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Abstract. This paper presents a range of computational smulations related to
the compatibility of novel ideas that suggest interesting phenomena regarding
divergence and convergence, social influence and patterns of change. These
computational studies produce insights providing the researcher with another
tool to reason about these challenging problems. According to current theory,
innovations that are perceived by socia groups as having greater compatibility
will be adopted more rapidly than other innovations. However, compatibility
plays arole in some of the paradoxes of creativity and innovation and its real
implications in arange of situations remain unclear.
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|. INTRODUCTION

Computational social simulations have been deweloped to addres a
number of quegions on the link between creativity and innovation [1]. The
focus of thewe studies has been the interacton of the individual level of
acercy (the change agent) with its social and cultural context in the proceses
of gereraion and evaluation of new ideas Gereration and evaluation are
regarded ascomplemertary in the dyad novelty-utility found in the caronical
definition of creatvity. The term Oceaive situatonsOcaptures this assumed
coupling or alignmert at two levels of agency, namely the individual factors
and the contextual conditions, reaulting in:
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a) a math between individual attributes and actions within the
appropriate context in order to gererate novel ideas and

b) the relevant ervironmertal proceses that faciitate diffusion,
adoption and advarntagecus consequencesof innovations.

In a) a range of individual and micro-level facbrs are involved the
preparaton and expertise of different individuals, their various ahilities to
perceive and adequately formulate problems, their acces to positions that
ermable implemenation of and experimertation with ideas initial support for
diffusion, etc. This range of factorsis directy relatedto the gereraive phase
of novel ideas In b) a number of social and macrolevel factors are involved
acorpus of predeces;ors@achi evemerts, informaton dissemination chamels,
social percepions of problems solutions and drawbacks, norms ard
practices production and distribution infragtructure, cultural constraints, etc.
This range of factorsis directy related to the evaluative phase of novel ideas
by asocial group.

Whilst factors in a) can be associated with Obgic and geniusO in
SimontonOsmodel of creatvity [2], b) providesa levd to capture proceses
of Oclance and zeitgeistO in that same model. The conceg of creaive
situations [1] proposesthat a type of alignmert is necesary between these
levels of agercy to erable the gereration and the evaluation of creative ard
innovative ideas Computational social simulations provide useful mears to
grow these typesof thearetical constructs [3].

[.I Compatibility

According to current theary, innovations that are perceved by social
groups as Olaving greaer relatve advartage, compatibility, trialakility,
observahility, and less complexity will be adopted more rapidly than other
innovationsO[4]. Compatibility is an interesing topic of study because it
plays arole in some of the paradoxesof creaivity and innovation [1]:

¥ Original ideasmay require freecbom at mary levels, yet constraints b
such ascompatibility with previous solutions and infragtructure Bcan
actually benrefit creatvity and innovation [2, 5].

¥ The adoption of new ideastends to increag as they mature. High
quality and commerchal success are usually found not in radcal
innovative ideas but in more compatible modifications, such as
Oscond gereraionOproducts [6].

¥ High compatibility may cawse techhological innovations to be more
succesful (higher adoption and diffusion degreeg, yet the opposite
may be true for artistic innovations, wherethe expectation is to break
away from current standards [4]. What level of compatibility would
better predct the success of anew dedgn ided?

This paper addreses the relationship between compatibility and
innovation via computational social simulations, aimed at clarifying or
reformulating these apparent contradctions. A model is presented based on
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the DIFI framework of creatvity [7, 8] and the FBS design prototype schema
[9]. Our integative framework is basedon the complemenarity of gereraive
and evaluative procesesby individuals and groups in desgn [1, 10].

Compatibility is conceptually defined hereasthe degreeto which a novel
idea sharesattributes or properties with dominarnt or competing ideas This
can be expresed in several ways in ary given computational
implemenation, for instanceif the desgns gereratd and evaluated by agents
are represerted numerically, their compatibility can be calculated by their
shared numerical attributes If the dedgns are represented by geametical
shapes compatibility can be given by their shared geametical attributes
possibly asthey areperceived by agroup of agens.

