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Editorial on the Research Topic
Enaction and Ecological Psychology: Convergences and Complementarities

The past several decades in cognitive science have seen an increasing recognition of the importance
of the body, and of the relationship between the body and the environment, to our understanding
of the mind. Forms of this recognition have varied substantially, with some seeing it important to
add arole for the body into existing computational and representational accounts of cognition (e.g.,
Clark, 2007; Shapiro, 2011; Barsalou, 2015), while others finding in the body a different approach
altogether, one which produces quite a different picture of the mind than those accounts which
have formed the mainstream and traditional forms in the cognitive sciences.

Some of these more radical forms of embodied cognitive science have developed fairly
independently of one another, but nevertheless have come to share some core theoretical
characteristics—accounts that emphasize the role of action for perception and that do not involve
computation or representations in explanatory roles. In their place we find discussions of skilled
bodily activity in providing accounts of the performance of cognitive tasks.

Two well-developed such approaches are those of ecological psychology, deriving substantially
from the work of psychologist Gibson (1966, 1986), and that of enactive cognitive science, building
largely on foundations laid by Varela et al. [1991; see also Thompson (2007)]. Both approaches have
continued to expand and diversify in their accounts of psychological and cognitive phenomena,
framing significant empirical and theoretical work within the cognitive sciences to date (e.g.,
Chemero, 2009; Rietveld and Kiverstein, 2014; Di Paolo et al., 2017, 2018; Hutto and Myin, 2017;
Cummins, 2018; Heras-Escribano, 2019a; Turvey, 2019; Wagman and Blau, 2020).

These two approaches appear to share a number of key theoretical and methodological
commitments, including a conception of cognitive activity as being performed in skilled
engagement between an agent and a rich, complex world, and such accounts being couched
in terms that do not depend on computational or other forms of representations for their
explanatory power. Despite these shared commitments and other apparent resonances between the
approaches, communication between these two groups of researchers has been surprisingly sparse,
and collaboration more rare still. Though several authors (Chemero, 2009; McGann, 2014; Rietveld
etal., 2018; Heras-Escribano, 2019b) have recommended some form of integration between them,
just what such an integration would entail, and whether it might even be possible, has not been
worked out in detail. Our primary aim in advancing this Frontiers Research Topic has been to
provide a forum where such parallels, resonances, convergences, and complementarities, could be
aired, and given proper consideration, in as fulsome a form as possible. That includes identifying
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tensions and incompatibilities and assessing whether they are
merely superficial or harder to resolve. In a domain more
richly illuminated by such a diversity of perspectives further
work on development of either an integrated approach, or
continued separate development, can be conducted with a richer
understanding of the relationships between these two promising
modes of cognitive scientific research.

The 30 papers that make up this Research Topic address
a wide range of questions concerning ecological psychology,
enactive cognitive science, and their shared domain of scientific
interest. The topics broached bring to the fore a number of
key points of contact between ecological and enactive thinking,
and provide varying evaluations for the possibility of some
kind of reconciliation, complementarity, or alignment of the
two. Some authors highlight divergence, conflict, or even
distinct foundations, which motivate a pessimistic prognosis on
integration, noting differing views on the relationship between
the agent and the world, or sometimes even the basic scientific
approach. Others appear more optimistic that these are perhaps
two perspectives on the same avenue of scientific advancement.
Even in this latter case, however, it is clear that the differences
between the two are not simply ones of appearance, but potential
points of theoretical dissonance that will require real theoretical
or empirical work if they are to be reconciled. In this collection
of papers we see a number of potential diagnoses of differences,
ranging from different starting points in examination of the
agent-world relationship, to different commitments to “realism”
about the world, or the role of other agents in our account of
human cognition, where specific gears of ecological and enactive
theories touch one another and either grind hopelessly or engage
with some degree of success.

Though there are a number of themes or threads we might
recognize as connecting the set of papers in this Research
Topic, in what follows we outline a scheme with a few broad
strands. One recurring theme is the foundational question
of the relationship between the agent and the world; how
it might best be understood, represented, and the varying
implications that follow. A second theme is that of skill learning
and the dynamics of attunement between agent and world.
Regardless of how the relationship between agent and world
is conceived, it is recognized as dynamic and vital. How this
dynamism is to be considered and understood affects how
we approach questions of cognitive science, highlighting some
particularities that either strengthen or undermine the apparent
consonance of ecological and enactive approaches. A third
theme, unpacking that relationship in more specific terms, is
the complex topic of affordances. Introduced by Gibson (1977,
1986), it has since its beginning proven to be as contested
as it is useful. The frequency with which it is deployed
bespeaks its value both in formulating and executing empirical
research agendas as well as articulating and problematising
the different ways in which different approaches formalize
the agent-environment relationship. Finally, while all of these
themes involve a recognition of the central role played by the
active body, some contributions elaborate in more detail aspects
of embodiment that are relevant to elucidating the relations
between the two approaches, such as the roles of agency, of

embodied experience, and of the brain, as well as different forms
of embodiment.

A key tenet that both approaches appear to share is that of
a reciprocal relationship between agents and their environment.
Cognition arises within that relationship, rather than, say,
entirely within the head of the agent in question. The multiple
and entwined circularities of this relationship are highlighted
by Fuchs, who examines mutual causal and dynamical relations
in the structures of situated embodiment. The dynamic, active
environment that these circular relations imply is on the face
of it a point of clear agreement between ecological and enactive
approaches, which separates them distinctly from mainstream
perspectives. A number of authors identify dissonances in the
particulars of how this relationship should be analyzed and
understood, and there is a clear diversity of positions taken on
this ostensibly common ground, even when it comes to how such
a relationship should be discussed by us scientists in our practice.

Given the foundational role of the agent-environment
relationship in both approaches, it seems vital to make any
differences in its conception explicit and to examine their
implications. Heft notes some apparent incompatibilities based
on seemingly different roles for sensation and action in the
agent-environment relationship. A somewhat similar diagnosis,
though with a more optimistic prognosis, is offered by Read
and Szokolszky. Providing a valuable historical perspective,
Feiten explores how researchers from the two approaches seem
to draw from different descriptions of von Uexkill’s notion
of the Umwelt to make sense of mutualism or reciprocality.
These examinations offer key insights into how questions are
framed differently by different researchers. What is more, such
foundational concerns extend beyond the traditional boundaries
of the cognitive sciences. If the relationship between agent and
environment is as complex as ecological and enactive approaches
imply, then the ramifications affect not just cognitive theory,
but scientific practice more generally, explored by Cummins, as
well as our conception of the person, our ethical obligations,
and participation in society, an issue broached by de Pinedo
Garcia. Resources for consideration of the complementarity
inherent in this mutualism between agent and environment
may indeed send us further afield from mainstream cognitive
science; McKinney notes the possible value of the work of various
Japanese philosophers in engaging with the topic, and finding
a path toward continuing fruitful interactions between the two
approaches without prioritizing or undermining either.

Unpacking and systematically elucidating this concept of
mutualism clearly provides plenty of work to do. Nonaka
explores the inexhaustible richness of the environment,
finding there a texture sufficient to account for all aspects
of the contact between agent and world, in doing so, seeing
off any concerns regarding “constructivism” sometimes
perceived in enactive approaches. Crippen also examines this
perceived incompatibility of ecological psychology’s “realism” vs.
enactivism’s “constructivism.” Examination of the relationship
between agent and world suggests that this dichotomy is not as
threatening as it might seem. McGann similarly addresses this
friction between both perspectives, and in an insight shared with
several papers in the collection, notes how the complexity of
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interacting processes over different timescales dissolves some of
the apparent disagreement, though leaving work still to do.

While it is important to notice broad theoretical divergences,
and work toward clarifying their significance and hopefully
resolving them, several authors take on a more concrete stance
and attempt to work out differences and complementarities
between the two approaches in the case of more practical
issues. One such recurring topic concerns the development and
learning of action and perception skills. These involve what Di
Paolo calls transactional couplings in his overview of pictorial
representations of the relation between agent and environment,
and which he identifies as being a research area of significant
historical overlap between the two schools. Baggs et al. notice
some tensions between the enactive and ecological conceptions
of skill learning. Moving beyond perspectives that pin skills
to the body, they proposed an extended unit of analysis in
the organism’s situated activity and the self-organization and
constraints that emerge in this activity. The move is analogous
to the proposal presented by Corris, who offers a developmental
answer to the question of the specification of the environment,
which she finds unsatisfactorily treated by both the enactive
and ecological perspectives: why do certain contingencies matter
and not others? The idea of a developmental niche successfully
combines ecological and enactive sensitivities and serves as an
example of the kinds of theoretical advances we wish to see.
A complementary notion to that of the developmental niche is
perhaps James’s notion of enhabiting, the process of individuation
by which the shared complex of a species-typical habitat (from
the point of view of us scientists) is enacted as an Umwelt for an
individual organism. Building on the work of Simondon, James
describes a process akin to equilibration (Di Paolo et al., 2017)
by which a specific agent-environment system brings activities
at multiple timescales into coherence with one another. A
similar dynamic of reconciliation or coordination is outlined by
Septlveda-Pedro in his contribution, this time in terms of norms.
He raises the question of normativity contrasting the enactive
approach with the skilled intentionality framework (Rietveld
et al., 2018) and their respective views that norms are enacted
by agents and that agents attune to pre-existing norms. These
views, again, can be reconciled by adopting a developmental
perspective that appeals to the work of Merleau-Ponty. Drawing
observations from cases in sports psychology, Avilés et al. also
see the complementarities between enaction’s attention to bodily
experience and ecological clarifications of skill acquisition as
calibration and the education of attention and intention. de
Carvalho and Rolla also address the question of learning, this
time in terms of the highly contested idea of information.
Offering a distinctly optimistic view on the compatibility of
different conceptions of the idea extant in the cognitive scientific
literature, they provide examples of how direct learning may be
understood as sensitivity to information about the likely outcome
of particular actions.

Putting the focus on the microgenesis of specific skills
reveals even richer links between the approaches. In their
detailed analysis of dynamic touch, Travieso et al. find clear
complementarities between ideas of sensorimotor contingencies
and information detection through active exploration. In this

way, they touch again on the question of an agent’s activity, which
is also empirically explored in a sensory substitution study of
haptic perception by Froese and Ortiz-Garin. Using the Enactive
Torch in a double participant set-up with active and passive
conditions, the authors find that the role of agency in perception
appears to be only instrumental. This is in line with how self-
generated activity has been conceived historically in ecological
psychology. Bermejo et al. discuss this history by examining the
changing reception of the work of neuroscientist Richard M.
Held, who pioneered studies that revealed the importance of
voluntary activity in perceptual learning. While James Gibson
seemed to think voluntary activity was merely facilitatory of
processes that could occur otherwise, Eleanor Gibson and
colleagues working on perceptual development thought it played
stronger enabling roles. Enactivists would agree and argue that
they can even play constitutive roles. The authors discuss the
difficulties of taking the active/passive distinction as binary, and
offer a series of practical dimensions for characterizing self-
generated activity.

The notion of affordance is perhaps the best known of
Gibson’s contributions to theory, and also the most contested.
The concept, having been introduced as something that is
“neither an objective property, nor a subjective property; or it is
both, if you like” (Gibson, 1986, p. 129), seems to offer a means
of articulating and perhaps formalizing the coupling between
agent and environment. What is more, it does so in a way that
motivates empirical work. In several papers here, affordances are
deployed as a lens to bring certain points of contact between
the ecological and enactive approaches into focus and examine
them. Affordances prove useful to others more in terms of
their potential to speak coherently about recurring themes in
the dynamics between agent and environment that occur at
different levels of analysis, or in apparently different domains.
Cognitive science sprawls across the entire realm of human
and non-human life, with researchers on one hand examining
the relationship between moving objects and bodily motion,
and moving artworks and therapeutic empathy on the other,
to mention just two of innumerable possible landmarks in this
rich landscape. Affordances, broadly construed, offer a means of
approaching these apparently disparate domains in a coherent
manner. While some are concerned this threatens to dilute the
notion to the point of vacuity, others use the concept to make
sense of some of the richer and more complex aspects of human
existence in a way that illustrates important continuities between
what are traditionally seen as distinct fields. What is more, these
insights help to articulate points of tension or resonance between
ecological and enactive approaches, and set out some of the work
that needs to be done if the two are to come to occupy a common
scientific ground.

Gastelum addresses some of the complexity regarding this
range of domains from the point of view of temporality: that
affordances must occur at a range of temporal scales, and be
accounted for accordingly. Attentive to issues of scale, Loaiza
et al. similarly examine the complexity of the domain of human
activity, and use affordances to approach the interplay between
temporal scales that helps make sense of their continuity.
This more liberal notion of affordances would seem to offer
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something akin to a theoretical invariance, a means of thinking
of the agent-environment system in coherent terms whether
the discussion refers to a cell in a chemical gradient or a
person in a conversation. Following a multiscalar perspective,
Trasmundi and Cowley present an ethnographic study of the
processes of reading and imagining. Their enactive-ecological
approach encompasses saccadic eye movements, interaction with
cognitive artifacts (such as books), vocalizations, and multi-
modal social interactions, demonstrating again the purchase of
examining complex cognitive phenomena over a range of scales.
Brancazio warns that such continuities should not be oversold,
however. Also using affordances as the theoretical tool, she
attempts to lever apart the domains of physical and social activity,
highlighting ethical implications that must be recognized and
addressed where affordances are interpersonal, distinguishing
them from a more basic reading of agent-environment relation.
Carava and Scorolli’s intervention suggests that the concept
of affordances may be effectively deployed in the empirical
study of affective or emotional aspects of life, examining the
ways in which projectible properties of the visual world are
encountered in terms of their social and cultural value. The role
of social, cultural factors in organizing and giving valence to
affordances is addressed by Harrison in his micro-ethnographic
study in a commercial setting. He seeks to embed the enactive
conception of sense-making within a framework informed by
the ecological psychology of Barker, Schoggen, and others (see
Barker, 1968; Schoggen, 1989), literally “exploring” the various
forms of affordances created as part of a marketing campaign
behavior setting within a shopping center in Hong Kong.

Questions about the body run through most of the
contributions: the body as an active agent, the body as
situated, the body in regards to others, and the embodied
character of perception and experience. These are general zones
of convergence between the approaches. Some contributions
elaborate on these ideas. Segundo-Ortin contrasts the enactive
and ecological approaches to embodied agency and argues for
the benefits of adopting a dual approach that combines enactive
accounts of sensorimotor equilibration with an ecological focus
on how perceptual information contributes to the actualization
of sensorimotor habits. The analysis of embodied agency
also preoccupies Popova and Raczaszek-Leonardi, who discuss
dissimilarities and complementarities between the two camps
by drawing on the phenomenology of lived bodily experience.
The practical implications of foregrounding agency and lived
experience are well-exemplified in the ecological-enactive model
of disability presented by Toro et al.. The authors demonstrate
that concepts of disability are not exhausted by physiological
or medical normativity, but demand the constitutive role of
lived experience. Through qualitative interviews with patients
with cerebral palsy, they show that their experience can
demonstrate tendencies toward maximal grip, and therefore
need not, in all cases, be considered as arising from a
“pathological embodiment.”

Insistence on the importance of embodiment has been,
and continues to be, a point of contrast with neurocentric
perspectives still prevalent in cognitive science. In turn,
the question may be put to both enactivists and ecological

psychologists: What about the role of the brain in these
theories? No one denies that the brain plays crucial roles in
explaining cognition, and enactive researchers have offered
explicit non-representational theories about what this role
could be (e.g., Varela et al., 2001; Fuchs, 2018). Other theories,
such as coordination dynamics and neural reuse, can also meet
both enactivist and ecological theoretical constraints (e.g.,
Kelso et al, 2013; Anderson, 2014). Ryan and Gallagher
discuss and compare some of these ecological-enactive
proposals, in particular, apparently convergent conceptions
of the brain as a resonant, rather than representational
organ, and they examine whether these conceptions are
metaphorical or can offer specific mechanisms. Cashing in
on the resonance of these and other enactive-ecological ideas
(such as that of attunement) with musical performance,
they suggest that activities such jazz improvisation provide
rich case studies for combined enactive and ecological
theories of brain function (and environmentally situated
bodily activity).

It is clear that this and the many other questions examined
in this Research Topic are ripe for further research. As
with jazz performance, we are happy to observe that the
contributions do not follow a single orchestrated pattern.
Voices rise and recede, sometimes performing duets, sometimes
trios, with attention to history but without entrenching
in it, also with interesting innovations and an element
of unpredictability signifying at least that the road ahead
remains open. What is important, in our view, is that
the conversations have started and we are certain they
will continue.
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The Circularity of the Embodied Mind

Thomas Fuchs*
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From an embodied and enactive point of view, the mind-body problem has been
reformulated as the relation between the lived or subject body on the one hand and the
physiological or object body on the other (“body—body problem”). The aim of the paper
is to explore the concept of circularity as a means of explaining the relation between
the phenomenology of lived experience and the dynamics of organism—-environment
interactions. This concept of circularity also seems suitable for connecting enactive
accounts with ecological psychology. It will be developed in a threefold way:

(1) As the circular structure of embodiment, which manifests itself (a) in the homeostatic
cycles between the brain and body and (b) in the sensorimotor cycles between the brain,
body, and environment. This includes the interdependence of an organism’s dispositions
of sense-making and the affordances of the environment.

(2) As the circular causality, which characterizes the relation between parts and whole
within the living organism as well as within the organism-environment system.

(8) As the circularity of process and structure in development and learning. Here, it will be
argued that subjective experience constitutes a process of sense-making that implies
(neuro-)physiological processes so as to form modified neuronal structures, which in
turn enable altered future interactions.

On this basis, embodied experience may ultimately be conceived as the integration of
brain—-body and body-environment interactions, which has a top-down, formative, or
ordering effect on physiological processes. This will serve as an approach to a solution
of the body—body problem.

Keywords: embodiment, lived body, body-body problem, brain, circularity, circular causation, ecology,
development

INTRODUCTION

According to enactive and ecological approaches to cognition, the mind is not to be regarded as
a disembodied internal representation of the external world, nor as a system of brain modules,
neural symbols, and algorithms that allow us to calculate and predict the world. On the contrary,
an embodied mind manifests and integrates the current state of the entire organism as it interacts
with its environment. Strictly speaking, it is not a “mind” at all, if by this is meant a separate domain
or entity; it is rather a bodily subject whose experience extends over the lived body, and who, via its
mediation, is in contact with the world (Thompson, 2007; Fuchs, 2018; Gallagher, 2018). In other
words, the subject actually inhabits the body; I am co-extensive with my body, and its movements
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are literally my movements - not some external events for
which the brain simply creates a suitable body phantom that I
happen to experience. The body is not a mere vehicle but the
very locus of the subject, the source, and the medium of its
relation to the world.

If we thus re-conceptualize the disembodied mind, which
is still the predominant concept of present-day Cartesian
materialism (Rockwell, 2005; Knowles, 2014), then the mind-
body problem has to be recast. It is no longer a question of how
the mind is related to the brain but how the lived or subject
body on the one hand is related to the living or object body
on the other; in short, it becomes the “body-body problem,”
as Hanna and Thompson (2003) and Thompson (2007) have
termed it. A particularly challenging aspect of this problem is
the question of whether and how we may attribute a more than
epiphenomenal role to bodily subjectivity.

In what follows, I want to address this problem from several
points of view. First, I will present the ontological relation
between lived body and living body in terms of a dual aspect
of the living being. Then I will use the concept of circularity to
describe the relation and intertwinement of both aspects. As I will
try to show,

(1) Circularity characterizes the structure and dynamics of the
living organism on different levels, thus giving rise to the
lived body;

(2) Circular causality, or downward and upward causation,
characterizes the part-whole relation of the organism,
enabling the actual effectiveness of embodied subjectivity
in the world; and

(3) The circularity of process and structure shapes the
development of the living being over time. This will
lead finally to a proposal as to how, in humans, this
development may be increasingly determined by the
embodied subject itself.

LIVED BODY AND LIVING BODY

My starting point is the circular relation between lived body and
living body, or subject body (Leib) and object body (Korper).
The lived body is mostly transparent to us: it is the pre-reflective
background and medium of our world-directed perspective,
the center from which we see, act, and live without paying
attention to it. The object body appears in our experience
when this perspective is turned backwards; this happens with
all conspicuous bodily sensations, but in particular when fluent
bodily functioning is disturbed or interrupted, be it through a
mishap, clumsiness, exhaustion, or illness. In such cases, the body
is no longer transparently lived as mediating our activity in the
world. It becomes “an explicit part of the subject’s experiential
world rather than its implicit mode of revealing that world”
(Stapleton and Froese, 2016, p. 124).

On the other hand, the living or object body (now regarded
from a third-person perspective) constitutes the subject body,
inasmuch as the organic functions tacitly enable the latter’s
mediating role for our activities. Thus, living and lived body are
in a relation of mutual concealment, because they bring forth or
constitute each other, and this is what defines our embodiment.

A well-known manifestation of this reciprocal relation is the
phenomenon of double touch as highlighted by Husserl (1952):
if one’s right hand touches the left, the latter appears as a palpable
object offering resistance to the right hand’s touch (i.e., as Korper);
however, through a change of attention, it can also become a
feeling hand, sensing the touch, that is, a part of the bodily
subject (Leib).

