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Sociality and the Life-Mind Continuity Thesis:
A Study in Evolutionary Robotics

Tom Froese

Summary

The lifemind continuity thesis holds that mind prefigured in life and that mind
belongs to life.lts biggest challengés theproblem of scalabilityhow can the same
explanatory frameworkhataccounts for basic phenomena of kied mindbe extended

to incorporate the highest reaches of human itiogf? So far there has been little
systematic response to this 0cognhattthe ve
problemappears insurmountable becausé¢hefprevalentfocus on the individual agent
alone and thait canstart to be addresséy an appreciatiorof the constitutive role of
sociality for mind and behavior This argumentis developedin a theoretical,
experimental, and phenomenological manireterms of theory, the enactiyaradigm

of cognitive sciencds developed in a novalirection by highlighting the specific
manner in whichthe dynamics of the interaction procegsers up new behavioral
domains. This provides the motivation fmsing an evolutionary robotics methodology
to synthesize a set of minimalisimulation modelghat are based on experiments in
social psychologyA detaileddynamical analysis ahese modelsuppors the enactive
approach; the behaviaf the agents is not an individual achievemaioinebut rather
co-determined byheir mutual interaction and oagized effectively by s multi-agent
interaction processSome menomenological observatiosemplement these results by
indicaing that the detached perceptuwatitude that is characteristic of adult human
perceptionis essentiallyan intersubjectiveand socially mediated abilityFinally, the
systemic and phenomenological insights are combined to prtvidbeginnings oa
novel perspective othe origins ofcumulative cultural developmethat gives further
support to thenain argument of this thesik is concludedhatthe life-mind continuity
thesisis a vable working hypothesis even when accounting for specifically human
abilities and thatan appreciation of the constitutive role of sociality for life and mind
confirms itto be a serious contder for a unified theory of cognitive science
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1 Introduction

Out of all the traditional difficulties faced byainstream cognitive science, the mind

body problem has all the makings of morphing into a paradigm buster. Even though
consciousness has recergharted tobecome a hot topic in sciendeis still not clear

what precisely the nature of the dilemmalés,alone what form aystematiaesponse

should take. The status of the problem, recesglgctedas one of the top outstanding
problems in a special issue $tience(cf. Miller 2005), indicates that there is more at

stake than revising our understargliof mentality: it can potentially challeng a
particularway of doing science that dates back

scientific revolution of tha 7" century.

While most cognitive scientists continue the attempt to somehow get angitie mind
body problem within the convention&lartesianframework, this thesis is part of a
growing trend to change the fundamental terms of the debhiee specifically it
builds on what has become known as enactive cognitive science, an appreetth wh
replaces the computer metaphof mind with a focus on lifé a phenomenon that
incorporates body and mind as two aspects afindied whole. By placingthe
phenomenon dife at the heart of its conceptual framewattke enactiveparadigmhas
turned heintractablemind-body problem into a novel research progthiat isbased on

the principles of biological autonomy and phenomenological philosophy.

However, this shift in terms of the debate from computer sciencevimt might be
called 6 b-phenomenb o g y Galsohmade the enactive approach vulnerablehe
criticism that itsfoundationalprinciples, which are largely based on minimal forms of
life, are irrelevant fothe interests o€ognitive scienceln particular, proponents of the
Cartesian mamtream who prefer to treat the human mind as a comphtareargued

that such biological foundationare essentiallyi ncapabl e of account
cognitive faculties. And, indeed, even though the explicit working hypothesis of the
enactive apprazh is that theractuallyis continuity between life and mind, so far it has
been difficulti if not impossiblei to conceive of asatisfactoryway to bridge the
ocognitive gap6 that dapaeity foradbptivebermvioacha | e,
simplebacterium andhe ability for abstract cognition adin adult human being.
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Accordingly,in response to this situatidghe main goal of this thesis is d&oguefor two
complementary claims: (that the apparent inconceivability agatisfactorywersionof
the lifeemind continuity thesisargely resuls from the widely unquestione@ssumption
of methodologicalindividualismin cognitive sciencéan assumptiorwhich treats all
cognition as essentially an individual achievermeamd(ii) that the enactivapproach
has the means taridge ths cognitive gap in a principled manner throughyatematic

consideration of the constitutive role of soitiafor mind and behavior

In Chapter2 the stagdor this twofold arguments sé¢ by means ofa brief history of
recentcognitive scienceframed in terms of issues related to philosophy of science. In
particular, several possibilities for irresolvable stalemates between different paradigms
are identified. Becial emphasis placedon the role ofresearch in artificial intelligence
(Al) and robotics irbreaking a longstanding philosophical stalemate, and supporting the
subsequenturn towardmoreembodiedembedded approachdsis argued that progress

in this experimental domain igverthelesstill threatened by an empirical stalemate,
which is related to the necessdlanobserver to adopt sonmeterpretative perspective

in orderto make sense dhe experimental data. There is thus a need for analyzing the
constitutiveconditiors of ourscientific perspective, aaskwhich motivates theole of
phenomenology for théevelopment of the enactive paradigrhis background chapter
therefore acts asfast introduction to the three main approaches pursued in the thesis,
namely theordical argumentation, experimental investigation, and phenomenological

observation, as well as smme ofthe basic ideas dhe enactiveparadigm

This generalintroductionis followed in ChapteB by a more detailed descriph of the
conceptual framework of enactive cognitive scienidee life-mind continuity thesiss
presented as a strong working hypothesis that has the potential to become a unified
theory of cognitive science. Some outstanding problems witltdah&nuity thesisare
identified especiallywhat we call thekognitive gag the seemingly insurmountable
distance between the basic phenomena of lifetamkigher cognitive functions aidult

human beingslt is suggested that thiperceivedproblem is largelydue to the
methodological individualisnthat is present in most cognitive science, and that a

consideration of the constitutive role of sociality from the perspective of the enactive
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approach can systematically resolve this issue. As a first step towardoi, the
biological foundations of enactive cognitive science are introduced, in particular the
notions of autonomy and sensmking which denote a systemod
its own identity under precarious conditions and the capacity to adgptegulate its
interactions in relation to those conditions, respectively. The chapter finistegeiy
indicating how the notionsf autonomy and senseakinginform the current version of

thelife-mind continuity thesis

The second step follows inh@pter4 which provides a critical analysis of what has
already been published about the enactive approach to social cognition. The starting
point is an appraisal of the claim that the defining aspect of social interactitm is
autonomy, i.ethat the interaction process between two or more interacting agents can
itself take on a autonomous organizati@nd thereby effectively organize the behavior

of those interactors to expafar constraintheir individual domains of intaction. It is

argued that the autonomy of the interaction proétess necessary but not sufficient
condition for social interaction, and thtis necessary condition ketter captured by

the noti omgeonft A4anmmuletriact i on 0.efiniAon ofosoalal ngl y
interaction is offeredit is a type of multiagent interactionvherebyan agent 6s a
necessarily requisean appropriate response by anotlagentfor its completion. This
co-regulation of activityopens upspecifically socialways of sensemaking, i.e. forms

of participatorysensmma ki ng, and thereby introduces :
cognitive domainsHowever, his type of social interaction is still not sufficient to
account for the specificity of cultural forms otéraction, which depend on pegisting
practices, and a provisionatcountof cultural interaction is suggested that takes such
heteronomy int@onsiderationEach of these transitions in sociality entails constitutive
changes to the structures of agemdich originally give rise to them, and thereby lead
toincreasesia n i n d ibehavibal eapadity In this way the enactive approach to

social cognition provides a theoretical opening for a research program that addresses the
cognitive gap of théife-mind continuity thesis by means of a systematic investigation

of the constitutive role of sociality for mind and behavior.

The development of novel definitions for medigentsystems andocial interaction

completes the theoretical part of the teesthapteb provides a brief recap of how the
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enactive approach to social cognition has responded to methodological individualism,
and it situates this achievement in a wider scientific and historical context. The next part

of the thesis is concerned with experimental evidence.

The aim of Chapte6 is to show that the enactive approach to social cognition can be
used to provide a fresh interpretation of some important experiments in developmental
and social psychology.hEe results oftheseexperimentsare critically analyzeéh order

to reveal thesignificantproblems that are faced liyetraditional explanationsased on
methodological individualism. These problems serve aso@ivaton to broadae the
acceptable range of explanations to incladeonsideration ofhe constitutive role of

the interaction proces#. is argued that otherwise even the integrative explanations in
embodiedembedded cognitive science can be forced to return to thédradimethod

of postulating hypothetical neughysiological structures to explain the existence of
social phenomena. This chaptdso provides the empirical backdrop &mme ofthe

modeling experiments presented in subsequent chapters.

The methodoloyg for thesesimulationmodels, namely the development of a mutually
informative relationship between the artificial and empirical sciences, is introduced in
Chapter7. In particular, the aim is to promote a dialogue betweeluggpary robotics

and social psychology. The models are mainly usadgeafiltools for thinking that can
challenge establishgmbsitions andkxplanations, serve as proof of concepts, and lead to
the generation of novgbredictions andhypotheses. In altases theantention is to
capture relevant phenomena in the most minimalist manner possible such that these
insights do not get lost in unnecessary compledibe next three chapters of the thesis

present novel modeling experiments.

To begin with, Chapgtr 8 presents a model of a famous psychological experiment on
infantsd sensiti viThe resulzsdensonstateathhat, cordrary ion g e |
traditional expectations, it is not necessary to postulate innate cognitiveleasdd

order to explain this capacity, and that a consideration of the intergeborsstself

could provide a more parsimonious explanation of the empirical @ata.to the
minimalism of the model it is also possible to give a detailed dynamicadreaqn of

the evolved behavior. It is shown that it is the interaction pratesi§ which invests
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these agents with the role of interactors, because the mutual interaction perturbs their
structure such that theehavior required for thmteraction becmes possible. Isolated

agents have a more limited behavioral domain.

The aim of the model presented in Chagtes to further investigate how the interaction
process itself can organize the behavior of individuals. Thisheaed by modeling a
recent psychological experiment that was also specifically designed for this purpose. A
numberof modifications to the original experimental design demonstrate the robustness
of the interactiorprocessto organize behaviors even undepaired and unfavorable
conditions.The results of these modifications ldadhe generation of novel hypotheses
that are open to verification by future psychological experimdiis.simplicity of the
model also allows a detailed dynamical descriptibonot he i ndi vi dual s 6
this behavior is constitutetly the interactionthereby generating skepticism about
traditional ways of schematizing siplersonal processel.is shown that even simple
multi-agent interactions can expand individuahdééoral domains by a process of co

determination of agential structures.

Chapterl0 further explores some of the implications of this model by-fimeng the
experimental design so asftotherreduce theotential foragentsto rely on individuat
basedbehavioralstrategiesThe results of these modifications lead to novel predictions
about whapreciselyare the essential elements of the experimental setup of the original
psychological study. Moreover,sample modificatbn to the taskequiring coordinated
behaviorresults in a model of social interactjoms defined in Chaptet. The results
demonstratethat this particular type ofinteraction procesgan further increase the
behavioral repdoire of the agentsThe model leads to a novel hypothesis about the
minimal conditions for human participants of the psychological study to experience the

experimental situation as qualitatively social.

In all of thesemodeling experimentte minimalistapproach afforded by evolutionary
robotics is demonstrated as an effective antidote aghieswvidespread assumption of
methodologicalindividualism especially because it is possible to resolve doubts in a
nonmysterious manner by providing detailed dgmcal accounts of the constitutive

role of the interaction proces$his completes the experimeh contribution of this
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thesis. It has been argued that the enactive approach to social cognition can provide a
theoretical framework to close the cognitivapg These modeling experiments have
demonstrated that this theory can be put into scientific practice and that the results are

amenable to analysis in dynamical terms.

In Chapter1l this improved dynamical understandingof the constitutive role of
socialityis placed into a wider scientific and historical context. It is argued thiatale
rejection of methodological individualism basedthis kind ofsystems theory alone is
not sufficient to break out of the conventionalnfiework entirely. For that to happen it

IS also necessary to complement this work wahother defining aspect of enactive
cognitive science, namebgxperientialconsiderationsThis phenomenological approach
reveals another widespread assumption thatimited mainstream approaches to social
cognition: the idea that the primary function of perceptiotoigprocess information
aboutan independentvorld of abstract physical quantities. We refer to this assumption
as Omet hodol ogi cal muycih ymanstreanl réssarold in thd field df a s
social cognitiorto beconcentrated on th@roblem of other mindsi.e. the question of
how understanding of others is possible on the basis of perceivinglis&iacphysical
detailsalone. This misguided butleeply engrained focus has regrettably canéhe

expense of amorephenomenologically plausible research program.

Fortunately, the mactive paradigmhas the capacity to provide an effective remedy to
methodological physicalism (and those aspects ¢fhoa®logical individualism that are
derived from it) by appealing to careful phenomenological analyses of our immediate
experienceThus, Chaptet2 introducessome central insights d¢fie phenomenology of
intersubjectivity In particular,the consideration of intersubjectivity is motivated by a
critical analysiof our perceptiomf objects It is argued thathe experience of an object
asindependent of our current perspectdieoncerns constitutively dependent omhat

Huss e r | opemihtérssibjedtivity i.e. the potential presence of other perspeciives

the world This opens up the way for more detailed observations of how other subjects
appeaiin our experienceand howtheir presence impacts on how we make senseeof
world. In particular, 1 is argued that the categories of objectivity and subjectivity are
impossible to appreciaexperientiallywithout openintersubjectivity. Accordingly, the

phenomenological perspective enables us to refingféhmind continuty thesisfrom a
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dopdownd  p e r s paeelyt bywstrting fromthe specificity of human (inter)
subjectivity. Thisperspectiveprovidesnovel insights intdhe qualitative dimensionsf

the continuity thesighat complement thé b o t-ut pafiproach oprevious chapters.

The phenomenologicaleturn to our immediate experience providges only a vantage

point from which to question the validity ofethodological physicalisnbut also makes

it possible for us to take a fresh perspective on some cordgraMempirical data. This

is the task of Chaptelr3, which completes the investigation of sociality by focusing on
some crucial aspects ofimulative cultural developmentlore specifically, i proposes

to turn thetraditionalframeworkin primatology andnfant studieonits headby means

of a novel explanationof cumulativecultural developmenbased on the systemic and
phenomenological accounts of socialiy the enactive paradigninterestingly, this
perspective revealstdind spot in the primary literature, which leaves unaccounted the
capacity of humans (and enculturated chimpanzees) to perceive others in terms of their
abstract physical properties, an ability that is necessary for imitative leaaprngéry
mechanismof cultural development). Some empirical evidence is presented which, in
combination with the phenomenological insights developed in Chaptgoints to a
socially mediated origin of this perceptual capacity. Finally, onsauwtative cultural
development is underway, it appears that it takes on properties that can be captured by

concepts akin tthe basic organizational principles of life.

On the basis of the theoretical, experimental, and phenomenological insights developed
in this thesistiis concluded in Chaptek4 that thelife-mind continuity thesiof the
enactive paradigns indeeda viable working hypothesif®r cognitive sciencelt has
been shown thahe organizational principlewhich can bederived from minimal forms

of life, complemented by phenomenological considerations, can help us to understand
a unified manner the processes which conmalividual agency andimple interaction
processefo human agencgnd cultural cognitionAt the heart of thisinderstanding lie

the complementary notions of biological autonomy and enacted medhang. work
surely neds to be done, but thisesis hagontributed tathe beginnings of a research
program that has the potentialgmvide a uified theory of cognitive scienceln fact,

we can expect thahis approactwill not onlyimpacthow we scientifically approach

life, mind and sociality but alschow we perceiveurselvesothers and the world
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2 Abrief history of cognitive science

Ove the last two decades the field of artificial intelligence (Al) has undergone some
significant developmentscf, Anderson 2003 Froese & Ziemke 20Q9 Good old
fashioned Al (GOFAI) has faced considerable problems whenever it attempts to extend
its domanbeyond simplified 6toy wesenbitdesr@al i n o
world problems in a robust and flexible maniiBreyfus 1981 1979. A few well-

known examples arthe commonsense knowledge problem (Dreyfus 1991, p. 119), the
frame problem (McCalny & Hayes 1969), and the symbol grounding problem (Harnad
1990). These difficulties motivated the Brooksian revolution toward an embodied and
situated robotics in the early 1990s (Brooks E39P091h. Since then this approach has
been further developee.g. Pfeifer & Scheier 1999; Pfeifer 1996; Brooks 1997), and
has also significantly influenced the emergence of a variety of other successful
methodologies, such as the dynamical approach (e.g. Beea, Z8¥H), evolutionary
robotics (e.g. Harvey et al.0Q5; Nolfi & Floreano 2000 Cliff, et al. 1993, and
organismicallyinspired robotics (e.g. Di Paolo 2Q0i&zuka & Di Paolo 200&; 2008

Wood & Di Paolo 2008 These approaches are united by the claim that cognition is best
understood as embodied and edtbex in the sense that it emerges out of the dynamics

of an extended braibody-world systemic whole.

These developments make it evident that the traditional GOFAI mainstream, with its
emphasis on perception as representation and cognition as compuigstibeing
challenged by the establishment of an alternative paradigm in the form of embodied
embedded Al. How is this major shift in Al related to the ongoing paradigm shift within
the cognitive sciencé® Section2.1 analyzeshe role of Al in the emergence of what
has been calledembodiedembedded cognitive science (e.g. Clark 1997; Wheeler
2005). Recently, there has also been a noticeable shift in interest tGemactied
cognitive sciencde.g. Thompson 2007; Di Paolet al.,in pres$, a paradigm which
radicalizes the embodieembedded approach by placing autonomous agency and lived

! Whether any of the major changes in Al or cognitive science are in fact paradigm shifts in the strict
senseintroduced by Khn (1962)is an interestingppenquestion but beyond the scope of this chapter.

Here the notion is used in the more general sense of a major shift in experimental practice and focus.
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subjectivity at the heart of cognitive science. Hibe field of Al relates to this further
shift is still in need of clarificatioriThe rest of this chaptgsrovides some initial sps in

this directionby providing a general introduction to the conceptual framework of the
enactive paradigm (Sectiord.2). Neverthelesssome methodological worriestill
remain Gection 2.3). The brief history of cognitive science concludes with some
remarks about the need fapracticeoriented phenomenology, especially whgnng

to promok a more widespread acceptancehaf enactive approach (Sien 2.4).