2. FRAMEWORK

This section describesthe conceptual architecture of our framework rather
than the tecmical implementation details which canbe found elsewhere[1].
This erablesus to place a stronger emphass hereon the typesof hypotheses
emledded in the framework, the types of experiments carried on thes
studies and the typesof reallts obtained

Computational social simulation refers to the study of social agency
through the ideaion, implemenation, and execuion of computer models
usually built under rather simple assumptions with which the experimerteris
able to define a seriesof hypothesesand formally implemen and experimert
with them to explore the consequencesof their interaction overtime.

The type of computational systemsthat we have built in recen yeas have
certred on the ideaof social groups (implemerted as multi-agert systemsor
cellular auomata) whose memkbersinteractin order to gererat ard evaluate
a range of ideas OtleaDcan be represerted here by numeric values or
geametical shapes and agert behaviour involvesthe exchange of valuesor
percepions of shapesbetweenagerts. This enaldesthe modelling of societies
where some agerts aim to introduce novel ideasthat are subsequertly valued
by their social groups.

In simple models (i.e., cellular auomat), an explanatory limit of cawsality
is quickly reacled given that randomness importartly influences the
gereraion of values and their dissemination in constrained spaces of
interacton, i.e. typicaly two-dimersional rectangular grids. Intereding
variations include experimertation with other types of spaces but a rather
more useful approach involves modelling OliggerOagerts in rich social
spaces Typically this mears that randomness is repdacedby a more grounded
approachto guide the procesesof generation and evaluation of ideas

We have thus implemerted multi-agent systems where ideas are
repreened as two-dimersional geometical shapes that some agerts
(dedgners gererate and the red (societieg perceive, evaluate and ultimately
adopt or reject This is implemened by individual mechansms of shape
percepion including geometical propertieslike boundaries number of sides
angles and trarsformations like uniform and non-uniform scale, rotation, efc.
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The social spaces where agerts interactis also erriched by including
mechanisms of social influence in various dimersions. societies converge
and diverge over time re-shaping groups of agents that share prefererces
perceptions and/or decisions regardng existing ideas Figure 1 shows the
system arclhitecture usedin this paper asa framework to study compatibility
with threemain interactng system elemerts. the individual agent (desgner),
asocial evaluative group (field), and their ervironment or domain [1, 10].

% adopters (field) < generate ideas |designer
: i
|
i

|
i | individual perception | | social perception

generative rules

|| social preference || individual preference | j strategies

i J learning
social adoption decision imitation

environment (domain)

Figure 1. Graphic description of the framework with threeinteracting elements: the
individual agent (designer), asocid evauative group (field), and environment (domain).

2.1 Domain-Field-Individual

In this framework, the domain represerts the set of valuesor ideasshared
by afield. It typically includesthe competing ideasin a social group attimet;
aswell asa cumulative number of ideasselected by the society during the
simulation, to<;. In our multi-agent models the domain is usually implemerted
asadynamic array where succesful ideasare stored, possibly with arate of
decay represerting the lifegpan of the Ocbecive memayOof a society.
Inclusion of ideas into the domain is implemered by a bottom-up
mechanism by which agerts that influence others gradually gain authority
until a few of them exert the role of OgtekeeperDof the domain. We have
explored a range of possible mectansms observing different emergng
patterrs of gatekeepng [10].

The field is defined in this framework by the aggregate characteristics of
the agerts and their interacton overtimein different social spaces In eachof
these spaces cycles of convergence and divergerce can be OgownOas in
AxelrodOsclassical model of influence [11]. The adoption decisions can be
constrained by the confluence of these social spaces The implemertation of
a social spacecanconsist of running a cycle regulating all agert interactons
by a givencriterion. In a social spaceof preferences agerts may excharnge or
influerce each otherOsbias towards certain geometical feaures in their
adoption decisions; in a space of percepions, agens may exchange or
influerce each otherOsttributes of competing shapes Experimertal settings
here include modifying the rate of exchange at different spaces the
interacton rules and the type of data structure usedin theimplemertation.