This example shows that lived body and living body
correspond to two different perspectives or attitudes between
which we shift in everyday life, usually without being aware of
it. Nevertheless, both perspectives are related to one and the
same living being, a living being that displays two different
aspects. This fundamentally changes the usual construal of the
mind-body problem: it is generally based on the principal divide
between a “mental” sphere and a “physical” sphere, the one
being only accessible from within, or from the first-person
perspective, the other only accessible from without, or from a
third-person perspective. Instead of such a gap between two
radically different ontologies (the mental and the physical), we
are now faced with a duality of aspects within embodiment
(Fuchs, 2018, pp. 77-82). The question, then, is about the
relation between one’s body as a living organism and one’s body
as subjectively lived. And the answer must be that processes
of living and processes of experiencing (in German: Leben
and Erleben) are both aspects of the organism’s life process
seen from different but complementary points of view. On
this understanding, the living being or animal becomes the
ontological basis for embodied subjectivity on the one hand
and for the objective body considered by physiology on the
other. They are both complementary yet irreducible and mutually
concealing aspects of the living being, like two sides of a
coin (Figure 1).

A first consequence of this is that in order to grasp the
embodied mind, we have to extend the narrow focus taken by
neuroscience on the brain and take instead a wider view. Only
the living being as a whole may be regarded as the proper subject
of feeling, thinking, speaking, acting, and so forth. Neuronal
activations or circumscribed brain structures are not the adequate
scale at which to look for the basis of the mind. Rather, it is only
through interacting with others in an empathic mode, or from
a second-person perspective, that we get access to the embodied
mind of the other. Narrowing the focus and getting ever closer
to the physical body and its component parts mean a shift from
what Husserl (1952) called the “personalistic” to “naturalistic
attitude” or from the second- to third-person perspective (Figure
1). From this perspective, however, embodied subjectivity no
longer shows itself.

On a daily basis, a doctor undertakes this change in attitudes,
for instance, when greeting a patient and seeing his (friendly,
anxious, or similar) gaze, yet shortly afterward taking hold of
the ophthalmoscope to examine the patient’s eyes as physical
organs: at this point, looking at them from too close a distance,
the gaze has vanished. The embodied subject is only perceivable
as a whole. The doctor may get still closer and investigate the
retina - just like a physiologist or a neuroscientist may explore all
the microstructures and microprocesses of the physical body, for
example, the visual cortex. Yet nowhere will consciousness, mind,
or life show themselves — they are macro-phenomena, which are
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FIGURE 1 | Dual aspect of the living being (adapted from Fuchs, 2011).
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only accessible to others in coexistence, from the second-person
perspective’.

Nevertheless, both attitudes are directed to the same entity,
that is, the living being or the living person. The lived or
subjective body as the location of sensations and affections
(fatigue, pain, hunger, etc.), as the medium of the enactment
of life or of contact with others — none of this emerges as a
construct in the brain, mysteriously projected into external space.
Rather, this lived body is the organism itself under the aspect
of a holistic aliveness that is manifested both subjectively and
intersubjectively. We can thus consider the same entity in much
the same way as a reversible figure such as Necker’s Cube, in two
distinct and non-transferable ways - as the lived body and as
the physical body.

In sum, taking an embodied and enactive approach implies
extending ones view, both with regard to space and time:
looking at the wider system and how it develops over time.
Then we can see both experiential and physiological processes,
the lived body and the physical body as belonging to a more
encompassing system, namely, the system of the living being
and its environment, or of the person and her world - an
ecological system that is in continuous development (Lewin,
1951; Gibson, 1979).

CIRCULARITY

I have presented a dual aspect concept of the living being, or
more specifically of the human person, comprising the subjective

!Consciousness shows itself to others only through the expressivity of the lived
body (be it in emotional or verbal expression), that means, in the personalistic
attitude. The same applies to life, however. One could object that the life sciences
also deal with life from a third-person perspective. This is true, but when speaking
of living beings, they already presuppose our coexistence or “conviviality” with
life, which lets us grasp living entities in accordance with our own self-experience,
namely, as moving themselves, sensing, striving, and “being up to something.”
Inasmuch as the life sciences abstract, in a second step, from our self-experience of
life, they conceive of living beings merely as mechanisms or machines - and thus,
no longer as living or animate. “Life can be known only by life” (Jonas, 2001, p. 91);
or in other words, life cannot be fully grasped from a third-person perspective.

body and the physical body. In order to further elucidate
the relation between and intertwinement of both aspects, thus
tackling the body-body problem, I will use the concept of
circularity. As a first step, I will show that circularity characterizes
the structure and dynamics of the organism on different levels,
thus giving rise to the subjective body. In a next step, circular
causality will be seen to help explain the actual significance and
effectiveness of the subjective body for the self-sustainment of
the living being.

Interactive Cycles of the Embodied Mind

To begin with, there are two interactive or feedback cycles that
form the basis of the embodied mind (Thompson and Varela,
2001):

(a) Cycles of organismic self-regulation, engendering a basic
bodily sense of self; and

(b) Cycles of sensorimotor coupling between organism and
environment, implying an “ecological self.”

Importantly, a concept of biological embodiment implies
that the sensorimotor interaction (b) is deeply rooted in the
organism’s internal self-regulation (a), or in phenomenological
terms, the subject’s “being toward the world” (ecological
self) is grounded on its bodily self-awareness (basic self).
Thus, the living body is not just a mechanical device of
sensorimotor input and output; otherwise, it would not be
distinct from a robot body as conceived in embodied Al
(Ziemke, 2016). The body is rather animate, it feels and senses
itself, and this self-affection is the basis of its perceiving and
acting relation to the environment. This will become clearer
in the following.

Cycles of Organismic Self-Regulation

As is well-known, the self-sustainment of the organism
depends on homeodynamic regulatory cycles involving the
brain and body at multiple levels. However, organismic
regulation also has a dimension of basic self-affection or self-
awareness. Affective neuroscience, represented by authors like
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Damasio (1995, 1999, 2010) and Panksepp (1998, 2005), has
emphasized the dependence of a background consciousness on
the homeodynamic regulation of the entire body: various centers
in the brain stem, hypothalamus, and insular and medial
parietal cortices process the proprioceptive, visceral, vasomotor,
endocrine, and other afferences from the internal body and
integrate them into a “body landscape” that is constantly
changing. This landscape includes the present state of the inner
milieu (e.g., heart rate, blood pressure, blood oxygen, glucose,
temperature, intestinal movements, vestibular sensations, and
muscle tension). In this way, the inner milieu is continuously
registered as interoception (Craig, 2002, 2003). Conversely, the
organism’s homeostasis is constantly regulated by the brain
via descending innervations (parasympathetic and sympathetic
nervous system) as well as via hormone secretions from the
hypothalamus and the pituitary. This results in what may be
called an “interoceptive loop.”

The brain and body are therefore most intimately connected
and influence each other in constant circular feedback. This
interaction brings forth an interoceptive feeling of being alive
(Damasio, 1995, p. 150): a basic self-affection with the hue
of comfort or discomfort, pleasure of displeasure, relaxation
or tension, or other basic moods. The feeling of being alive
corresponds to a basic bodily self-affection or a minimal form
of subjectivity (Fuchs, 2012a). Processes of life and processes
of mind are thus inseparably linked: all conscious states are
ultimately rooted in the homeodynamic regulation between the
brain and body and, in a sense, integrate the present state of
the organism as a whole. The foundation of subjectivity thus lies
in the visceral or “deep body” and its vital self-regulation (see
also de Preester, 2007). This may be considered as an organismic
basis for the life-mind continuity thesis supported by enactivism
(Thompson, 2007; Froese and Di Paolo, 2009; Kirchhoff and
Froese, 2017).

A frequent objection to such an account refers to a
representational and internalist concept, according to which the
state of the body is mapped or modeled in the brain, thus only
serving as external input. This is indeed Damasio’s position as
well, for example, when he claims that the basic or protoself is
constituted by “mental images of the body produced in body-
mapping structures” in the brain (Damasio, 2010, p. 21). This
would mean that self-awareness and consciousness are ultimately
located within the brain. On the other hand, Damasio himself
speaks of a continuous “resonant loop” between the brain
and body (Damasio, 2010), which is hardly reconcilable with
a representationalist account in the traditional sense, because
“resonance” is obviously different from “internal modeling.”
Elsewhere, Damasio also describes the process as

“(...)alooped circuit where the body communicates to the central
nervous system and the latter responds to the body’s messages.
The signals are not separable from the organism states where they
originate. The ensemble constitutes a dynamic, bonded unit (.. .)
this unit enacts a functional fusion of body states and perceptual
states, such that the dividing line between the two can no longer
be drawn (...) the signals conveyed would not be about the state
of the flesh but literally extensions of the flesh” (Damasio, 2010,
p. 273; my italics).

Within such a looped circuit or functional fusion, however,
there is neither place nor time for a separate representation. There
is no component within the circuit that represents another one,
in the sense that it could stand for it while it is absent (“the
signals . .. would not be about the state of the flesh”). The term
representation suggests that the brain activities could in principle
be separated from the circuit, as if they were reconstructing inside
the brain what is outside®. But in the functional fusion of the body
and brain described by Damasio, there is no longer any inside
and outside. Hence, Damasio’s representationalist account seems
self-contradictory, and instead of a representative or mapping
relation, we should rather speak of a continuous mutual resonance
between the brain and body. If that is the case, then primary
self-awareness can no longer be localized anywhere in the brain;
rather, it is the integral manifestation of the brain-body system, or
of the overarching process of life, which encompasses the whole
organism’. The same applies to emotions: as resonant loops
between the brain, body, and environment, they are no longer the
brain’s representations of the body’s activity, as Damasio puts it,
but rather the feelings of the body itself vis-a-vis a certain situation
(on a corresponding circular model of embodied affectivity, see
Fuchs and Koch, 2014; Fuchs, 2018, pp. 120-125).

Sensorimotor Cycles

Embodied subjectivity does not stop at the boundaries of the
skin but is extended as “being toward the world” (Merleau-Ponty,
1962), mediated by the habitual functioning or the “operative
intentionality” of the body. In enactive terms, this corresponds to
the structural coupling of organism and environment, produced
by functional cycles of sensorimotor interaction. Here, the lived
body is pre-reflectively experienced as the point of convergence of
action and perception. Interoception is the basis of exteroception;
the self-affection of the deep body provides the sense of
mineness, which pervades all interactions with the world*. In
this way, basic bodily self-awareness becomes a world-directed,
extended consciousness.

As is well-known, the enactive approach to cognition regards
perception as a process of active sense-making: by interacting
with the environment (moving their head and eyes, touching
a surface, walking toward a goal, grasping a fruit, etc.), living
beings make sense of their surroundings (Varela et al., 1991;
Thompson, 2005, 2007; Di Paolo et al.,, 2017). Sense-making

2A representational relation in the traditional sense implies that an internal state
of a system (usually the brain) “stands for” an external state of affairs. According
to Piccinini (2018), this includes four elements: (i) a homomorphism between a
system of internal states and their target, (ii) a causal connection from the target to
the internal states, (iii) the possibility for the internal states to be decoupled from
their target, and (iv) a role in action control. In other words, the computational
process realizing the representation is causally connected to but in principle
separable from the peripheral body or from the environment (see also Markman
and Dietrich, 2000).

30n the impossibility of a “brain in a vat” modeling the world without constitutive
embodiment, see also Cosmelli and Thompson (2011).

“In a similar vein, Gibson has pointed to the anchoring of perception in self-
awareness: “This is only to reemphasize that exteroception is accompanied by
proprioception - that to perceive the world is to coperceive oneself” (Gibson, 1979,
p. 141). However, I prefer the term interoception here, because the basic sense of
self or self-affection is derived from the deep body (visceral feedback to the brain)
rather than from the proprioception of “legs, hands, and mouth” (Gibson, 1979).
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has a circular structure: perception makes use of sensorimotor
contingencies (O'Regan and Nog, 2001; Noég, 2004), namely, by
skillfully exploring the environment (looking, touching, etc.) and
then grasping the results. For this circular intertwinement of
perception and action to work, the body’s own movement has to
be self-referential or self-given through kinesthesia and through
“efference copy” mechanisms’.

These interconnections of perception and movement include
a temporal circularity as well. In phenomenological terms, each
bodily action implies anticipations or protentions (being prepared
for the response of the environment) that may or may be
not fulfilled in subsequent perceptions (Behnke, 2009). Thus,
protention and response form a temporal circle that extends into
the future. Similarly, objects are always perceived as enabling
possible actions, or in Heidegger’s terms, as objects “ready
to hand” (Heidegger, 1962). This is captured, in ecological
psychology, by Gibson’s term affordances (Gibson, 1979), which
are objective structures of usefulness or viability provided by the
environment. “The uses of things are directly perceived” (Gibson,
1982, p. 409), but this perception is at the same time a perception
of future possibilities that correspond to the body’s capacities and
protentions. An object such as a knife can only be perceived
by an embodied agent capable of somehow interacting with it,
for example, by having suitable limbs to walk toward the knife,
grasp it, and so forth, thus perceiving the knife as an affordance
structure. In a way, the knife is a unity of present and future.
Indeed the entire body (and by no means only the brain) may
be regarded as a system of expectations and “predictions,” which
make sense of the environment as a space of potentialities or
affordances and their possible fulfillment®.

This anticipatory structure may be considered as an extension
of the organismic self-regulation at the level of the deep body.
Homeostasis is now achieved not just by simple set point
regulation but also through external sensorimotor loops by which
the organism actively establishes and ensures the conditions
of its self-sustainment. The circular structure of internal self-
regulation is thus extended spatially as well as temporally:
through anticipating possible satisfaction or danger, living beings
are able to seek preferable situations and to avoid precarious
ones — a crucial mark of their adaptivity (Di Paolo, 2009). As this
goes beyond internal homeostasis, Sterling (2012) and Vernon
et al. (2015) have introduced the suitable model of allostasis to
describe a mode of self-regulation by anticipating needs and
preparing to satisfy them before they arise. Allostasis is related
to the future as a realm of possibilities and values. For these

SThese are feedforward mechanisms that inform the sensory system of imminent
self-movements (Holst and Mittelstaedt, 1950). In this way, for example, the
movements of the eyes are taken into account by the sensory system, because
otherwise, the perceived surroundings would start to sway with every eye
movement. Circularity is thus found already on the subpersonal level.

The currently fashionable concepts of the brain as a “prediction machine” (see,
e.g., Clark, 2013; Hohwy, 2013) restrict and reduce the potentiality of the whole
organism-environment system to an internal computing mechanism. However,
the anticipatory structure of the perception-action cycle is crucially based on the
movable body as well as on the affordance profile of the environment; the brain
only connects and mediates these properties and potentialities of the system. For
an enactive critique of the “predictive coding” concept, see also Gallagher (2017,
pp. 15-20).

extended loops, drives and emotions play a crucial role: distant
goals require a striving (or aversive) anticipation. “The animal
has to span a gap that represents in time what the gap between
itself and the relevant objects represents in space. The latter gap
is provisionally spanned by perception, the former is by emotion”
(Jonas, 2001, p. 104). Thus, hunting is motivated by appetite,
desire, and aggression, whereas flight is driven by fear. Through
emotions, affordances are perceived as valuable, for instance, as
attractive or as repulsive.

Circularity of Affordances
The account of sense-making given so far also allows us to see
affordances as having a dual aspect, as Gibson has suggested:

“[A]n affordance is neither an objective property nor a subjective
property; or it is both if you like” (Gibson, 1979, p. 129).

The concept of circularity can be applied to this dual aspect
of affordances, which are neither purely physical properties nor
subjective mental projections:

- On the one hand, the living being makes sense of the
environment as affording certain possibilities of action,
namely, on the basis of needs and desires of the lived body;
this is the subjective aspect of affordances.

- On the other hand, the environment objectively offers
precisely these possibilities of interaction, thus providing
a suitable “niche of affordances” for the living or object
body. In the course of a concrete action, these affordances
and their sensory flow continually define the body’s further
sense-making activity (Fultot et al., 2016).

In other words, there is a circular interrelation between the
needs of animals and the corresponding affordances in the
environment, which are disclosed by these needs. This relation
itself is an objective feature of the ecological system. Affordances
are real, regardless of whether they are currently perceived or
used. Thus, the structural coupling of organism and environment
renders affordances objective relational properties in the world
(see also Chemero, 2003). The dual aspect of lived body and
living body allows us to consider these relations from both
complementary perspectives.

The Role of the Brain

I have spelled out the animal’s sense-making in terms of spatial
and temporal loops extending into the environment. It is obvious
that these loops are not produced by the brain alone; they
are crucially mediated by the whole body and its protentions.
The brain functions rather as an organ of suitable dispositions:
Through its networks, it provides open loops of possibility that
are closed by suitable complements in the environment and thus
become functional cycles of interaction (Fuchs, 2011, 2018). For
example, there are so-called canonical neurons in the premotor
cortex that are activated both when handling tools and when
only looking at them (Grafton et al., 1997; Gallese and Umilta,
2002). This means that the knife is perceived as “ready to hand”
in an embodied sense, because the motor system and the hand
are already involved in its perception as open loops. The same
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is demonstrated by handled objects priming the according reach
and grasp actions (Masson et al., 2011).

However, the anticipatory structure of the action-perception
cycle involves the entire body interacting with its environment
and may not be reduced to a “predictive brain.” Open loops are
neither “hypotheses” nor “predictions” about the world but rather
dispositions of neural and bodily activity (shaped in the course
of earlier sensorimotor experiences) that mediate the skillful
coping with situations and objects. As long as their anticipatory
structure is fulfilled, the functional cycles run smoothly (usually
without conscious attention); if there is a mismatch, then
an irritation or surprise results, now requiring conscious
reorientation and adaptation. Therefore, neural processes should
be described neither as internal representations nor as models or
predictions but rather as dispositional patterns that participate
in dynamic sensorimotor cycles involving the whole organism-
environment system. The cycles run through the brain, body,
and environment, leaving no separate “inside” and “outside”
for representations to work. A more adequate concept would
be based on the notion of resonance between the brain, body,
and environment’.

Hence, if I skillfully handle a knife to carve a piece of wood,
there is no boundary in the action that would separate the brain
from my body, nor my body from the environment. Neural
networks; muscular movements of my hand, knife, and wood
synergically work together; and the whole resonating brain-
body-environment system creates my experience of agency.
Being able to carve is obviously a capacity not of the brain but
of an embodied subject coupled to an environment that provides
the necessary complements. This corresponds to the subjective
experience of embodying the knife or any other tool into one’s
body schema: I am not a pure consciousness outside of my own
action but an embodied and “ecological self” whose borders
do not stop at my skin (Neisser, 1988). Hence, consciousness
may not be localized in any one place; it is the “integral” of
the ongoing interaction and resonance between the brain, body,
and environment®.

As we can see, from an enactive approach, the phenomenology
of bodily being in the world corresponds to the ecology of the
organism in relation to its environment. Lived body and physical
body are both complementary aspects of the same life process that
connects the living subject and the world, or the brain, body, and
environment in circular interactions’.

7On this, see Fuchs (2018, pp. 145-155) and Kevin and Shaun (2020, this issue).
Gibson also speaks of the sensory system resonating with global changes in the
perceptual field: “In the case of the persisting thing, I suggest, the perceptual system
simply extracts the invariants from the flowing array; it resonates to the invariant
structure or is attuned to it” (Gibson, 1979, p. 249).

8In algebra, the integral enables the calculation of an area that is bounded by a
function over a certain basis. I use it as a metaphor to signify the integration that
consciousness achieves over an extended basis, without being separable from that
basis as a system of “representations.”

°It is also through the functional sensorimotor cycles that the object body is
constituted in experience. Whereas the basal feeling of being alive corresponds
to the internal, deep body or “body-as-subject,” that is, the endogenous source
of experience that cannot itself become an object, the body re-appears on the
level of directed, sensorimotor relations to the environment, namely, as an object
of proprioceptive, tactile, and visual perception, or as “body-as-object” (a special
object though, as it remains always present). Hence, the internal body conveys the

Circular Causality of Living Systems

As shown above, the basic self-awareness arising from the
deep body forms the core of the body-as-subject. This core is
extended as bodily “being toward the world,” where the body
functions as medium of our sensorimotor interactions with
the environment. Both the basic bodily self-awareness and the
extended lived body may be regarded as the integral of the brain-
body and the brain-body-environment cycles, respectively. The
next question is whether these higher-level phenomena of bodily
subjectivity also have an effectiveness of their own, or whether
they are only epiphenomena of processes on the microlevel.
Does the bodily experience of hunger or anxiety actually lead
to the actions required to satisfy the hunger or avoid the
anticipated threats?

A concept that is suitable for establishing the significance
of the lived body is known as circular causality, also termed
downward/upward causation or global-to-local/local-to-global
causality (Haken, 1993; Thompson, 2007; Murphy et al., 2009;
Vernon et al.,, 2015). Circular causality obtains between higher-
and lower-level processes, or between the whole and the
components of a system. Thus, a living being may be regarded
as a system that continuously reproduces the components of
which it consists (organs, cells, biomolecules, etc.), whereas these
components reciprocally sustain and regenerate the system as
a whole. The whole is the condition of its parts but is in turn
realized by them.

Such a structure, for instance, characterizes the relations
between genes and the organism: the genetic structure of an
individual cell nucleus controls the necessary production of
specialized cellular organs and functions (=upward or local-
to-global causation). Conversely, the entire configuration and
function of the organism are involved in defining which
genes of the individual cell attain any relevance at all for
its development, specialization, and regulation (=downward
or global-to-local causation). Another example is as follows:
an emotional state such as a patient’s anxiety can be treated
pharmacologically, that is, by directly influencing the transmitter
metabolism in the brain (upward). On the other hand,
this can also be achieved by calming talk, that is, on the
higher level of social interaction, which changes the patient’s
perception of his or her situation (downward). As such,
intersubjectivity corresponds to an integral level of organism-
environment interactions that feeds back into lower-level
(neuro-)physiological processes.