2.1 Toward embodied-embedded cognitive science

Much of contemporary cognitive science owes its existence to the founding of the field
of Al in the late 1950s by the likes of Herbert Simon, Marvin Minsky, Allen Newell,
and John McCartHy These researchers, along with Noam Chomsky, put forth ideas that
were to become the major guidelines for the computational approach which has
dominated the cognitive sciences since its incepfain Boden 2006). In order to
determinethe impact of Al on the ongoing shift from such orthodox computationalism
toward embodieggmbedded cognitive science, it is necessary to briefly consider some

of the central claims associated with these competing theoretical frameworks.

The paradigm thatame into existence with the birth of Al, and which was essentially
identified with cognitive science itself for the ensuing three decades and which still
represents the mainstream today, is knowncegnitivism (e.g. Fodor 1975). The
cognitivist claim, tlat cognition is a form of computation (i.e. information processing
through the manipulation of symbolic representations), is famously articulated in the
PhysicalSymbol System Hypothedighich holds that such a systdras the necessary
and sufficient meas for general intelligent actioNewell & Simon 1976). From the

cognitivist perspective cognition is essentialgentrally controlled, disembodied, and

2 The origins of this early symbolic Al, and the computationalist cognitience that was to be founded

on it can be traced to the influenti al cybernet
the work by Wiener, von Neumann and other participants of the Macy conferences (cf. Dupuy 2009). The
enactive pamigm has related roots, though it was influenced more by British cyberneticists such as Pask
and Ashby (cf. Husbands, ebrdker 2008y neascwél bf a:

further development int ofMatogmand oanrod (¢dr e lVabd e | @t
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decontextualized reasoning and plannabgorithmas epitomized by abstract problem
solving. Accordngly, the mind is conceptualized as a digital computer and cognition is
viewed as fundamentally distinct from the embodied action of an autonomous agent that

is situated within the continuous dynamics of its environment.

The cognitivist orthodoxy remaideunchallenged untidonnectionisnarose in the early
1980s (e.g. McClelland, Rumelhaat al. 1986). The connectionist alternative views
cognition as the emergence of global states in a network of simple components, and
promises to address tvpoacticalshortcomings of cognitivism, namely I§y) increasing
efficiency through parallel processing, atid achieving greater robustness through
distributed operations. Moreover, because it makes use of artificial neural networks as a

metaphor for the mind, itheories of cognition are often more biologically plausible.

Nevertheless, connectionism still retains many cognitivist commitments. In particular, it
maintains the idea that cognition is essentially a form of information processing in the
head which cowverts a set of inputs into an appropriate set of outputs in order to solve a
given probl em. I n other words, Afconnect.i
over the nature of computation and representation (symbolic for cognitivists,
subsymbolic forcome ct i onsi st s) o0 ( Thomps o the th® 7 , p
of computationalism as such (see also Wheeler 2005, p. 75). Accordingly, most of
connectionism can be regarded as constituting a part of orthodox cognitive science.

Since the early 1990kis computationalist orthodoxy has begun to be challenged by the
emergence oémbodiedembeddedognitive sciencecf. Clark 1997; Wheeler 2005), a
paradigm which <c¢claims that an agentos e
knowing and doing (e.gzallagher 2005; Noé 200%arela, et al. 1991Thompson &

Varela 2001). Furthermore, the computational hypothesisbbas confronted bthe
dynamical hypothesis that cognitive agents are best understood as dynamical systems
(van Gelder 1998van Gelder &Port 199%. Thus, while the embodiesimbedded
paradigm has retained the connectionist focus orosgénizing dynamic systems, it

further holds that cognition is a situated activity which spans a systemic totality
consisting of andwogdk(ed Beer 2000)an arder tobassdsg the a n
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importance of Al for this ongoing shift toward embod&dbedded cognitive science, it
is helpful to first consider the potential impact of thefar this shiftalone.

The theoretical premises of orthodearnd embodiegmbedded cognitive science can
generally be seen as Cartesian and Heideggerian in character, respedtivlyegler

2005; Dreyfus 2007; Anderson 2003). The traditional Cartesian philosophy accepts the
assumption that any kind phenomena@anbe reduced to a combination mbre basic
atomic elements which are themselves irreducible. On this view cognition is seen as a
generalpurpose reasoning process by which a relevant representation of the world is
assembled through the appropriate malaifpon and transformation of basic mental
states. Orthodox cognitive science adopts a similar kind of reductionism in that it
assumes that symbol{or, in the case of connectionissybsymbolig structures are

the basic representational elements whicfugd all mental statdsand that cognition is
essentially treated as the appropriate computation of such representdtiohspick

out facts about the physical worM/hat are the arguments against such a position?

The Heideggerian critique starts indhe phenomenological claim that the world is first
and foremost experienced as a significant whole and that cognition is grounded in the
skilful disposition to respond flexibly and appropriately as demanded by contextual
circumstances. Dreyfus (1991, p17) has argued that such a position questions the
validity of the Cartesian approach in two fundamental ways. First, the claolisim

entails that the isolation of a specific part or element of our experience as an atomic
entity appears as secondargdese it already presupposes a background of significance
as the context from which to make the isolation. From this point of view a reductionist
attempt at reconstructing a meaningful whole by combining isolated parts appears
nonsensical since the requratomic elements were created by stripping away exactly
that contextual significance in the first place:

% In contrast to the Cartesian claim that mental stuff is ontologically basic, orthodox cognitive science
holds that these constitutive elements are not basic in any metaphysical sense because they are further
reducible b binary logic. And, even though it is only this domain which ultimately constitutes the mental,
there is no problem of it being realized in a physical system. Nevertheless, this change in position does

not make any differencigquewi t h regard to Heidegger ¢
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Facts and rules are, by themselves, meaningless. To capture what Heidegger calls
significance or involvement, they must assigned relevancdBut the predicates

that must be added to define relevaace just more meaningless fad®reyfus

1991, p. 118)

From the Heideggerian perspective it therefore appears that the Cartesian position is
faced with a problem of infinite regress. Second, if we atcttee claim ofskills, namely

that cognition is essentially grounded in a kind of skilful kAmaw or contexisensitive
coping, then the orthodox aim of reducing such behaviour into a formal set of
input/output mappings which specify the manipulation &mhsformation of basic

mental states appears to be hopelessly misguided.

Judging from these philosophical considerations it seems that the Heideggerian critique
of the Cartesian tradition could have a significant impact on the paradigm shift from
orthocbx toward embodie@mbedded cognitive science. However, since the two
approaches have distinct underlying constitutive assumptions (e.g. reductionism vs.
holism), there exists na priori theoretical argument which would force someone
holding a Cartesiangsition to accept the Heideggerian critique from holism and skills.
Similarly, it is not possible for the Cartesian theorist to prove that worldly significance
can indeed be created through the appropriate manipulation and transformation of
abstract and deontextualized representational elements. The problem is that, like all
rational arguments, both accounts of cognition are founded on a particular set of
premises which one is at liberty to accept or reject. Thus, even if the development of a
strong phil@ophical position is most likely a necessary factor in the success of the
embodiedembedded paradigm, it is by itself not sufficient. In other words, there is a
fundamental stalemate in the purgbhilosophical domain; a shift in constitutive

assumptionsannot be engendered by argumentation alone.

It has often been proposed that this theoretical stalemate has to be resolved in the
empirical domain of the cognitive sciences (e.g. Dreyfus & Dreyfus 1988; Clark 1997,
p. 169; Wheeler 2005, p. 187). The authof the Physicabymbol System Hypothesis
(Newell & Simon 1976) and the Dynamical Hypothesis (van Gelder 1998) are also in

agreement that only sustained empirical research can determine whether their respective
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hypotheses are viablEmpirical esearchn Al is thereby awarded the rather privileged
position of being able to help resolve theoretical disputes which have plagued the
Western philosophical tradition for decades if not centtiri€khis reciprocal
relationship between Al and theory has beenuwaptwith the slogadunderstanding by
buildingd(e.g. Pfeifer 1996; Pfeifer & Scheier 1999, p. 299).

In what way has Al research managed to fiulfiis role?Ilt can do saegatively such as

when insurmountablproblems appear in practidereyfus (199, p. 119), for example,

has argued that the Heideggerian philosophy of cognition has been vindicated because
GOFAI faces significant difficulties whenever it attempts to apply its Cartesian
principles to realvorld situations which require robust, flexébland contexsensitive
behavior. In addition, he demonstrates that the Heideggerian arguments from holism
and skills can provide powerful explanations of why this kind of Al has to wrestle with

the frame and commonsense knowledge problems.

But Al can dso fulfill this role positively as when philosophical assumptions lead to the
successful design and implementation of actual systévhgeler (2005, p. 188¥or
instance,argues compellingly that the growing success of embeesiidedded Al
provides impatant experimental support for the shift toward a Heideggerian position in
cognitive science. Hsuggests h a t Hei deggerdéds <claim that
understood from the perspectivedgtingin-the-worlddis put to the test by embodied
embeddedAl experiments which investigate cognition as a dynamical process which

emerges out of a braimody-world systemic whole.

In light of these developments it seems fair to say that Al can have a significant impact
on the ongoing shift from orthodox towamsmbodiedembedded cognitive science.
However, while embodiedmbedded Al has managed to overcome some of the

significant challenges faced by traditional GOFAI, it has also started to encounter some

“ It is worth noting that there are compelling arguments for claiming that the results generated by Al
research are naempiricabin the same way as those of the natural sciences, and that this is likely to
weaken their impact outside the fielevertheless, it is still the case that Al, just like a good empirical
experiment, can provide valuable tools fororganizing and probing the internal consistency of a
theoretical positiondf. Di Paolo, et al. 2000)/Ve will return to this issue i€haper 7.
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of its own limitations. Considering the seemingly insurmtable challenge to make the

artificial agents of current embodiesnbedded Al behave in a more robust, flexible,
and generally more liftke manner, particularly in the way that more complex living
organisms dothe embodied robotics pioneBrooks waséd to entertain the following

skeptical reflection®n the topic

Perhaps we have all missed some organizing principle of biological systems, or

some general truth about them. Perhaps there is a way of looking at biological
systems which will illuminatean inherent necessity in some aspect of the
interactions of their parts that is completely missing from our artificial systems.

[ é] I am suggesting that pe@atihangthatat t hi
there is some fundamental change necessaryrirthinking in order that we

might build artificial systems that have the levels of intelligence, emotional
interactions, long term stability and autonomy, and general robustness that we

might expect of biological system®rooks 1997 p. 30}

Has the ield of Al managed to find th missingé or gani zi ng princip
systaunmgthe decade@f r esear ch si nce?WBioruocately,d6 pr

we do not need to look far to find reasons for continued skepticism.

The existential philosoplneDreyfus, while mostly known in the fieldf Al for his
scathing criticisms of GOFA(e.g. Dreyfus 1972)has recently referred to the current
work in embodieeembedded Al as dailured He points to the | ac
particular way of being ebedded and embodied such that what we experience is
significant for us in the particular way that it is. That is, we would have to include in our
program a model of a body very much like @ufdreyfus 2007 p. 265. Similarly, Di
Paolo (2003) hasargual that embodiegembedded robots, while in many respects an
improvement over traditional GOFAI, can never be truly autonomiglaseover,the
merepresence of @hysical body and alosed sensorimotor loap such robotsloes

not fully solve the problem ofyrounding meaning(cf. Ziemke 1999; 200). These
problems are even further amplified because, while embaaidzedded Al has focused

on establishing itself as\aable alternative to the traditional computational paradigm,

relatively little effort has been mado connect itpractical andexperimental work with
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theories outside the field of Al, such as with theoretical biology, in order to address
issues of autonomy and embodiment (Ziemke 2007).

It appeardhat there is growingawareness in the field of drodiedembedded Al that
something crucial is still missing in the current implementationsoghitive systems,
and that this shortcoming is likely related to their particular mannemaiodimentcf.
Ziemke 2003) But what could this elusive factor b@fhat is so special about the body
of living systemsn order to answer #se questiors we need to shift our focus back to

recent developments in the cognitive sciences.

2.2 Further: Toward enactive cognitive science

The enactive paradigm originally emergasl a part of embodiesimbedded cognitive
science in the early 1990s with the publication of the influential Bdak Embodied
Mind (Varela,et al.1991). It has recently distinguished itself by more explicitly placing
the phenomenon of lifat the heart focognitive science (e.g. Thompson 200@)order

to determine what is missing in current emboeketbedded Al, we willtherefore
consider howsuch workcould contribute to the enactive accouifrt particular,we are
interested in how it could inform thaes of how bodily activity relates to the mind at
three interrelateddimensions of embodimeint(i) bodily selfregulation,(ii) sensoy-
motor coupling, andiii) intersubjective interactionc{. Thompson & Varela 2001).
While the development of such fgléEenactivéAl is a significant challenge to existing
Al methodologies, it has the potential of providing a fresh perspective on some of the

issues currently faced lilge embodiedembeddedppioach

() Bodily self-regulation. This dimension of embodiemt is central to the enactive
paradigm in cognitive science, because its theoretical framework builds on the notion of
biological autonomy(Di Paolo, et al., in pressSince embodiegmbedded Al has
always been involved in extensive studies@afitonomos systemd (e.g. Pfeifer &
Scheier 1999), it might seem that sukhresearch is particularly destined to relate to
the enactive paradigmn a mutually informative manner. Unfortunately, things are not
as straightforward; the enactiaecount of biologicaautonomyhas a very different

view of what constitutes autonomy when compared to most embetibddded Al

22| Page



which is why it is sometimes referred to more specificallg@sstitutiveautonomy(cf.
Froesegt al.2007). Itsdistinctiveapproach can be trag to the notion chutopoiesisa
systems concept which originated in the theoretical biology of the 1970s (e.g. Maturana

& Varela 1980)We will return to this concept in Chaptgr

In brief, we can say that the@active paadigm broadlydefines an autonomous agent as
a seltproducing network of processes which constitutes its own identity; the
paradigmatic example being minimal living organism (cf. Di Paolo 2009) The
existence of this selfonstituted system is necessagrecarious, because it continually
needs to sustain its own identity against the equalizing forces of its environment.
Drawing from the biephilosophy ofHans Jonas (18, it is claimed that such an
autonomous system, one whose being is its own dsimgyld be conceived of as an
individual in its own right Moreover, as a consequertbes process of sekfonstitution
brings forth, in the same stroké identity generationwhat isoutside of this identity
namely itsworld (cf. Thompson 2007, p. 153n other words, it is proposed that the
continuous processf selfconstruction which constitutes the autonomous system as a
precariousindividual, also furnishes it with a meaningful perspective ompligsical
environment In sum biological autonomy les at the basis afensemaking(Weber &
Varela 2002).

It follows from t he sreboticAl systemd are nottautanonoust h a
in the enactive sense. They do not constitute their own identity, and thé onlye nt i t vy
which they can be g&ito possess is projected onto them by the observing researfcher (
Barandiaran, et al. 2009; Froese, et al. 200Fe popular methodology of evolutionary
robotics, for example, presupposes that Gdividuald is already defined by the
experimenter ashe basis for selection by the evolutionary algorithdmd in the
dynamical approach to Al it is up to the investigator to distinguish which subpart of the
systemic whole actually constitutes ttegenb (Beer 1995a). The enactive notion of
autonomous agegcaherefore poses a significant difficulewenfor currentembodied
embedded\| methodologiegFroese & Ziemke 2009)

Nevertheless, it is worth noting that Al researchers do not have to synthesize actual

living beings in order for their work to providsome relevant insights into the
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dimension of bodily selfegulation.This misunderstands the purpose of a good model
(cf. Chapter7, p. 114). Following the organismic approadirst proposed byDi Paolo

(2003 Di Paolo & lizuka 2008)an initial step would be to investigate artificial systems
with some kind of self-sustaining dynamic structures. In this manner embedied
embedded Al can move beyond its current focus on closed ganstor feedback
loops by implementing systems which have a reciprocal link between internal
organization and external behav{ef. lizuka & Di Paolo 2008)Indeed, there are signs

that a shift toward more concern with bodily s&l§ulation is starting toevelop. This

is demonstrated by an increasing interest in homeostasis as a regulatory mechanism for
investigating, for example, sensory inversion (e.g. Di Paolo 2003), the emergence of
sensoy-motor couplingand developmente.g. lkegami & SuzukR008 Woaod & Di

Paolo 200Y, mechanisms abehavioral preference (e.g. lizuka & Di Pa@@073, and

active perception (e.g. Harvey 2000t course, looking at the emergence of behavior
from the perspective of modeling chemical sembly should be considerexiveell

(e.g. Egbert & Di Paolo 2009), especially since the notion of autonomy is currently best

understood in the chemical domain (Froese, et al. 2007).

(i) Sensorymotor coupling. Since sensorynotor embodimenor situatedness the
research target ahost current embodieeimbedded Al, its mlts can have an impact

on the sensoryotor theoriesof the enactie paradigm However, since the vast
majority of such work is not concerned with how the constraints of constitutive
autonomy are related to the ergence of senspimotor behavior, it is not contributing

to the enactive account of how an autonomous agent is able to bring forth its own
relationaldomain(Froese & Ziemke 2009)To become more relevant in this respect,
the field of system modelingheed to adapt its methodologies so as to deal with the
enactive pr opos aimakingia grouraded inahg @ativte degulatsore of s e
ongoing sensg@rmotor coupling in relation to the viability of a precarious, dynamically
self-sustaining identitySo far this is an area which has been practically unexplored,
although some promising work has beduwom the perspective of evolutionary robotics
(e.g. Di Paolo 2003 lizuka & Di Paolo 2008 Another route that shows potential
though radically different &m the usual evolutionary robotics methodology,to

follow an incremental approaah simplified artificial chemistries, which has already
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been used to model the emergence of autonomous systems that move and can follow
gradients (e.gkegami & Suzuki 208; Egbert & Di Paolo 2009).