Lagly, the individual agent is defined in this framework by the set of
dedgn rulescarried by the agerts that besdesevaluation arealde to gererae
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new or modify existing shapes which are subsequertly availabe for social
evaluation. Here the range of experimertal settings is large and includes
gereratve mechanisms, competition strateges novelty seekng mativation,
distributions of traits and ahlities rates of creaton, etc. The role of the
individual agert can be implemeried via an evolutionary system, analogy
making, case-based rea®ning or any other gererative proces potertially
including direct human participation, although we have not yet explored this
hybrid approach An implemertation of this framewvork can make use of a
geametical shape represertation that capures some of the properties of
dedgn solutions. Moreover, this repesnation supports rea®ning
mechanisms for adoption decisions based on the geametrical properties of
sets of two-dimensional line represenations constrained by 12 boundary
points asshown in Figure 2(a). Thisis a simple way of representing features
of desgn ideaswith nomological constraints.
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Figure2. (a) A simple geometrical shape perception and (b) some possible interpretations
built by different adopters based on individual perception biases.
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Multiple repreentation and ambguity are possible becawse ideas are
perceved and interpreted by adopters according to a set of randomly
distributed percegtion biases Figure 2(b) shows sample perceived feauresof
anidea. The assumption is that pegple perceive desgn ideasin (marginally)
different ways and therefore base their evaluations on differert features of
those ideas By maripulating experimertal variadesat the domain, field and
individual levels, we are abde to explore in our computational models the
formaion of patterrs over simulated time of social influence, diffusion, and
emegence of new values We have commenced by maripulating a few
variabes indeperdently, redstering their effects amd assessing the
frameworkOsahility to capture pheromera observed in field ard laboratory
studiespublishedin theliteratre[1].

2.2 A Smulation Run

The role of dedgnersis modelled here asinstancesof change agents that
work towards providing novel solutions to a set of problemssharedby large
social groups. Typicaly, in these social simulations a small set of up to half a
dozen dedgners compete by iterafvely interpreting the problem ard
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proposing a solution which is evaluated by the whole social group including
other desgners The desgner agents lean from the feedback provided by the
social group including their adoption decisions and a measire of satisfaction
with their adopted solutions. Desgner agents also have alearnng mechansm
that influences their future behaviour based on the overt actons of their
competitors and the social adoption of their solutions. Although the
evaluation proces carried by adopter agerts follows a set of rulesthat define
individual perception and prefererces (following a normal distribution),
social interacton is included asthe potertial of adopter agerts to influence
eachotherOslecisions to adopt or rejectsolutions gererated by the desgners

Threesocial spacesareimplementedin the studiesreportedin this paper: a
space where geometical preferencesare exchanged, a secand space where
shape perceptions are exchanged, and a third space where adoptions
decisions areexchanged. In social groups of afew hundred adopters patterns
of interes arise such as the emergnce of opinion leacers and cycles of
convergent-divergent adoption. During a simulation, the system is set to
track the behaviour of every agent as well as the global patterrs of group
behaviour. Degpite their apparert simplicity, these models of co-evolution
gererate non-linear effecs that emerge from the interacton of their
components over time. In this way, resaichers are equipped with in silico
laboratories where they can Ogow upQdifferert states from a set of initial
conditions, gaining insights into the role of desgners as change agerts in
complex systems.

2.3 Compatibility Studies

In simple cellular auomata models of social influence, compatibility has
been idertified as a key determinant of interacton [11]. Global group
convergerce tends to emerg as the aggregate effed of distributed local
exchanges basd on the gradual developmert of regons of compatible
values Starting from random conditions, the group tends to converge in one
dominant value or reachalock-in state where regons of incompatible values
emege. These systems have been extersively repicated showing that the
final outcome of group convergence is highly likely depending on key
variabes such as the range of values assigned and the rules of interacton
between neighbours or adacent cels. Thes variatons determine the
likelihood of compatibility betweencells in the grid and betweenregons of
cells. If adacert regonsin a cellular auomata develop compatible values it
isinevitabe that a single dominart value will emerge either by dominance of
one regon over the others or by combination of their compatible values If
incompatibility occus, interacton is halted acress regons and global
convergenceis not reacked