This type of causality is often criticized and rejected, on the
grounds that it either presupposes unknown physical forces, thus
contradicting the laws of physics, or that it is superfluous and
falls prey to Occam’s razor (Craver and Bechtel, 2007). However,
by no means are we obliged to restrict the notion of causality
to effective causes (causa efficiens) as in the model of billiard
balls acting on each other. Macrostructures may well develop

background state of being-directed-toward something - the body as medium -
whereas the external body is the body that we become conscious of, or that we can
use like an instrument. Whereas the body-as-subject is primarily constituted on
the level of subcortical brain structures coupled with the visceral body, the body-
as-object requires cortical structures connected with the sensorimotor body (cf.
also Solms, 2013; Fuchs, 2018, p. 117£.).
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formative or organizing effects with regard to the microelements
in which they are realized, in accordance with Aristotle’s causa
formalis (Juarrero, 1999, pp. 125-128). This does not mean that
new forces emerge that would contradict physical laws. Rather,
macrostructures are in a position, thanks to their form and
configuration, to select specific properties and behaviors of their
components and block others (Campbell, 1974; Moreno and
Umerez, 2000).

Thus, these components acquire emergent properties, for
instance, iron incorporated in hemoglobin. Normally, iron
exposed to oxygen and humidity rusts, as it binds oxygen
irreversibly. The process of respiration, however, crucially
requires that the iron is in a position to incorporate oxygen
reversibly, which would never happen in inorganic nature. This
purpose is served by hemoglobin, a macromolecule consisting
of about 10,000 atoms, with the sole purpose of enabling iron
to release its oxygen in the necessary areas of the organism.
For this to occur, no physical “miracle” is required, but only a
superordinate organizational structure (in this case hemoglobin)
that selects and “enslaves” its own compositional elements
(Haken, 1993; Kelso, 1995), that is, integrates them into specific
behavioral patterns. Generally, the molecular processes within a
living cell are so constructed that they produce chemical reactions
and molecules, which defy the odds of natural occurrence by
many orders of magnitude (Deacon, 2006). Thus, the form,
configuration, or topology of a living system constrain the range
of possibilities in the system’s phase space.

Analogously, mental processes, as embodied and integral
acts of a living organism, can be effective in that organism’s
physical behavior. Of course, subjectivity does not affect
physiological processes as an external force but rather exerts
a top-down formative influence over them. If I, for instance,
speak a sentence, the muscles of my tongue and larynx display
organized patterns of movement. Their proximate or efficient
cause is the release of acetylcholine at the motor endplates
of these muscles. Nevertheless, it is equally correct to say
that my tongue and larynx move in these ways because I am
speaking these words and I am intentionally directed toward
their content. This “because,” however, no longer signifies an
efficient, but a higher-order selecting and forming cause: the
muscles are always ready for excitation, they could contract
in manifold other ways, but they are drawn into a selective,
superordinate dynamics. Thus, the organizing cause of the
muscle actions is my speaking (downward), which in turn is
realized by a complex but constrained dynamics of physiological
mechanisms (upward).

However, the same applies to the neuronal activity in motor
and other areas of my brain: there is no place where an efficient-
causal chain of “speech events” would begin. Rather, the neuronal
processes proceed in this precise way because I am speaking
these words, consciously spanning the intentional arc of the
sentence over time, and roughly anticipating the meaning of
the sentence and the next words to come. In other words,
my embodied intentions and protentions are able to organize
their physical implementation with the potential to even achieve
a future state that does not yet exist. On a more basic level,
such temporal loops also enable the allostasis mentioned above,

by which conscious organisms regulate their needs in advance
(Sterling, 2012). The coupling of an organism’s protentions and
the corresponding environmental affordances act as a higher-
order cause of the respective interaction. As overarching and
future-directed enactments of life, conscious processes may thus
be effective in the behavior of a living being without “acting on
brain processes” in an external way.

In order to avoid any connotation of such efficient cause, one
could also speak of an “implicational causality” (de Haan, 2020,
p. 119): by way of thinking or speaking, I - as a living being - also
realize certain organized processes in which ordered activities of
neurons and muscles are implied; this happens inadvertently, as
it were, similar to water molecules being drawn into a whirlpool
that nevertheless consists of them. The whirlpool as form or
order implies their specific movements without acting upon them.
Thus, the complete cause of my speaking is neither my tongue
nor my brain, but I am this cause myself as a living being. In
each conscious action — walking, speaking, writing, or thinking -
the living being as a whole acts as the forming, selecting, and
organizing cause.

Again, circular causality does not mean external causation nor
an interaction of mind and body but a relation of implication or
global-to-local encompassing. Let us take the example of anxiety
once more. A threatening situation, for example, an imminent
loss of my job, induces growing anxiety, and this anxiety is
obviously motivated by my former experiences and my subjective
view of the current situation. On the other hand, changing from
the personalistic to naturalistic stance, a neuroscientist might
examine my brain in an fMRI scanner, zooming in, so to speak
(de Haan, 2020), and find an increased activity in my amygdala.
This activity is not the cause of my anxiety, however. The
neuroscientist only turns to the physical aspect, with a narrow
focus on the specific brain activity involved, leaving aside the
circular interaction of the brain, body, and environment. Only
the wider view, namely, considering the aspect of embodied
subjectivity, its situatedness, and its history, provides a full
explanation of my anxiety. On the other hand, it is not my
anxiety that causes my amygdala to get activated - at least
not in the usual sense of causality where cause and effect may
be separated, one following the other. Much more is it that
embodied subjectivity constrains or orders the patterns of brain
activity involved.

Hence, there is no external causal relation between the
experiential and neurophysiological aspects, because each refers
to one and the same life process, looked at with a wider or a
narrower focus. When I am anxious, there is no causal impact
from either my brain activity to my experience or the other
way around: rather, my having this experience implies certain
brain activities, by way of circular causality or implication. Brain
processes certainly enable my experience (upward causation),
but the experiential aspect is wider with regard to both space
and time. Only my relation to the current situation as a
whole and my history of interactions with similar situations
can explain my anxiety and the neural processes connected to
it (downward causation). And only my anxiety as a future-
directed subjective experience is able to motivate and organize
the physical actions required for avoiding the threats I anticipate.

Frontiers in Psychology | www.frontiersin.org

August 2020 | Volume 11 | Article 1707


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Fuchs

Circularity of the Embodied Mind

Hence, via circular causation, embodied subjectivity as the
integral of the brain-body-environment system is actually
effective in the world, for it encompasses the physical processes
necessary for its effect.

Diachronic Circularity of Process and

Structure

The impact of embodied subjectivity on the course and formation
of physical processes and structures becomes even more obvious
if we turn to the diachronic aspect, that is, the development
of the individual human being. This may be described as
a continuous incorporation of lived experience, in the sense
suggested by Merleau-Ponty (1962, p. 192): “The body is
solidified or generalized existence, and existence a perpetual
incarnation.” In other words, existence as lived experience leaves
its traces in the structure of the body, in particular in its neural
structures. Development, learning, and memory formation may
thus be conceived as a circularity of living process and solidified
structure, continuously modifying each other. I will describe this
diachronic circularity in more detail.

As research into neuroplasticity has amply shown, each
bodily experience or behavior induces changes in the highly
plastic matrix of the brain, mediated by epigenetic alterations of
cellular functions and resulting in more adaptive dispositions and
patterns of neural activity. This includes changes in the synaptic
structure of neural networks, in the connectivity strength
between brain regions, or even an anatomical enlargement of
brain areas involved (McClung and Nestler, 2008; May, 2011).
Thus, motor exercise, musical training, memorizing, meditation
practice, and psychotherapy have been shown to durably change
brain structure and activity (Goldapple et al., 2004; Draganski
et al., 2006; Vestergaard-Poulsen et al., 2009; Dayan and Cohen,
2011; Ker and Nelson, 2019). In all these cases, the incorporation
of experience in the form of altered neural dispositions results in
an ever smoother performance, in acquired skills or habits.

Importantly, conscious attention obviously plays a crucial role
for these top-down structuring effects. This was shown, among
others, in a study by Recanzone et al. (1993) who trained
monkeys to pay discriminative attention to either sound or touch

stimuli presented to them simultaneously. After 6 weeks of the
trial, a differential result emerged: in the monkeys attending
to the sounds, the auditory brain area expanded, whereas the
somatosensory area increased in monkeys attending to touch (for
a similar experiment on the effect of discriminative attention in
rats, see Polley et al., 2006). Conscious experience and attention
thus act as “order parameters,” differentially constraining the
current patterns of neural activation and thus also determining
the long-term structuring of brain networks.

The extent to which the mammalian brain is already formed
by interactive experience during early ontogeny has been
impressively demonstrated by Mringanka Sur and his research
team who induced a far-reaching cortical reorganization in
newborn ferrets (Melchner et al., 2000; Sur and Rubenstein,
2005). They severed one of the ferrets’ optic nerves, so that the
stump grew together with the part of the thalamus that usually
transmits impulses from the auditory nerve to the auditory
cortex. Now, visual stimuli, in dependence on the ferret’s motor
activity, reached a brain region that usually processes acoustic
signals. Surprisingly, the brain adapted to the sensorimotor
patterns produced by the organism-environment interaction:
in the course of several weeks, the auditory cortex became a
visual cortex. It even developed orientation-selective cells that are
characteristic of the visual cortex, so that the ferrets were finally
capable of seeing with the eye concerned.

As it turns out, it ultimately depends on the sensorimotor
interaction and its specific patterns of neural excitation, which
task a cortex region ultimately takes on. Similar cortical
reorganizations can also be observed in humans after brain
lesions or strokes where patients can re-learn major skills
by continuous exercise and training; language and orientation
functions can even be taken over by the other hemisphere
(Dimyan and Cohen, 2011). All this may be expressed by the
principle “form follows function”: consciously interacting with the
environment induces the development of the neuronal structures
necessary for ever smoother interaction and experience.

This is the basis of learning, memory, and development
from birth on: a downward effect of the superordinate body-
environment system, corresponding to the subjective experience,

process - lived body body memory
experience
behavior
sedimentation habits
induces enables — skills
interactive
neuro- schemes
plasticity
structure — physical body

FIGURE 2 | Circularity of process and structure: learning as transformation of experience or behavior into organic (in particular neural) dispositions (adapted from

Fuchs, 2018, p. 140).
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induces adaptive changes in the neural substrate, which in turn
enable improved functioning (Figure 2). It may also be described
as a continuous circularity between experiential process and
organic structure, or in other words, between lived body and
physical body. Over time, repeated experiences are sedimented
or incorporated in what may be termed body memory (Fuchs,
2012b, 2018), namely, the totality of dispositions, habits, skills,
and interactive schemes acquired by an individual in the course
of his or her development.

Of course, there are no two separate processes going on, one
experiential and one physiological, which would somehow act
on each other. Rather, we are looking at two aspects of one and
the same process: the one implying the lived interaction within
the wider system of organism and environment and the other
having a narrower focus on the physiological processes and the
continuous reorganization within the brain, which turns process
into structure. Hence, there is circular causality, downward
influencing, and upward enabling but no causal interaction
between the aspects.

Switching between both aspects in the diachronic sequence,
we can also speak of a spiral-shaped development: lived body
and organic body, each considered as aspects of the life process,
mutually influence and modify each other. As superordinate
processes, the lived body’s interactive experiences become
organic dispositions, which in turn enable new forms of
experience. The dialectics of Leib and Korper unfold in time
and become the dynamics of lived (present) and sedimented
(past) experience, or of process and structure mutually turning
into each other - which is precisely what we call learning
and development.

In the diachronic dimension, then, the two-dimensional
circle of body-environment interaction actually becomes a three-
dimensional spiral (it only appears as a circle when viewed from
above, neglecting its diachronic axis; cf. Figure 3). Experience
turns into the organism’s altered dispositions (Oj, O3, O3, ...),
which change the perceived environment and its selected
affordances (E;, E;, Es, ...), thus in turn enabling new
experiences, and so on. Perceived affordances are thus shaped
by the history of the structural coupling of organism and
environment'. In early childhood, for example, objects take
on special relevance once infants acquire certain manipulatory
skills. As Eleanor Gibson has shown, sensorimotor learning is
based on the infant’s exploratory activity and environmental
feedback, leading to a continual increase in perceiving what
is doable (Gibson, 1991, 2000). Every acquisition of new
motor skills — reaching, walking, swimming, driving, sewing,
and handwriting - produces new affordances throughout life
(Adolph and Kretch, 2015).

This is obviously not a merely individual development -
most capacities, customs, and cultural techniques are acquired
in the course of embodied social practices such as imitation,
joint attention, and cooperative learning. The social and cultural
environment with its shared practices becomes the decisive
“ontogenetic niche” for scaffolding the infants development and

19T enactive terms: “What constitutes the world of a given organism is enacted by
this organism’s history of structural coupling” (Varela et al., 1991, p. 202).

selecting appropriate neural structures (Tomasello, 1999; Kendal,
2011). The embodied mind is thus intersubjectively formed
from birth on. To give one example, infants have a universal
potentiality for speech and articulation, which through acquiring
the mother tongue is gradually restricted to a culture-bound
pattern. Therefore, in the first months of life, babies can still
distinguish more phonemes than the adults of their culture
(Markowitsch and Welzer, 2009, p. 160-164). Via implicational
or downward causality, the plastic matrix of their brains is shaped
by the higher-order patterns of social interactions (Kuhl, 2010).
These interactions restrict and determine what now appears
to the baby as meaningful social affordance, namely, familiar
verbal sounds, whereas foreign sounds remain meaningless. Of
course, the latter may still serve as affordances, yet only for
babies from another culture. This is just one example of the
spiral of process and structure that characterizes childhood
development as a whole and continues later on - as the
constant incorporation of experience or “perpetual incarnation
of existence” (Merleau-Ponty, 1962). The cultural environment
serves as a higher level system that scaffolds, selects, and
constrains the formation of individual brain functions and
corresponding capabilities.

A similar “spirality” can also be found in the phylogenetic
development of homo sapiens: human culture gradually formed
a new ecological niche, which acted as a superordinate formative
field that favored and selected appropriate organic structures,
including the higher structures of the human brain (Sterelny,
2010; Sutton, 2015). Another example is the evolution of the

ssssssene

RS O sessasnss

-
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FIGURE 3 | Co-evolution of organism (O) and environment (E) over time (t)
(adapted from Fuchs, 2018, p. 103).
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human larynx, which adapted to the cultural development of
language: compared with other primates, it descended to a
lower position, thus opening a unique resonance space for the
differentiation of vowels and allowing the human tongue to
move more freely, to the advantage of our phonetic repertoire
(Fitch, 2000). Even though the crossover of the respiratory and
digestive tracts resulting from the lowered larynx is dysfunctional
in another respect (it may lead to choking and lethal aspiration),
the further development of language obviously outweighed
the disadvantage. Thus, in human evolution, we find again
an analogous relation of process and structure: on the one
hand, intercorporeality and interaction increasingly developed
toward symbolic communication; on the other hand, these social
processes shaped the structure of the human organism, although
of course within an evolutionary, phylogenetic time frame.

This results in a spiral of cultural and biological evolution, and
in the inherent connection of embodiment, social interaction,
and culture (Durt et al., 2017). Humans create their own specific
environment, consisting not only of material products of culture
such as tools or artifacts but also of shared ways of sense-
making and interaction that are established as symbols, codes,
rituals, and habits. This constitutes a universe of novel, cultural
affordances, which impregnate and structure the individual
ontogeny. The “material culture” (Malafouris, 2013) and the
symbolic culture have to be appropriated and incorporated by
every new generation; this is crucially mediated and enabled by
the “encultured brain” (Lende and Downey, 2012), which adapts
to the cultural scaffolding on the basis of circular causality.

Self-Formation: Modifying the Spiral
The processes of circularity and development mentioned so far
were mostly involuntary; learning, habit, and skill formation
were considered as part of the overall process of enculturation.
However, it is characteristic of the human species that its
members increasingly take ownership and responsibility for
this development themselves. By their decisions and actions,
by choosing a certain way of life and environment, individuals
shape their own development, because the chosen way of life
and environment feed back on their own becoming. Humans
not only live their lives but also lead them, and through this,
they form and cultivate themselves. This means that the spiral of
process and structure is deliberately modified and directed to an
anticipated goal.

There are two presuppositions for this individual self-
determination:

a) Relationship to oneself: Based on the capacity of self-
reflection, the individual is in a position to take a stance
toward his or her own development. He or she is no
longer determined by the higher-order system of cultural
socialization but can detach himself or herself from the
current situation and anticipate and evaluate possible
alternatives of life.

b) Embodied freedom: As shown above, in each conscious
action, the living being as a whole acts as the forming,
selecting, and organizing cause - in accordance with
the principle of downward causation. In humans, this
principle is raised to a higher potential by the possibility

of autonomous decision making. Free will should not be
regarded as a purely mental feat, however; making a choice
and acting according to it are rather the result of an
“embodied freedom,” which integrates the entire bodily,
affective, and cognitive situation of the person in each
decision and its execution (see Fuchs, 2018, p. 236-243, for
further explanation).

Objections to a concept of genuine human freedom are
mainly rooted in latent dualistic intuitions, assuming this
kind of freedom to rest on an immaterial mind steering the
activities of neurons. By contrast, the concept of embodied
freedom is based on circular or implicational causality; it regards
decisions as superordinate, intentionally directed enactments
of life performed by an embodied person - enactments that
are enabled but not determined by the neuronal processes
involved. Of course, the problem of free will cannot be
discussed here in detail (cf. Banks et al., 2006; Gallagher, 20065
Murphy et al., 2009); suffice it to emphasize the fundamental
change brought about by human freedom in the top-down
processes of enculturation. All a person’s experiences and actions
leave behind traces in the organism and thus change his or
her dispositions, skills, and potentialities. A person’s being is
continually becoming, but this becoming is increasingly his or her
own doing. Through their decisions and actions, human persons
shape their own development.

This new level of freedom creates a particularly human
spirality, which we find already expressed in Aristotle’s concept of
hexis, that is, a personal habitus and character that is continuously
shaped through self-forming actions:

“The virtues we get by first exercising them, as also happens in the
case of the arts as well. For the things we have to learn before we
can do them, we learn by doing them, e.g., men become builders
by building and lyreplayers by playing the lyre; so too we become
just by doing just acts, temperate by doing temperate acts, brave by
doing brave acts. [...] This is why the activities we exhibit must be
of a certain kind; it is because the states of character correspond to
the differences between these. It makes no small difference, then,
whether we form habits [hexis] of one kind or of another from our
very youth” (Aristotle, 1925; my italics).

The italicized passage describes precisely the spiral of human
learning, namely, shaping the body’s dispositions, skills, and
habits through one’s actions, which are in turn increasingly
enabled by these dispositions. This circularity extends to the
sphere of moral actions: in the course of mental development,
they become more and more self-determined, and through
repetition and habitualization, they form a “virtuous” character.
One might conclude that embodied subjectivity most clearly
proves its effectiveness or its non-epiphenomenal character when
it directs its actions on itself and thus produces a lasting self-
forming and self-changing effect. This may be considered the
highest stage of the principle of circularity.

CONCLUSION

In this paper, I have studied the interrelation of lived or subject
body (Leib) on the one hand and living or object body (Kérper) on
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the other. Both were considered as complementary, irreducible,
mutually constituting, and also mutually concealing aspects of
the living being. They correspond to two different attitudes that
we may adopt: in the personalistic attitude, we experience our
own lived body from a first-person perspective or the other’s
lived body from a second-person perspective. In the naturalistic
attitude, we observe or investigate the physical body from a third-
person perspective. Whereas the personalistic attitude and its
corresponding aspect require a holistic view of the living being
or the person, the naturalistic attitude allows for focusing on
increasingly narrow sections and details of the physical body,
albeit at the price of losing the phenomena of life and mind.
A person, that is, a living, embodied subject, can only be perceived
as such by another embodied subject in the personalistic attitude.

In order to further investigate the relation of both aspects and
the “body-body problem,” I have interpreted the intertwinement
of subject body and object body on the basis of the concept
of circularity. First, embodiment shows a circular structure,
because it is based (a) on the cycles of homeostatic self-regulation
between the brain and body and (b) on the sensorimotor cycles
between the brain, body, and environment. The first cycle is
the foundation of the feeling of being alive, or the pre-reflective
background feeling of the body itself. The second cycle is the
basis of bodily “being toward the world” (Merleau-Ponty), or
of situated, enactive subjectivity. Here, in terms of ecological
psychology, living beings and their surroundings constitute an
interactive system, with each constituent being reciprocal to the
other: what we perceive are not objects as such but objects to
deal with, or the functional relations between self and world.
In other words, there is a mutual interdependence of the
bodily dispositions of sense-making and the affordances of the
environment disclosed by these dispositions.

In both kinds of cycles, the ongoing circularity of the processes
involved does not allow for an internalistic account on the basis
of representations in the brain, which could in principle be
separated from their source. There is no component within the
cycles that represents another component, in the sense that it
could stand for it while it is absent; “inside” and “outside” are
functionally coupled and may not be separated. Hence, bodily
self-awareness as well as conscious being-in-the-world can no
longer be localized in the brain; instead, they are the integral
manifestation of the brain-body-environment system, or of the
overarching process of life encompassing the whole organism.
This conception unites the first-person phenomenology of the
lived body with a systemic approach provided by both enactivism
and ecological psychology.

In order to establish the effectiveness of embodied subjectivity,
I have further used the concept of circular causality, which
characterizes the relation of parts and whole within the
living organism as well as within the organism-environment
system. Downward causation enables an account of embodied
subjectivity as being equivalent to an ordering or forming cause
of a living being’s actions, while avoiding dualistic assumptions
of the “mind acting on the body.” It is a causation by global-
to-local implication, not a separate mental activity or impact.
Importantly, this kind of causation includes the possibility of
achieving future states anticipated by embodied intentions and
protentions. Hence, only the wider view of the subject as

embodied and situated, with both regard to space and time, is
able to fully explain a person’s experience and behavior.