(i) Intersubjective interaction. The considerations regarding sensofgnotor
embodimentcan be extended to the domain of intersubjective interaction, since this
dimension of embodiment also invelk distinctive forms of sengemotor coupling
(Thompson & Varela 2001). An enactive account of social understanding based on this
continuity, further discussed in Chapt8r has recently been outlined by Di Paolo,
Rohde and De Jaeghein (pres3. They mal the important suggestion that the
traditional focus on the embodiment of individual interactors needs to be complemented
by an investjationof the interaction process that takes place between them. This shift
in focus enables them to extend the enaativon of sensenaking into the realm of
social cognition in the form gdarticipatory sensenaking(De Jaegher 20064 shift we

will specify in more detail in Chaptdrand support in subsequent chapters

The developmentfcsuch an account is important for embodeadbedded Al, because
most of its current research remains limiteddtwer-leveld cognition. Exploring the
domain of social interaction might provide it with the necessary means to tackle the
problem of é&calablity6 (cf. Clark 1997, p. 101py bridging the cognitive gapn
particular because such interaction can constitute new ways ofreeks®y that are not
available to the individual alon@-roese & Di Paolo, in press; De Jaegher & Froese
2009) The challege is to implement Al systems that constitute the social domain by
means of an interaction process that is essentially embodied and situated, as opposed to
the traditional means of formalized transmissions of abstract information owver pre
specified commuiiation channels. Di Paolo, Rohde and De Jaegher review some initial
work in this direction which demonstrates that these models have the possibility to
capture the rich dynamics of reciprocity that are left outside of traditional individualistic

approachesA more detailed review of this methodology is presented in Ch@pter
There is thus a possibility for modeling work to inform each of these central dimensions

of embodiment. However is debatable if Al resarch should be considered as enactive

rather thamrmerelyembodiegembedded if it does not address some form of bodily self
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regulation or leads to the constitution of autonomy in novel domains of interaction
this sense the authors ©he Embodied Mithperhaps got slightly carried away when

they referred to the emesgenrceb otffi B3 oK s

approach t etalbAa, p.(2Y2a Havevar, this is not to say that embedied
embedded Al does not have an impagcttbe shift towardhe enactive framework it
certainlydoes, but only to the extent that there is an overlap between the paradigms. Its
current influence is therefore by no means as significant as it has been on the shift
toward embodie@@mbedded cognite/y s ci enc e. For exampl e,
Mind in Life, which can be considered as a successdh&oEmbodied Minddoes not

even includerobotic Al as one of the cognitive scienseb-disciplines from which it
draws its insightscf. Thompson 2007p. 24).0f course, it goes without saying thalt al

of thesedimensionsof embodimentare open to further refinement through artificial
modeling, and that some initial work in this direction has already begun. Nevertheless,
for Al to have a more significaminpact on the ongoing shift toward enactive cognitive
science, it must address some considerabéthodologicalchallenges(Froese &
Ziemke 2009) The field needs to extend its current preoccupation with sensaior
interaction in the behavioral domaio include a concern of the constitutive processes
that give rise to that domain in living systems. Maybe Brooks (1997) was right when he
suggested that in order for Al to be more -life perhaps therédnas to besome
fundamental change in our thinkingortunately,such a changeight be providedy

the development of enactive Al (FroeX?).

Indeed, at the moment it seems more likely that the influence will run more strongly
from enactive cognitive science to Al instead. Its accourdubddbnomous agey, for
example, has the potential to provide embodigthedded Al with exactly the kind of
bodily organizational principle that has been identified as missing by Braokg)( In
addition, the enactive notion gsensemaking as a biologically groundedccount of

how a system must be embodied in order for its encounters to be experienced as

significant, can be used as a response

®In a similar manner it could be argued that since recent work in enactive perception (e.g. Nag 2004
more concerned with sensemotor contingencies than with autonomous agency or lived subjectivity,
such work might be more usefully classified as part of embegligloedded cognitive science. For a more

in-depth discussion of this issue, cf. Froese and Ziemke (2009), Thompson (2005) and Torrance (2005).
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description of our body, whicm terms of Alapparently has not e
being real i z e d(Dreyfus 20047,ep. 265Farthermore rthert ¢6 a good
possibility that t h e dobéwerdelveth @agynitian ucoutd ebe t re
overcome in a principled manner by extending itisteng research focus on sensory

motor embodiment to also inclugmrticipatory sensenaking All of these concepts

will be introduced in more detail in Chapt&and4, and some new Al models ad@al

interaction will be presented in Chaptéro 10.

Nevertheless, we calreadynow ask to what exterguch modeling workanimpact on

the current developmestin cognitive science? The following section argues thatlewhi
clearly an important aspeatesults in Al arenot sufficient to displace the orthodox
mainstreamon its own More than just having to make Heideggerian Al more
Heideggerian, as Dreyfus (200@roposes, Heidgerian cognitive science as a whole
must become more Heideggerian @ymplementingts methodologicalfocus on Al

with considerations ophenomenology, a shift which coincides with a movement from

embodiedembeddedo enactive cognitivecgence

2.3 An empirical stalemate

Over wo decades ago Dreyfus and Dreyfus (1988) characterized GOFAI as a project in
which the rationalist tradition had finally been put to an empirical test, and it had failed.
Neverthel ess, des pidt en ot hailst e inmpg o syed hdafsa i
displacing the orthodox mainstream in Al or cognitive science. While it could be argued
that more progress in embodiethbedded or enactive Al will eventually remedy this
situation, a more serious problem becsmapparent when we consider why this
perceived o6failuredéd did not remove the ¢
Wheeler (2005, p. 185) points out, this did not happen for the simple reason that
researchers are always at liberty to interpret prdcpoablems as mere temporary
difficulties which will eventually be eliminated through more scientific research and
additional technological development. Accordingly, Wheeler goes on to conclude that a

resolution of the standoff must await further empireatience.
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However, while Wheel er 6s agppial@ddvhenttereimor e
a need toesole theoretical issues within a particufaaradigm it is not clear whether it
is also valid when deciding between different paradigms: ysaya already have to
choose (whether explicitly or not) one paradigm over the others from which to interpret

the data. Furthemore, the impact of thishoice is significant

The conceptual framework that we bring to the study of cognition can have
profound empirical consequences on the practice of cognitive science. It
influences the phenomena we choose to study, the questions we ask about these
phenomena, the experiments we perform, and the ways in which we interpret

the results of these experimeni®eer 2000, p. 91)

Since data is only meaningful in a manner which crucially depends on the underlying
premises of the investigator, the current empirical stalemate in Al appeargpéaotlye
due to a lack of empirical evidendaut alsolargely due to thefact that the impact of

experimenal resultfundamentally depends on an interpretive aspect

Again, this is not to say that experimental evidence has no effectoving forward a
paradigm shiftof courseit is certainly helpfullndeed, an importantep will be to re
interpret the existing empirical evidence that has already been accumulated (a strategy
we will pursue in Chapteigand13) However, the point is simply that suekidence is

a necessary but nsufficientconditionfor a successful paradigm shifih other words,

in order for experimentadatato be turned into scientifiknowledgeit first has to be
interpretedaccording to (often implicitly) chosen constitutivesamptions. Moreover,

our premises even ground the manner in which we distinguish between noise and data

It follows from this that the major cause of the standoff in the philosophical domain also
plays a significant role in the current empirical staé&nboth domains of enquiry

require an interpretative action on the part of the obseryerd, more importantly,

® Consider, for example, the fact that the fossitord shows long periods of stasis interspersed with
layers of rapid phyletic change. Someone who believes that evolution prageddslly will treat this
fact as irrelevant noige.g. due to accidental differences in preservatiohjle someone whaams that

it proceedsaspunctuated equilibriavill view it as supporting eviden¢&ldredge & Gould 1972)
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while it is possible to influence this act of interpretation through research progress, its
outcome cannot be fully determined by such exteengents since any kind of
understanding always already presupposes interpretative activity. In addition, the impact
of this potential influence is also limited because the significance of such advances
might not become apparent if one does not already ktiwé kind of constitutive
assumptions required to understand them appropriately.

From the perspective of enactive cognitive science this constitutive role of interpretation
for scientific activity is hardly surprising (Varela, et al. 1991, p12)’. In fact, at one
point the enactive approach was actually
2007, p. 24), and it can even ground these epistemological reflections in the biology of
autonomy by claiming that a living system always constituteswts perspectiveof

value on the world (we will return to thisdea in Chapter3). Nevertheless,hese
considerations give a rather bleak outlook for the possibility of actively generating a
successful paradigm ighin the cognitive scienceg\t this point it might seem relatively

futile to worry about such abstract problems hatter tgust get on with the work.

Considering the overall state of affairs this is in many respects a sensible and pragmatic
courseof action and one that is evidently also pursued in this thééeverthelessin

order to better set the stage the final chapters ithis thesis especiallyfor Chaptes

11 and 12 on phenomenologyt will be useful to paint the bigger picture at least
broadoutline Forit is still the case that wat least implicitlychoose a paradigm for our
research. However, if rational argument combined with empirical data is still no
sufficient to establish this choice, then what is it that determines which premises are

assumed? And how can this elusive factor be influenced? The rest afhdpser

" The philosophy of science that is associated with the enactive paradigm is typically a combination of the
operational epistemology of Maturan98B) and the phenomenological ontologyHsidegger (1927)

and the later Husserl (1936). See, for example, the excellent paper by Bitbol (2002). This view of the
scientific method fits nicely with the content of the enactive approach, but whether it motte
compatible one is still open to debate. To be sure, it clearly differs from the view of science adopted by
the sensommot or OGéenactived approaches that prefer to

Wheeler 2005). The difference, in esseris that realism necessitates a role for mental representations.
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provides a tentative answer to these questions by focusing on a crucial aspect of
enative cognitive sciencthat has not been addressed so far.

2.4 A phenomenological resolution

The enactive account of autonomous agency as expressed in terms of systems biology is
complemented by a concern with the fipgtrson point of view, by which iseant the
subjectivelylived experiencassociated with cognitive and mental events\(arela &

Shear 1999). This culmination of thecentdevelopments in the cognitive sciences is

illustratedin Figure2-1.

Enactive

Embodied /Embedded

embodied - embedded

living - lived

Figure 2-1. This schematic summarizes the paradigm shift which is ongoing in cognitive science. There
has been a systematic trend toward more inclusive frameworks which incorporate and ground the
previous insights in a more extended context. With enactive cognitive science we have finally returned to
the point from which all of our investigations must necessarily originate in the first place, namely the

subjectivity of human existence: our lived exignce as living beings.

Since the enactive framework incorporates both biological agency (the living body) and
phenomenological subjectivity (the lived body), has the capacity to recasite

traditional mindbody problem in terms of what has recettgen called thébody-body
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problen® (Hanna & Thompson 2003). On this view the traditioéaiplanatory gap
(Levine 1983)between our best explanation afi¢hat it is like to béthat which is to

be explainedNagel 1974)s no longer absolute since thencepts of subjectivelived
body and objectivéving body both require the notion bife. Though more work needs
to be done to fully articulate the detaigjch as the development of an account that
integrates these dual aspects into a coherent caomcegt the embodied subjecthis
reformulation of thehard problerd of consciousnes@halmers 1996¢an be seen as

one of the major contributions tife enactive paradign{cf. Torrance 2005).

Nevertheless, it is not yet clear how a concern with stisgeexperience could provide

us with a way to move beyond the stalemate that we have identified in the previous
sections. Surelyhe enactive approachs just more philosophical theory? However, to
say this is to miss the point that it derives many ofritgial insights from a source that

is quite distinct from standard theoretical or empirical enquiry, namely from careful
phenomenologicalobservations that have been gained through the principled
investigation of the structure of our lived experience (S&. 2 in Thompson 2007 for

an overview for an introduction, cf. Gallagher & Zahavi 2008ut what about the
insights from which Heidegger originally deduced his claims? If his analysis of the
holistic structure of oubaseinor deingin-the-worldé (Heidegger 1927)s one of the

most influential accounts of tlentinentalphenomenological tradition, then why did it

not succeed in convincing mainstream cognitive scientists? The regrettable answer is
that while his claims have sometimes been probed @ ghilosophical or empirical
domain, there have not been many sustained and principled efforts in orthodox

cognitive science to verify their validity in the phenomenological domain.

If the enactive paradigmis to avoida similarfate then it needs to fas less on the
development obetter, more enactivAl (an aim which will, to a large extent, already
be pursued by embodienbedded cognitive scienceyyd more on the promotion of
principledfirst-personphenomenological studies. Indeed, according t@&nlo, Rohde
and De Jaeghein( pres$ the central importance of experience is perhaps ofthe
most revolutionary implicatia of the enactie approach especially since a
phenomenologically informed science goes beyond black marks on p@eyer

experinental procedures for measuring data, and dives straight into the realm of
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personal experienc&hey point out for examplethatno amount of rational argument
wi || convince a reader of Jonasds claim
with his own existence if the reader cannot see this for himself. THawglopment of

enactive cognitive sciencenplicates an element of persomataction

Accordingly, Varela and Shear (1999) outline the beginnings of a project where neither
experience nor é&rnal mechanism have the final word, but rather stand to each other in
a relationship ofgenerativemutual constraints. They point out that theocess of
collectig phenomenological data requires disciplined training in the skilful exploration
of o n eltved experience. Such an endeawo raise awarenessiight already be
worthwhile in itself, but in the context of the stalemate in the cognitive sciences it
comes with an added benefiio be sure, it is still the case that phenomenological data
first hasto be interpreted from a particular point of view before it can be integrated into
a conceptual frameworBut, in a nutshellgenerating such data also requires a change
in our mode of experiencing. Moreover, this change in our experiential attitude is
constituted by a change in our modebaing and this in turn entails a change in our
understandingcf. Varela 1976)lt is not primarily a matter of theoretical knowledge, or

of deriving facts. Ratheit is this beingthe structure obur everydayexisence which
determines how we interpret our world. Of course, since we are autonomous agents this
does not mean thattively practicing phenomenological inquinecessarily commits

us toan enactive approachBut perhaps by changing our awareness inrtfaaner we

will be able to understand more fully the reasons, other itndarms oftheory and

empirical data, which are at the root of why we prefer one paradigm over another.

2.5 Summary

The field of Al has had a significant impact on the ongoing §tafh orthodox toward
embodiedembedded cognitive sciencespecially because work in Alas made it
possible for philosophical disputes to be addressed in an expelinmeataer.
Conversely, enactive cognitive sciercan have a strong influence on Al besa of its
biologically and phenomenologicallgrounded account of autonomous agersense

making and social interactiorThe development of such enactive Al, while challenging
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to current methodologies, has the potential to address some of the probleemslyc
impedingsignificant progress in embodieinbedded Al.

However, if this alternative paradigm is to be successful in actually displacing the
orthodox mainstream, then it is likely that theoretical arguments and empirical evidence
alone arenecess@y but notsufficient. For thisshift to happen it willadditionally be
necessary that phenomenological pragmatids established as part of tlaecepted
methodological toolbox of contemporary cognitive science (cf. Depraz, et al. 2003).
This shift of fawus from Al to phenomenology coincides with a shift from embadied
embeddedo enactivecognitive science. Unfortunately, however, most of our current
cognitive science institutions are not concerned with supportirfgst-person
phenomenadalgical inquiryin any principled mannerOne promising opportunity for
changeis the increasing interest in sensory augmentation techndtdgyroese &
Spiers 2007)It will be one of the major challenges éalcby those wanting tmakethe
enactive approach accepteabpat of mainstream science to devise appropriate ways of
overcoming this impassén this contextearly day Al practitonemT er ry Wi nogr
decision toturn toward teaching Heidegger in computer science courses at Stanford
after he became disillusioned thi his pioneeringwork in symbolic language parsing
(Winograd 1972)appears in a new ligifbreyfus 1991, p. 118)In return, his shiftin
understandinglsohada profoundmpact on his work in Al, which prefigured some of

the concerns in embodieambelded cognitive science (cf. Winograd & Flores 1986).

The rest of this thesis will unfold according to the pattern established in this chapter. In
the first partthe theoretical framework of the enactive paradigm is presented in more
detail (ChapteB), with a special focus on its approach to sociality (ChagjteBome
empirical evidence on social interaction will then benterpreted from this theoretical
perspective (ChapteEsand6). In the second part of the thedmstperspective is further
supportedoy means ofinintegrativeevolutionary robotics methodologyhich is used

to synthesize a series afjentbasedmodels that investigatthe dynamics of social

®Note that it was Winogradds practical frustrati
and embodieggmbedded turn. We will consider this kind of pedagogical value of emgagiAl-based

research more fully in Chapteér
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interaction (Chaptergto 10). The results of these models support the enactive approach
to social cognition. Still, they satmostnothing aboutvhat it is likefor somemeto be
involved social situationsAccordingly, in the final part of the thesikis modeling
approachis complemented by a phenomenological analysibavfé our experience is
modulated by the presence of others (Chaptérand 12). The thesis finishes with a
brief look at potential future work in related fields (Chagt&; and a summary of what
has been done (Chaptef).
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3 Enactive cognitive science

The aim of this chapter is tonpack the biological foundations of enactive cognitive
sciencein more detail First, the focus on basic biological principles is motivated by a
closer consideration of the IHmind continuity thesis, which formthe theoretical
backbone of enactive cognitive science. On this btsesfundamental notionof
autopoiesis, organizational closure, and constitutive autorasmintroducedfollowed

by a consideration of the notion of semsaking and its necessary pndence on
adaptivity and constitutive autononfinally, all of these notions ammbinedin order

to indicatethe broader framework of enactive cognitive science.

3.1 The life-mind continuity thesis

A radical element of the recent embodied turn in cogmniscience has become known

as thelife-mind continuity thesigLMCT). The LMCT has been proposed in a wide
variety of formulations (e.g. Di Paolo 2003; God#®mith 1996; Wheeler 1997,
Stewart in press;1996; Maturana & Varela 1987). Most of these e8a#ly revolve
around what has been called é6strongd or

and mind have a common set of basic organizational properties:

In more concrete terms, the thesis of strong continuity would be true if, for
example the basic concepts needed to understand the organization of life turned
out to be selbrganization, collective dynamics, circular causal processes,
autopoiesis, etc., andtiiose very same concepts and construstsed out to be
central to a proper gmntific understanding of mind. (Clark 2001, p. 118)

This version of the LMCT is especially attractive for embodied, dynamical approaches

to cognitive science for obvious reasons: for if the thesis turns out to be correct, then the
applicability of thes@pproaches is not only limited to meretowe vel , 61 mpl e m
details of adaptive behavior. Instead, they would actually be providing the very
foundations of a general theory of mind and cognjtmmethatwould also include the

highest reaches of man cognition (cf. Clark 2001, pp. 1:280).
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The most comprehensive framework based on the LMCT is currently being developed
by enactive cognitive science (e.g. Di Paolo, et al., in press; Thompson 2007; 2004,
Barandiaran & Moreno 2006; 2008; Froese 200the enactive approach is just as
interested in the singleell organism, as the paradigmatic case of individual agency, as
it is in human existence, as the paradigmatic case of enculturdtisnimportant to

clarify from the start that this versiot the LMCT does not involve a reductive form of
continuity, -lwhveerledtb yp héehniognneenra wo-bUkbedebé& o0Be
The notion of autonomy, which is applicable to novel phenomena in each of the major
transitions of life, guards against sudrivialization. In other words, the enactive
paradigm proposes a view of lfeind continuity where that continuity is more like an
opentended set of autonomous domains of dynamics that are partially decoupled and
constitutively interrelated by multipleterdependencie&f. Di Paolo 2009)To use an
example that will be discussed at length in this thesis, we can note phatess of
social interaction is enabled and constrained by the behavior of autonomous individuals,
but that the behavioral capacibf these interacting individuals is simultaneously
enabled and constrained by the dynamics of the autonomous interaction [jeogess
Froese & Di Paolo 2008)The characterization of thignd of interdependency as a
form of continuity is justified byhe fact thathe same conceptual framework is applied

at all levels, in this case both for the description of behavioral and social dynamics.