In amulti-agent systemimplementation of the framework presentedin this
paper where domain, field and individual desgn agertsinteract it is possible
to inspect the concept of compatibility further. Using an idearepresertation
like the one de<cribed ealier based on geometrical shapes compatibility can
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be measired asa degree of similarity. Figures 3(a) to 3(d) show a range of
shape percegions with differert indices of compatbility based on shared
geametical characteristics. Figure 3(a) and 3(b) are more compatible since
they share seven line segments, whilst Figure 3(a) and 3(c) are les
compatible since they have only threeline segmerts in comman. In the same
vein, Figures 3(b), 3(c) and 3(d) are compatible becaise they share
symmetic properties whilst Figure 3(a) is incompatible symmety-wise.
Likewise, Figures3(a) and 3(b) are compatible in that they both present right
angles whilst Figures3(c) and 3(d) do not.

<) d)

Figure 3. Compatibility between ideas is implemented here based on the shared geometrical
properties of shapes. Number of line segments, angles, symmetry, and other properties can be
incorporated by evaluating agents to determine the degree of compatibility in any set of
shapes.

Compatibility canewvolve during a simulation run for any agert in relation
to arny givenshape due to agert interacton in differert social spaces Thisis
possible due to the constartly evolving preferertes percegions and adoption
decisions being continuously exchanged in the social group and periodicaly
updated due to the introduction of new ideasby the design agerts.

The following arethe experimental settings exploredin this paper:

1. Conditions arefirst exploredin relation to compatibility and adoption
of newideas Monte Carlo simulations traverse the idea compatibility
space. This is implemened by running simulations with idertical
initial conditions in all control variabdes excepg the gererative
proceses of desgners which are maripulated to generat new ideas
that go from entirely incompatible to entirely compatible, namely 0 <
¢ < 1, where c is the degee of compatibility as edimated by the
dedgner agent introducing the ideainto the system. This corregponds
to one extremun where new ideasare entirely random to the other
where new ideas are idertical to existing ideas (at leag from the
desgnerOsviewpoint, which can be margnally different as measired
by some social groups which operae with varying percegions). The
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reallts of the system at the three levels are recaded on every
simulation run for every initial condition (rewults represert an average
over tenruns for every stepin the parameér space). The field effects
of compatibility isanalysed, i.e., the adoption patterrs.

2. A dlight variation addresses the effect that compatibility has on the
type of innovation observedin a society. The assumption is that, with
all other conditions kept constant, changes in compatibility of new
ideas may yield an output of either radcal or trarsformational
innovations in the system. In line with the literature, radcal
innovations are charecterised by the qualitative differences between
succeedng dominant ideasin a society. Low levels of compatibility
may Yyield radcal innovations, whilst margnal differences may
emege from gereratve processes that promote high compatibility.
This is implemerted by Monte Carlo simulations traversing the space
of compatibility in the generatve proces. The focusin thiscagisin
the amalysis of the reaulting domain.

3. A second agect of intere$ is competition. Previous studies have
suggeded that the rate of the generaive proceses of new ideasmay
have a non-linear effect on innovation [1]. This is explained by a
Odass ceillingOthat imposes a limit on the frequency and scope of
cycles of charge, due to the time required for new ideasto be
disseminated. It is not clearwhat could be the effects of compatibility
and rate of gereration of new ideas This is implemented by Monte
Carlo simulations traverdng the spaces of compatibility and rate of
behaviour by desgner agens.

4. A third quedion is addressed regardng compatibility and complexity.
Thearies sugged that innovations are more effectve if new ideasare
more compatible and less complex [4]. Our framework enabes
experimertation by traverang the compatibility and complexity spaces
of new ideasin the gererative processes As in the previous settings,
all other conditions arekept constart, whilst the generatve proceses
of dedgner agerts in the system are controlled at the initial time
erabing amalysis on the outputs at domain and field levels when a)
compatibility is low and complexity is high, b) compatibility is high
and complexity is low, c¢) both are high, and d) both are low.
Complexity in this framework can be measired by the length of the
repreenation of the geometical shapes One key assumption hereis
that more complex shapeswill erable a higher diverdty of percepions
of new ideasby membersof the social group.