As a next step, I have described the interrelation of lived
and physical body as a circularity of experiential process
and (neuro-)physiological structure underlying development and
learning. Here, the circular causality of higher- and lower-
level processes is considered as unfolding in the diachronic
dimension, based on the plasticity of the brain. Subjective and
intersubjective experience constitutes a process of sense-making
that includes cerebral processes so as to form modified neuronal
structures, which in turn enable altered future interactions. Only
conscious experience contains the intentional and meaningful
relations to the environment whose correlates are functionally
and morphologically inscribed in the brain throughout the course
of socialization. This results in a spiral-shaped development: lived
body and organic body mutually influence and modify each
other. This is not only an individual development, however; the
social and cultural environment with its shared meanings, habits,
and artifacts constitutes the crucial ontogenetic niche for the
individual formation of the brain. Analogously, human culture
has also provided the decisive scaffolding for the phylogenetic
evolution of the organic (in particular, neural) structures of
the human being.

A final step is reached with the possibility of shaping one’s
own development, which arises with the relation to oneself
and the autonomy of the person. This is the circularity of
freedom: by choosing one’s actions and way of life, one
also shapes the body’s dispositions, skills, and habits which
increasingly favor those actions. Individuals are not just the
result of the organic, social, and cultural conditions, which
have contributed to their development; instead, they take
control and responsibility of their own becoming by choosing
the experiences, actions, and situations that feed back on
their development. This self-determination is based on circular
causality as a presupposition of free decisions and actions, and
on the human capacity for taking a stance toward one’s own
being and becoming.

In conclusion, the proposed - yet certainly not exhaustive —
solution to the body-body problem may be summarized as
follows:

a) Lived body and living body correspond to two
complementary, irreducible, but intertwined aspects
of the living being, regarded from two different
perspectives or attitudes.

b) The living body as a whole is the constitutive basis of
the subjective lived body; or in other words, the latter is
equivalent to the integral experience that we have as living
organisms in relation to our (physical, social, and cultural)
environment. The brain is not the locus of subjectivity
but only a mediating component of the cycles of self-
regulation, sensorimotor, and social interaction, in which
the life of a human person consists.

¢) The lived body or embodied subjectivity has a top-
down, ordering, and constraining effect on the physical
body and its processes, and over time, a formative effect
on its (neuro-)physiological structures. These effects are
mediated by circular causation or by way of implication.
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d) Accordingly, lived body and living body, Leib and Korper,
mutually enable and constitute each other. This is what
defines our embodiment as human persons.
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Theory: Divergent Groundings
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Both ecological psychology and enaction theory offer an alternative to long-standing
theoretical approaches to perception that invoke post-perceptual supplemental
processes or structures, e.g., mental representations, to account for perceptual
phenomena. They both do so by taking actions by the individual to be essential for
an account of perception and cognition. The question that this paper attempts to
address is whether ecological psychology and enaction theory can be integrated into
a stronger non-representational alternative to perception than either one can offer on its
own. Doing so is only possible if most of the basic tenets and concepts of ecological
psychology and enaction theory are compatible. Based on an examination of the role
that sensations play within each approach; the manner in which each treats the concept
of information; and how each conceptualizes an organism’s boundaries, it is concluded
that a synthesis of the two approaches is not possible. Particular attention is paid to the
concept of sensations, the limitations of which were an impetus for the development of
ecological psychology.

Keywords: ecological psychology, enaction theory, perception theory, direct realism, information

INTRODUCTION

Most explanations of visual perception that have been offered in recent centuries, and in particular
those following the tradition of British Empiricist philosophy, adhere to a common meta-
theoretical template: sources of stimulation in the environment innervate sensory receptors, which
give rise to elementary sensations that function as the basic components of perceptual experience.
Because the character of the environment as experienced by the perceiver cannot be explained
with reference to those sensations alone owing to their limitations, additional psychological
processes beyond perception are deemed necessary that supplement, enrich, and organize them.
These post-perceptual processes are assumed to be latent in the perceiver owing to inheritance
or prior experiences or both. Since the emergence of cognitive psychology in the 1960s, these
post-perceptual processes have often been claimed to be based on ‘mental representations’ of
the environment.

The ecological approach to perception and enaction theory are distinctive among perceptual
theories for advocating a theoretical approach that rejects an appeal to mental representations
or post-perceptual processes to account for experience of the environment. Furthermore, both
approaches assume that an adequate account of psychological processes other than perceiving, such
as thinking, remembering, and communicating symbolically, requires as a first-step a satisfactory
account of perceiving. For this reason, both agree that ‘getting one’s account of perceiving right’
from the outset matters a great deal for psychological theory broadly considered.

Because both ecological psychology and enaction theory attempt to establish a framework for
a non-representational approach to psychological theory, and because presently both are in a
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minority position with respect to the field of perceptual
psychology overall, it might seem as if a joining of forces as
it were — or at least a partial synthesis — would make for a
stronger joint alternative to the representational theories that
have dominated psychology and the philosophy of mind for so
long. That is only possible, however, if most of the basic tenets
and concepts of ecological psychology and enaction theory - that
is, their grounding concepts — are compatible. In this brief paper,
I will argue that they are not.

Fultot et al. (2016) previously offered a comparative analysis
of these two approaches and also reached a similar conclusion.
The initial draft of the present paper was written prior to
examining their analysis in order to develop an independent
assessment. More importantly, since the appearance of Fultot
et al. (2016), two major contributions to enaction theory have
appeared: Sensorimotor Life (DiPaolo et al., 2017), and Linguistic
Bodies (DiPaolo et al.,, 2018). The present paper draws mostly on
the former as a basis for comparing ecological psychology and
enaction theory.

It is recognized that not all investigators who self-identify
as enactivists necessarily adhere to each of the features of
the framework developed by DiPaolo and his colleagues. The
purposes of this paper is not to survey the varieties of
enactionism, however. Because that framework bears most of the
conceptual characteristics of this approach overall, and because
at present it appears to be the most influential in addition to the
seminal work by Varela et al. (1991), this paper focuses primarily
on those three books.

STARTING POINTS

In order to examine the areas of difference between ecological
psychology and enaction theory, it will be useful here at the outset
to recognize that the starting points in the formulation of these
two approaches differ. On the one hand, ecological psychology is
rooted in James Gibson’s account of perception which emphasizes
the role that perceiving plays for the organism in the control of
action, and conversely, the significance of action in the organism’s
detection of properties of the habitat (Gibson, 1958, 1966, 1979).
Perceiving supports adaptive functioning by making it possible
for the organism to ‘stay in touch’” with the environment in
the course of everyday actions. The formative image underlying
enaction theory, on the other hand, is the living cell operating as
a far-from-equilibrium, dynamic system that strives to maintain
stability in the face of possible perturbations (DiPaolo et al., 2017,
2018). It does so by way of its network of interdependent within-
system processes and through continuous exchanges with the
surround beyond its boundaries.

It is the case that these differences in their starting points
can ultimately be reconciled. Adherents of each approach have
independently argued how ecological psychology and enaction
theory considered on their own terms are compatible with
dynamical systems thinking (e.g., Chemero, 2009; DiPaolo et al,,
2017, respectively). But reconciling them in this regard will
not be sufficient for their rapprochement. This is because the
lines of thought in ecological psychology and enaction theory

beginning with their most basic concepts led to noteworthy
divergences between them. Reconciliation would require non-
trivial modifications in the conceptual structure of one approach
or the other. A simple melding of the two will not do.

It is also critical to emphasize here at the outset that a
central feature of the framework developed from the ecological
psychology perspective — indeed, its essential commitment - is
one that would not be embraced by enaction theory. Advocates of
ecological psychology maintain that their approach to perception
provides grounds for the claim that the environment is directly
perceived. Direct perception means that perception of the
environment - that is, the detection of its relational structure by
means of perceptual systems - is not mediated by non-perceptual
processes such as stored memories, mental representations, and
the like. Ecological psychology offers a conceptual basis for
embracing the epistemological position of direct realism (Gibson,
1967). When enaction theory extrapolates the image of the living
cell as a dynamic, far-from-equilibrium system to an account of
perception, it also sees no need to appeal to stored memories and
mental representations. In spite of that, as we will see, one would
be hard-pressed to describe its account of perceiving as direct, nor
would one characterize its epistemology as that of direct realism.
This difference will emerge at several points below.

The present discussion will mostly be limited to considerations
of visual perception. In order to explicate their areas of
disagreement, it will be necessary to review what may be quite
familiar ground for some readers. Doing so is intended, in part,
to inform those committed to one or the other approach about
its counterpart. While my own training stems from an ecological
approach, I trust that proponents of enaction theory will consider
my account of their views as being accurate as far as it goes.

Three points of difference between the two approaches will
be discussed here: (1) the role that sensations play within each
approach; (2) the manner in which each approach treats the
concept of information; (3) the way each approach conceptualizes
an organism’s boundaries. To some extent, these differences hinge
on matters of terminology and the way particular concepts are
defined. But these terminological and definitional differences are
far from trivial. They are indicative of fundamentally dissimilar
approaches to perception.

In brief, ecological psychology characterizes perceiving on the
part of the individual as a process of perception-action involving
the pickup of information in the environmental surround that
is available to the perceiver and that specifies properties of
the environment. Enaction theory claims that the perceived
environment is realized, comes into being, is ‘enacted’ for an
individual by means of an interdependent dynamic network of
sensorimotor processes within the boundaries of the organism.
Obviously, these two claims require a great deal of elaboration,
but they are sufficient as places to begin our discussion because
they bring to the foreground a few notable differences in
terminology employed in each approach. Ecological psychology
takes as a core concept ‘information’; whereas central to enaction
theory is the concept of ‘sensorimotor processes.’” As we will
see, each concept as used in the respective theories would
be rejected by its counterpart approach on grounds to be
explained. The differences between ecological psychology and
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enaction theory could not be more clearly revealed than when
we compare their respective treatments of information and
sensorimotor processes.

THE ROLE OF SENSATIONS IN
PERCEPTION

As already discussed, the standard approach to explaining
perception takes sensations as its starting point and develops
an account of perceptual processes from there. The ecological
psychology concept of information, and ultimately the ecological
approach to perception itself, was developed by James Gibson
in large measure because he came to the realization after many
years that a functionally adequate account of perception - that
is, one that describes the process by which organisms function
in the environment in the course of everyday activities — could
not be formulated based on what are conventionally taken to be
‘sensations.” That point cannot be overemphasized. To the extent
that sensation in this conventional sense corresponds to how the
term is employed in the expression ‘sensorimotor’ in enaction
theory, this difference sets ecological psychology and enaction
theory on diverging paths from the outset.

Conceptual Limitations of Sensations
From the Standpoint of Ecological

Psychology

Following Turvey (2019, pp. 166-167), sensations are
conventionally assumed to have the following characteristics:
they are anatomically specific products of sensory receptor
stimulation, and as such they are biological correlates of physical
energy variables originating in the environment. As biological
correlates of receptor stimulation, they are private, occurring ‘in’
the organism. Importantly, owing to their origins in individual
receptor functioning, sensations are assumed to be discrete as
well as transient.

In contrast, perceptual experience tends to have the qualities
of patterns and ordered or semi-ordered structure rather
than discrete bits of sensation. Further, features of perceptual
experience, such as objects, tend not to be transient: even
when they go out of sight they usually are not experienced as
going out of existence [see Gibson (1979) treatment of dynamic
occlusion (Chap. 11); Heft (2020)]. They have a phenomenal
permanence to them (excepting somewhat less common cases
such as disintegration of matter and evaporation of liquid.)
Finally, features of perceptual experience typically are ‘felt’ to be
located in a public domain beyond the body boundaries - and as
such, they are taken to be qualities that, in principle, others can
experience as well, rather than being exclusively private.

The recurring challenge for perceptual theorists has been how
to explain this apparent ‘gap’ between properties of sensations, on
the one hand, and perceptual experience, on the other. Ecological
psychology and enaction theory offer alternative accounts.
Enaction theory offers an account of perceiving whereby system
processes incorporate sensations into a sensorimotor loop, by
means of which perceptual experience of the environment is

realized (‘enacted’). Ecological psychology, in contrast, rejects
the assumption that sensations play a role in perceiving;
instead they are considered to be incidental to perceptual
experience. Instead of a sensation-based account, ecological
psychology offers an ‘information-based account of perceiving.’
That is, ecological psychology, unlike enaction theory, dispenses
with sensations in its account of perceiving. What is directly
perceived is the environment. For this reason, the proximal-
distal distinction found in most modern accounts of perception
collapses. Although this step is unorthodox among theories
of perception, it is not entirely novel, having been previously
proposed by Reid (1785) and James (1890, Chap. 17).

Enaction Theory and Sensations

In their seminal book for enaction theory, Varela et al. (1991) hold
that “the enactive approach consists of two points: (1) perception
consists in perceptually guided action and (2) cognitive structures
emerge from recurrent sensorimotor patterns that enable action
to be perceptually guided” (p. 173, emphasis added). Perceptual
experience, that is, is a resultant of linkages between sensations
and motor activities rather than solely based on the deliverances
of sense. They appeal to sensorimotor patterns rather than
sensations as such, not because of the characteristics mentioned
above, but because sensations change in the course of on-
going activity.

The point of departure for the enactive approach is the study
of how the perceiver can guide his actions in his local situation.
Since these local situations change as a result of the perceiver’s
activity, the reference point for understanding perception is the
sensorimotor structure of the perceiver (the way the nervous
system links sensory and motor surfaces) (Varela et al., 1991,
p- 173, emphases added.)

For that reason, perception necessarily must stem from
action patterns in relation to sensations, or a network of
sensorimotor linkages.

But can sensations, even when they are embedded in a
sensorimotor loop, carry correlates of environmental structure
that are sufficiently ‘informative’ about the nature of the
environment so as to allow for adaptive functioning? In other
words, can sensations as conventionally understood (see above)
carry the conceptual weight needed for an account of perceiving
the world beyond the system’s boundaries? Even allowing for
the possibility that perceptual experience is dependent on
sensorimotor linkages ‘in’ the system, the sensations must
carry some qualities of the environment beyond the system’s
boundaries so that the organism is not ‘free-floating’ wholly
detached from the surround. While a sensorimotor account
may address how a system itself strives to maintain stability,
does it also allow for a means by which the organism can stay
in touch with and anchored to the environment? (How the
environment is conceptualized is a related contentious issue, as
we will see below).

Recognizing that the question of what makes a particular
sensorimotor pattern informative requires attention to other
aspects of their framework to be taken up later, here we focus on
the ‘sensory’ part of the sensorimotor loop. In that regard how do
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enaction theorists describe the character of the ‘sensory’ facet of a
sensorimotor structure? As far I have been able to determine, the
qualities of sensations are rarely described with much specificity
in the enaction theory literature. To the extent that they are, they
would appear to be referred to as the products of sensory receptor
stimulation. DiPaolo et al. (2017) describes the sensorimotor
approach as taking “the raw and quantifiable variation of sensory
and motor surfaces of the organism as a departure point” (p. 32,
emphasis added). They continue that the focus is on the way
in which ‘the sensory stream changes’ with movements of the
agent; on how “the agent guides its movements in relation to
sensations” (p. 34), and with “co-variations of sensory stimulation,
neural, and motor activity” (p. 43; emphases added). As this
sampling shows, references to ‘the sensory stream’ in enaction
theory writings are rather general in nature. If the ‘sensory’ in
sensorimotor activity is intended to refer to something other than
sensations in a conventional manner, namely, as the products of
receptor activity, then it is incumbent for enaction theorists to be
more specific here.

Perhaps the most detailed account of the experience of
sensations offered in the initial chapters of DiPaolo et al. (2017)
concerns the hypothetical case, previously suggested by Myin
(2003), of how an individual might identify by touch alone the
property of the sponginess of “a small spongy ball. [when it]
is held between thumb and forefinger.” Squeezing the ball (an
action) produces a felt pressure on the finger tips, as well as
“propriception, and the sense of effort required to maintain a
certain grip” (p. 58). As we will see in the next section, this
felt pressure produced through action occurs in relation to
background knowledge of other possible sensations that might
arise in this case. Here we limit our attention to sponginess
as a ‘proximal property’ stemming from the immediate contact
between a source of stimulation and receptor surfaces. As a
proximal property, the experience of sponginess does not ‘reach’
distally into the surround beyond the body boundaries. The fact
that the object is even a ball, for example, is not discernible based
on that sensation, obviously.

Other examples of sensations offered include the flow
of stimulation that results from movement relative to the
environment. If, for example, I move my eyes, sensory patterns
due to light projecting on the retina sweep, albeit discontinuously
due to saccades, across the retinal surfaces. The flow of
stimulation can only be determined to be contingent on
movement owing to the correspondence between sensory and
motor effects; but the sensory stimulation itself, even in the
context of a sensorimotor loop, provides no ‘information’” about
the environment. All that one can discern is a proximal retinal
flow and whether or not the perceiver herself caused it. It has no
‘distal referent.

DiPaolo et al. (2017) write: “The primary correlation that
is available to an agent is the manner in which the sensory
stream changes as a function of its own actual movement
and its possibilities and dispositions for movement.” They
continue: “From this perspective, agency is about enacting
effective sensorimotor relations. These are the relations that the
agent helps to create and which are immediately available to it” (p.
32; emphasis added). It is by means of a mastery of sensorimotor

regularities that one comes to perceive the world and the self, or in
their phrasing, one engages in “sense-making.”

But is the world beyond proximal sources of stimulation even
accessible to the perceiver in such an account? To return to the
examples, sponginess versus solidity, or retinal flow produced
through self-motion are, at best, proximal experiences — qualities
that are limited to the immediate contact of physical stimulation
and sensory receptors. But perceptual experience is much more
than that. We experience a world that surrounds and extends
‘away’ from us. That is, we have ‘distal’ experiences. The evolution
of vision (as well as audition and olfaction) quite likely is due to
the functional value of detecting features of the environment at
a distance from the perceiver. The language of ‘sensations” would
seem to trap enaction theory within the dynamic system that is
the organism. Experience of the environment is claimed to be
realized by way of sensorimotor linkages, but how is that realized
experience connected to the environment as such?

To get beyond system boundaries involves, as we saw above,
what enaction theorists call sense-making - the enactment of
the perceived world. That may be assumed to take the perceiver
beyond proximal ‘contact’ with the world; but ultimately the
‘distal’ sources of sensations would seem to be conjured up
by some means other than ‘direct’ contact because sensations
are inadequate to do the necessary work. It is for this reason
enaction theory has the appearance to some critics as being a
form of Idealism, although its proponents would surely reject that
attribution because it would seem to remove the approach from
the realm of natural science.

From the point of view of enaction theory, the preceding
criticism concerning the limitations of sensations might well be
viewed as a ‘straw man’ argument, because the enaction approach
invokes sensorimotor networks rather sensations alone. But will
sensorimotor networks overcome the conceptual limitations of
sensations? What perceptual work revealing the world beyond
the body boundaries is the sensory facet of sensorimotor networks
supposed to able to contribute? Absent a more detailed account
of what is meant by the products of sensory stimulation, it
appears to be an exceptionally impoverished concept on which
to build an account of perception of the environment even after
embedding them in the notion of a sensorimotor structure. Recall
that it was because of such conceptual limitations of sensations
that Gibson turned away from them in his efforts to develop
an account of perceiving. The ecological approach to perceiving
is built on entirely different grounds. We will sketch that out
next, and in doing so compare how the approaches employ the
notion of information.

INFORMATION FOR PERCEIVING

Ecological Optics:

Information-as-Specification

At the heart of an ecological approach to visual perception
is Gibson’s proposal and exposition of ecological optics. It
appears to me, at least, that Gibson’s framework is often
misunderstood because ecological optics is not given adequate
attention by commentators, including those working from an
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enaction perspective. Gibson (1966) envisioned ecological optics
as a piece of an overall, and still developing, ‘ecological physics’
which considers the physical energetic properties of the world
relative to active organisms taken as a whole, rather than in
relation to the more reductive level of sensory receptors. In
other words, he is attempting to offer a description of the
environment in relation to animal life rather than the world from
the standpoint of an animal-free domain of physics. Gibson saw
the historical inclination of philosophy and psychology to begin
the consideration of perception with terms developed within
conventional physics, and in turn with the stimulation of receptor
cells giving rise to sensations, to be the basis for many enduring
theoretical and philosophical problems in psychology (Reed,
1988; also see, Dreyfus and Taylor, 2015).

To be more specific, an ecological approach to the study of
visual perception among terrestrial organisms begins not with
a micro-consideration of light in a classical physical vein (e.g.,
light traveling in waves of different periodic frequencies and
intensities or as photons), but instead with a consideration of the
illuminated environment taken at the level of the active organism
as a whole - that is, with a consideration of the habitat. From
an ecological/evolutionary stance, animals adapt to their habitat
as whole organisms, not merely piece-meal (Lewontin, 2000).
For this reason, an examination of the ecological possibilities
for perceiving the habitat should be taken at a level of analysis
commensurate with the organism considered as a whole. Broadly
considered, then, the habitat for a terrestrial species includes the
ground surface layout; detached and attached objects on those
surfaces; and events transpiring over a perceptible duration (see
Gibson, 1979, Chap. 3).