Moreover, as Thompson (2007, p. 129) points ow,ahactiveapproach goes further
than otherlife-mind continuty theories by followingHansJ onas é phenomen
claim that certain basiexperiential categoriethat are needed to understand human

experience turn out to be applicable to life itself:

The great contradictions which man discovers in him$elfreecom and

necessity, autonomy and mortalityhave their rudimentary traces in even the

most primitive forms of life, each precariously balanced between being and not

bei ng, and each already endowed with a
(Jonas 1966, px)

In other words, the LMCT is not only based on an organizational (or behavioral)

continuity, but also on a correspondiplgenomenologicatontinuity. In this manner our
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understanding of the phenomenon of life can be seen to comprise biology antveognit
science, as well as the philosophy of the organism and philosophy of mind. To be sure,

the development of such a radical LMCT is not without its problems:

The danger, of course, is that by stressing unity and similarity we may lose sight
of what is pecial and distinctive. Mind may indeed participate in many of the
dynamic processes of life. But what about our old friends, the fundamentally
reasorbased transitions and the grasp of absent and the abstract characteristic of
advanced cognition? (Clarlo@l, pp. 118119)

We can unpack this concern into two related but distinct aspects, namely the problem of
agency and scalability. Thus, on the one hand, there is the morally and scientifically
motivated worry that the L MEQdurpdsivehageacyt e n s
unless it is combined with some recognition of the special way goals and knowledge
figure in the origination of some of o u
response to this concern it is important to emphasize that the enagiproach is

acutely aware of the problem of agency, and most of its efforts are directed toward
gaining a better understanding of this phenomenon (cf. Di Paolo 2009; Moreno &
Etxeberria 2005). Indeed, the very turn toward the LMCT is largely motivateal by
perceived lack of any coherent notion of agency in current cognitive science, and the

possibility that a closer examination of biological autonomy can fill this gap.

However, there still remains another problem that is closely associated with the: LMCT
AWhat, i n general, i's the relation bet we
perception and action and those used to
(Clark 2001, p. 135). Is it a question of mere complexity, of just having mbthe

same kind of organizations and mechanisms? Then why is it seemingly impossible to
properly address the hallmarks of human cognition with these basic principles? In a
recent paper, De Jaegher and Fro@899 have referred to this missing link #se
Gcognitive gap of the LMCT. They propose that this gap is a symptom of the still
prevalent methodological individualism of cognitive science (cf. Boden 2006b), i.e. an
exclusive focus on individual agency, and that it can be addressed by takintgtbk ro

sociality into account.

37| Page



To be sure, a related response has been
Clark, who proposes Ato depict much of a
of the same basic kinds of capacity used fotiog, adaptive response, but tuned and
applied to the special domain@fternal and/or artificial cognitiveaids ( 2001, p.
However, these efforts have largely focused on the role of language (e.g. Clark 2008,
pp. 4460) and technology (e.g. Clark 2003hereby relating specifically human
cognition with specifically human abilities and their cultural context. Thus, while this
consideration of &écognitive technol ogyé
of the individual human agent, and therahgeedmakes basic embodiezinbedded
accounts more plausible, it still leaves timain cognitive gap of the LMCT largely

unaddressed.

It is certainlycrucial to adopt an externalist view of cognition as a first step to make the
LMCT plausible. But thientails nothing more than a commitment to ligpahesisof
embodiedembedded cognitive scientdgat cognition emerges out of the dynamics of a
brain-bodyworld systemic whole (e.g. Beer 2000). What is additionally needed is a
nonspeciesspecific operabnal mechanism to account for the transformative potential
of such cognitive extension. To be sure, the desirability of a more encompassing
account is not denied by extended mind theorists. Clark (2005), for example, suggests
the souneamplifying burrow ofthe mole cricket as a loose analogy to the cogrition
transforming symbols found in human culture. But it is important to note that the
chirping cricket in its burrow ipassivelyinteracting with astatic physical structure.
Moreover, this example compéy ignores the fact that human symbols only exist

within asocialcontext.

Accordingly, De Jaegher and Froeseifres3 woul d agree with CIl a
complexity characterizes al most al | for
(Clark 2001, p. 154), but they argue that such interactive complexity is already
prefigured in the interactive and social@anstitution of more basic cognitive domains.

Even simple interactions between agents can give rise to an interaction process
characterized bputonomous dynamics that sselistain by modulating the behavior of

the interactors. Here we have an example of cognitive extension that inachies
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coordination, dynamic emerging structures, and an interactisecial context that
removes the need fastatic physical structures. In the enactive approach to social
cognition this transformative potential of the interaction protetse basis of what has
been calledparticipatory senseakingd (De Jaegher 2006). In order to understand this
notion propely we will have to introduce thbasicconceptual framework of enactive
cognitive science in more detdieginning with its origins in the autopoietic tradition

3.2 Constitutive autonomy is necessary for intrinsic teleology

The notion ofautopoiesiqfrom Greek: selproducing)as the minimal organization of
the living first originated in the work of the Chilean biologists Maturana and Varela in
the 1970s (e.gMaturana & Varela 1980; for a more accessible introduction, cf.
Maturana & Varela 1987). Whilehé concept was developed in the context of
theoretical biology, it was right from its inception also associated with computer
simulations (Varelagt al.1974) long before the terdartificial lifedwas first introduced

in the late 19808y Langton(1989).Nowadays the concept of autopoiesis continues to
have a significant impact on the field of artificial life in both the computational and
chemical domain (see McMullin (2004) and Luisi (2003), respectively, for overviews of
these two kinds of approacheM)oreover, there have been recent efforts of more tightly
integrating the notion of autopoiesis into the overall framework of enactive cognitive
science (e.g. Weber & Varela 2002; Thompson 2007; 2005; Di Paolo 20085;
McGann 2007; Colombetti, in pres3)he reasons for this ongoing integration will be
clarified in this chapter.

What precisely is autopoiesi€ring the time after the notion of autopoiesis was first
coined in 1971its exact definition has slowly evolved in the works of both Maturana
and Varela (cf. Thompson 2007, pp. 991; Bourgine & Stewart 2004). For the
purposes of this article we will use a definition that has been used extensively by Varela
in a series of publications throughout the 1990s (e.g. Varela 1991; 1992; 1997), but

which has also been used as the definition of choice in more recent work (e.g. Weber &

° See Varela (1996a) and Maturana (2002) for more detailed accounts of the historical circumstances

under which the notion of autopoiesis was first conceiveddendloped.
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Varela 2002; Di Paolo 2003; 2005; Froeseé,al. 2007J. This moreor-less standard
definition states:

An autopoietic systemi the minimal living organizationi is one that
continuously produces the components that specify it, while at the same time
realizing it (the system) as a concrete unity in space and time, which makes the
network of production of components possibMore precisely definedan
autopoietic system is orgezed (defined as a unity) as a network of processes of
production (synthesis and destruction) of components such that these components:
1. continuously regenerate and realize the network that produces them, and
2. constitute the system as a distinguishableyunithe domain in which they

exist.
(Varela 199, p. 75

In addition to theetwo explicit criteria for autopoiesis we can add another important
point, namely that the setfonstitution of an identity entails the constitution of a
relational domain beteen the system and its environment. The shape of this domain is
not pregiven but rather caetermined by the organization of the system, as it is
produced by that system, and its environment. Accordingly, any system which fulfils
the criteria for autopoggs also generates its own domain of possible interactions in the

same movement that gives rise to its emergent identity (Thompson 2007, p. 44).

Consideringhat current embodied Al fails folly capturewhat is needed for liféike,
intentional agencycf. Chapter 2)it is interesting to note that the autopoietic tradition

has been explicitlyeferred toby Varela (1992pas adiology of intentionality In other

words, for enactive cognitive science the phenomenon of autopoiesis not only captures
thebasic mode of identity of the living, but is moreover at the root at how living beings
enact their world of significance. Thus, the notion of autopoiesis in many ways
continues a particular philosophy of the organism, sudkasnt 6 s , von Uexk
Joms O intuitions regar di(d§groaseh&eZiemke gOAN ppz at i
476479. However, as a more recent development, itthasadded advantage that it

formalizesthese intuitionsn a systemicpperationalmanner.
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The term |60 pkamdtieon at hat the autopoietic
distinguish living from nodliving entities on the basis of a concrete instance and
without recourse to wider contextual (e.g. functional, historical) considerations.
Autopoiesis can be coitkered as a response to the question of how we can determine
whether or not a system is a living being on the basis of what kind of systeratiter

than on how it behaves or where it came from. As such it can be contrasted with

functional (e.g. Nageld77) or historical (e.g. Millikan 1989) approaches to teleology.

Already Kant (1790) speculated that since a living system is characterized by a form of self
organizing reciprocal causality, it follows that all relations of cause and effect in the system
are also at the same time relationsr@fans and purpos@&lore importantly, this reciprocal
causality entails that such a natural purpose then, as an interrelated totality of means and
goals, is strictlyintrinsic to the organism (Weber & Varela 2002). Kabs phi | osoph
provides the beginning of a theory of the g@lbducing organization of life, which attempts

to capture the observation that organisms generate their own goals. In other words, a living
system, as an autopoietic system, is both candetiect of itself, and therefore also of the
feedback systems underlying its goldected behaviofThis intrinsic generation of goals is
generally lacking in current Al systems (cf. Haselager 2005). Embedixdded Al made

an advance when it includéd systems within a sensenyotor loop (e.g. Cliff 1991), but

these systems are nevertheless lacking the kind of intrinsic teleology that is characteristic of

biological systems.

The paradigmatimnstanceof an autopoietic system aminimal, living cd (Varela,et

al. 1974) which is often cited as aillustraton of the circularity that is inherent in
metabolic seHproduction. In the case of the cell this circularity is expressed in the co
dependency between the (boundary) spemmeable membrane drthe (internal)
metabolic network. The metabolic network constructs itself as well as the membrane,
and thereby distinguishes itself as a unified system from the (external) environment. In
turn, the membranleoundarymakes the metabolism possible by praugg the network

from fatally diffusing into the environment.

While there are cases in the literature where rueliular organisms are also classed as

autopoietic systems in their own right, this is an issue that is far from trivial and still
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remainscontroversial (cf. Thompson 2007, pp. 10%/).For instance, would there be a
difference whether the muiltellular organism is distinguished on the level of chemical
processes, cells, or organs? Whatever the, c@sentuitively want to say thaguch
organisms meet the requirements fartonomy A multi-cellular organismmight be
different from an autopoietic minimal entity in its mode of identity, luis also
essentiallysimilar at an abstract level of organizatiats activity demarcatest as an

ertity from its environment (Varela 1991).

In the late 1970s Varela became dissatisfied with the way that the concept of autopoiesis
was starting to be applied loosely to other systems, with its use even extended to non
material systems such as social ilsibns. He complained that such characterizations
Aconfuse autopoiesis with autonomyo (Var
a need to make the explanatory power offered by the systemic approach to autonomy
available for use in other contexhan the molecular domain. Thus, while autopoiesis is

a form of autonomy in the biochemical d c
system does not have to be autopoietic in the strict sense <{@alicing bounded

mol ecul ar systemd4d). (Thompson 2007

Accordingly, Varela put forward the notion ofganizational closur€ by t aki ng
lessons offered by the autonomy of living systems and convert them into an operational

characterization ofutonomyingeneral | i vi ng or o 7%hppeE3wi seodo (°

We shall say that autonomous systems are organizationally closed. That is, their
organization is characterized by processes such that
1. the processes are related as a network, so that they recursively depend on

each other in the generation ardlization of the processes themselves, and

1%n recent literature the terorganizationalclosure is often used more or less interchangeably with the
notion of operationalclosure. However, the latter seems better suited to describe any system which has
been distinguished in a certainigpmological manner by an external observer, namely sotds view

the system under study as characterized by inputs/outputs, but rather asoatséfied system which is
parametrically coupled to its environment. On this viewpeganizationallyclosed system is a special

kind of system, namely one which is characterized by some form gfreelfiction or identitygeneration

when it is appropriately distinguished by an external observer aparationallyclosed manner.
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2. they constitute the system as a unity recognizable in the space (domain) in
which the processes exist.
(Varela 1979, p. 55)

This definition of autonomy applies to muttellular organisms (Maturana & Varela
1987, pp. 8889), but moreover to a whole host of other systems such as the immune
system, the nervous system, and even to social systems (Varela 1991). Maturana and
Varela (1987) introduced couple ofsimple ideograms to denote systems which are

charactezed by organizational closurEigure3-1):

Figure3-1. Mat ur ana and Varelads ideograms for autonom
be characterized by organizatiomébsure. The ideogram on the left depicts a basic autonomous system:

the closed arrow circle indicates the system with organizational closure, the rippled line its environment,
and the bidirectional haHirrows the ongoing structural coupling between the fThe ideogram on the

right extends this basic picture by introducing another organizational closure within the autonomous

system, which could be the nervous system, for example.

We will refer to the autonomy entailed by organizational closurecasstiutive
autonomyi n order to demarcate it from tehe <co
al. 2007).Since it does not specify the particular domain of the autonomous system, it is
also to some extent more amenable to the sciences of the artifrmaght some
fundamental problems remain (cf. Froese & Di Paolo 200Bbj. a more detailed
description of how the notions of emergence through-asghnization, constitutive
autonomy, and autopoiesis relate to each other, Beese and Ziemke (20Q9)

espeially Appendix C (p. 497)

In summary, when we are referring to an autonomous system we denote a system

composed of several processes that actively generate and sustasydtenic identity
43| Page



under precarious conditionsf( Di Paolo & lizuka 2008). Téa precariousness of the
identity is explicitly mentioned in ord
actively constituted by the system under conditions which tend toward its disintegration,
and which is therefore constantly under threat of ceatsingxist. Accordingly, this
working definition of constitutive autonomy captures the essential insights of both the
situation of the organism as described in the philosophical biology tradition, as well as
the operational definitions provided by the awtetic tradition. Both of these traditions
converge on the claim that it is this setfnstitution of an identity, an identity that could

at each moment become something different or disappear altogether, which grounds our
understanding of intrinsic telemy (Weber & Varela 2002).iving systems are not just
goakdirected because they are feedback systems; they are also the source of those goals
because they are autonomous systerhese considerations allow us to state the first
core claim ofthe enactiveparadigmas a systemic requirement (SB: autonomy is

necessarand sufficienfor intrinsic teleology™.

3.3 Adaptivity is necessary for sense-making

In contrast to theagentsof embodied Al whose identity and domain of interactiares
externally defined constitutively autonomous systenSR-1) bring forth their own
identity and domain of interactions, and
solveddéd according to theiSR2pSuchtautanamossr af
systems and their widls stand in relation to each other throughtual specificatioror
co-determination(Varela 1992). In other words, there is a mutual dependence between
the intentional agent (which must exist in some world) and its world (which can only be
encountered byuch an agent)in addition to seHproduction,there isthus another

fundamental circularity at the core of intentionality. McGann 2007).

Furthermorewhatan autonomous systedoes due to its precarious mode of identity,

is totreat the perturbatns it encounters from a perspective of significance which is not

1 Froese and Ziemke (200§)ve a weaker version of SR claiming that autonomy is merahgcessary
for intrinsic teleology. However, since any autonomous system always operates according to at least one

internally defined goal, namely sgdfoduction, it is more accurate to clagufficiencyas well.
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intrinsic to the encounters themselves. In other words, the meaning of an encounter is
not determined by that encounter. Instead it is evaluated in relation to the ongoing
maintenance of #h selfconstituted identity, and thereby acquires a meaning which is
relative to the current situation of the agent and its needs. This process of meaning
generation in relation to the perspective of the agent is what is meant by the notion of
sensemaking (Weber & Varela 2002) Tr ansl ating this conce
(1934) terms we could say that sens@king is the ongoing process of active

constitution of arumweltfor the organism.

It is important to note that the significance which is continlyobsought forth by the
endogenous activity of the autonomous agent is what makes the world, as it appears
from the perspective of that agent, distinct from the physical environment of the
autonomous system, as it is distinguished by an external obséareta 1997). Sense

making is the enaction of a meaningful wdidd the autonomous agent.

Note that he enactive account of autonomy and senaking entails that meaning is

not to be found in the elements belonging to the environment or in the irdgnaahics

of the agentlone Instead, meaning is an aspect of téktional domain established
between the two (Di Paol@t al.in pres3. It depends on the specific mode of co
determination thatin autonomous system realizes with #igecific environmen and
accordingly different modes of structural coupling will give rise to different meanings
(Colombetti,in pres$. However, it isalsoimportant to note that the claim that meaning

is grounded in such relations does not entail that meaning caedbe=d to those
relational phenomena. There is an asymmetry underlying the relational domain of an
autonomous system since the very existence of that domain is continuously enacted by
the endogenous activity of that system. In contrast to most embodied Al wie
relational domain exists no matter what the system is or does, the relational domain of a
living system is not prgivenbut depends on precarious processes ofsetiuction It

follows from this that any model that only captures the relationabiaiycs on their

own, as is thease with most work on sensempotor situatedness, will only be able to
capture the functional aspects of the behavofunctional model will not reproduce

the intrinsic meaningsuch behavior would have for an autonomoustesy whose

existence is constitutively linked with its relational domain
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In order for these considerations to be of more specific use for the development of better
models of natural cognition, we need to unpack the notion of $eakig in more

detail. Essentially, it requires that the perturbations which an autonomous agent
encounters through its ongoing interactions must somehow acquire a valence that is
related to the agentdés viability. Varela
making isalways the breakdowns in autopoiesis. However, the concept of autopoiesis
(or constitutive autonomy more generally) by itself allows no graddtiaither a

system belongs to the class of such systems or it does not. THeersstlfution of an

identity an thus provide us only with the most basic kind of norm, namely that all
events are good for that identity as long as they do not destroy it (and the latter events
do not carry any significance because there will be no more identity to which they could
even be related). On this basis alone there is no room for accounting for the different
shades of meaning whi ch ameelt Ewtmesnore, tthet i v e
operational definitions of autopoiesis and constitutive autonomy neither require that
such a system can actively compensate for deleterious internal or external events, nor
address the possibility that it can spontaneously improve its current situation. What is
missing from these definitions? How can we extend the meaningful perspective that

engendered by constitutive autonomy into a wider context of relevance?

