable”? Or, are unpredilgadvents only those
that, in principle, given all of the relevant infoation, cannot be
predicted? The romantic generally has an epistemaiton in mind,
couching his descriptions in talk of surprise andexpectedness.
Nonetheless, to be charitable to the romantic, siheuldn't think of
predictability in a purely subjective way. To do seuld result in
(appropriate) predictability attributions—to thermsa event—which vary
with the epistemic agent. A relativity this trivighould be avoided.
Instead, one can understand unpredictability juseims of the normative
expectations that one would—from a privileged pectipe—have on any
normal epistemic agent given her evidentiary refegiwith the world. If
from such a stance, one would not reasonably expecagent to foresee
some forthcoming evelit (or to have foreseen some past event), then
unpredictable from the agent’s perspective. If moeld expect that agent
to foreseeE, thenE is predictable from the agent's perspecti/@his
normative notion of predictability captures our iaedy understanding of
the concept, while the modal notion is too far reetto be useful in a
discussion of creativity*

These problems to one side, our experiments pravidevel angle for
rejecting the romantic argument. Our robots aréhlfigonstrained: by
their sensorimotor morphologies, by their immedmteironment, and by
our fitness functions. However, they do act in @dictable ways. The
“squiggling” behaviour in Figure 0-4 and the adufi@l wall following
behaviour in Figure 0-5 are behaviours that thegm@mmmers did not, and
indeed could not be reasonably expected to, predimtspective of
whether we call such behaviours creative, theyuamredictable in spite
of their resulting from highly (and identifiablypostrained processes. We
thus deny the romantic argument by denying the itondl in (1):
unpredictability does not imply lack of constraifthe romantic can keep
unpredictability, but not without constraints.

One could weaken the romantic argument in the iolig way. (W1)
If an F is unpredictable, thefr must result from processes that are
minimally unconstrained. (W2) CreativEs are unpredictable. (WC)

13 This begs many questions about epistemic justifinagnd norms, meta-
knowledge, and human rationality. And so the dizaifon of predictability is only
as good as one’s assumptions about these issuegvelg the clarification should
suffice to give one an intuitive, working understang of a normative, inter-
subjective notion of predictability, sufficient last for assessing the romantic
argument.

Y For a discussion of unpredictability and creativitge Boden 1995, and 2004, p.
233-55.
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Therefore, creativees must result from processes that are minimally
unconstrained. Interpret ‘minimally unconstrainéahctionally: a process
is minimally unconstrained if at least one compdnen event in the
process can produce varying outputs given a péatiéaput. Any process
with this input-output flexibility, let’s say, is mmally unconstrained.

Intermediate between the weak and strong arguntbat,romantic
might argue thus. (I11) If aRk is unpredictable, theR must result from
processes that are mostly unconstrained. (I12) ©UeeafFs are
unpredictable. (IC) Therefore, creati#e must result from processes that
are mostly unconstrained.

The intermediate argument fails for the same reasthe strong
argument fails. Our robotic agents are very coimgth—by our fitness
functions, by their sensorimotor morphology, by ithdartificial)
evolutionary history, and by their immediate enmim@ent. They areot
mostly unconstrained. They nonetheless act in uhigiable ways. We
thus have a counterexample to (I11).

One might worry that the romantic is too easy gaarBut taking the
romantic position seriously reveals the theoretiggbmise in our
evolutionary robotics approach. One can, using mmhi bottom up
methods of experimentation, test notions of anduragsions about
creativity. The romantic thesis provides a simgsecin point. Supported
by arguments of varying strengths, it is shownefddg empirical example.
Such methods should enable testing of other thegistinctions, and
concepts of creativity, providing novel angles om age old set of
guestions. So even if an easy target, considerafitiee romantic theses—
supported by the strong and intermediate argumepteves instructive of
the wider applicability of our ER approach. Thisalso true for the weak
argument for the romantic thesis.

The weak argument is valid and, at least on therdibinterpretation
suggested, its premises plausibly true. This ishallenge, however,
neither to the suggested conceptualization of mahicreativity nor to the
corresponding robotics experimentation. On thereoyit we accommodate
the intuition underlying the weak argument with #ggency condition. The
input-output flexibility in (W1) and the correspdnd conclusion is akin
to the no strings attached autonomy required fagnag and thus, as
argued, for minimal creativity. The weak romantanclusion re-stated is
simply that creativeFs result only from autonomous processes. In
critiquing the romantics, we have demonstratecetngirical possibility of
constrained minimally creative processes. We hds@ @ome full circle,
revealing the grain of truth in the romantic pasiti creativity requires
autonomous agency. We have accomplished both byofdpttom up,
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synthetic modelling and its interpretation. Thigplias that either artificial
life researchers are romantics after allthat the romantic can have his
romantic argument only at the cost of his romasitici The second seems
the safer bet.
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