Ecological optics is an on-going research field that considers
how light from a radiant source (e.g., the sun) interacts with
surfaces, such as inanimate and animate features and the ground.
When surfaces are illuminated, some of that light is absorbed,
and some is reflected by them. Owing to such things as the
reflectance character of surfaces due to, e.g., pigmentation and
texture, as well as their orientation relative to the light source,
reflected light takes on some of the character of these surfaces.
To offer a simple example, white surfaces reflect more light than
dark surfaces; and surfaces perpendicular to the ‘lines’ of light
radiation reflect more light than those oblique to them. Adjacent
perpendicular and oblique surfaces produce a discontinuity in
reflectance or an edge. As these simple cases illustrate, reflected
light is rarely homogenous, but structured even in these minimal
ways. The continuous, instantaneous scattering of reflected
light due to the abundance of surfaces present in most places
results in a ‘steady state’ of reflected light intersecting at, in
principle, an infinite number of potential observation points.
These potential observation points can be temporarily occupied
by a perceiver, and more commonly, individuals move along
a path of observation points (Gibson, 1966). The scattering of
reflected light is ambient with reference to an individual: it
surrounds the individual, rather than being considered solely as
light rays that project onto a picture plane (i.e., the retina) as it is
in standard accounts of visual perception.

A detailed analysis of the structure of reflected light to a
particular point of observation shows that some properties of the

terrestrial environment and its features, such as surfaces that
extend away from the viewer and the perception of relative object
size, can be carried in or conveyed in the structure of reflected
light (Gibson, 1950). When the structure of reflected light is
considered from a moving point of observation, rather than from a
single observation point, information specifying object shape and
self-motion become available to a potential perceiver. Detailed
accounts of ecological optics can be found in numerous sources,
such as Gibson (1966) and Sedgwick (1986) On-going research
considers various abstract geometric systems that might be best
utilized to describe patterns of reflected light to an observation
point (see, Warren, 2020).

The structure in ambient light that specifies, e.g., surface
layout, is referred to by Gibson as information. Information in
the available array of reflected light corresponds to or specifies
properties of the habitat, and is often most readily detected
from a moving point of observation. Through the detection or
‘pick up’ of this structure (sometimes the metaphor ‘resonate’
is invoked), organisms perceive the layout of the habitat. In
order to distinguish this use of ‘information’ from how the
term information is employed in other psychological theories
(see below), we will refer to this as ‘information-as-specification’
following Turvey (2019).

Let us consider in a bit more detail the manner in which
structure in ambient light can function as specifying information.
Gibson distinguishes between invariant structure and perspective
structure in the ambient array of light, both of which are revealed
from the point of view of an active perceiver. Also, invariant
structure can be detected from a temporary stationary position,
with, e.g., displacements and rotations of objects. Invariant
structure refers to those patterns in ambient light that do not
change in the context of change. For example, the perceived shape
of an object is experienced as remaining constant even as one
walks around it; and this constancy can be attributed to invariant
relationships in the reflected light. These invariant relationships
that are perceived over time remain the same across changing
points of observation, and they have been have been described
geometrically for several cases (see Johansson, 1964; Johansson
et al., 1980; Runeson, 1994).

Perspective structure is the flow of reflected structure in the
ambient array of light that is generated by a moving perceiver in
relation to surface layout when adopting different but continuous
points of observation (e.g., optic flow). In the previous example,
the visual experience of oneself moving around the object is
conveyed by perspective structure. Movement toward an object
is specified by an optic flow of structure, and parameters within
that flow specify the direction and rate of movement. A great
deal of supportive research has been carried out to describe
mathematically the changing structure of reflected light from a
moving point of observation (e.g., Lee, 1976; Johansson et al.,
1980; Warren, 1998; Fajen, 2005).

Sensation-Less Perception

An especially vivid contrast between an approach to perceiving
based on sensations and an information-based approach are cases
of so-called ‘sensation-less perception.” Here we can consider if
sensory stimulation is even a necessary constituent of perceiving
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in all cases. Gibson (1966, 1979) has argued that it is not, and
in support of this assertion he offers instances when features
of the environment are perceived in spite of the fact that those
features cannot give rise to any sensations because those features
are temporarily out of sight. Take, for example, instances when
objects or portions of objects are temporarily hidden from view,
such as when an object visually occludes the surface of another
object in the line of sight. Figure 1 is a pictorial representation
of such a case. (Because of its static nature, Figure 1 is merely
suggestive of an effect that is readily experienced dynamically;
see below.) A horizontal bar juxtaposed over a vertical bar is
not typically described by perceivers as three separate objects,
but rather two objects, with one partially occluding another.
The partially occluded surface is typically experienced as a single
vertical bar as if the surface that is presently occluded persists even
though it cannot be fully viewed from one observation point -
there are no sensations specific to these hidden portions of the
surface given the current line of sight. Consistent with these
observations are studies that show young infants will track the
position of an object as it passes behind an occluder (Gibson
and Pick, 2001, pp. 122-125; also see Van der Meer and van der
Weel, 2020). Their actions suggest an awareness of its persistence
in experience even though there are no sensations possible when
the object is passing behind the occluder.

How are these phenomena to be explained from an ecological
perspective? Recall that the ecological approach claims that
perceiving is a process of detecting information. Is there
information that specifies a surface going out of sight (as opposed
to going out of existence)? When a perceiver moves relative
to the two object surfaces located at different distances from
him but in the same line of sight - or alternatively, when
one surface moves relative to the other, e.g., an animal passing
behind a tree - what occurs is a gradual ‘covering up’ over
time of once visible portions of the occluded object at the
‘leading edge’ of the occluding object; and a gradual ‘revealing’
over time of once hidden portions of the occluded edge at the
‘trailing edge’ of the occluding one. (Refer to an experimental
film made by Gibson to demonstrate of this compelling effect

FIGURE 1 | Figural occlusion.

dynamically from a fixed viewing position'.) The event of gradual
occlusion/disocclusion of the more distant (occluded) surface
at the leading/trailing edge of the closer (occluding) surface
is information in the ambient reflected light of, respectively,
portions of the more distant object temporarily going out of
sight, while other portions once out of sight are revealed. This
information is only perceivable over time; and notably, for our
discussion of sensation-less perception, those portions of the
more distant object that are currently out of sight are experienced
as persisting. The important point for our purposes here is that
there is perception (experience/awareness) of the persistence of
the occluded object in the absence of sensations.

Although I have not found reference to the occluding edge
phenomenon in the enaction literature, it could be accounted
for within their approach as well. And yet the manner in which
they would approach this phenomenon surely would be quite
different from that of ecological psychology. These differences
illuminate how the two approaches are at variance. Presumably
from the point of view of enaction theory, because of learned
(or perhaps innate) contingencies linking sensory and motor
patterns — that is, because of the sensorimotor loop that is
in place - the sensorimotor system ‘enacts’ or gives rise to
the perceptual experience of a complete vertical bar partially
occluded from view by the closer horizontal bar. This would be
an instance of the ‘sense-making’ possibilities of sensorimotor
processes. Because it is assumed that sensations are constituents
of perceiving, and because in the case of an occluded object there
are no sensations available, that which is out of sight presumably
must be enacted via sensorimotor processes.

One may argue that both accounts amount to much the same
thing - and in terms of outcome this may be the case. Both
attempt to explain how it is that a perceiver can be aware of an
object or a portion of an object presently out of sight. And yet how
each gets there conceptually is quite different, and that difference
matters a great deal from the standpoint of theory. As Turvey
(2019) puts it:

Does perception create or constitute its own objects, so that the
environment perceived by an organism depends on the organism’s
act of perceiving? Or is the function of perceiving to acquaint an
organism with the objects composing its environment as they exist
independently of perceiving? (p. 29).

Occlusion transpiring at an edge serves as information that
specifies an object going out of sight rather than going out of
existence. Disocclusion at an edge, where an object gradually
comes into sight, specifies an object previously hidden. Occlusion
has a prospective quality; disocclusion a retrospective quality.
This account is consistent with the claim that perception
is direct; its qualities are specified by information that is
available to be perceived, and one need not appeal to any
mediating processes (e.g., a concept of object permanence that
supplements perceiving).

An enaction explanation wouldn’t appeal to mediating
processes either, and yet without grounding the phenomenon in
specifiable information - information that can, in principle, be

'https://www.youtube.com/watch?v=6QXqz_UJPWM
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described with precision - the ‘enactment’ of currently hidden
surfaces (i.e., sense making) seems nearly magical. At best, they
are describing the phenomenology of the event, but because they
begin with sensations, they miss the information that specifies it.
After all, in the ecological account, occlusion at an edge transpires
in the dynamic relationship between environment and perceiver,
and what is perceived can be anchored in specifiable change in the
ambient light, i.e., information-as-specification. Even if we take
‘enactment’ or sense-making as indicating an emergent event,
where does it event occur? It would seem to be realized within
the sensorimotor loop which is solely within the boundaries of
each individual system. This difference illustrates one way that
an ecological approach would embrace a direct realist stance and
enaction theory would not. We will return to this implication in
the final section of this paper where we discuss the matter of the
organism’s boundaries.

Conceptual Limitations of Ecological
Optics From the Standpoint of Enaction
Theory

Enactivists identify what they see as two related short-comings of
the ecological approach to perceiving. Their first objection is that
ecological psychology appears to take the perceived character of
the world, or at least the information that specifies it, as “pre-
given” in the environment prior to the presence of a perceiver.
Presumably, at least part of the concern here is the apparent
absence of an account why the environment appears as it does
in the absence of the organism’s role in the act of perceiving.
The second objection is that little is offered in the way of
explaining what the individual contributes to perception - that
merely stating that information is available to be detected or
picked up by a perceiver is insufficient. Taken in combination, the
claim is that without indicating how the individual contributes
to perceiving, the available information would seem to be simply
“pre-given,” and as a result perceptual experience would not
have the transactional character - rather than a linear functional
approach - that a dynamic approach to psychological functioning
that both adopt would suppose. These criticisms initially offered
by Varela et al. (1991) have continued to be repeated by advocates
of enaction theory. They strike me as reflecting an inadequate
understanding, first, of the relational character of ecological
psychology; and, second and most critically, of the manner in
which the environment is conceptualized from an ecological
perspective (also, see Fultot et al., 2016).

Is Information ‘Pre-given’?

Is the environment “pre-given” prior to the presence of
a perceiver? If so, that would undermine the relational
commitment of ecological psychology. In certain respects, this
is a rather straight-forward question that can be answered in
the negative. The very definition of an environment implies a
possible animal. That definition is foundational to the ecological
sciences and its notion of a habitat, and it is foundational to
ecological psychology as well. Gibson begins his 1979 book by
taking up “the environment to be perceived” (p. 5), and he
defines the environment in the first sentence of Chapter 1 as

“the surroundings of those organisms that perceive and behave,
that is to say, animals” (p. 7). He draws the distinction between
the “animal environment” and the physical world, with the latter
referring to a domain taken independent of any animal, whereas
“the words animal and environment make an inseparable pair”
(p. 8). What can be an environment - rather than the physical
world considered apart from animals — by definition implies a
possible animal. The surface of the sun, for example, is part of
the physical universe, but it is not an environment. Logically,
an environment cannot pre-exist an animal because what can
be an environment is defined in relation to an animal. Likewise,
the information available to be perceived from the standpoint of
ecological optics is to be taken relative to a possible perceiver.

In this same vein, the identification of a habitat implies a
particular animal group or species. By definition, habitats are
not empty slots to be filled by organisms, but they reflect the
reciprocity of environment and a way of living. The environment
does not pre-exist an animal when it is defined in relation to
animal, as it is in the ecological sciences.

To indicate, however, that animal and environment ‘make an
inseparable pair’ does not mean that in the case of perception -
that is, when we are operating in the psychological domain -
that the features of the environment cannot ‘exist’ independently
of an animal in other respects. There is a particular sense in
which an environment is ‘pre-given.’ These issues have long been
points of confusion (see, Heft, 2001, pp. 132-135). How can
features of the environment be independent of the individual
at some times and also not independent given the mutuality
of animal and environment? Consider the case of the chair in
the next room that affords the possibility of sitting-on for me
if I were to move from my desk chair where I am presently
to that room. It is independent of me in the respect that it
is in the next room; nothing that I do from here will affect
it. But it only exists as an affordance possibility relative to
me (or some other person). Contra Berkeley, ‘to be’ is not to
be perceived; but rather ‘to be’ is to offer the possibility of
being perceived by some individual for whom the environment
is taken in relation. An affordance, such as the chair in the
example, is defined relative to a prospective individual, but it is
not necessarily perceived by that individual at all times. There
are always places and features in the environment that are
not necessarily in view at a given time. (See, for example, the
discussion of sensation-less perceiving above.) The environment
to be perceived is an environment of possibilities considered
relative to a perceiver.

How are we to understand such cases? How does this state
of affairs come about? Briefly, the environment, or better the
habitat, exists separately from an animal’s actions and experience
because the histories of each are different. This way of formulating
the nature of perceptual experience can be found in William
James' philosophy of radical empiricism (James, 1912; also see
Heft, 2001). Immediate experience stems from the intersection
of processes in the environment and processes of the perceiver.
Referring to the immediate experience of a room in which his
reader might be located in, William James writes: “the experience
is a member of diverse processes that can be followed away from it
along entirely different lines. One of them is the reader’s personal
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biography, the other is the history of the house of which the room
is a part. [That latter history includes] a lot of previous physical
operations, carpentering, papering, furnishing, warming, etc”
(pp. 173-174). Structure ‘on the environment side’ of relational,
immediate experience (i.e., the perceiver-environment relation)
is ‘already there’ available to be perceived when taken at the
level of analysis of and in relation to a perceiver. Note that
the environment, in this passage from James, is identified by
following a set of relations away from immediate experience; that
is, it is taken relative to the perceiver.

A particular place that an individual enters has already had a
prior history that accounts for why it is as it is at the moment
the individual encounters it (Heft, 2018). Its character is ‘already
there’ for an individual who might encounter it; and yet only
those features taken relative to a possible perceiver matter from
a psychological standpoint. Let’s take the comparatively simple
case of a building - and it is simple because we can have
a complete understanding of its history. When an individual
enters a building, its structure is indeed pre-given in the sense
that it was already there upon entering. Why is that? Because
designers, clients, contractors, among others, all had a hand
in constructing it, and they did so with its intended purposes
relative to possible users in mind. Needless to say, intentionally
altering environments is an action that all organisms engage in for
adaptive purposes (Odling-Smee et al., 2003). How the individual
comes to detect the building’s structure, and in the end can find
her way around in it as well as utilize its affordances, is a matter
of exploration and discovery. Its potential structure taken relative
to a perceiver is already available to be perceived. Environments
like individuals have a history.

What is the case with a building, which is constructed by
human efforts, is also the case with aspects of environments that
bear less indication of human intervention - so-called ‘natural
environments.” Because our species lineage evolved in relation to
particular features of the environment, such as ground surfaces
and graspable objects, environments offer particular possibilities
for action for Homo sapiens. In a sense these structures do pre-
exist — they have a history - when considered relative to our
species, but they don’t come into existence when a particular
individual is present. They are ‘permanent possibilities’ for
perceiving for an individual understood within the framework of
ecological optics.

Gibson (1966) points out that the phrase ‘permanent
possibilities” for perceiving is a variation on John Stuart Mill’s
hypothesis of the “permanent possibilities of sensation.” But the
difference between these two phrases stems from Mill taking
sensations as the starting point for an account of perceiving,
as I suggest enaction theory does. As a result, “[h]e believed
that their grouping constituted the basis for our belief in the
external world, but this is far from asserting that the possibility
of detecting stimulus invariance is the basis for contact with the
external world’ (Gibson, 1966, p. 223). Does ‘belief” in this context
mirror enaction theory’s notion of sense-making?

The Perceiver’s Contribution
Turning to the second objection cited above that ecological
psychology gives short shrift to what the individual contributes to

perception, Varela et al., 1991) argue that this approach “leads to
a research strategy in which one attempts to build an ecological
theory of perception entirely from the side of the environment”
(p. 204). What is found to be missing in ecological psychology
from the enaction perspective is a consideration of the organism’s
role in perception. This is a common criticism of ecological
psychology, although unlike most others, enaction theorists
rule out that this role would involve providing non-perceptual
mediating additions to the flow of sensory activity. Still, this
criticism typically reflects a limited reading of Gibson’s writings,
and in particular a cursory reading at best of Gibson (1966).

Most enactivists are familiar with ecological psychology
through Gibson’s last book (1979) and later writings by other
ecological psychologists; but the truly breakthrough work that
launched ecological psychology is The Senses Considered as
Perceptual Systems (Gibson, 1966). As its title indicates, that
book reformulated perceiving conceptualized as a reception of
stimulation and the imposition of sensations as instead a process
whereby the individual engages an information-rich, structured
environment through action. The visual perceptual system, for
example, includes, in addition to the retinal receptors and the
neural optic tract, the possibilities for action provided by the
body (e.g., movements of the eyes, neck, and the entire body).
Perceiving is an activity of the body, not merely the sensory
tracts. Through perception-action, invariant and perspective
structure is revealed that specifies environmental layout and self-
movement. That is, action generated by the individual plays an
essential role in revealing environmental structures, and in doing
so supports exploration and discovery. That claim is central
to the entire framework of ecological psychology. To assert
that environmental psychology attempts to build an account of
perceiving “entirely from the side of the environment” overlooks
these essential facets of the framework invoked by the concept of
a perceptual system.

Other and no less important ‘contributions’ on the perceiver
side could be pointed to as well, such as changing attunement
to available information through perceptual learning and
development, and actions of directed attention on particular
occasions. To take Gibson (1979) as reflecting ecological
psychology in its entirety is to fail to take into account a great
deal of other literature pertinent to ecological psychology not
only by J. J. Gibson and those who followed him, but perhaps
most especially, E. J. Gibson’s contributions. Her seminal book
Principles of Perceptual Learning and Development (1969) -
which in my view should be required reading for anyone
interested in perception — as well as the later An Ecological
Approach to Learning and Development (Gibson and Pick, 2001),
are rarely mentioned by enaction theorists when criticizing
ecological psychology in this vein. As Gibson (1966, p. 271)
pointed out, the elaboration of their differentiation theory of
perceptual learning (Gibson and Gibson, 1955) which is to be
found in Gibson (1969) is an essential facet of the ecological
approach. As he plainly indicated, that book “will take up the
story where mine leaves oft” (Gibson, 1966, p. viii).

Likewise, as Turvey (2019) recently stated about ecological
optics, the hypothesis of information as specification “does not
constitute a complete theory of perception. At this juncture, our
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concerns remain fairly modest and it suffices that we can identify
a theory of direct perception as a theory whose distinguishing
mark is the [information as specification] hypothesis” (pp. 30-
31). What the availability of specifying information accomplishes,
paraphrasing Turvey, is to negate the need for psychological
factors that either transform or produce perceptual experience,
while still leaving ‘plenty of room’ for how psychological factors
might affect how the organism ‘exploits’ available information.
Gibson consistently described the ecological approach as one
whose development was on-going. This initial step of framing
perceiving as the pickup of information takes us quite far
epistemologically, because it would seem to undercut theories
that assume perceptual experience to be mediated necessarily
by non-perceptual processes, and hence necessarily indirect. But
there remains much work to be done from a foundation of
information-as-specification.

Recall that from the perspective of ecological psychology,
perceiving supports adaptive functioning by making it possible
for the organism to ‘stay in touch’” with the environment in
the course of everyday actions. In the case of tactile perception
or touching (as well as tasting), individuals can stay in touch
with environmental structures proximally by means of literally
feeling and manipulating surfaces. In order to stay in touch
with the environment more distally, as is the case with seeing,
hearing, and smelling, what is needed is a medium that carries
structure specifying features at a distance from the perceiver. The
essential place of the medium for perceiving from an ecological
perspective has no counterpart in enaction theory. Presently,
ecological optics is the most well-articulated framework to
account for how it is possible that perceivers stay in touch with the
environment through vision. Ecological optics and the concept
of information-as-specification which requires a medium are
critical to ecological psychology’s claim that perceiving even
of features quite distant from the body surface is direct, that
is, unmediated (For a discussion of the medium in ecological
psychology and its antecedents, see Heft, 2001, pp. 225-232; also
see, Nonaka, 2020).

In light of the enaction theory criticism of information in
the ecological approach, we might ask inversely what makes a
particular sensorimotor pattern informative from the enaction
perspective? The results of sense-making must have some
adaptive relation to the surround in which the system operates.
That is, it must be meaningful in relation to the surround, or risk
being disconnected from that surround and consequently have
questionable adaptive value.

What Makes Sensorimotor Activity
Informative in the Enaction Approach?

Our previous discussion of enaction theory was mostly limited to
a consideration of the ‘sensory’ facet of sensorimotor structures;
and in doing so we omitted a central feature of the approach.
To reiterate, proponents of enaction theory are clear that the
sensory stream of activity alone is not the basis for perceiving the
environment if for no other reason than actions of the individual
cause changes in the sensory stream. Consider optic flow. The
perceiver must have a means of distinguishing between changes

in sensory activity due to occurrences in the environment,
on the one hand, and sensory changes produced through
self-action, on the other. Because there is sensory change in
each case, i.e., change of retinal stimulation, what makes a
particular instance of change informative as to its basis? Is it
due to movement in the environment or movements of the
eyes? From the enaction perspective, embedding sensations in
a sensorimotor loop, with the latter considered in relation to a
network of related sensorimotor linkages, results in one particular
experience to be realized (enacted) for the individual rather
than some other.

In order to understand what makes a particular sensorimotor
loop informative, it must be considered relative to “the set of all
possible sensory dependencies on motor states, for a particular
type of agent and a particular environment. Whatever specific
behavior the agent exhibits, its sensorimotor projections will
always be found within this set” (DiPaolo et al.,, 2017, p. 53;
emphases added). These authors call this set the ‘sensorimotor
environment. However, we are cautioned that the sensorimotor
environment, which would seem to be a state space within the
system, “is not to be confused with the environment for the
agent” — the latter presumably referring to the character of the
surround beyond the boundaries of the system. (Because of this
possibility for confusion, it might have been prudent to have
utilized terms other than environment and, as we will see, habitat
in these instances.)