Di Paolo (2005) has recently proposed a resolution of this problem. He starts from the
observation that minimal autopoietic systems have a certain kind of tolerance or
robustnessthey can sustain a certain range of perturbations as well as a certain range of
internal structural changes before they lose their autopoiesis, where these ranges are
defined by the organization and current state of the system. We can then define these
rangesofnoAd at al events as wabilitaseit omhimohu si s yisd s
be of finite measure, bounded, and possibly tmer yi ngo ( Dp. 43aol o
However, in order for an autopoietic system to actively improve its current situiation,
must (i) be capable of determining how the ongoing structural changes are shaping its
trajectory within its viability set, and (ii) have the capacity to regulate the conditions of
this trajectory appropriately. These two criteria are provided by theepso of

adaptivity, for which Di Paolo (2005) provides the following definition:
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A systembs capacity, i n some circumstan
to the environment with the result that, if the states are sufficiently close to the
bourdary of viability,

1. Tendencies are distinguished and acted upon depending on whether the
states will approach or recede from the boundary and, as a consequence,

2. Tendencies of the first kind are moved closer to or transformed into
tendencies of the seconddaso future states are prevented from reaching the
boundary with an outward velocity.

(Di Paolo 2005p. 439

Similar to the case of robustness, the notion of adapthiityplies tolerance of a range

of internal and external perturbations. However, is ttontext it entails a special kind

of contextsensitive tolerance which involves both actively monitoring perturbations
and compensating for their tendenciegher than mere homeostasisthis context the
notion of active monitoring and compensatmg} only refers to the asymmetry of self
production, which entails that the system is the active source of activity, but also to an
internal differentiation of operations that involves some partially decoupled, specialized
adaptive mechanisms (cf. Baranmdia & Moreno 2008)The explicit requirement of
active monitoring is crucial for two reasons: (i) it allows the system to distinguish
between positive and negative tendencies, and (ii) it ensures that the system can
measure the type and severity of a temyeaccording to a change in tirernal,

regulative resourcdbat arerequiredfor compensation of negative tendencies

It is important to note that the capacity for (i) does not contradict the organizational
closure of the autonomous system becadg@)olIn other words, the system does not
have any special epistemic access to an independentglaional) environment, and it
therefore does not violate the relational nature of constitutive autonomy, but this is not a
problem since it only needs tmonitor internal effort. Furthermore, it is worth

emphasizing that the capacity for (ii) already implies the need for suitable

12 Note that this form of adaptivity, as a special kind of -sedfulatory mechanism, must be clearly
di stinguished from the more gener al notion of O6a

all viable behaviour thatds evolutionary origins and contributes to reproductive success.
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compensation. In the context of semsaking we can therefore say that both elements,

l.e. selfmonitoring and appropriate regdion, are necessary to be able to speak of

di fferent kinds of meaning from the pers
in the present analysis suffices for generating a natural purpose, adaptivity reflects the
or gani s moé s necesgadftr isédnsahaking i of evaluating the needs and
expanding the means towaypdddj. t hat pur pose:

While it is likely that some form of adaptivity a@sis defined here was assumed to be
implicit in the definition of autopoiesis as constive of sensenaking by Weberand
Varela Neverthelessit is useful to turn thisimplicit assumption into an expligit
operationakpecification D i Paol o 0 aloww osrtokstate tmaisecond core claim
of the enactiveparadigmin the form of anothresystemic requirement (SR: adaptivity

IS necessary for sensgaking In the next section we will use a recent debate on the
relationship between autopoiesis and cognition to illustratd @Rd SR2. It will be

argued thaautonomy and adaptivity areepessary and sufficient for sermaking

3.4 Constitutive autonomy is necessary for sense-making

We have argued that the systemic requirements of autonomy and adaptivity are
necessary for intrinsic teleology and sensaking, respectively. dgether hey arealso
necessaryand sufficientfor sensemaking and adaptivaagency where the lattelis
defined as an agent capable of adaptive behaviom ipurposeful and meaningful
context However, we are not making the stronger claim that autonomy and adaptivity
arealsosufficientconditions forcognitiveagencyIn fact, we expect that more systemic
requirements will be added to this list as the enactive approach begins to address a
wider range of phenomena. Some promising lines of research in this regard are the
development of an enactive approachctmgnition (Barandiaran & Moreno 2006), to
emotion theory (Colombettin pres3, to goals and goalirectedness (McGann 2007)

and to social cognition (De Jaegher & Di Paolo 2007). All of these developments are
consistat and continuous with thindamentahotions of autonomy and sers®king

as they have been presenteere, and we will return to some of sieeadditional
requirements in Chaptdr We can now summarize the insights of thevayus sections

as shown imable3-1.
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# Systemic requirement Entailment Normativity

SR-1 | autonomy intrinsic teleology uniform
SR-2 | adaptivity sensemaking graded

Table 3-1. Sumnary of the enactive approach to intentional agency, which includes at leastsiemic
requirements(SR-1) autonomy is necessaayd sufficienfor intrinsic teleology, andSR-2) adaptivity is
necessary for sengmaking. Since the viability constraintef adaptivity depend on the autonomous

identity, we can say that both autonomy and adaptivity are necessary and sufficient fonakinge

When it comes to the practical challenge of how to go atealizingthe two systemic
requirements in the formfartificial systems it might be tempting to initially avoid
tackling SR-1 and SR2 in combination. Would it not be better to implement them as
independent modules first and then think about integrating them later? Evolutionary
roboticists in particular wilwant to avoidSR-1, whi ch we wi | | cal l
of enactive Al(cf. Froese& Ziemke 2009) and first focuson the problem oBSR-2

alone However, is it possible to designtificial systems with adaptivity as the basis for
sensamaking indepenehntly of constitutive autonomy@onversely, those interested in
modeling the chemical basis of autonomy might be inclined to approach things the other
way around. Is autopoiesis perhaps not sufficient for seraseng after all?

While an affirmative answeto these questiors might sound desirable for Al research,
unfortunately things are ndahat simple. This is best illustrated by an analysis of the
relationship between autopoiesis and cognition as it has been presented by Bourgine and
Stewart (2004) in gpaper which bases its insights on a mathematical model of
autopoiesis. Whereas traditionally it wa

Maturana & Varela 1980; Stewart 1996; 1992), Bourgine and Stewart propose

Analytically, the interactios between a system and its environment can be
subdivided into two sorts [é]. Firstly
consequences for the internal state of the organism: we may caltypesa

interactions. Secondly, there are those interactibashave consequences for

the state of the (proximal) environment, or that modify the relation of the

system to its environment. we may call theype B interactions. This
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terminology allows wus to pAeytensie a de
cognitive if and only if type A interactions serve to trigger type B interactions

in a specific way, so as watisfy a viability constraint{Bourgine & Stewart

2004, p. 338)

Of course, in most situationsy pe A i nteractions canBbe t
i nteracti ons c a'f Bobrgine arel Steveadlsoro that theirmation

of dviability constraind has been deliberately left vague so that their definition of
cogniton( si mi | ar to what we h acanebydmetaphoicalc a | | i
extensiodalso be usefully applied to ndiving systemgcf. Bourgine & Stewart 2004,

pp. 338339 Thi s is supposed to make room for

the field of artificial life.

As a hypothetical example they describe a rdbat navigates on the surface of a table
by satisfying the constraints of neither remaining immobile nor fallifigtred edge.
Since this robot is cognitive by definition when it satisfies the imposed viability
constraint, but certainly not autopoietic, Bgine and Stewart claim that autopoiesis is
not a necessary condition for cognitiin contrast to what has been argued here in
Sections3.2 and 3.3). Furthermore, they provide a mathematical nhazfea simple
chemical system, which they maintain is autopoietic but for which it is nevertheless
impossible to speak dhctiorbandéensatiofin any meaningful manner. Accordingly,
they also make the second claim that autopoiesis is notfigientf condition for

cognition, a claim whiclappears to beompatiblewith SR-2.

However, i | e this | ast claim might sound at
argument that minimal autopoiesis is insufficient to account for smakeng, there are

some imprtant differences. It is worth noting that, as side effect of not further
restricting what is to count asdaability constraind Bourgine and Stew

of cognition is diff er en-makihgrfa mvo importaRta ol o

¥“They further clarify their position by stating:
and actions; since the sensory inputs guide the actions, but the actions isagueaces for subsequent
sensory inputs, the two together form a dynamic loop. Cognition, in the present perspective, amounts to

the emergent characteristics of this dynamical s\
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reasos: (i) the viability constraint can be externally defined (as illustrated by the
example of the robot), and (ii) even if the viability constraint was intrinsic to the
cognitive system, there is rexplicit requirement for that system &wtively measure

ard actively regulate its performance with regard to satisfying that constraint.

To illustrate the consequences of (i) we can imagine defining an additional arbitrary
constraint for the hypothetical navigating robot, namely that it must also always stay on
only one side of the table. Accordingly, we would have to treat it as cognitive as long as
it happens to stay on that side, but as-ocognitive as soon as it moves to the other side
of the table. Clearly, whether the robot stays on one side or thedoi®not make any
difference to the system itself but only to the experimenter who is imposing the viability
criteria (whether theseriteria areexternalized intca component ofhe robot or not).
Thus, the only overlap betwe@&o ur gi ne a definitidh bfeogaitiort and Di

P a o lcandeptionof sensamaking is that both require the capacity for some form of
sensoy-motor interactiona capacitywhich is not sufficient for grounding meanirxy

itself (Froese & Ziemke 2009)

It will also be interesng from the perspective &l to draw out the consequences of the
second difference (ii). Bourgine and Ste
system and iits environment Awi | | not be
internal state othe system are employed to trigger specific actions that promote the
viabil ity (@G04, p.B3)Hewde weeknowv what constitutes aation as
opposed to mere physical chalge They def i ne actions as ANt
consequences ffahe state of the (proximal) environment, or that modify the relation of
the system t 02004t ps 338 However,dhis rigerion & trivially met by

all systems which are structurally coupled to their environment since any kind of
interacton (whether originating from the system or the environment) changes the
relation of the system to its environment at some level of description. Thus, while their
definition enables the movement of the hypothetical navigating robot to be classed as an
action, it also has the undesirable effect of making it impossible to distinguish whether
it is the system or the environment that

toremove thismbi gui ty we can adopt Di Paol o0b6s v
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[There B ar}] important distinction between structural coupling and the
regulation of structural coupling The former is an ongoing happening, the
necessary outcome of négthal physical encounters between organism and
medium. Qily the lattey the parametrical &on that regulates couplindully

deserves the name dfehaviar because such regulation @one by the
organism [ é] as o0 p padsrgodebytito Unregulatgd! vy b e i
coupling is better described as suffering an exchange while behaviour is the

contol and selection of what exchanges to suffer.Paolo2005, p.442)

As suchautonomy andheregulative capacity of adaptivigan account for the fathat
Acognition r equi r akvityan the avorld ras Wwell aseanratural o f
perspecteon i t 0 ( D,ip. 4BR3aWwd have alréddlybseen that it is the principle

of autonomy which introduces this required asymmetry: an autonomous system brings
forth the relational domain that forms the basis for adaptive regulation by constituting

its own identity, which is the reference point for its domain of possible interactions. It is
essentially the lack of thielationala sy mmet ry i n Bourgine and

of cognition, which has made their proposal problematic.

From this discussiomwe can conclude thautonomy and adaptivity are both necessary
and sufficient for sensmaking Accordingly, while it might be desirable from a
practical engineering and scientific approach to treat autonomy and adaptivity as
separate requirements for seimaking, this abstraction might be the root problem for

the continuing difficulties faced by embodied Al. Better models of natural cognition
will require us ta@wombinethe two coresystemic requirements of the enactive paradigm,
SR-1 and SR2, into oneinternally integratedystem.Note, however, that the systemic
requirements are not quite as constraining as they might at first appear: an operational
definition says nothing about how the required organization is structurally realized.

The line of reasaing that we have developed in this sectienfurther supported by

recent work on chemical autdesis by Bitbol and Luisi (2004). While they broadly
agree with Bourgine and Stewartdés defin
homeostasis is considat to be a special variety of sensempotor behavior they

nevertheless reject its proposed radical dissociation from autopoiesis. Thus, while
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Mat urana and Yravwaatliveagsertiorowas that auopoiesis is strictly
equivalent to cognition, Bvol and Luisi weaken this claim slightly by holding that
minimal cognition requires both (i) the selbnstitution of an identity (autonomy), and

(i) dynamical interaction with the environment. Since they maintain that minimal
autopoiesiss sufficientfor (i) but does not necessarily entail (their position, like Di

Paol oos, falls between the extreme posit
1980; Stewart 1992; 1996) and radical dissociation (e.g. Bourgine & Stewart 2004).

The upshot ofthese last two sections is that the enactive paradigm might have the
conceptual tools to effectively diagnose the problems which have prevented embodied
Al from designing more lifdike artificial systems. In a nutshellt turns out that
sensorymotor irteraction alone is not sufficient to ground intrinsic megnim goal
ownership and it does not entail sers®@king or cognitionThe embodied Al approach

has attempted to capture what biological ageofs.g.their sensorymotor behavior,

but while leaing out what these agerdse, e.g.autonomous and adaptiVelronically,

the supposedly OHei deggerbemgm AI 6 has i gn

3.5 Summary

This has been a longhapterdealing mainly with issues that belong to theoretical
biology. How do thes systemic foundations relate to the-lifénd continuity? In order

to answer this question we witiriefly relatethe main argumenti.e. that relational
phenomena such as cognition, behavior, and seraeng cannot be decoupled from
the operations of m autonomous and adaptive system without rendering them
intrinsically meaninglessto the rest ofenactive cognitive sciencé&ffectively, this

summary will be a first pass through the enactive version eirifel continuity.

As the starting pointtiis important to realize than autonomous systery generating

its own identityin separation of what it is nasjmultaneously generates the particular

“ For a more extensive discussiorvdfy natural agency and cognition entail autonomy and adaptivity in
terms of more detailed biological considerations, see Barandiaran and Moreno (2006; 2008) and Moreno
and Etxeberria (2005). For the mosttopdate enactive account of agency that wilklikbe influential

for future work, see Barandiaran, Di Paolo and Rohde (2009).
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conditions by which it can relate to its environment. Indeed, it is this fundamental
asymmetryof the oganismenvironment relationship which partly constitutes the

0 r g a nperspadison that environment:

Now, in this dialogic coupling between the living unity and the physicochemical
environment, there is a key difference on the side of the living dirfees the

active role in this reciprocal coupling. In defining what it is as unity, in the very

same movement it defines what remains exterior to it, that is to say, its
surrounding environment . [ €] the aut op«
which the exterior is one, which cannot be confused with the physical
surroundings as they appear to us as observers, the land of physical and chemical

laws simpliciter, devoid of such perspectivisifarela 1997, p. 78)

Of course, this is not to say that wenoat provide a description of the organism and its
environment in physicochemical terms The point is merely that this type of
description does not exhaust the domain of phenomena with which biology should be
concerned: A One ¢ o0 u lmdtabelisrmentb@me entitelhfomthe r c u
outside (this is what most biochemists do). But this is not to deny that there is, at the
same time, the instauration opaint of viewprovided by theself onst ructi ono
& Varela 2002, p. 116). More preciselthis generation of a point of view for the
organism consists in two essential aspects, namely the constitution of (i) an identity, and

(i) a relationship to what iéthei§ whereby(i) acts as a reference point {@}:

In other words by putting athé center the autonomy of even the minimal
cellular organism we inescapably find an intrinsic teleology in two
complementary modes. First, basic purpose in the maintenance of its own
identity, an affirmation of life. Second, directly emerging from thpeas of

concern to affirm life, asensecreation purpose whence meaning comes to its

!> Nor should Varela be misunderstood as implying that the physical surroundings that are described by
scientists are devoid of perspectivism in that they reflect an abscdlity (ef. Varela, et al. 1991, pp-9
12). We can better understand his point by realizing that the scientific description of the surroundings is
generated precisely by stripping the world of its significance (cf. Dreyfus 1991, pji21)2a capacity
that depends on a highly developed sensitivity to intersubjectivity (cf. Chapter
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surrounding, introducing a difference between environment (the physical
impacts it receives), and world (how that environment is evaluated from the
point of view establiskd by maintaining an identity). (Weber & Varela 2002, p.
117)

Let usbriefly consider these two aspects in turn. First, there is the notioririofsic
teleologyi n t er ms of the organi smbés relation
constitute itsown purposeful and godirected existence. Weber and Varela begin to
derive this notion by c oawublpurposgnamelpthg 6 s ¢
idea that a selbrganizing system that is both cause and effect of itself is also its own
means and yrpose (cf. Kant 1790, 86é85), with our modern understanding of
autopoiesis. Then, by appealing to the philosophical biology of Jonas, they move
beyond Kantdés conception of teleology as
posit teleology amtrinsic to the phenomenon of life itself. Indeed, Jonas argues that the
precarious situation of the living furnishes the organism with more than just a
inherentlypurposefule x i st enc e: AThe organism has to
is its very existace T which is revocableél and, threatened with extinction, it is
concerned n exi stingo (Jonas 1966, p . 126, e
the generation of a precarious identity through-pesduction that simultaneously

enables the generan of existentialvalues Poetically expressed:

The basic clue is that life says yes to itself. By clinging to itself it declares that it
values itself. [ é] Are we then, per hap
narrow gate through which alowaluei the addressee of a yesould enter the

otherwise indifferent universe? (Jonas 1992, p. 36)

This brings us to the second aspect of t
for sensecreation orsensemaking This notion highlights that the geaépn of values

always happens in the context of a particular orgasmronment relationship. The
internal and external encounters that perturb the process of identity generation take on a
value in relation to this p@lergeduandself i on:
affirming organism lays a new grid over the world: a ubiquitous scale of value. To have

a world for an organism thus first and foremost means to have value which it brings
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forth by the very process 0.118)iIh atheriwdrégsnt i t
an organismés world is first and for emo:
particular manner of realizing its identity. To quote a famous example from Varela:
AThere is no food signif i daaswimsupgradiensand r o s
Its metabolism uses the mol ecul e(19hp.a wa
79). This nicely illustrates how meaningful behavior entails an autonomous identity.