2.4 Results

A set of key implicaions realt from our simulations related to the
compatibility of novel ideasintroducedin a social group.

1. Low levels of compatibility may yield high levels of divergerncein a
social group, cawsing informaion flow to stop and thus, precluding
innovation. This has beencharacterised in equivalent modelling approaches
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asthe emergence of Ofev or many distinct cultural regons depending on the
scope of cultural possibilities the range of interactons, and the size of the
geagraphic territoryO[11].

2. High levels of compatibility may cause total and rapid convergencein
a social group. Whilst constant cycles of change take place under such
conditions, the impact of novel yet highly compatible ideasis minimal.
Namely, such simulations typicaly show continuous cycles of
Otansformational®innovations, i.e, where small variatons of a dominart
ideaarerepeatdy introduced

3. If novel ideas with low lewvels of compatibility are introducedin a
social group, but information flow is sustained during long time periods
(externally or otherwise), a high rate of crossover of ideasis likely. In such
caes periodical cyclesof change have large impacts (changesaresignificart
ard have large scope). In addition, such cases show that the OcliureGof a
society may charge radcally evenif social structure remains unchanged

4. Low levels of compatibility may yield opportunistic innovations if the
rate of ideaproduction is high enough to support a competitive environmert.
An opportunistic innovation is defined here as the wide adoption of a new
idea that draws attributes from competing new ideas maintaining their
advartage but increasng their compatibility.

5. A gereral consersus in the literaure is that high compatibility
combined with low complexity yield relatively fas diffusion rates and a
rea®nable scope of diffusion [4]. In our framework, less complex desgns
are those that can be repreented with a smaller range of attributes
numerical, geometical or otherwise. Our simulations illustrate that
compatibility and complexity may exhibit undedrabe effect given that in
solutions with very low lewvels of complexity, a small attribute variation
between two dedgns can rapdly decrea® their compatibility. In contrad,
high levels of complexity support a large variance of solutions margnally
differentiated and thus, solutions with high lewels of compatibility.
Therefore, a balance betweenhigh compatibility and low complexity may be
hardto achieve, accounting for their exceptional joint occurence.

3. DISCUSSION

A key potertial implicaton of these studiesis that isolated characteristics
of dedgners ard their ideas are insuffi cient to formulate conclusions about
creatvity and innovation. Causality may rather be inspectdin the situational
factors that define the relationship between dedgners and their evaluators.
This framework emabes the study of compatibility and innovation from a
situational viewpoint, suggeding ways in which key charactristics of
innovations may have very differernt cawses and consequencesdepending on
the surrounding contextual conditions. The following dedgn guidelines can
be formulatedt

1.  Desgn solutions must be perceved ashaving an adequate degee of

compatibility with previous or competing altermatives
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2. In dedgning innovative solutions, the likely rate of diffusion must
be egimated in order to adust the degree of compatibility to avoid
rapid, unstade and difficult to control flows that prevent
assimilation of novel ideas

3. Thedegeeof compatibility of novel ideasmay determine the extert
to which novel ideasare reinterpreted or combined with existing
dominant ideas In some cases it may be desrale to allow for
crossover, whilst in other cags (i.e., intellectual property) this may
needto be awoided This may be addressed by the relation between
complexity and compatibility of novel and old idess.

The computational exploration of compatibility and its intergday with
complex phenomera like creatvity and innovation yieds promising reaults.
Emergerce is a key agect to undergand pheromena such as Qrreative
situationsQ The reallts arenot easly predctalde, neither arethey definite or
necesarily valid against external conditions. Rather, thes studies provide
insights that provide the resarchker with another tool to rea®n about these
challenging problems One way to advancethis reseaich metodology would
be to contrad these findings with documented casesin the literaure, and as
aids to desgn experimertal settings in the laboratory or the field.
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