They go on to distinguish between the ‘sensorimotor
environment’ and the “sensorimotor habitat.” Whereas the former
refers to all possible trajectories in this state space, the latter
refers to “the set of all sensorimotor trajectories (i.e., movements
in a sensorimotor space) that can be generated” by a particular
agent (p. 54). To do this, one must take into account “internal
dynamics’ of the perceiver, in addition to constraints from the
sensorimotor environment. “In other words, although the SM
environment limits the possible [SM] habitats, there are still
an infinite number of ways in which an SM environment can
be ‘inhabited” (DiPaolo et al, 2017, p. 54). Without going
into further detail here, which would require a discussion of,
e.g., “sensorimotor coordination” and “sensorimotor schemes”
(see, pp. 55-58), it will be useful to examine these claims
more closely in order to understand what makes any particular
sensorimotor activity informative from this perspective. In
other words, what makes sensorimotor activity A indicative of
circumstance X (e.g., eye movement) or Y (e.g., movements in
the environment) in that the visual ‘sensations’ are assumed the
same in each case?

Any particular instance of a sensorimotor activity is
informative relative to that set which could be generated by a
particular agent. To return to the object property of sponginess,
DiPaolo et al. (2017) ask us to imagine that one is “a worker
whose daily task is to sort out 1000s of sponges into soft and
hard” (p. 61). As I understand their argument, the present
sponge can be identified as soft or hard because of the amount
effort employed to depress it and reciprocally the force of
return resistance one experiences through tactile sensations in
relation to a prior set of possible sensorimotor patterns. The
present sponge is experienced, for example, as soft but not hard;
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and it is so because it is informative as to “what it is not
but might have been.” That latter phrase comes from Gibson
(1966, p. 245) brief discussion of the concept of information
as it is employed in communication theory developed by
Shannon (1948). Gibson’s discussion here was an effort to
clarify the difference between his concept of information (what
we called above following Turvey ‘information-as-specification’)
and information as developed by Shannon. Gibson regularly
expressed frustration that some critics confused the two.
Shannon’s concept of information was adopted and applied to
the psychology of perception, most prominently by Attneave
(1959) and Garner (1962).

I have not found any reference to Shannon’s ideas in my
admittedly selective examination of the enaction literature; but
the manner in which DiPaolo et al. (2017) treat the role of
sensorimotor activity in sense-making - e.g., the realization
of one sensorimotor pattern within a set of sensorimotor
trajectories — appears to be similar to that line of thought.
To explain, Shannon’s influential treatment of information was
developed post WWII for the field of electronic communication
The prototypical problem for communication theory is how a
signal transmitted by a ‘sender’ that is informative of something,
as opposed to, e.g., mere ‘noise, can be recognized by a
‘receiver.” Imagine an individual (sender) speaking into the
microphone of a telephone, and a listener (receiver) camped
out at the other end of the line. Absent any pre-established
background structure in the receiver relative to the signal
being sent (e.g., the receiver doesn’t speak the same language
as the sender), the signal would be uninformative. But with
some pre-established background structure on the part of the
receiver, a signal can be recognized as being informative at
the receiver end. According to Shannon information theory,
this is done not by registering the signal as such because,
as we saw in the case of a language, some background is
needed on the receiver side of things. Instead, the signal is
rendered as being informative by ruling out what it isn’t
with respect to some prior background (i.e., what is already
known.) What makes a signal informative is that it rules out
prior possibilities as to what it could be. In other words,
and critically, that which is informative reduces uncertainty
for an individual.

How are we to understand this difference in how ‘what is
informative’ is treated in ecological psychology and enaction
theory? We already tried to ground information qua ecological
psychology in an analysis of structure through ecological optics
taken in relation to a perceiver. What about the enaction
approach? The latter like most 20" century perception theories
appears to assume that organisms operate in a psychological
domain of possibilities. The sensorimotor environment is the set
of “sensorimotor projections” within which a particular behavior
exhibited by an agent on any particular occasion will be found.
This set is narrowed further when the individual’s “internal
dynamics” are added into the account, resulting in a sensorimotor
habitat. Perceiving qua sense-making appears to be realized in
relation to this background set of possibilities. What is perceived
is realized among a set of other different possibilities within a
particular domain.

(Although it is not to be minimized, we set aside here the
important question of the origin of the background possibilities —
the SM environment — against which a particular sensorimotor
correspondence is assessed. If the informative character of a
particular sensorimotor activity is established relative to a field of
possibilities, how does that field of possibilities itself come about?
One cannot merely assume that the necessary background for
rendering an instance of sensorimotor activity is in place without
explaining its origins. Articulating the requisite developmental
history is needed. I cannot speak to how adequately enaction
theory carries this out.)

In contrast, and as we saw above, from an ecological
perspective, the perceiver engages a surround that, in principle,
has infinite nested informational structure; and continuing
exploration may reveal ever greater subtleties or higher-order
patterns in any particular domain. On-going discovery of ever
finer structures is, for example, the basis for connoisseurship
in some area of activity. The training of a sommelier (a
wine expert), for instance, consists of hours and hours of
comparative wine tasting, in the course of which distinctive
relational differences in the chemical make-up of the wine are
revealed to the perceiver. To reiterate, the differences are to be
found in the wine, and reciprocally, with continued exploration,
the taster’s acuity is heightened. As Gibson (1969) proposed,
what differentiates A from B is a relational difference, and that
difference is discoverable through exploration of the array of
available information.

For their part, enaction theorists criticize ecological
psychology on the grounds that “the origin of the particular
motor patterns that bring about the invariant revealing
transformations is not always considered relevant; instead,
what matters in many case is simply the structure of movement-
induced flows” (DiPaolo et al., 2017, p. 74, emphasis added).
But, to continue the example above, acts of discovery through
wine-tasting do not involve merely imbibing and allowing the
movement of liquid to flow across receptors surfaces. Swirling
the wine in one’s mouth and other acts of exploration in order to
reveal its informational structure are critical (Gibson, 1966, pp.
138-144). The actions are relevant for the purposes of perceptual
differentiation and discovery, but “origins of the particular motor
patterns” in this case would not seem to be.

What accounts for the route taken in enaction theory, or at
least, by DiPaolo et al. (2017)? Why treat a given sensorimotor
pattern as being informative relative to a set of possibilities?
My supposition is that it is traceable to the concern raised in
the first part of this paper - their reliance on sensations, even
when embedded in sensorimotor activity, on which to develop
an account of perception. Sensations tend to be equivocal in
relation to their environmental sources. The environment, as a
consequence, is in principle an unknowable Kantian “thing-in-
itself.” But an unknowable world for Kant was world of apart
from human experience, and a pre-Darwinian one at that — not
a habitat from the point of view of the ecological sciences with
which organisms need to ‘stay-in-touch.” The best one can do
from an enaction stance is to ‘enact’ a perceived world through
sense-making, but that would seem to put the perceived world
‘within’ the organismic system.
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System Boundaries and the Region of

Exchange
One of the requirements that marks agency in a biological
structure, according to DiPaolo et al. (2017), is “system
individuation.”

“The enactive approach suggests that agents are systems that
actively define themselves as individuals and may be identified as
such without arbitrariness. Only systems that manage to sustain
themselves and distinguish themselves from their surrounding,
and in so doing define an environment in which their activity
is carried out, are considered as candidate agents in this
approach” (p. 112).

This point of view is certainly one that would be congenial
to the ecological psychology perspective, although the way
it is further developed within each approach adds to a
divide between them.

To account for system individuation, DiPaolo et al. (2017)
invoke the notion of operational closure, which refers “to a
network of processes whose activity produces and sustains
the very elements that constitute the network” (p. 112). The
interdependencies among the system’s constituents give rise, as
a matter of course, to a boundary that distinguishes this network
of interrelations from those things that lie outside of it. “[T]he
boundaries between an autonomous system and its environment
emerge as a result of how an autonomous system is organized”
(DiPaolo et al., 2018, p. 27).

That said, it is obvious to enaction theorists that the system
cannot be wholly independent of the surrounding environment.
Because it is a far-from-equilibrium system, it must remain
sufficiently open to the surround to allow needed resources
beyond its boundaries to participate in the necessary workings
of the system. At the level of cells, we find semi-permeable
membranes that allow, e.g., nutrients to enter into the system
to participate in and maintain its functions. Critically for
our purposes here, there is region of exchange between the
environment and the system; and that region is where the
organism ‘ends’ and the environment ‘begins.” In this biological
case of the cell membrane, that region of exchange is proximal -
at the physical body boundary.

When we shift our level of analysis from the cell to the
organism as a whole, and adopt a higher-order psychological
focus, we also find some instances of a proximal region of
exchange between the organism and the environment, as in the
case of tactile perception (see above). But also, and particularly
striking, are those commonplace experiences when the region of
exchange between the organism and the surround is experienced
as being located at places distant from the physical body
boundary. In those cases, the body is experienced as being
extended distally into the environment.

To offer two obvious examples: when individuals use a tool,
such as a stick to probe a surface or a screwdriver to tighten a
screw, they invariably report that the environment is experienced
as beginning at the end of the tool - at the surface and at the
screw notch, respectively — and that the body is experienced as
if it extends to that point. Exchanges with the environment as

mediated by tools are typically reported as being felt at some
distance from the biological boundary of the body.

With their roots partially in phenomenological writings,
both ecological psychology and enaction theory recognize this
phenomenon. But how readily can each approach begin to
account for it? DiPaolo et al. (2017) differentiate in an ad hoc
manner among different levels of complexity of sensorimotor
agency, from those of “minimal sensorimotor engagement,” such
as habits, to “open sensorimotor agency” whereby “sensorimotor
agents have the adaptive capacity to learn new sensorimotor
schemes and integrate them in the overall network” (p. 170). This
latter integration would seem possible in their account because
the system is open to temporary ‘enabling relations’ with factors
outside of it. Notably, however, these factors do not enter into
the system’s interdependencies. Although they “do not belong to
this network [they] enable processes within the network; but they
remain external because they themselves do not depend for their
operation on processes in the system” (DiPaolo et al., 2018, p. 25).

However, if these temporary enabling relations do not belong
to the network of system interdependencies, how can an enaction
account of perception go beyond the boundaries of the system
in the ways that the experience of tool use suggests? As we just
saw, enabling relations only serve “to enable processes within
the network.” Can these enabling relations function to extend
the network experientially? Presumably, it is assumed that they
can, but how they might do so is not explained. Most important
for our discussion, by setting ‘enabling relations’ outside of
the network system, the primary unit of analysis that is in
evidence here is the individual system rather than an organism-
environment relation.

An alternative way of conceptualizing the experience of the
extended body that accompanies tool use is to adopt a relational
view with the organism-environment as our unit of analysis.
The network of interdependencies at work would encompass
the organism and the environment as coupled features on any
particular occasion. The animal-environment relation is the unit
of analysis for ecological psychology; and it is characteristic
of the focus inherent in the ecological sciences rather than
biology as such.

The study of ecology takes the organism in relation to a
system of environmental interdependencies. Enaction theory
while recognizing the tight interdependencies within the
organismic system seems to underplay the interdependencies
of an organism-environment system. Conceptually in the
ecological sciences, what is needed from the standpoint of
an organism’s functioning is a means of ‘staying in touch’
with circumstance in its habitat. Over the course of species
evolution, perceptual systems were selected for in order
to make this possible. These perceptual systems offered a
selective advantage for organisms because by means of them,
they could exploit the information that was available in
the surround in order to maintain the necessary coupling
between on-going environmental change and dynamic
organismic processes.

Turvey (2019) points out: “what makes a theory of perception
a theory of direct perception at its most fundamental level
is an enriched entailment structure” (p. 40). By the latter he
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means an account of the information available to be detected
that specifies the environment. In spite of enaction theory
allowing for so-called ‘enabling relations’ between the system
and factors external to it, in the absence of an account of
the environment from an ecological perspective, and available
information to specify the environment, is hard to imagine
how the enaction approach can account for the experience
of the extended body other than merely stating that it is
enacted, and leaving the matter at that. A coupling between
on-going environmental change and dynamic organismic
processes requires an entailment structure on the side of the
environment, as just noted.

Holt (1931), a student of William James and one of Gibson’s
graduate school mentors (Heft, 2001) proposed that every action
of an organism has a quality of ‘adience’ by which he meant
the quality of ‘reaching toward’ a source of stimulation -
that is, it has a quality of external reference. That sort of
intentional stance is shared by both enaction theory and
ecological psychology. But Holt goes a step farther and helps
set the stage for the relational stance of ecological psychology
by arguing that these actions can only be adequately described
with reference to factors outside of the organism beyond the
body boundaries (Holt, 1915). In this way distant features
function as constituents of action. They are enfolded within the
action itself. According to Holt, it is only when we recognize
the adient quality of action that we are led from the study
of biological processes to the study of psychological functions
(Heft, 2014).

Arguably, however, sensory activity (in sensorimotor activity)
cannot conceptually ‘carry’ the properties of ‘distant objects’
(see above), and for this reason, those ‘distant objects’
cannot function as ‘constituents of the behavior process from
an enaction perspective. Organismic processes accordingly
seem to remain encapsulated within system boundaries. In
contrast, Holt offers a relational perspective: “The knower is
a concrete material body in a concrete material environment
and the cognitive relation exists between the two” (Holt,
1931, p. 51).

A relational view requires an account of ‘both sides’ of the
environment-person duality. In Gibson’s ecological approach,
his formulations of ecological optics, on the one hand, and
perceptual systems, on the other - both of which are introduced
in Gibson (1966) — make a relational perspective for psychology
feasible. An account of the potential ‘environment’ side of
the relation allows us to take our psychological analysis
beyond the organism considered solely with respect to its
biological boundaries.

CONCLUDING COMMENTS

It has been argued that ecological psychology and enaction
theory, in spite of their considerable commonalities, remain
at variance because of differences over several basic issues:
first, the role that sensations play within each approach differs,
with enaction theory taking these products of receptor activity
to be the initial basis for ‘contact’ with the surround, while

ecological psychology considers sensations as being incidental at
best for perceiving.

Second, they differ in the manner in which each treats
the concept of information, with enaction theory seemingly
conceptualizing information in a manner similar to that
employed in Shannon’s account of communication, with
its model being a sender and a receiver in possession of
possible states of realization; while information within
ecological psychology refers those structures in the
medium for perceiving that specify properties and features
of the environment (i.e., information-as-specification).
The latter meaning of information stems from Gibson’s
development of ecological optics. Criticisms of ecological
psychology from the point of enaction theory often reflect
a failure to recognize the place of ecological optics in
this approach.

Third, the way in which each approach conceptualizes
the organism’s boundaries differ. Enaction theory’s focus
on ‘system individuation’ gives rise to an emphasis on
the organism’s boundary that distinguishes its network of
interrelations from those things that lie outside of it. This
image stems from considerations at a biological level of
analysis such that individual systems, such as a cell, while
dependent on exchanges with the surround, are considered
mostly apart from it. Ecological psychology adopts as its unit
of analysis the organism-environment relation in keeping with
the orientation of the ecological sciences. From that perspective,
the boundary or region of exchange between the organism
and the environment - that is, where the organism ‘ends’
and the environment ‘begins’ - is fluid on functional and

psychological grounds.
The common thread running through all of these differences
is, in fact, the first one - the place of ‘sensations’ in

ecological psychology and enaction theory. Recall that it
was the conceptual inadequacies of sensations for developing
an account of perception that eventually led Gibson to
reject sensation-based approaches to perception and in their
stead to offer an information-based approach. From this
historical vantage point, enaction theory in spite of its
valuable incorporation of new ideas from dynamical systems
thinking for perceptual theory, brings along with it old
ideas that have not served perceptual theory particularly
well in the past.
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Ecological Psychology and Enactivism both challenge representationist cognitive
science, but the two approaches have only begun to engage in dialogue. Further
conceptual clarification is required in which differences are as important as common
ground. This paper enters the dialogue by focusing on important differences. After
a brief account of the parallel histories of Ecological Psychology and Enactivism, we
cover incompatibility between them regarding their theories of sensation and perception.
First, we show how and why in ecological theory perception is, crutially, not based on
sensation. We elucidate this idea by examining the biological roots of work in the two
fields, concentrating on Gibson and Varela and Maturana. We expound an ecological
critique of any sensation based approach to perception by detailing two topics: classic
retinal image theories and perception in single-celled organisms. The second main
point emphasizes the importance of the idea of organism-environment mutuality and its
difference from structural coupling of sensations and motor behavior. We point out how
ecological—phenomenological methods of inquiry grow out of mutualism and compare
Gibson’s idea of visual kinesthesis to Merleau-Ponty’s idea of the lived body. Third,
we conclude that Ecological Psychology and varieties of Enactivism are laying down
different paths to pursue related goals. Thus, convergence of Ecological Psychology and
Enactivism is not possible given their conflicting assumptions, but cross-fertilization is
possible and desirable.

Keywords: Ecological Psychology, Enactivism, direct perception, sensation based perception theories, retinal
image theory, ecological mutualism, James J. Gibson, Francesco Varela

The seemingly paradoxical assertion will be made that perception is not based on sensation. That is, it
is not based on having sensations.... but it is surely based on detecting information.

James (Gibson, 1966)
..partly because of the difficulty of Merleau’s rhetoric..., and partly because he needed a theory of
perception that didn’t then exist and now does, I have concentrated rather on trying to understand
and expound Gibson than on trying to bring the American and the French thinker together.

Marjorie (Grene, 1995)

INTRODUCTION

After a brief account of the parallel histories of Ecological Psychology and Enactivism, we cover
three main points about the relations between them. First, perception is distinct from sensation.

!Publications by Dent, C., Dent-Read, C. and Read, C. are by the same author.
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Perception-Action vs. Sensorimotor Enaction

This idea is elaborated by examining the biological roots of
work in the two fields, concentrating on Gibson in Ecological
Psychology and Varela and Maturana in Enactivism. We cover
critical assumptions about perception and about methods of
study. The second main point emphasizes the importance of
the idea of organism-environment mutuality, and the differences
between the ecological idea of mutuality and the enactivist idea of
autopoesis or self-creation. Third, we conclude by contrasting the
two approaches, pointing out areas that each has yet to develop.
We conclude that a convergence of Ecological Psychology and
Enactivism is not possible given their conflicting assumptions,
but that cross-fertilization is possible and desirable.

Ecological Psychology is the oldest radical challenger of
classical representationist cognitive science with its seven-
decade-long history. The germinal books for this approach are
James ]. Gibson’s The Senses Considered as Perceptual Systems
(1966) and The Ecological Approach To Visual Perception (1979,
2015). During these decades (between the 1970’s and the 1990%)
ecological psychologists kept elaborating, theoretically and
empirically, its core idea: that perceiving—acting organisms are
in direct epistemic contact with their environment via ecological
specification and affordances. In the meantime, Ecological
Psychology has branched out from its core experimental studies
on action and perception into diverse contexts including human
development, movement science, social dynamics, ecological
robotics, and other cognitive topics such as language and
metaphor use.

The enactive approach is based on work by Maturana and
Varela (1988), and was succintly articulated for the wider
audience in the early 1990’, in the germinal book The embodied
mind: Cognitive science and human experience by Varela et al.
(1993). In this book Varela et al. launched their own challenge to
the cognitivist paradigm, with the core idea that cognition is an
embodied, lived process, based on self-organizing and recurrent
sensorimotor patterns. Enactivism quickly became influential,
and gradually three main versions appeared: autopoetic, sensori-
motor, and radical enactivism (cf. Ward et al., 2017). However,
they all are conceptual descendants of the enactivist program, as
defined by Varela et al. (1993).

In The embodied mind Varela et al. acknowledged, but also
firmly criticized, Ecological Psychology claiming that Gibson
understood environmental structures as objective, pre-specified
properties to which the organism must respond (Varela et al,
1993, pp. 203-204). Clearly, this was a one-sided and largely
inaccurate reading of Gibson’s theory, as pointed out later by
others (e.g., Fultot et al., 2016), and it disallowed taking the
Ecological program as a partner to engage with. Not until
recently did representatives of Ecological Psychology react to this
criticism and engage in discussion with Enactivism. Perhaps a “a
full-blown” post-cognitivist science of the mind might need both
ecological and enactivist insights (Heft, 2001; Chemero, 2009;
Rietveld and Kiverstein, 2014; van Dijk et al., 2015; McGann,
2016; Hutto and Myin, 2017; Bruineberg et al., 2019).

An important step was a dialogue in the 2016 Special Issue
of Constructivist Foundations. The target article by Fultot et al.
pointed out the misreadings of Ecological Psychology by Varela
et al. and critiqued Enactivism on the basis of being, in the final

analysis, internalist and concluded that enacting a world seems to
be “constructivism in the most traditional sense” (par.50). Now
it was on the enactivist side to claim this as an “uncheritable”
reading (Stapleton, 2016).

Difficulties for clarification abound as neither Ecological
Psychology nor Enactivism comprises a fully developed,
homogeneous set of views. As apparent in recollections
by ecological scientists?, in the early decades of Ecological
Psychology cognitive science presented a hostile cognitivist
environment. Under these circumstances Ecological Psychology
focused “inwards” and worked on turning basic insights by James
J. Gibson into a full blown theory of action and perception and
workable empirical research programme.