One of the most important consequences oatgementhatwe have developed in this
chapteris that it strongly underlines the deep continuity between life and mind, and it is
this continuity which forms the very core of the theoretical foundation of enactive
cognitive science. In order to better illustrdtestink between the systemic approach to
biology, as it has been presented in this section of the paper, and the enactive approach
as a cognitive science researchprogame® have adapted Thompson
from life to mind for the present camt. As a first rough pass we can say that:

Life = constitutive autonomy + adaptivify
Constitutive autonomy entails emergence of an identity
Emergence of an adaptive identity entails emergence of a world

Emergence of adaptive identity and world = semsging

ok~ 0N PF

Sensemaking = cognition

This chapterhas provided only the basic theoretical elements for an understanding of
these five steps. We would only like to emphasize that, as Thompson points out, these
steps amount to an explicit hypothesis about theraktoots of intentionality. In other
words, they form the basis of the c¢cl aim
to some presumed representational content that is matched to an independent external
reality (by some designer or evolution),tbs rather related to the significance that is
continually enacted by the precarious activity of the organism during its ongoing

encounters with the environment. Here we thus have the beginnings of how the enactive

“Step 1 is a more refined version of the traditi:
the additional requirement oflaptivity was already implied by a looser conception of autopoiesis (cf.
Section3.3 of this chapter). Also, as will become clear in Secdhof Chapters, it is more accurate to

say that cognition entails seas®king, but that sengmaking alone is not sufficient for cognition.
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approach might go about incorporatings ittwo main foundations, namely
phenomenological philosophy and systems biology, into one coherent theoretical

framework (cf. Thompson 2007).

Let us close this chapter by highlighting some issues for future research in thigharea.
concept of adaptivithas enabled us to become much clearer about what we mean by
the notion of sensmaking and its necessary conditions of realization. Our own
perspective, and that of most other organisms, too, is evidently characterized by a whole
range of different shadesf meaning, and this phenomenal differentiation had to be
matched in operational terms by a notion capable of giving rise to such graded
distinctions. However, while this conceptual advance is an important accomplishment in
itself, it is nonetheless judté beginning of the task of developing a more precise notion

of sensema ki ng. Il ndeed, the termdbs gener al a
perhaps for a few degenerate bacteria that have lost their adaptive mechanisms (cf.
Barandiaran & Moreno 2@) pp. 333334), cries out for further specification. It follows

that more work needs to be done in order to account for different kinds ofreaksey

activities and their qualitative variations. How might we account for this variation?

One possibilityis to further develop the emotive aspects of senaking, for example

in terms of a bodily cognitivemotional form of understanding (e.g. Colombatti,
presg. Such work is particularly important with respect to providing an enactive
account of a speai type of autonomous agent, namely animals, which are specifically
characterized by motility, perception, and emotion (cf. Jonas 1966, pp07A9
Another approach is to further clarify the way in which sensé&ing is related to action

(e.g. Thompson ZI5). This can happen in terms of basic adaptivity (Di Paolo 2005), as
well asfor the kind of goals and godirectedness that are specifically characteristic of
human agency (e.g. McGann 2007), in particular with respect to the role of play (e.g. Di
Paolg et al., in press). All of these are promising avenues of further research. The
approach pursued in the next chapter, however, is to clarify how-s&seg is
transformedoy interactionin a social contextespecially because this will enable us to

devdop a principled responsetoh e pr obl em of the LMCTO6s 0
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4 The enactive approach to social cognition

In this chapter weefine the concepts introduced in the previous chapter in order to
develop the enactive approach to social cognitiomftbe most basic forms after-
individual interaction to cultural interaction. First, the notion adfaptive agency is
introduced as the most basic form of agency that can become part of @ageulti
system in which inter-individual interactions can timeselves take on an autonomous
organization This is followed by a consideration of the conditions for cognitive agency
andproperlysocial interactionOn this basis possibledefinition of cultural interaction

is suggestedFinally, the main argumentseasummarized in relation to the kfeind

continuity thesis.

4.1 The autonomy of the interaction process

In Chapter3 we defined a autonomous systeto bea system composed of several
processes that actively generate and sugstair systemic identity under precarious
conditions.More precisely, a autonomous system is a network of processes in which
each constituent process has as part of its enabling conditions one or more other
processes in this netwqrkind is itself also aanabling condition for one or more other
processesilt is this organizational closure which underlies the-seifstitution of an
identity by that very system. The existence of this identity is qualified as being
precarious in order to emphasize thatabastituent processes would disintegrate in the
absence of this autonomous organizatidms notion of autonomy is fundamental to the
enactive approach because it provides a way to naturalize the conaeptiehtity with
intrinsic teleology. In other ards, only to a system which is characterized by autonomy

is it possible to attribute goatates that belong to that system itself, rather than being
imposed on the system from the outside by some external designer, structure or process.
Intrinsic teleolgy should not be misunderstood in an anthropomorphic fashion; it is

merely a way of specifying a certain quality of systemic behavior.
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Agency

self-constitution Env

Coupling

Figure 4-1. The relationship between constitutive autonomy aaajptiveagency: theautonomous system
self-constitutes an identity which is conserved during structural coupling with its environment (black
arrows); adaptiveagencyrequires additional regulation ke system which is aimed at adjusting this

coupling relationsip appropriately (dotted arrows).

It is important to emphasizgainthat the property of autonomy isnacessaryput nota
sufficient condition for adaptiveagency (sedrigure 4-1). Autonomy as such only
ensures the passive cengtion (homeostasis) of the setinstituted identity during
structural coupling with the environment the previous chapter we argued that
adaptivity, i.e. the capacity ofan autonomous system to actively regulatesistesin
relation toselfconsttuted viability constraints is also necessary for agendye will

now restate this claim with more precision.

As Barandiaran and Moreno point oafjaptation can happen either by means of the
internal reorganization of constructive processes, or bylegipn of anextended
interactive cycle;in both cases there is some degree of decoupling from the basic
constitutive processes: Awe are now talk
the constitutive level, which ensures ongoing-selistructionand the (now decoupled)
interactive subsystem, which regulates boundary conditions of the fofBaandiaran

& Moreno 2008, p. 332)It is only when the mechanisms of regulatioperate by
modulating structural coupling such thatadaptation is achievethrough recursive
interactions withthe environment(interactive adaptivity) that we speak ofadaptive
agency In contrastto internal compensation, thiadaptive regulation of system
environment relations opens upnavel relational domainthat can beraversed by

means obehavior(i.e. regulatedensorymotor interactions
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Of course, constitutive autonomy and interactive adaptivdye only the minimal
conditions of agencywhat we could call agenajmark 1§, exemplified, for example,

by bacteria gaable of performing chemotaxis. Mafgyrms of life are likely to be more

of a fAveritable topology of processes 0
hi earchical, s har e g, 18. 8til, dhe phenorfieDdn of Rdaptiveo 2 (
agency is gfficient to allow us to consider a simple extension to the basic scenario
shown in Figure 4-1, namely by introducing twaadaptive agents into a shared

environment. Thighangeesults in the situation depictedkigure4-2.

self-constitution self-constitution

Figure 4-2. The relationship between two adaptive agents sharing the same environment: the manner in
which one agentds movements aff ect rystimdatien fovther o n me

other agent, and vice versa, creating the basis for a-agétit recursive interaction.

The sensory stimulation of a solitary agent is largely determined by its own structure
and movements, thus giving rise to a closed sensatyr feedback loop. This closed

loop makes it possible for the agent to engage in semsotyr coordination so as to
structure its own perceptual space (cf. Pfeifer & Scheier 1999, pA3%7 However, in

the casavheretwo adaptiveagents shara particultre nvi r onment t oget he
movements can affect dhenvironment in such a way that it results in changes of
sensory stimulation for the other agent, and vice versa. Moreover, when these changes
in stimulation for one agent in turn lead to change its movement that change the
stimulation for the other agent, and so forth in a way that recursively sustains this
mutual interaction, the result isspecialkind of interaction process. This process can be
characterized agnautonomous structure the relational domaithat is constituted by
coordinated behaviors. Accordingly, we can simplifgure4-2 slightly by focusing on

the autonomy of this interaction process, as shoviaigare4-3.
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self-constitution self-constitution

Figure 4-3. The autonomy of the interaction proceis$s possible thatvhen two adaptive agents sean
environmentnd theyengage in sensomyotorinteraction thattheir activities become entwined in sueh

manner that their mutual interaction resuftan autonomous interaction process.

Famous exampkeof the emergence of autonomous structures from the interactions
between adaptive agents are the slime matdgétozoar)s Spores ofPhysarumbegin

life as unicellular amoebae, and multiply while feeding on bacteria. If they encounter
the correct mating type, they can form zygotes which grow into large plasnzodia
unified life form containing many nuclei that are not separated by cell membranes. A
plasmodum is even capable of migrating toward more favorable conditions by shifting
concentrations of protoplasmNote, however, that in this particular case the emergence

of an autonomous structure in the relational domain actually coincides with the
dissolution of autonomy of the constitutive cells. It is therefore better described as a
transformation betweetwo typesof adaptive agent, where the midtgent interaction
between amoebais limited to a transitional phasén the case of the slime mold
Dycostelum, however, amoeboid individuals are capable of forming a fructiferous body
without cellular fusion, and with a clear diversity of cellular typesbe sure, all muki

cellular organisms are clear examples that mutual interactions between adaptive agents
(as defined above) can lead to the emergence of structures that are autonomous in their
own right(cf. Maturana & Varela 1987, pp. 78D).

Note that the selbrganized emergence of mudtellularity highlights the importance of
considering alevelopmerdl systems perspective (e.g. Oya2@9 for overcoming the
6cognitive grand @ontiouity thedisdhus, & fire sight the task of
establishing this continuity on the basis of insights gained from minsnadlecell

forms of lifeappears t@quate thégapwith the whole history of life on eartBurely it
would be better to start with something of medium complexity, as often practiced by
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embodied Al? But notice thattwe r e a s B r -bke folzot3stilli fates am animense
phylogeneticgap (and hencethe provocative title of Kirsh §1991)paper o6 Today
ear wi g t o mptmersinglecelhmaodel® 6ften favored bihe enactive paradigm

can be viewed asonfroning us with an ontogeneticgap instead With this shift in
perspective the gmitive gaphas beemarrowed from the whole extent of evolutionary
history,to thedevelopmentdifespan of asinglehuman individual.

While the integration of the developmental systems approach and the enactive paradigm
is beyond the scope of this the, we willnevertheles$ocus our efforts on addressing

the cognitive gap of theontinuity thesisn terms of lifetime changes in behavidore
precisely, the task will be to investigate howh i 4 e e aaitbndmous identitiesan

appear due to the oddinated interaction between two or more adaptive agents, and can
be realized as more or less stable structurethe most general termge can define
suchatype of interaction as follows:

Multi-agent interaction is the regulated coupling betweerast Itwo adaptive

agents, where the regulation is aimed at aspects of the coupling itself so that it
constitutes an emergent autonomous organization in the domain of relational
dynamics, without destroying in the process the autonomy of the agents

involved( t hough the | atterds scope can be a

This definition is based oa related on@roposedby De Jaegher and Di Padipbut it

puts more specific requirements on the necessary form of agency (adaptive), and refers
to this type of interat i on @agedmd!| triat h &he motihation fordtteso c i a |
distinction is that it gives us a more figeained conceptual handle on the variety of
phenomena that involve more than one agent, including a more specific definition of the

socialwhich we will develop later in this chapteNote that thedefinition of multi-agent

"De Jaegher and Di :PSafmal imtedastiondisetiieireyilatedl conpling keawdes at

least two autonomouagents, where the regulation is aimed at aspects of the coupling itself so that it
constitutes an emergent autonomous organization in the domain of relational dynamics, without
destroying in the process the autonomy of the agents involved (though thefladte s cope can

augmented or reduceal(2007, p. 493)We will consider this definition more fully in Sectid2.
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interaction issufficiently abstract so asotto belimited to interactions between single
cell organismsit is equallyapplicable to social interaction between humans ds we

It is helpful to illustrate this idea briefly by means of a simple concrete case study which
will be described in more detail later (cf. Chap@rp. 90). A recent psghological
experiment i Auvray, Lenay, and Stewa(R009) has investigated the dynamics of
human interaction under minimal conditions. Two participants were asked to locate
each other in a simple-l2 virtual environment using only lefight movement and an
all-or-nothing tactie feedback mechanism, which indicated whether their virtual
bavataré6 was overlapping any objects wit
three types of objects: (i) a static object, (ii) the avatar of the other participant, and (iii) a
O0shadowbéofcophe other participant&s avat
movement at a displaced location. Since all objects were of the same size and only
generated an adir-nothing tactile response, the only way to differentiate between them
was through té interaction dynamics that they afforded. And, indeed, participants did
manage to locate each other successfully because ongoing perceptual crossing afforded
the most stable situation under these circumstances. Thus, even though the participants
0 f a itolaehk\@ the task individually, i.e. there was no significant difference between
their clicking response to the otherbs a
2009, p. 39), they managed to solve the task because of tsistalining dynamicsf

the interaction process.

Di Paolo and De Jaegher (20@008 suggest anothgraradigmaticexample namely

any situation in whichihe individual interactors are attempting to stop interacting, but
where the interaction process salistaingevenin spite of thisintention That caneasily

occur, for instance, when two people attempt to walk past each other in a corridor, but
happen to move in mirroring directions at the same .tifrteey thereby co-creae a
symmetrical coordinated relation, which isdil to result in them moving in mirroring
directions againthus leading to further interactiolm this case the individual intention

of terminating the interaction process is actually prevented from being realized due to
the emerging coordination patterat the inteindividual level. In other words, in these
kinds ofcases the overalirganizatiorof the interaction subsumes the individual actions

of the interactors in such a way that the identity ofittberactivesituation is retained, at
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least temprarily, despite their efforts to the contradccordingly, De Jaegher and Di
Paolo suggestthat thereciprocalrelationship between the two autonomous domains,
namely the individual and the interactional, may more easily be studied in situations

where thg are in conflict.

In sum,with this defintion of multi-agentinteraction we have takeafirst step toward

an enactive approach to socatalgnition The ceconstitution of an interactive cycle by

two adaptive agents is a necessary (but not sufficient]iton It is worth emphasizing

that the insufficiency of mulkagent interactions with regard to sociality does not make

it meaningless to investigate them in their own right. On the contrary, it is clear that the
effects of such an interaction procese irreducible to individual capacities, and that
they camevertheless i gni fi cantly shape an indivi duece
intermediatdevel between the individual and the social therefore works in favor of the
life-mind continuity thes because it shows the transformative potential of basic-multi
agent interactiongven withouthe presence of sociality.e. without the need for the
presence of others as such). A maljent systentherefore provides the foundation for

the emergence ohore involved interactions

4.2 Social interaction

The notion of dnulti-agent interactiod has provided us with aeneral way of
characterizingnteractions betweeadaptiveagents that result in autonomous structures,
and which can radically alter the beharal domains of the interacting individuals.
However,as it stands the notiois too broad to capture what is specific absotial
interactions. As a first step, we can note tihare is a mismatch of valudsilure to
regulate a social interaction @® not necessarily imply directfailure of material self
maintenanceHowever, for anadaptiveagent thisindependencef social purpose is
impossible because its capadity regulating interactions, while partially decoupled
from constructive process,still too closely tied to its metabolic existence. The norms
that are constitutive of its regulatory activity, while being potentially constrained by the
dynamics of multiagent interaction, cannot be specifically social nhorms because their

success itargelydetermined by basic energetic and material needs. What is needed for
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sociality is the creationf a new domairthat can havés own internal coherency. The
foundation for this social domain is provided by tognitive domain

What is cognitionThis question could be the topic of another whole thesis, so we will
restrict ourselvesiereto mentioningsome essential aspechs.order to definavhat is
special abouthe cognitive, wecan fortunatelydraw on the work oBarandiaran and
Moreno (2006 2008 who haverecentlyarguel that cognition is given by the adaptive
preservation of @ynamicalnetwork of autonomous sensempotor structures sustained

by continuous interactions withe environment and the body:

The hierarchical decoupling achievough the electrochemical functioning of
neuralinteractions and their capacity to establish a highly connected and non
linear network of interactions provides a dynamic domain with @meled
potentialities, not limited by the possibility of interfecenwith basic metabolic
processes (unlike diffusion processasunicellular systems and plants). It is
precisely the opeended capacity of this higiimensional domain that opens
the door to spatial and temporal setfjanization in neural dynamics and
generates an extremely rich dynamic domain mediating the interactive cycle,
overcoming some limitations of previous sensorimotor control systems.
(Barandiaran & Moreno 2008, B38)

A paradigmatic example of such structures are habits, which encompaaksgsaetcts

of the nervous system, physiological and structural systems of the body and patterns of
behavior and processes in the environment (Di Paolo 2(D3¢ to the partial
hierarchical decoupling of thelectrechemical activity of thenervous systenirom
metabolieconstructive processes, the normative regulation of semsotyr interaction

is underdetermined by basic material and energetic needs. This is because the stability
of a cognitive structure largely depends on the activity of the nervetsnsyas well as

the way the structure is coupled to sensootor correlations. In sunfpllowing on

from Barandiaran and Morenae can define cognitive interaction as follows:

Cognitive interaction is #hregulated coupling betweerdgnamicagent andts

environment, where the regulation is aimed at aspects of the coupling itself so
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that it constitutes an emergent autonomous organization in the domaiaroél
andrelational dynamics, without destroying in the process the autonomy of the
agent (thougp t h e | p& tah leeradgsientedoo reduced)

It is important to emphasize once mahat the minimal form of agency required for
cognitive interactiof what we <cal | 6 dy n a ns moée canplexd c o g
than that provided by adaptive aggnthough it is difficult to capture this difference in
operational terms. Effectively, there isiaed for a hierarchically decoupled domain of
dynamics that camenerate its own, nemetabolic goals€.g. determined by neuro
dynamic forms of autonomy)and be able to regulate its own activity and the

or gani s m<dnstor bebavier aecordingly. Partly this is already a possibility for
adaptive agents, since the mechanisms of adaptive regulation are partially decoupled
from the metaboliconstructive ppcessesBut the behavior of these agents is limited
because the regulatory goals are largely determined by metabolic needs, rather than by
the activity that is generateda sensorymotor interaction andvithin the adaptive
mechanism itself. Cognition, aen operended domain of behavior, only becomes
possible when the adaptive mechanisrpartially decoupled from the rest of the body

in such a way that it is possible for autonomous structures to arise via recurrent
dynamics (cf. Barandiaran & Moreno 2Q06. 180).This form of dynamic agency

(what we mi ght c atypicallabgsedoo the n@reoas sistern.l 6 ) , i

Once dynamic agency is in place it is possible that the continuation of certain patterns
of sensorymotor interaction become goals ihetnselves for example due to the
autonomous dynamic structures which they induce in neural actiMiyeover, these
patternscan involve coordination with another agent in mafjent systemrhus,only

an agent capable of cognitive interact@anhelpto give rise toa social domainhat is
defined byits own specific normativity*®. But is cognitive interaction in a multigent

“Mi ght this be the beginning of a radicalization
queston is why a form of life should evolve that is controlled by a system whose operations are largely
decoupled from its essential metabobelErelative) values, especially since this immediacy increases the
precariousness of the organism. But perhagsishihe price to pay for being able to regulate behavior in

relation to socialdtherrelative) values? Is sociality related to the origin of the nervous syatesoc
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system necessamgnd sufficient for that interaction to be called socidhat is the
precise role of the other agem®@ Jaegheand Di Paolo rightly insist that:

if the autonomy of one of the interactors were destroyed, the process would
reduce to the cognitive engagement of the remaining agent with hisootal

world. The déotherd woul d si mplobhlemboehiso me a
individual cognition (such a situation would epitomise what we have diagnosed
traditional perspectives on social cognition as suffering from: namely, the lack

of aproperly social levelDe Ja&gher & Di Paolo 2007, p. 492)

It is certainlythe case that the other agent must remain autonomous for an interaction to
be characterized as socidhe questiorthat remainshowever, is whethea cognitive
interaction between two or more dynamic agents in a ragint systems also a
sufficientcriterion. Can such a cognitive int@gent interaction capture what is specific
aboutsocialty in the sens@resumablyintended by De Jaegher and Di P&What is

needed isa notionof the socialthat not only excludes interactions thdéestroythe
autonany of the other, bualso excludethosesituations in whiclthe otheris simply
encountereds ameretool, object or problem to be solved dgindividualb s cogni t i

ability (if the other appears as something to be encountered. at all)

Unfortunatelythe notion of an interaction in a muéigent system of dynamic agents is
not specific enough. fere are situationsin which dynamicagentscan interact éuch
thatalof De J ae g h e requaraméntsiare fulfladdputio whichthe other
agentis simply treated as part of the n@ocial environmentA famous example is the
cognitive domain of an autistic person who is embedded within the social world of

others, but who does not perceive this sociality as such.