In the exchanges between Ecological Psychology and
Enactivism some significant questions and critiques have
surfaced on both sides. In a simplified summary, the major
questions about Ecological Psychology on the enactivist side are
the following (based on the target article and the commentaries
in 2016 Special Issue of Constructivist Foundations): (1)
Ecological Psychology puts too much load and emphasis on
symmetry principles in organism—environment mutuality;
(2) Thereby Ecological Psychology does not do justice to the
autonomy, subjectivity, perceptual consciousness, historicity
of the agent side, which is necessary to account for an active
agent with a self; (3) In Ecological Psychology descriptions
of the environment (affordances, specification) refer to pre-
existing structures that are not dependant on experience and,
therefore, are not truly relational; (4) Ecological Psychology
ignores the subpersonal level of emergent processes, that
is, the level of the physical basis of perceptual experience
(on the distinction between personal and subpersonal
see Thompson and Cosmelli, 2011; Roberts, 2018). The
major questions on the ecological side are the following: (1)
Enactivism embraces subjectivity and constructive processes
and thereby opens up the door to dualism; (2) Enactivism
takes sensorimotor functioning as the starting point which
retains the idea of the “poverty of the stimulus” and does
not explain how meaning emerges from something non-
meaningful; (3) Thereby Enactivism also fails to establish
how the organism/agent is in direct epistemic contact with its
environment; (4) Enactivism does not treat the organismic level
as a distinguished level of analysis, and, thereby, does not satisfy
truly ecological mutualism.

Issues and questions exist, however, not just concerning
the “other side” but also about “own sides.” Fundamental
questions are still being tackled within each framework.
Versions of Enactivism lay out different ideas about agency,
embodiment, or sensorimotor contingencies (cf. Ward et al,
2017). Whereas within the framework of Ecological Psychology
serious discussion continues regarding the interpretation of such
fundamental concepts as the environment, information, and

2Interviews with Eleanor Gibson (Szokolszky, 2003), with Ulric Neisser
(Szokolszky, 2013); further unpublished interviews by Agnes Szokolszky
conducted in 1997, with Rober E. Shaw, Michael Turvey, Nancy Rader, Claudia
Carello, William M. Mace, Reuben Baron, David Lee, Alan Costall, Sverker
Runeson, Claes von Hofsten, and Gunnar Jansson.
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affordances (see e.g., Chemero, 2009; Read and Szokolszky, 2018;
van Dijk and Myin, 2019).

We take the above questions as opportunities for reflection.
Earlier we briefly discussed the Enactivism-Ecological
Psychology relationship (cf. Szokolszky et al, 2019). We
highlighted basic strategic and conceptual differences in their
ways of explaining animal—environment mutuality; however,
we concluded that a dialogue benefits both parties. This time
we continue the dialogue by focusing on some of the ecological
questions about Enactivism, but also on some critical questions
related to Ecological Psychology.

In this paper we focus on two main points of difference
between Ecological Psychology and Enactivism. Our first main
point is to emphasize that perception is not sensation-based. We
will elaborate the argument against sensorimotor capacities and
contingencies as the foundation for a psychology of perceiving
and knowing. Along with others committed to Ecological
Psychology we claim that this is a fundamental point of difference
that needs to be squarely addressed (cf. Szokolszky et al.,
2019). We agree with Michaels and Palatinus (2014, p.19) that
Ecological Psychology comes “as a package deal”: the major
principles of Ecological Psychology are “deeply connected and
intertwined. To subscribe to some and discard the others always
entails contradiction.” We elaborate this distinction between
perception and sensations by examining the biological roots of
work in the two fields, concentrating on Gibson in Ecological
Psychology and Varela and Maturana in Enactivism. Here we go
over two prototypical topics: the retinal image theory of vision,
and perception by single-celled organisms. We cover critical
assumptions about perception and about methods of study.

The second main point emphasizes the importance of
the idea of organism-environment mutuality and how it is
more than organism-environment interaction or coupling.
Ecological Psychology has developed the concept of mutuality
and Enactivism has focused on individuals (usually conscious
human beings) interacting with the world. These two concepts
are radically different and should not be confused.

In the final analysis, we conclude that the concepts of
sensorimotor action, -agent, and -life are profoundly different
from the concepts of ecological action, -agent and -life. These
profound differences must be recognized and acknowledged.
This does not mean, however, that there is no point to
the dialogue. Both Enactivism and Ecological Psychology
are developing enterprises that still need to give elaborate
answers to questions regarding brain level processes, knowing
and feeling, consciousness, and phenomenological experience.
Ecological Psychology has a coherent account of contact
with the environment, however, the role of experience in
perceiving/acting, or even the importance of experience, has
not been developed in ecological work to date (see related
points in Kadar and Effken, 1994, 2006). This even though
Gibson drew on experiences (that anyone with a functioning
perceptual system can share) to develop his theory of how the
structure of the surround is detected®. Enactionism draws heavily

3For example, the decisive test of reality is whether one can discover new details by
scrutiny (1979, p. 257). See Kadar and Effken (1994, 2006), and Glotzbach and Heft

on phenomenology, but its assumptions on the sensorimotor
foundations of agency are not compatible with Ecological
Psychology. The paper concludes that the goal is not to seek
convergence, but to keep attending to each other and leaving
open the possibility for potential cross-fertilization.

FIRST MAIN POINT: PERCEPTION IS NOT
BASED ON SENSATION

A fundamental difference exists between Ecological Psychology
and Enactivism regarding the interpretation of the role of
sensation and perception as the foundation for action. Although
they both share an emphasis on action, Enactivism takes
sensorimotor capacities and contingencies as the basis for
action, whereas for Ecological Psychology perception is not
constituted by sensation and, therefore, perceiving/acting based
on affordances of the surround is the cornerstone of cognitive
functioning. Therein lie deep differences in the concept of
“enaction” and ecological perception/action.

Varela et al. (1993) claim (p. 173) that enaction means that:
(1) perception consist of perceptually-guided action; and that
(2) cognitive structures emerge from the recurrent sensorimotor
patterns that enable action to be perceptually guided?. On
the other hand, Gibson claims that having sensations is not
perception, rather, perception is the functioning of perceptual
systems that include the whole organism. Clearly, these are two
thoroughly opposing views. At stake is the very foundation on
which a viable alternative to representationism can be built. Why
and how the two approaches come to build on these different
foundations and what are the consequences? This is a complex
question that needs attention.

Both approaches have roots in biology, but their starting
points and paths of development are diametrically opposite. We
are looking for answers by exploring the biological roots of
enactive and ecological explanations.

The Biological Roots of Direct Perception
Ecological Explanations and Sensation

Based Enactive Explanations

The roots of the ecological approach to perception (Gibson)
and the embodied approach to the mind (Varela and Maturana)
extend into biology, but in very distinct ways. In the service
of understanding the contrasts and relations of these two
approaches we now briefly compare the biological basis and
assumptions of the two theories by considering early work in
biology by Varela (1997) on patterns of life and by Maturana et al.
(1960), Maturana et al. (1960) on vision in the frog. In contrast,
we review work by Gibson (1979) countering the retinal image
theory of perception and by Pittenger and Dent (1988) on a direct
perception account of bacterial chemotaxis.

(1982), for accounts of some aspects of phenomenology in relation to Ecological
Psychology.

41t is Sensorimotor Enactivism (Ward et al., 2017) in the first place that elaborates
these points in the most detail. However, sensorimotor explanations are endorsed
by other enactivist theories as well.
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Varela equates living organisms with living systems and,
consequently, gives organisms the qualities of what he defines
as natural systems. Organisms are a process of constituting
an identity and identity refers to coherence; identity is not a
structure, but a process, and it is not mentalistic or personal
(Varela, 1997). In describing autopoiesis, Varela takes the
example of the bacterial cell which has the capacity to produce
all the components that comprise a distinct, bounded unit.
How a natural system differentiates is not considered, nor is
reproduction. The latter is seen as a process that is an “added
complexity superimposed on a more basic entity” (p. 75).

Note the contrast to Gibson’s (1979) focus on what might
be called “conditions of life.” Gibson begins with a perceiving
organism, not a natural system, and especially not one that is
self-made. If one starts from the point of view of a system,
and the formal logic of systems, then the organism tends to
become “just” a system, or an aspect of a system. If one
starts with the organism, then how it moves, lives, reproduces,
and dies in its conditions/surrounds leads to different research
questions (e.g., Sheldrake, 1981; Gilbert and Sarkar, 2000). The
organicist approach leads to questions of mutualism, adaptation,
and affordance, however those are defined. And it leads to very
different questions and assumptions about perception.

Maturana, who researched the frog visual system, is an
example of a theorist who accepts and assumes the mentalist
account of perception (e.g., Lettvin et al., 1959; Maturana et al.,
1960). Some of the assumptions about perception that the
researchers hold are evident from their description of the process
of frogs seeing and catching prey. For example, frog vision is
described as using visual clues, that the objects toward which the
frogs act have certain features, such as movement, size, contrast,
color. The analogy to human reading is used to characterize frog
recognition of appropriate prey:

“Just as we are able to read and to recognize shapes under the most
varied conditions, so are frogs able to see their prey and to feed
upon it under the bright light of midday or under the twilight of
morning or evening, whether this be in their natural environment
or in a small cage in the laboratory” (Maturana et al., 1960, p. 129).

They ask how a frog recognizes prey or enemy and assert that:

“To survive, a frog needs to react rapidly, either to catch a prey
or to escape an enemy. To do this, the pattern of light and dark
that is the original image formed on the retina has to be analyzed,
sooner or later, to select it the features which define the universals”
(Maturana et al., 1960, p. 1).

This constitutes a straightforward and clear statement of the
retinal image theory of vision, a theory that is assumed to
pertain to any organism with (chambered) eyes. How does
this theory with its set of assumptions about what constitutes
perception coordinate with the type of studies conducted and the
conclusions drawn from the studies? The authors argue that if
the retina “performed the analysis” behavior could be quicker
and more adaptive. “Thus, for anatomical reasons, the retina
should be expected to perform the first step in the analysis of

the visual image and to transmit the abstracted information
to the visual centers” (p. 130). Therefore, the retinal cells are
“mapped” for their patterns of activation in terms of a binary
“on/oft” logic. One conclusion from the detailed and complex
results of the anatomical studies is that the retina is the first point
of “transformation” by summing, and so forth, of the image.
(Perhaps this move is way of doing away with the problematic
“image” as soon as possible?).

Does this approach to perception persist in later work on
embodied cognition (e.g., Maturana and Varela, 1980, 1988;
Varela et al., 1993)? Maturana and Varela (1980, 1988) analyze
living systems, as opposed to organisms, let alone animate
organisms that perceive and act. Living systems are defined as
units of interactions that exist in an ambience. Living systems
cannot be understood independently from that part of the
ambience with which they interact (the niche) nor can that part of
the ambience be understood independently of the living system
that defines it. The living system is seen as hierarchical, that is,
the first order system is made up of cells, the second order of
organisms, and the third order of organizations of organisms.
“Reproduction and evolution are not essential for the living
organization” (1988, p. 11). Cognition is defined as the acting
or behaving in the domain of interactions in which a system can
act to maintain itself. Living is a process of cognition, whether
the system includes a nervous system or not. Living systems have
internal states that can be changed relative to the maintenance
of the system, that is, to maintenance of its identity. Sensors of
an animal are modified by physical events, but a nervous system
allows the internal states to be modified by “pure relations” viz.,

“The nervous system expands the cognitive domain of
the living system by making possible interactions with ‘pure
relations’; it does not create cognition.” (Maturana and Varela,
1988, p. 13).

On this account perception is defined as based on physical
changes in sensors (the subpersonal) that then are somehow acted
upon as internal states. In more general, i.e., less technical terms,
living beings are continually self-producing and cell metabolism
is the clearest example of this phenomenon (Maturana and
Varela, 1988). Consequently, perception is defined as sensation-
based, for example, in the case of a frog seeing and targeting
a fly as prey. On this view there is an internal correlation
between “the place where the retina receives a given perturbation
and the muscular contractions that move the tongue, the
mouth, the neck, and, in fact, the frogs entire body.” (p.
126). This “correlation” is termed “sensorimotor coordination.”
As applied to single-celled organisms, e.g., amoebae, this idea
leads to descriptions of the formation of a pseudopod and the
consequent movement of the cell toward a protozoan in terms
of chemical changes at the surface of the membrane of the
cell and the maintenance of an “internal correlation between
the degree of change of its membrane and those protoplasmic
changes we see as pseudopods.” (italics in the original) (p.
147). On this view, the amoeba when engulfing and digesting
a protozoan is an example of what Varela (1997) described as
the simplest living system (see above). It is safe to say that
this early sensation-based approach by Maturana persists in
later works.
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A next step, chronologically, was to take the
phenomenological definition of perception as reflection upon
experience, and to follow Merleau-Ponty in taking this reflection
to create the relation between self and world (Varela et al., 1993).
Thus, experience of one’s own body in the world becomes the
basis of “embodied action.” For enactivists, sensory and motor
processes are equated with and taken as defining perception and
action. And it is claimed that perception consists in perceptually
guided action and that cognitive structures emerge from the
recurrent sensorimotor patterns that allow perception to guide
action (Varela et al., 1993, p. 173) (cf. frog vision and prey
capture). Therefore, “the reference point for understanding
perception is no longer a pregiven, perceiver independent world
but rather the sensorimotor structure of the perceiver (the way
in which the nervous system links sensory and motor surfaces)”
(Varela et al., 1993, p. 173).

We are using these quotations in order to be able to point
out the contrasts—and later also possible connections—with
the ecological approach to perception. Next, however, we focus
on the ecological critique of sensation-based functioning—a
cardinal point for James Gibson and subsequent researchers.

The Ecological Critique of Any Sensation
Based Approach to Perception

Does sensorimotor coordination equal perceptually-guided
action? The answer from Ecological Psychology is “no.” In
both the 1966 book on The Senses Considered as Perceptual
Systems and the 1979 book on The Ecological Approach to Visual
Perception, Gibson endeavored to lay out the differences between
the senses as physiological processes and perception as the active
resonance to an actual surround. We will use his critique of
the retinal image theory of vision as a example of the contrast
between functioning of the senses and what he called direct
perception. First we examine retinal image theories briefly.

Classic Retinal Image Theories and

Gibson’s Rejection

The retinal image theory is a specific case of a general set
of assumptions about the perception of the world that limit
perception to operations on the “products” of the senses,
and therefore, assume that only sensations (with cognitive
transformations) are perceived. We briefly refer to George
Berkeley and Ernst Mach as classic formulators of the retinal
image theory of vision. In the retinal image tradition Berkeley
(1709) assumes that objects in the environment are taken by
perceivers to be of determinate size and place, even though
the “visual appearance” continually changes, here the visual
appearance means a visual image that is assumed to be cast on
the retina (cf. Maturana, see above). Mach, in the Analysis of
Sensations (1897), stated:

“Colors, sounds, temperatures, pressures, spaces, times, and
so forth, are connected with one another in manifold ways;
and with them are associated dispositions of mind, feelings, and
volitions. Out of this fabric, that which is relatively more fixed
and permanent stands prominently forth, engraves itself on the

FIGURE 1 | Ernst Mach Self Portrait (public domain). The assertion then is
correct that the world consists only of our sensations (Gibson, 1979, p. 10).

memory, and expresses itself in language.” (Mach, 1897, p. 1) See
Figure 1 above.

Modern assumptions about vision, in both biology and
psychology, are captured in Figure 2 below. The basic account
is that there is a causal line from light rays and lenses to points
on a tissue of retinal cells, to firing patterns in nerve and brain,
to experience. Enactivist approaches critique the idea of a linear
causal chain, and instead use the idea of embedded levels of
circular self-sustaining activity. Although that move does away
with mental processing as a step somehow separate from brain
activity and before perceiving, it accepts, however, the basic
assumptions of retinal image theories, as we have seen above.
Therefore, we are justified in laying out the deeper critique of
retinal images that J.J. Gibson presented.

Gibson claims that the puzzle of rearranging, or correcting,
or interpreting the messages of the retinal points is insoluble’.
He offered ecological optics to provide a new starting point
for a theory of perception based not on form-sensations (or
perceptions) from the retina, but on information pickup from the
ambient light (Gibson, 1968 see footnote 5). The use of the idea of
“information” brings certain problems®, but at this point we are

>“In the modern use of the retinal image theory the connections of the neurological

image, or the responses made to the units firing, determine the conscious
perception, not the image itself.” (Gibson, 1968, The Puzzle of the Retinal Image,
available at www.trincoll.edu/depts/ecopsyc/perils). See also, Gibson (1972).

The term “information” introduces a complex conceptual tangle that we prefer to
avoid. Gibson used the term in a distinct way, which was so different from other
uses that it invites confusion. If perception is ongoing over time, and consists of
resonance to invariants in structured arrays, then it cannot be based on either
bits of code that reduce uncertainty (Shannon), or messages from the stimulus
that are somehow processed and decoded to reveal the world (information
processing cognition). Information in the direct perception sense also cannot be
“sensorimotor” activation, as argued herein. Resonance is an active process, a single
dynamic process of seeking invariants and performing goals (cf. Kadar and Effken,
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FIGURE 2 | Traditional causal chain in vision Drawn by Robert Shaw, used with permission.
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tracking the ecological critique of the idea of a retinal image as it
was presented at various times in work by J.J. and E. J. Gibson.

The ecological approach to perception assumes that the inputs
of sensory nerves are incidental to perception because perceiving
takes place by the action of perceptual systems that function as
the whole organism acts in its surround (Gibson and Gibson,
1972). By 1979 Gibson had articulated the fallacy of the image
in the eye:

“Ever since someone peeled off the back of the excised eye of
a slaughtered ox and, holding it up in front of a scene, observed
a tiny, colored, inverted image of the scene on the transparent
retina, we have been tempted to draw a false conclusion. We think
of the image as something to be seen, a picture on a screen. You
can see it if you take out the ox’s eye, so why shouldn’t the ox
see it? The fallacy ought to be evident... The question of how we
can see the world as upright when the retinal image is inverted
arises because of this false conclusion. All the experiments on this
famous question have come to nothing. The retinal image is not
anything that can be seen. The famous experiment of Stratton
(1897) on reinverting the retinal image gave unintelligible results
because it was misconceived” (Gibson, 1979, p. 62).

The idea that the retinal image is the basis of vision is only a
hypothesis. There are not just logical problems with the idea, but
empirical ones. Organisms without chambered eyes nevertheless
do see (e.g., insects). We would add that the idea of a retinal image
is only possible given the Cartesian/Newtonian accounts of light
and optics.

In contrast, Ecological optics focuses on the level of the
whole organism living and acting in its natural surround,
and the structured arrays (in light, sound, pressure) that are
consequences of the structure of the surround. These arrays
are what perceptual systems are sensitive too, which allow the
organism to detect, coordinate with, and change its surround
as the organism goes through its life over time. Gibson, in the
case of vision, describes light-filled spaces, that is, ambient arrays,
structured by the surfaces, layouts, objects, and events in the

2006, p. 357). Note that Oyama (2012) sees “information” in biology as a metaphor
for whatever “controls” or guides the development of form in living organisms (cf.
Baggs and Chemero, 2018). Withagen and van der Kamp (2010) use her work to
expound the idea that “perceptual information” is not a patterned ambient array
separated from a perceiving organism. Also note that the idea of an array “from a
point of observation” (Gibson, 1979) is a mutualist idea (see section on mutualism
herein).

organism’s surround, including other organisms. The ambient
structured stimulation available in the sea of energy around us
is quite different from signs or signals. “The arrays to which
perceptual systems resonate is not transmitted, does not consist
of signals, and does not entail a sender and a receiver. The
environment does not communicate with the observers who
inhabit it. The world is specified in the structure of the light that
reaches us, but it is entirely up to us to perceive it (Gibson, 1979,
p. 63).

An example of the ecological account of perceiving over time
and the structure of arrays is given below in a sequence of
drawings (from Gibson, 1979) evoking the perceptual experience
of seeing a room as one turns one’s head (see Figure 3 below,
first, second, and third panels), which is an example of visual
kinesthesis. The nose is always in view, and the field of view
is a “sliding sample” of the ambient array with texture accreted
and deleted at the leading edges. The contrast with the stationary
views presented above, and especially with the inferences drawn
by Mach, is clear”.

Ecological optics has offered a relational approach to the
foundational conditions of understanding vision. This work
was essential in rejecting representationism and dualism (cf.
Shaw, 2001). Ulric Neisser concluded that Gibson’s ecological
optics was “a revolutionary step that rendered geometric optics
obsolete. The idea that sensations are the building blocks from
which a meaningful world is constructed is replaced by the notion
that visual proprioception, or ego motion, and invariants in the
optical array are central.” (Neisser, 1977 p. 253). In current day
contexts, we add that ecological optics replaces the idea that
sensation and motor activity are somehow linked and then form
the basis of the organism’s interaction with the world.

Perception in Single-Celled Organisms:
Applying the Ecological Framework

The details of perceptual systems that resonate to structured
arrays has been elaborated in work that followed on Gibson’s
ecological theory. Analogies were made to instruments that
respond to higher order variables without calculation of lower

7Note also that Gibson’s illustration is more accurate than Mach's, that is, is truer to
observation—the edge of the view fades gradually, it is not a sharp line. This edge
is the orbit of the eye occluding the layout. Gibson’s illustration would be more
accurate if the edge of the nose were also gradual, and not a sharp line.
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FIGURE 3 | Segments of the view from the left eye as the head is turned
(From Gibson, 1979, reprinted with permission).

order variables, for example, the polar planimeter that measures
area directly, i.e., without calculating length and width (Runeson,
1977). But an example from a living organism will be described
here, as it contrasts directly to enactivist accounts given above,
specifically on perception in single-celled organisms.