An illustration of this possibility is provided bythe psychological experiment by
Auvray and colleaguedliiefly described above, alsh. Chapter6, p. 90), whereby the
participants constitute an autonomous interaction protesswvithout actually being
able tomeaningfullydifferentiate betweethe socially contingent and necontingent
situations What this example demonstrates is that it is not sufficient for two cognitive

agents to give rise to an autonomous interaction psatéisey are to break out of their
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individual cognitive domains. While the behavior of the participants is, unbeknownst to
them, guided by thdynamics of thenteraction process to an appropriate solution to the
given task, their sengmakingability remains qualitatively unaffectedith respect to its

solitary point of referencdt is impossible for individuals to distinguish between the
movements of the other participant and its copy, even thbughey ar e o6col |
solving the task due to the dynes of the multiagent system.

In sum multi-agent interaction between dynamic ages necessary but not sufficient
condition for the constitution of social significanc&nce we have argued that it is
regulation of structural coupling which is ctihgive of the qualitative aspect of sense
making activity (cf. ChapteB, p. 35), we need to take a closer look at this regulative
aspect But what kind of regulation is characteristic @&ocid interaction such that it
attainsmeaningas a social event®hat is needed is way of defining the operational

basis of participatory senseaking:

If regulation of social coupling takes place through coordination of movements,

and if movement$ including utterance$ are the tools of sensmaking, then

our proposal is: social agents can coordinate their seageng in social
encounters. [ é] T hparsicipaiory semsnaking thee cal l
coordination of intentional activity in interaction, wherelmngividual sense

making processes are affected and new domains of socialreakseg can be

generated that were not available to each individual on her own. (De Jaegher &

Di Paolo 2007, p. 497)

This6r egul ati on o is precisetywhatl hasto beurpade expiiait in De
Jaegher and DioPadbkods aliibiodedl the imtended 6
work. For if we cannot find a qualitative difference in terms tbé regulation of
coupling then the constitution @ novelsocial domain bsensemaking will remain
mysterious. Whatspecific regulatory process is involved in the coordination of

intentional activityduring socialinteraction?

Let us proceed by means of a concrete exanipdeJaegher and Di Paol@008,

drawing on Fogel (198), provide an insightfudescriptionof a paradigmaticsocial act:
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the act of givingFogel describes a filmed session betweenyadkold baby and his

mother, in which the infant extends his arms with an opgad keeps thenrelatively
stationaryony t o gently release the obj e&mom as
this descriptionit is alreadyevident that iying has an essentially different structurfe

behavior that distinguishesfibom merelyindividual cognitive engagements essence,

in order for the act to be completed successfilligquires acceptance from tlothe

agent In a more recent pap8i Paolo comments:

Assuming for a moment that the infant is the initiator of the act, we realise that

he must create an opening by lastion that may only be completed by the
action of the mother The giving involves more tha
senseamaking; it involves a request for her not only to orient towards the new
situation, but also to create an activity that will rithe act to completion. In

ot her words: to take wup the invitatior
invitation to participate is experienced as a request to create an appropriate
closure of a sensmaking activity that was not originally hers. To guicéhis
request is to produce the o660t her half
completion. (Di Paolo, in pressmphasis added

On the basis of thactof giving we can now make explicit what was already implicit in
the enactive approach to sodiateractionthat wasfirst proposed by De Jaegher and Di
Paolo(2007) The regulation involved in social interactiaindeedof a special kind:
onecognitvea ge nt 6 s r iatgractioacteatas imn opdning for an act that can
only be realized throdgthe complementary regulation wofteractionby another.In
other words, gcial interaction is a manifestation of-regulation More preciselywe

can provide the following definition

Social interaction is the eeegulated coupling between at least tdynamic
agentswhere the regulation is aimed at aspects of the coupling sséifat
1. It constitutes an emergent autonomous organization in the domain of internal
and relational dynami¢gvithout destroying in the process the autonomy of
theagentsmol ved (though the | atteré6,s scop

and
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2. An agent 0 sfcaugiggoah enly beocampleted by the coordinated
regulation ofat least on@theragent

With respect to the goal of further developing the notion of seradeng, two aspects

of this definition are particularly noteworthy: (i) since the interacting agents are
autonomous systems and thayaptivelyregulate this interaction, it follows that they
engage with each other in terms of semsking, and (ii) since thesgulation of the
interaction by one agent changes not only its own coupling but also that of the other
agent, it follows that the agents can enable andtcona i n e a ¢ hma&inghBeitr 6 s ¢
even though sengmaking can be modulated by the interactioacessin this manner,

it essentiallyremains an individual affair i&ll we are dealing with is a multigent
system. ltonly takes ora social significance when it is the result ofragulationin the

strict sensesuch that it could not be achieved ibgividual regulation alondt is the
addition of the second requirement, i.e. of necessanggalation, that gives meaning

to the notion oparticipatorysensemaking as such.

It is worth emphasizing the basic idea of this proposal again: if agentsly enable

and constrain their senseaking activities in anulti-agent systemthey cancertainly

open upbehavioral domainshat would have otherwise remained inaccessible to the
individual agentsThis is nicely illustrated by the psychological expent conducted

by Auvray and colleagues (2009), where the relative stability and instability of the
interaction process causes the participants to succeed at a task that they are individually
incapable of solving. But the fact that participantsareéqual | i kel y t o 061 o1
during mutual interaction as when interacting with the irresponsive mobilealsoe

shows that, while the interaction process has organized their behavior appropriately, it
has not affected their sems®king activity.To the participants there is no meaningful
difference between the two situations. For that to happen the task must be changed such
that an intended activity of one participant can only become realized bypdhdinated

activity of the other. Only then can weoperly speak of participatory seasaking and

expect a qualitative difference in experience.

Of course, these two scenarios are not mutually exclusive. Participatory situations

necessarilyemerge out of the interactions of a muatjent systemand may in turn
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influence the structure of that systesm as tdead to further openings fao-regulated
participation Di Paolo, for example, suggests that when we remove the assumption that
the infant intentionally originated the act of giving we open up pbssibility even

richer degrees dfteraction A A certain movement extendi
of the mother, without yet intending to give it, may now be opportunistically invested
with a novel meaning through joint seasaking. Latent intentins become crystallised
through the joint activity so that not only the completion of the act is achieved together,
but also its initiati ono interBctionipamulti-agent i n p
systemcan not only extendhe relatioral domairs of the individualagents ite. their
cognitive and behaviora@apacities)but alsdead toa novel wayof participatory sense
making(via coregulation of activities) that inaugurates a social domain specific to their

history of interactions

4.3 Cultural interaction

The act of giving, as a paradigmatic social act, is widespread tlooutjie animal
kingdom most often in the context gfarenting(e.g. giving food) or courtship(e.g.
making more or less arbitrary offering#\s such, it is one of the mbfundamental
social acts othe basis oWwhich other forms of socialitgan developThe act itself does

not presuppose much and, followilge Jaegher an® i P aintdrpoetaton ofthe

infant giving an object to its motherit is possible that none dhe interactors
intentionally originated the act. An arbitrary exchange can be subsequently invested
with social significance when it@int completion changes theery meaning of the

relationship to that afgiverband@eceivet

However,do the abstat cat egories of &égiverd and 6r
in the animal kingdomapart fromtheir use byhuman being® Typically, wewould

expect that the roles are much more concretely situated whumoan cases of social

i nteracti odher 6e.agnd adf eddfée eor Thé example ofettreé a n
object exchange between the infant and its matimes points to the need for some
additional clarification. Where do the n
i nf ant 6 ome G6om2And how do theyprovide a measure for the successful
completion of the act as a whale
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It is here that theocb-cultural backgroundin which the interactorand the unfolding
interaction procesare embeddedomes into playcf. Steiner & Stewar2009. Indeed,

the mot her might be moved to accept the
when offered something by anoth€rom her perspectivereating the gesture dake

i nf aatiemptte d@ive ¢he object is a natural way aigking sense bthe situation,

and this sensmaking is implicitly achievedin terms of a prestablished social
practice.Moreover,this meaning once it has been actualized in #iklation, is not lost

on the infant, either, who has now discovered a novel way ofasiteg with his
mother In other wordsto characterize this example as a social interaction alusses

the fact that we are dealing with a processrafulturation

The appeal to a prexisting order of shared practices indicates tmgproachto

social cognitionwhich only focuses on thenomentaryconstitution of norms irsocial
interaction § notsufficient tocapturethe whole of sociality. In particular, it is missing
what is specific abouhosesocialinteractiors that unfoldwithin a culturd context. As
Steiner and Stewart emphasizlee latterkind of social interactionsalso necessarily
involve a form oftheteronomg i.e. the abiding by &eritage ofpre-establishedocial
structuresindeed, the claim that there are heteronomous culataks that guide our
behavior and understanding points to a more general phenomenon, since enculturation
has similarly profound effects on our solitary behavior. A castaway like Robinson
Crusoe does not immediately cease to behave like an Englishmarmefiads himself
socially isolated on a tropical island. Enculturation thus involves at least some form of

internalization of heteronomy (cf. Vygotsky 1978).

In terms of the socialSteiner and Stewart argue that ordgculturatedforms of
interaction dserve to be called social interactions, in order to distance them from the
kind of mult-a g e n't i nteractions that are paradi
approach. However, whilere agree thathe latter approach is too inclusive, which is

why we havere-conceptualized it asierelya necessary condition fepcial interaction

(i.e. in terms ofmulti-agent interaction St ei ner and Salscovedyr t 0 s
exclusive They make sociality a specifically human phenomenon, thereby excluding

everythng from the secalled social insects to our closest primate relatives.
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In contrast to both of these approaches, the definition of social interaction that we have
provided in the previous section takes up a middle ground. On the one hand, it excludes
cognitive interactions that merely contingently happen to involve another agent, but on
the other hand it includes cegulated interactions that are radteadyguided by pre
established cultural norms. Of course, this is not to denySteamer and Stewasdre

correct in insisting thahere is something special abaanyhumanforms ofsociality,
includingtheir heteronomous character, but tepecificityis perhaps better capturbg

the notion ofculturerather than by sociality as such.

While the enative paradigm has acknowledged the constitutive role of the cultural
context for life and mind (cf. Thompson 2007; Steiner & Stewart 2009; Di Paolo 2008;
in press), s far there has been no attemipprovide an operational definition dhose
social inteactionswhose unfolding is partially determined Iaypre-existing socie
cultural backgroundNevertheless, the target phenomenon is starting to be clarified and
the bottoraup approach of the enactive paradigm is systematically developing an
explanationin a stepby-stepmanner In this chapter we have taken timeportant step

of clarifying social interactions as beiagspecial kind omulti-agent interaction where

meaning is cecreated by the joint action of the interactors.

An important problem that remms is to explain howuch social interactiois shaped

by O6exter nal 6ln respdnseune ecdn nateathat ense waybggin to
understand the heteronomy of cultural structuaesl the one pursued in this thegdp

first consider the autononyf a socialinteraction process more detail After all, this
autonomy is, when viewed from the perspective of the interacting agents, also a form of
heteronomy that has its own intrinsic teleolpgyd whichcan enable and constrain the
behavior of thandividual agentsOf course, @iture work will need to determine more
precisely what is special about the heteronomy of cultireparticular, how is it
possible that behavior implicitly adheres to cultural norms even when others are not
immediately presnt? But even here we should be able to approach this problem from
the perspective of social interaction, especially social learning. If we want to know how
culture can shape our behavior even outside of an immediate social context, then we

first need to btter understand how an agent involved in a social interaction, faced with
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the heteronomy of another agent and the heteronomy of the interaction process itself,
can undergo a change in behavior that we would call learning.

A final question to consider ishether the constitutive impaof culturalvaluesis not a
problem for the lifemind continuity thesisDo we not haveo provide a biological
foundation forthesevalues?Yes and no. Yes, in the sense that these values can only
exist for certain kinds ofensemaking agents, and these agents are biological in that
they are alive (autonomous and adaptive). No, in the sense that this is not a reduction of
cultural values taheir biological conditions of possibility the sociecultural domain
retains its ow autonomyAs such, lhe emergence of the heteronomy of culture is the
appearance of another discontinuity in the system of discontinuitieh constitutes

life, mind, and socialityMore specifically, lhe continuity thesis is preserved because
the heteonomy of cultue turns out to benutually interdependent wittihe heteronomy

of socialty, and the same conceptual framework of autonowtjch forms thevery

foundation of the enactive paradigis,applicable to both.

It is already clear thatjke the previous transitionglong the lifemind continuity a
cogni ti ve aigteacultaral doeair is both enabling and constraining.
constraining because taking part in shared practices requires the alignment of an

i ndi vi dual 6 s preestalishednBut despite this anstraining, or rather
because of jtthere is also an expansion of possibilities. A good example of this is play,
the freedom of which |lies in a players?o
by which it cansteer its sensmaking activity and set new laws for itself and others to
follow (Di Paolo, et alin pres$. Moreover, by inaugurating a historical trace of shared
individual and sociabr acti ces t hat can go beyond a
interaction provides the foundation for cumulatively building on previous more or less

viable ways of living.
The subsequent chapters of this thesis will investigate the dynamics of social interaction

more generally, but e/will return tosome speculations abt the possiblemechanisms

of cumulativecultural development in Chapt#8.
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4.4 Summary

In this chapter w have traced the conceptual frameworkhefenactiveparadigmfrom

autonomy to cultureas summarized iRigure4-4.

Autonomy

Adaptivity

Agency |

Qualitative change

Social cognition

Behavior

Sensemaking

Intrinsic teleology

Figure 4-4. This schematic summarizes the relationships between core concepts of the enactive paradigm

as we have developed them in this chapter. Angrifeyer necessarily depends on all of the outer layers.

Thus, for each phenomenon specified at the bottom of a (ayer. g . -ma Ik ie,nthee @perational
requirements specified at the top of that layer, including those of all previous outer layefsrtéaen

its necessary and sufficient conditiofise . g . 6autonomydAgencybaldapt eVt
autonomous system that achieves adaptation not only through inteimr@arézation (i.e. adaptivity,

more generally), but also by regulationiot s st ruct ur al coupling (adapti:
form of adaptive agency, whereby the norms of the regulation of structural coupling are underdetermined

by metabolic criteriaalone (dynamic agengy As the operational specificity increasesth each inner

layer, we can attribute an expansion of qualitative existence to the system. The central layer, culture, is

still in need of further clarification in both operational and phenomenological terms.

This figure showsthat the enactive paradigmdeed promotes form of lifemind
continuity that is not exhausted by unification into one conceptual framework. In other

words, all of the latter, more specialized phenomémaer layers)depend necessarily
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(and not just historically, i.e. evolutionigrand developmentally) on the existenceatf

of the former, more inclusive phenomefauter layers) Note, however, that even
though everynewdomain emerges on the basis of activity in the preceding domains, it
cannot be reduced to that enabling autivThis operational asymmetry between
successive domains is what the recurring concepts of partial decoupling, emergence,
and autonomy provide. It is also what guarantees that we are actually dealing with a
nonreductive lifemind continuity, rather thaa progression of heuristics that could be

collapsed into a purely metabolic level on the basis of a more advanced science.

Of course, we should not misunderstand this operational asymmetry as prescribing a
onesided interaction between the different pbmenal domains. On the contrary, once
the different domains of activity have been established for an agent, their relationship is
not one of hierarchical depenaenbut rather of multiple intelependence. For any
agent it is possible (and likely) thas iactivities in the different domains all mutually
constrain and enable each other in varioustneral ways. Thus, even cultural norms

can be ranscribed back into the normativity operative on the metabolic level (Di Paolo,
in press).For example, | nght take updrinking due to the kind of socioultural
environment of which | am a part, but that appropriated activity might itself become
sustainedas a sekconstituting habit, and that habit can even begin torganize my
metabolismin such a way thait reinforcesthe frequency of mydrinking behavior,

which thereby starts to shape the semittural environmentaced byothers around me,
perhaps making them moneclined to take updrinking as well Accordingly, we can
identify multiple interdepenent, mutually enabling and constrainirautonomous
systems within and across different phenomenal domains. In generkingvout hav

these multiplenterdependencies precisely operate, and how they combine to bring forth
coherent forms of agency is oneétbe most important research problems for enactive
cognitive science. In particular, it remains to be explained how it is possible for us to
reflectively live out a unified existence, though it is likely that this has to do with our
interactionan a linguistic domain (Di Paolo 2009 19 and processes of saither co

determination more generally (Thompson 2001)
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5 Beyond methodological individualism

A fundamental assumption ofaimstreanmcognitive science is that the individual agent
(whatever that maynean in the absence of a mainstream definition of ageadje
correct unit of analysis for understandiifg, mind, cognition and behavigras well as

all social phenomenaThis approachhas been teredfi me t h o d mdividggliseoa |
(cf. Boden 2006} after the doctrine in social science that was introduced by Max
Weber in the beginning of the 2@entury, and continued by Friedrich von Hayek and
Karl Popper among other§he hisory of this doctrinein social science is complex; it
became embroileth highly politicized debates, largely because it was often invoked as
a way of discrediting historical materialism (Heath 200®scientific terms the central
claim of methodological individualism ihat social phenomena must be explained by
showing fow they result from individual actions, which in turn must be explained

through reference to the intentional states that motivate the individual actors.

More recentlythe validity of this widespread assumptiarcognitive sciencés starting

to be quesbned on the basis of research from a varietgso$ubdisciplines. The idea

that cognition is at least partly constituted by social interactions and cultural context has
received support from cognitive anthropology (Hutchins 1995), developmental and
sodal psychology (cf. Tomasello 1999; Lindblom & Ziemke 2003), social studies
(Pentland 2007), primatology (SavaBembaugh, et al. 2005; Tomasello 2000),
interaction studies (Auvray, et al. 2009; Di Paolo, et al. 2008), as well as philosophical
and phenomasiogical considerations (e.g. Zahavi 2001). In terms of understanding
social cognition this shift is expressed by positing embodied interaction as the primary
mechanism of our understanding of other minds, rather than theoretical inference or

empathic simiation (cf. Gallagher 2001).

Oneformidable challenge that needs to be addrebyetie critics of methodological
individualismis to build a framework that enables them to specify precisely and in a
nonmysterious manner how it is possible for sociatmdmena to play a constitutive
role in the unfolding of individual behavior (De Jaegher 2009). In Chaptergl we

have provided the foundation for this task by introducing and developing theptoakc

framework of the enactive pmach to social cognition. Interestingly, the historical
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roots of this approach were never that far away from methodological individy&ism
Paolo 2008) The influential traditions of radical constructivisnme.q. von Gasersfeld

1984 and especially secormtder cyberneticse(g.von Foerster 1973) wereertainly
concerned witlthe existence obthess, but largelyas a onesided response the specter

of solipsismthatwas haunting thesubjectcenteredvorldview.Matu r ana and Var
(1980) biology of cognitiorcontinued tle work of these tradition&f. Varela 1996g

but offered an essentialimprovement. They insisted on a clear logical accouniing
biology that separated constitutive (individual) and relatioivateactive) phenomena

into two nonintersecting domains, whérgthe relationaphenomenanay constrain the
constitutiveprocessesind vice versarhis opened the door to a fuller appreciation of

the role ofinteractionin a sogal, linguistic, andcultural context for the development of
higher cognitive functionge.g. Maturana, et al. 1995¢ven leading to the radical
conclusion that dAwe are constituted in |
forth wi(Mduraoat &\arla D987pp. 231-235. Neverthelessthis strong

idea of self-other co-determinationhas remained marginalizedn the biology of
cognition in particular becausés doctrine of norintersecting domainsimply leavest
unexplainedoreciselyhow relational phenomena cdrasn processes in the constitutive
domain It thus remains unclear hatlve sociais afforded anyroperconstitutiverole.

A detailed comparative analysis of how the enactive approach relates to these traditions
is desirable, but unfortunately beyor tscope of this thesis. In its early formulations it
was certainly still afflicted by a lingering methodological individualisimugh in

recent work this has become less of a probileAs should have become clear from the
preceding chapters, one cruaitfiference is that the notion of identity conservation has
been replaced by a focus on precariousness and normatikéyprofound implication

of this simple change in focus is that a richer grasp of the interrelationship between the
constitutive and reteonal domains is now conceivable, to the extent that it becomes
possible to think about how soetniltural values can transform even basic metabolic

processes (Di Paolo, in presShactive cognitive science has thus traded the framework

9 The related tradition of the enactive or, more precisely, semsotyr approach tperception (e.g. Noé
2004; O6Regan & Nozx 2001), which took inspiratio

remained committed to methodological individualism. We will return to this point in Chb®ter
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of methodologicaindividualism for an approach that is more akin to the dialectical and
hi storical mat er i al i s rirstproposédpygVviarik ankl Engeds, p s y
though stripped of its metaphysical pretense to universality and instead embedded in

systems thiking and a closetbop epistemology.

However, it is one thing to saat social interaction plays a constitutive role, and
another to say exactlyowit plays that role. The focus of Chaptéso 10 is therefore

to demonstrate more concretely the constitutive interplay between the individual and
interactional levels. First, the problems faced by the doctrine of methodological
individualism in accounting for a range of psychological phenomenaigiéghted,

and a possible role of the interaction process is indicated (Ch&pterorder to get a
better understanding of how it is possible for the dynamics of the interaction process to
be constitutive ofan individuald $ehavior we introduce evolutionary robotics as a
methodology to generate complete models of minimal complékitapter7). This is
followed by a range of novel modeling experiments which show concretely and in
mathematicallyanalyzable terms how individual and interaction levels are interrelated

in multi-agent system&hapters to 10).
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6 Studies in social psychology: A critical analysis

The aim of this chapter i® tshow that the enactive approach to social cognition can be
used to provide a fresperspective orsomeimportantexperiments in developmental
and social psychologyost contemporary studies of soatalgnitionattempt to explain

the widespread phenomenof bodily coordination, for example facial imitation or
gestural exchange, in terms of a combination of three fagéotaining to the individual
interlocutors. These factors consist of two kindsseffperception and one kind of
otherperception (i) visual self-perception, (ii)proprioceptive selperceptionand (iii)
visual otherperception As we will seemosttraditional explanations have no problems
accounting for bodily coordination as long as they can appeal to either or both kinds of
selfperception and some form of othperception. If this is not possibl@r instancdan
some pathological cases, additional ad hoc neural systenypealy postulated to fill

the explanatory gag-rom the perspective of the enactive approach to socialtmogn

it appears that hat is missing frormthese traditionaéxplanationdgn psychologyis an

appreciation of the role of the interaction process in organizing individual behavior.

In order to motivate a consideration of the interaction process foaieky empirical

data in developmental and social psychology we will proceed as follows. First, some of
the main concepts used by traditional approaches, i.e. body image, body schema and
proprioception, need to be clarified. This is followed by a discossfoseveral case
studies which map out empirically the various possibilities of the conceptual space
afforded by the combinations of these three concepts. On this basis an attempt is made
to adopta more progressivapproach to social cognition in recesdgnitive science,
namely the integrative theory of gestui@make sense of this datdeverthelesssome
potentialproblems are identified. Finally, it suggestedhat the enactive approach to
social cognition, with its focus on the constitutive rofethe interaction process, is a

promising candidate to resolve these difficulties.

Note that i is beyond the scope of this chapter to develop a full response to each of the
choserncase studieHowever, he modeling experiments presentedhe next chpters

indicate one potentiahethodologyof how tostartgoing about thisn a more systematic
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manner They begin to develop the conceptual language of dynamics that would be
needed for a more thorough review of these psychological studies.

6.1 Bodyimage and body schema

We will follow Gallagher and Cole (1995) in making a conceptual distinction between
two aspects of embodiment. On the one hand there iddtg image(Bl), which
consists of a system of perceptsiovnrbedy at't
On the other handhere is thebody schem#BS), namely a system of sensemotor
capacities that functienwithout consciousawareness or the necessity of perceptual
monitoring.| n ot her words, Aithe differemdse bet
like the difference betweenprception(or conscious monitoring) of movement and the
actualaccomplishmenb f movement , respectivelyo (Ga
empirical evidencethat this conceptual distinction does indeed pick out twiereint

aspects of our embodimerand ®me ofthis evidencewill be presented as part of the

case studies

Another important concept that we need to define more clearly is thad@fioception

which isoftenusedto refer to somatic information abggint position, limb extensign

as well as bodily position andody posture more generallylhis notion of somatic
information can be meant in the form of a-peflective pragmatic awareness which,
while not taking the body as an object, still contribwteertain spatial structure to the
perceptual body image. But the notion can also be used to refer to-@msmous
process, whereby physiological stimuli activating peripheral proprioceptors, which in
turn are registered at certain strategic sitekérnbrain, operate as part of the system that
constitutes the body schema. Following Gallagher (2005, p. 46) we will refer to these
two different ways of conceptualizing proprioception in terms of proprioceptive

awarenesgPA) and proprioceptivenformation(Pl), respectively.

The distinctionbetween body image and body schemarelated to thamportant
phenomenological distinction between thedyas-objectand thebodyassubject(cf.
Legrand 200§ In the former case our embodiment is reflectively egpeed by means

of sensory perception, and in the latter case it is experientially transparent as a means of
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beingin-the-world. Note, however, that in contrast to the notiobady schemawhich
refers to a integratedsystem ofphysiological capacitieand proprioceptive information
that remais outside our awareness, the beasubject is a phenomenological notion.
As such it refers to a structure of diuved experience, for example our preflective

proprioceptive awareness

With these distinctins in place we can noreturn to the three factors traditionally used
to explainthe existencef bodily coordination. First, we have visual sp#rception,
which is an essential part of the body image have of ourselveiSelfBl). And then
there is prprioceptive seHperception, which is usually taken as an essential part of the
subpersonal mechanisms that are outside of our awarenessA(fel)finally there is
visual othetperception, which formsmaessential part of theody imagehat we havef

the otherinterlocutor (OtherBI). On the basis of these three factors we can now
perform a simple metanalysis of the literaturdey focusing on case studies that map out

the space of possibilitieassummarizedn Table6-1.

Case: Self-Bl:  OtherBI: PI: Example of bodily coordination:
1 a a a Non-pathological facgo-face interaction
2 a a Facial imitation by human neonates
3 a a Gesturing by a deafferented subject (1)
4 a a Perceptual crossing in a virtuspace
5 a Deafferented subject under a blind
6 a Gesturing by a deafferented subject (11)
7 a Body imitation in a virtual space (1)
8 Body imitation in a virtual space (II)

Table 6-1. A list of case studies (1-8) that spans all possible combinations of the three factors
traditionally used to explain bodily coordination: a sdifected body image (SeBl), an otherdirected
body image (OtheBl), and proprioceptive information (PIEach casetady provides a brief description

of an instance of bodily coordinati@nd theparticularfactorswhich would be available in terms dfie
traditional explanatory frameworklote thathere are some instances of coordination which appear to fall
outside he scope of this traditional framework. Nevertheledisof thesecases allow the possibility of

responsive interaction between the participaautsl thus retain a role for the interaction process.
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6.2 Case studies in social psychology

We will now expand orthe information provided iMable 6-1 by providing a more
detailed description of the example of bodily coordination for each case, as well as the
kind of explanations that have been offered to account for tléefocus on bodily
coordination is justified because it is one of the most basic formsterindividual
interaction. In allof the cases the aim is to use the empirical evidence to develop an
understanding of the necessary and sufficient conditionthéoestablishment dfodily
coordination between cognitive agenfghat will emerge out of this analysis is a more
precise grasp of thexplanatorygaps in the traditional framework of social psychology,
and a sense of the kind of explanations tizat potatially be offered by the enactive

approach to social cognition.

6.2.1 Non-pathological face-to-face interaction

Let us begin this analysis of psychological studies of bodily coordination with a brief
consideration of unencumbered, everyday social interabgbmeen human beings. It is
well known in social psychology that unconscigégsturalimitationis prevalentduring
humaninteractions, and that thegarticularunfolding of this imitation even influences
the meaning of the social encounter (e.g. LaFraf82)lIn this unconstrained case the
full explanatory framework of traditional social psychology is available to account for

this phenomenon of bodily coordination, as represented schematiciiuire6-1.

This basic case cevs a whole range of social phenomena, including what has been
described as primary intersubjectivity (Trevarthen 1979), secondary intersubjectivity
(Trevarthen & Hubley 1978), as well as joint attention and linguistic interaction
(Tomasello 1988). Indeedut of all the listed cases this is the one that allows one of the
richest forms of embodied interaction to emerge between the participants, i.e. the full
range of human intersubjectivity. However, because explanations of these forms of
bodily coordinatiom can appeal to any combination of the three factors, it is difficult to

sort out which of them are necessary and/or sufficient conditions.
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Acts (OtherBI)
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g Comparabr B
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Perception ofActual Body Schema (BS) Proprioception
Acts (Self-BI) (PN
A v A
Motor Act

Figure 6-1. A schematic of the threfactors that are traditionally used to explain bodily coordination

during social interaction: (i) the body image that we have of ourselvesBBeifhich is largely formed

through visual perception, (ii) tylpesturp and povement, e pt i
and (iii) the visual peBlception of the otherds bc

In order to better determine whether any combination of the thaeédional factors
depicted inFigure 6-1 is necessary avatr sufficient to explainthe phenomenon of
bodily coordinationn generalwe canconsidera series ofmore restrictivecasestudies

which systematically eliminate thgiotentialinfluence.

6.2.2 Facial imitation by human neonates

It is well knownin developmental psycholgghat human infants are good at imitating a
wide variety ofgesturesperformed by adult experimente¢s.g. Meltzoff & Moore

1977 1989. Moreover, it has been shown that even newborn infants less than an hour
old can successfullyimitate facial gesturessuch as moutlopening and tongue
protrusion (Meltzoff & Moore 1983). In general, the range of imitative capacities
exhibitedby young infantss too extensive and specific be explairedin terms of pre
determined innate sensemyotor structureyBS) alore. Indeed,the fact that infants
retain this imitative capacity even when the experimenters introduce considerable delays
bet ween the presentation of a stimulus a
early imitation is not entirely stimulus boundirectly triggered, or reflexivect.
Meltzoff & Moore 1997, p. 182).
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In the case of adult imitation it is possible to provide an explanatidne traditional
frameworkthat is based on a comparison betweenBktind othetBl. But how can we

explan t he i nfantsd ability to imitate faci
chance to construct a body image based on visual perception of theiFtadd@orists

who hold that perception is unorganized in early infaeegnthis very phenomem

itself appears to be impossible:

Thus since the child cannot see his own face, there will be no imitation of
movements of the face at this stage. [ ¢
possible, there must be -codination of visual schemas thi tectilo-kinesthetic
schemas(Piaget 1962, p. 45; gted by Gallagher 2005, p. 68)

However, that such imitation bgvenvery young infants is indeed possible has now
been conclusively demonstrated. How are we to explain this phenomdietin@ff and

Moore popose that early facial imitation is based @mttive intermodal mappirdg
(AIM), whereby the target matching process is captured by a propriocep{iRf
feedback loopin essence, the experiments on neonate imitation demonstrate, contrary
to the traditimal position of theorists such as Piaget (1962), Mefianty (1945/1962)

and others, that a functioning body schema is present at least from birth onwards, if not
even earlier. The AI M model posits that
enadles it to perform the appropriate gesture even without visual awareness of its own
face. The equivalence between the target éeher and t he 1 nfantds
determined by means of a supm intermodal matching process (Meltzoff & Moore

1997). Asimple schematic of the AIM hypothesis is showFigure6-2.
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Supramodal Representation

of v Acts
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Figure 6-2. A conceptual schematic of thiactive intermodal mappidgAIM) hypothesisadapted from
Meltzoff and Moore (1997)They make use of a traditional form ekplaration: the imitative ability of
human neonatess accounted fory appealing to an intermodal equivalence detector between the
neonatebds vi s u a(Otherl)rasdetppropriodeptiofPl)e ot her

Perception of Target
Acts (OthefBIN

\ 4

Self/Other .
Comparator A
\ 4
Body schema (BS) Proprioception
(PN
\ 4 A
Motor act

Figure 6-3. A revised version ofhe schematic ifrigure6-1. In the casef neonate imitatiotraditional
explanatonc annot appeal to the existence of a body ir
body (SelfBl). Accordingly, Meltzoff and Moore (1977) propose théictive intermodal mappirdy

(AIM) hypothesiswhich is illustratedn Figure6-2.

Apparently the existence of such a general matching process does not require extensive
periods of learning appropriate intermodal correlations since neonatal imitation has been

demonstrated with infants evers¢ethan a month old (Meltzoff & Borton 1979). Here
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we thus have an example of how bodily coordination can be explained in the traditional
framework by appealing to the existence of an GBieand PI alonewithoutthe need

for a perceptually formed selil as well. This possibility is illustrated Figure6-3.

While the existence of an innate BS can explain the ability of the neonates to engage the
appropriatepart of their bodies, it is difficult to see how tiBS alone can expin their

ability to actuallyimprovethis performanceHow do they know which Pl matches the
targetPI thatthey would receive when accurately copyingititendedmovement? To

be fair, it could be argued that at least a mini8ef-Bl is also preserfor the neonates
because of the existence pfoprioceptive awarenes$A). Gallagher and Meltzoff
(1996), for example, suggest that PA, as a tacitrgftective awareness, constitutes the
very beginning of a primitivéorm of Self-Bl. Thus, a primitiveself-BI might also play

an essentiatole, namely aghe comparative goastate to be attained by the innate BS.

6.2.3 Gesturing by a deafferented subject (1)

Is it possible to better differentiate between the contributions of thékelid Pl for
bodily coordination? We can gain some further insights by considering the case of a
deafferented subject, lan Watermanrfietimes referred to &4/ in the literaturg who
has lost all sense of touch and proprioceptiohis bodybelow the neck. Thiscute
sensoryneuropathy developad 1971,when Bnwas 19 years o|decause dcn illness
which damaged the large myelinated fibers belosvneck. The case of lamas been

well documentby his doctor, Jonatha@ole (1995).1 anés <case is of

because meway to describe Bicondition is that of a lost body schema

®Sincesme readers might be tempted to answer o6mirr
2001; Gallese & Goldman 1998), it is fitting to very briefly consider why this response is fundamentally
inadequate. First, there are deep conceptual difficue s wi t h t he notion of Omi:
of pretense at the level of neurons (Gallagher 2007). And even if these difficulties could be resolved there

is experimental evidence that the activation of these neurons is nothing specifically lsdciather a

contingent outcome of associative learning that can even be reversed (Catmur, et al. 2007). Finally, the
reference to 6édmirrord system activation just shi
the mechanism which makes¢he neurons fire when the iinfant s e

mechani sm can relate this firing activity to the
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