Bacterial behavior in relation to the chemical environment
is an example of perceiving, and mechanisms or processes in
this single-cell case may help to elucidate general principles of
perception that pertain to all perceiving organisms (Pittenger

and Dent, 1988). The basic ecological idea is that organisms
attune to arrays structured by the environment in order to
keep contact with the layout of the environment and to act
adaptively in and on the layout of the surround. Action, in turn,
provides stimulation that furthers the organism’s contact with
the environment. Free-living e. coli bacteria have basically one
possible way to adapt to changes in the chemical environment
in which they exist, and that is movement. Movement takes
place by rotation of flagella distributed around the cell and the
flagella alternate between coordinated rotation which leads to
the formation of a bundle and movement in a straight line,
and uncoordinated rotation which leads to the cell tumbling
randomly. When these two types of movement alternate the cell
moves in a zig zag fashion, but without control of the direction
of any particular line segment. Decreases in the probability of
a tumble increase movement in one direction, that is, toward
a favorable chemical gradient; increases in the probability of
a tumble decrease movement in any particular direction and,
therefore, away from repellant gradients. The only way the
organism can optimize its position in the environment is by
relating to a gradient of concentration, not a local concentration,
and a gradient exists over time, that is, consists of change over
time in relation to the single cell. This is because the cell is so
small that differences in gradient over the length of the cell, that
is, a spatial gradient, are negligible. One model of the control of
flagellar rotation (Koshland, 1977) posits a regulator substance
within the cell that is continuously forming and decomposing,
but at slightly different rates. The change in these rates results
in increase or decrease in tumbling, which results in the cell
probabilistically moving up or down a temporal gradient of
concentration of a particular chemical in the surround.

There exist several parallels to perception in more complex
organisms that make the bacterial case important in theorizing
about mechanisms or processes for the direct perception
of change over time as an organism coordinates with its
(changing) environment. Stimulation from certain aspects of the
environment is available only when the organism is moving, in
vertebrates examples include accretion and deletion of texture
in vision, head movement in auditory localization, and active
touching in haptic exploration.

These parallels aptly illustrate the general important point
that perception is of change, per se, and requires action and
active exploration on the part of the organism. Finally, even
in bacteria experience affects perception and action, i.e., certain
receptors are universal, but others only develop on the cell
when certain compounds are in the surround (Koshland, 1979).
A direct theory of perception would describe these examples
as representing the process of “resonance” to relations in the
environment, as opposed to enactivist theories that describe the
chemical processes that “create” the distinct unit of the cell.

Interim Conclusions

How does the example of chemotaxis in bacteria as the
direct perception of change relate to the enactivist description
of bacteria as a living system? Both emphasize biological
functioning as active and ongoing, as adaptive to the surround,
and as unmediated, that is, as functioning without hypothetical
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mediational processes such as copying, storing and comparing.
But the two approaches diverge in that the living systems
approach does not distinguish levels of life inasmuch as the
processes described apply at all levels from cellular to societal.

There are, however, those who differentiate the level of the
organism from other levels (e.g., Denton et al., 2013), and further,
those who differentiate perceiving/acting organisms from other
living organisms (e.g., Gibson, 1966, 1979). The genetics and
cell biology of cells within organisms has been a major focus of
research, but we still know little of the ways that the activities
of individual cells are orchestrated and coordinated in order to
lead to not only large-scale patterns, but to actual morphology of
organisms (cf. Levin, 2012a). In other words, organisms do not
reduce to the functioning of individual cells that make up the
organism. One consequence of this idea is that it is organisms, not
their constitutive cells, that perceive and act, even if the organism
consists of only a single cell, and even if it is a prokaryotic cell
(e.g., E. coli.).

If perception is defined as a sensorimotor process, then it is
carried out by cells, at least at some level (i.e., the retinal cells).
But if perception is defined as direct resonance to relational
stimulation structured by the surround of the organism, then it
is carried out by the organism with the appropriate perceptual
systems, where perceptual systems include sensitive tissues and
whole bodies. These two approaches to perception have very
distinct consequences for theorizing about what abilities an
organism might possess that “build on” perception.

On the Varela living systems approach, living is cognizing and
action is cognizing, and the “sensori” is always directly connected
to the “motor” as a basis for any action. On the direct perception
ecological approach perceiving is always occurring, always open
and developing/differentiating/integrating, and always a direct
“knowing” of the surround through acting in/on it. Direct
perception leaves open the relation of perceiving and other types
of knowing, and these topics are active areas of research in
current ecological psychology research (e.g., McCabe et al., 1986;
Dent-Read, 1997; Rader and Vaughn, 2000; Szokolszky, 2006,
2019; Araujo and Davids, 2009; Rader and Zukow-Goldring,
2012, 2015; Read and Szokolszky, 2016; Szokolszky et al., 2019).
The living systems approach, in contrast, begins by defining
cognition, and the definition of perception follows from that
initial definition/assumption. In this case, perception is entailed,
whereas on the ecological approach it is primary. Because of this
difference, the ecological and enactivist approaches arrive at very
different definitions of cognition (see below in Conclusions).

SECOND MAIN POINT: THE ECOLOGICAL
CONCEPT OF THE MUTUALITY OF
ORGANISM AND ENVIRONMENT IS
DIFFERENT FROM SENSORIMOTOR
COUPLING

So far we have covered the ecological critique of and alternative
to sensation-based theories of knowing/acting. In this section,
we turn to how ecological and enactivist approaches understand
organism-environment co-dependency. Ecological psychologists

embrace “organism-environment mutuality” and enactivists
refer to “structural coupling.” Although both terms imply
organism-environment co-dependency, they do so, however,
with very different emphases and underlying assumptions.

For ecological psychologists mutuality of organism and
environment is the key to explain perception, action and
cognition without recourse to representations. Mutuality ensures
a deep ontological and epistemological compatibility between the
organism and the environment which makes meaning inherent
in the dynamic process unfolding in this relationship. Mutuality
works at the level of the organism, therefore, this level is of
distinct importance in the ecological explanation. Ecological
Psychology has developed elaborate mutualist concepts. Gibson
was at pains to show that perceiving/acting organisms and their
surround are not separate, and, therefore, do not have to be
“coupled” or “conjoined,” especially not by some kind of code or
mental representation. “... the terms “affordance” and “ambient
optic array” bridge the gap between animal and environment,
because they point both ways “(Gibson, 1982, p. 234). Gibson
essentially says there is no relation of organism and environment;
he has defined it out of existence. To support this idea we
reintroduce Dewey’s phrase “unity of function” (see Costall, 2004,
p. 191). Dewey states:”... it is quite necessary to start from the
unity of function and see that the distinction of organism and
environment arises because of adaptation in that process, not
vice versa” (Dewey, 1976, p. 275, quoted in Costall, 2004). In life,
organism and environment are not in relation; in analyzing the
whole, we form the two parts out of our observations.

Ecological psychologists worry that enactivists do not
appreciate the depth of the ecological mutuality principle
and, therefore, they introduce concepts like “sense making”
that might take us back to the dualism of subjective vs.
objective. Fultot et al. (2016) point out that enactivism
offers in fact a “physicochemical” level of description (at
the level of sensations and brain activity, the subpersonal
level) and a subjective level of description which implies
internalism. On the other hand, the enactivists are looking for
“something more than what can be provided by an ecological
psychology framework on its own” (Stapleton, 2016, par.5).
They question whether instead of “naturalizing subjectivity”
Ecological Psychology rejects it all together, along with such
organismic functions as autonomy and active contribution
on the part of the organism. Ecological Psychology uses the
verb “to act” while Enactivism uses “to emact” to characterize
meaningful action. “To act” in the ecological sense implies
activity of the organism. The use of “enact” is intended
to imply that the act brings forth (generates, produces)
meaning. Given their priority of enactment and sense making,
enactivists’ main critique is that the ecological concept of
mutuality does not accommodate this important aspect. They
also think that Enactivism provides a deeper explanation not
just because of its richer sense of agency, but also because
Enactivism addresses sensorimotor coupling at a variety of levels,
including cellular-microenvironment, organism-environment
and organism-organism levels (Stapleton, 2016).

We propose that regarding the above questions there are true
differences between Ecological Psychology and Enactivism, there
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are apparent differences, and there are issues in both frameworks
that need to be answered and elaborated. Next we lay out these
aspects, elaborating the ecological concept of mutualism and also
addressing the questions cited above.

The Ecological Concept of Mutualism: The
Primacy of the Animate Organism

In this section, we discuss the ecological concept of mutualism in
direct contrast to the enactivist idea that to perceive is to be “in
interactive relationship with the world” (Roberts, 2018). In other
words, mutualism is not interaction (cf. Still and Good, 1998).
What is mutualism in the Ecological sense? The term “ecological”
refers to the distinct level of the animate organism as an
organized whole and the axiom of mutualism: that the organism
and its evolutionary and developmental environment mutually
define each other. The organism (animal or human) and its
environment are codefining and inherently interrelated with each
other; environments are animal referential, and organisms are
environment referential. Mutuality is defined at the ontological
level as codependence, coregulation, codetermination, and
coevolution of the organism-environment system. Mutualism
in ontology entails mutuality in epistemology. The organism-
environment relationship necessarily is based on reciprocity,
agency, and functional significance (see, e.g., Alley, 1985; Heft,
2013; Read and Szokolszky, 2018; Szokolszky and Read, 2018).

Gibson worked out his ecological approach to perception
based on the idea that the environment to be perceived should
be analyzed at the level of the (animal or human) organism (e.g.,
1966, 1979). On this view perceiving is an ongoing process of
resonating to energy that is directly structured by the layout
and surfaces of the environment (which includes other acting
organisms), and, therefore, directly perceivable as the organism
goes about its activities, some of which change the surround.
Perceiving and acting are continually mutual.

The organismic level of analysis in biology was common
before the 1950s when concepts and metaphors from
engineering, specifically communication theory, began to
affect biology and psychology (cf. Kay, 2000; Reisch, 2005; Keller,
2010). A few influential biologists have kept arguing, however,
for the importance of the organism as a whole (e.g., Waddington,
1942, 1957; Goodwin, 1982; Webster and Goodwin, 1996;
Lewontin, 2002). Ecological Psychology complements these
biological theories because it studies not just animate organisms
and their mutual surround, but the unity of the organism and
the environment, i.e., direct perception®. Direct perception is
possible and necessary because no animal could exist without
an environment surrounding it, and, equally, an environment
implies an organism (Gibson, 1979; Costall, 2004, 2011).
Psychology pertains to animate organisms, so in our field, an
environment implies an animate, perceiving/acting organism.

Perceiving is “adaptive” in two senses: (1) through perceiving
the organism adapts to the layout of surfaces and to events by
resonating to structure in the ambient energy as it moves and

8But note that these biologists assume indirect perception and that sensation equals
perception. Their theories would be more coherent and complete if they, instead,
made use of the theory of direct perception. See also (Grene, 1995).

acts and reacts, and (2) because perception is direct, it allows the
organism to live its life—to stay alive, to develop, and to provide
the functions it does for its ecological niche/community®.

The adaptivity of the organism is by no means passive
adaptation to existing circumstances. Gibson’s idea of affordances
and the perceiving of affordances is a mutualist account of the
organism in its conditions of life. The animate organism “is a
perceiver of the environment and a behavior in the environment.
But this is not to say that it perceives the world of physics and
behaves in the space and time of physics.” (Gibson, 1979, p. 4).
Through Gibson’s work, the “conditions of life” can be specified
and elaborated with reference to the organism’s perceptually
guided action and action-supported perception.

Direct perception, by way of affordances, has begun to
influence biological thinking as well, especially in relation to
evolution (e.g., Walsh, 2015). Walsh (2015) characterizes proper
organismic development as depending upon “the capacity of
organisms to assimilate, integrate, and orchestrate the causal
contributions from genes, epigenetic structures, tissues, organs,
behavior, and the physical, ecological and cultural setting” (p.
157). At least at the level of behavior (action) and its ecological
and cultural settings, direct perception is critical to this process.
Consistent with this view, brain, mind, and consciousness are
different aspects of an emergent evolutionary production, a
form of life (Pickering, 2016). Adopting a niche construction
perspective, Withagen and van Wermeskerken (2010) also
reexamined the role of affordances in the evolutionary process.
They argue that affordances and their utilization, destruction,
and creation are central elements in evolutionary dynamics.
These views are consistent with the idea that mutualism is
a perspective on meaning that encompasses formal cause,
evolutionary emergence, and ecological realism. Here Ecological
Psychology aligns with the biology of Goethe and D’Arcy
Thompson, both of whom studied dynamic formative processes,
and are represented in modern biology by such researchers as
Goodwin (1982), Levin (2012b), and Tung and Levin (2020).

Grappling With Mutualism

Mutualism is not an easy concept to grasp. Researchers who work
within Ecological Psychology, and some in related disciplines
such as certain approaches to developmental/evolutionary
psychology have wrestled with ideas about organisms and their
surrounds (e.g., Jarvilehto, 2009; Oyama, 2009; Turvey, 2009).
And it is important to delineate distinctions among these

Gibson’s work on perception relates to the more ecological side of Darwin’s work,
in which the “conditions of life” are of primary importance (Grene, 1995, p. 141).
“...two great classes of facts make me think that all variability is due to changes
in the conditions of life. (1) That there is more variability and more monstrosities
(and these graduate into each other) under unnatural domestic conditions, than
under nature. And secondly that changed conditions affect in an especial manner
the reproductive organs, those organs which are to produce a new being” (Darwin,
1836-1844, quoted in Winther, 2000 p. 425).

Another key idea from Darwin is that of adaptation, that is, the possibility of the
members of a species to adjust to and benefit from aspects of their environment.
Costall (2001) points out that his idea undermined the dualism of subject and
object that is the starting point of Cartesian mechanistic science (p. 475) and he
terms Darwin’s studies of earth worms an early mutualist example of “ecological”
psychology (p. 478).
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approaches. Although the term “mutualism” is not always used
the idea of the organism-environment system, a related concept,
is central to some epigenetic, development, and ecological
research. For example, Jarvilehto (2009) states that:

“The environment is not just a passive scene in the
background of the acting organism but an active part of the
system making specific results of behavior possible. Subject and
object are inseparable and represent only distinctive points of
view in the organization of the system. Subject is the system
in action, object is what emerges as the result of this action”
(Jarvilehto, 2009, p. 116).

In an independent area of research, Developmental Systems
Theory (e.g., Oyama, 2009, 2012), the organism and its
environment form a system with an inside and an outside which
define and specify each other and codetermine outcomes. This
in contrast to autopoietic systems (Maturana and Varela, 1988)
which distinguish between the internal specifying power and the
external triggering power of different aspects of the system. In
Developmental Systems Theory there is no causally sufficient
self-making but, instead, mutually constructed relations of
developing organisms and their environments. We note here,
that the system is taken as primary, not the organism.

Developmental Ecological Psychology shares with any
developmental approach the emphasis on change over time, but
it does not make all levels of functioning equivalent (e.g., the cell
and the whole organism), and it does not assume sensation as the
primary contact with the surround (e.g., Read and Szokolszky,
2018). Developmental work from within Ecological Psychology
endeavors to place the mutuality of organism and environment
into various time scales.

Mutualist concepts are themselves flexible and evolving, as
the above variations attest (Still and Good, 1992, 1998; Dent-
Read and Zukow-Goldring, 1997; Fultot et al., 2016; Pickering,
2016). Some points of uncertainty are important: even the
idea of interrelations or interaction may require admitting the
existence of two separate kinds of entities (i.e., organism and
environment as entities). That is, if one begins with parts already
analyzed, then the parts have to be related to make a system or a
whole. Even Gibson (1979) used terms such as “complementary”
and “reciprocal” interchangeably, but that should be clarified.
“Reciprocal” indicates a relation in which one act is given
in return for another; and a “complement” is something that
completes, so the environment completes the organism (cf. Dent-
Read, 1997).

Complementary mutualism in Ecological Psychology
demands a consistent and ongoing interdependence of entities.
The idea of the organism and environment as complementary
implies a unity of function that existed before the analysis
into parts. Whereas, Dewey linked the “sensory” and the
“motor” aspects of organisms in continuous arcs, Gibson
describes perceptual systems of the organism that exist within
the organism-environment mutuality as a whole, in which
the organism and environment mutually constitute each
other. Still and Good (1998) list three requirements for a
mutualist theory and the language used to describe it. (1) The
concepts and descriptions are not primarily about either the
organism or the environment, rather they relate to activities that

necessarily involve both, therefore, terms are interdependent;
(2) Units retain properties of the whole and (3) explanations
are diachronic rather than synchronic. These aspects can serve
as a basis for comparing approaches outside of Ecological
Psychology, in this case, of Enactivism.

Gibson’s Phenomenological Method and

the Concept of Mutualism

Gibson used phenomenological methods to investigate the
perceived surround, for example, the view from one eye (see
the revision of Mach’s figure, Figure 3 above) to show that we
always perceive our noses in any act of (unrestrained, natural)
visual perception. Therefore, even when one is holding still
(which is an act), and nothing else of one’s body is in view,
part of one’s own body is always in view. If we include two
eyes, we have two opposite views of the nose and, in a way,
a midline is formed, even in a static view of a static scene.
Even this reduced case is an example of visual kinesthesis'?.
Gibson went on to describe what there is to be perceived by
describing the layout of the environment in organism-relevant,
that is, ecological terms such as texture gradients, flow from the
still point of future contact, accretion and deletion of texture
at an edge, and, specifically, what was variant and invariant in
these perceived structures. Optical structure “guides locomotion
by specifying both the invariant surrounding surfaces and the
movement of the organism within them.” (Gibson, 1966, p.163).
Still and Good point out that “Visual kinesthesis retains the flow
of activity; it links organism and environment dialectically, ...;
it applies directly to the whole organism; and, by being a part
of activity necessarily extended over time it is a foundation for
diachronic rather than synchronic explanation.” (Still and Good,
1992 p. 114). Along the same lines, the principle of mutualism
has been described as a relational thinking encompassing non-
disjunctive distinctions, for example, organism and environment
(Costall, 2001). Without this type of thinking, dualisms persist, of
subject and object, of agent and world and of the intentional and
the material (Costall, 2001, p. 481).

The mutualism of organism and environment was the basis
of Gibson’s (1966) development of the idea of affordances
for animate organisms. “Some sources (in the surround) are
beneficial some noxious. If the specification is real and if the
information is detected and discriminated the individual will be
able to detect the values of things at a distance and move toward
or away from them in accordance to what they afford.” (p. 73).

Gibson (1979) developed the concept of affordance—what the
environment affords the organism in support of action, nutrition,
social action, and so forth, and proposed that affordances are
specified in the energy arrays that an animal’s or human’s
perceptual systems resonate to as they move through and adapt
to and change their surround. This idea clearly meets the three
criteria of relational concepts, units with properties of the whole,

Gibson was trained in graduate school at Princeton University by Herbert
Langfeld who had been a student of Carl Stumpf’s in Berlin. Stumpf originated
an experimental psychology of tone and musical awareness and termed it
“phenomenology.” Gibson, therefore, had training in becoming aware of one’s own
actions/consciousness in relation to perceiving the world.
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and diachronic explanation. The term affordance “points both
ways” ie., to the environment and to the specific organism
and so is interdependent; it retains properties of the whole
organism-environment system inasmuch as the whole organism
in its surround is involved with any particular affordance; and
affordances exist over time, that is, are not snapshots and are,
therefore, diachronic. The relation between invariants in the
energy array over time and the affordances available to perception
is a complex theoretical and empirical problem. As of now,
there is no agreed upon theoretical specification of affordances
that all ecological psychologists or philosophers subscribe to.
Work on this problem is ongoing (e.g., Dotov et al., 2012),
and, clearly, researchers endeavor to maintain mutualist thinking
(with various degrees of success and consistency).

The idea of affordances has been taken in several different
directions since Gibson’s initial descriptions, and a review of this
important topic is beyond the scope of the present paper. But
we do here give brief indications of some of the diversity of
approaches. The environment scaled to the organism has been
investigated as an example of the range of affordances for action
(e.g., Warren, 1984), the distinction between dispositional and
occurrent properties of objects (Turvey, 1992) has been argued,
and the question of the existence of affordances independent
of any particular organism (Noble, 1981) has been raised.
Later topics include the role of the organism’s intentions
in specifying affordances, especially social affordances (Heft,
1989), “in the course of the individuals on-going activity,
particular affordances will be experienced (i.e., actualized) in
conjunction with particular intentional actions; these affordances
both complement and constrain these intentional processes”
(p- 25). A recent enactivist paper relates affordances back to
some basic Gestalt ideas (Kiverstein et al., 2019; See also,
Rietveld et al., 2018) and distinguishes between the geographical
environment and the behavioral environment, in other words,
the environment as perceived by an individual and the shared
publically available environment. The authors argue that the
two environments are reciprocal and dependent. The challenge
for this approach is to avoid the problems inherent in
placing the geographical environment within the (human) self-
consciousness, and, therefore, removing the inviting affordances
from the environment (cf. Webster, 2020) and negating Gibson’s
initial insight. Finally, any research on affordances must avoid
the fallacy of taking an outcome of a process as the pre-existing
source of the process. That is, if organisms engage their surrounds
in stable and predictable ways, then it is easy to assume that the
qualities of the environment involved in this process are stable
and have an existence previous to the engagement (van Dijk,
2019) (cf. Heider’s influence on Gibson’s idea of affordances, de
Jong, 1995). One way to avoid this fallacy is to take seriously the
idea that perceiving takes place over time, and that events occur
at different time scales. A human life is the longest time scale
for an individual, and everything they experience takes place on
that scale. In that sense there is no “here and now” as opposed
to “there and then” on which to base particular vs. general
affordances (cf. Shaw et al,, 2019). There is only perceiving of
persistence over time, by either any individual organism, or by
a trained psychologist in their scientific work.

Ecological Psychology has been critiqued for tendencies to
overemphasize the environment, and even to think of the
environment as preceding the organism (cf. Costall, 2004).
There is, however, nothing in the Ecological approach to
perception that requires this view of the environment, in fact,
such a view is counter to the theory. Ecological Psychology
benefits from efforts to counter the idea that the environment
exists before the organism, and the organism is the one that
“adapts” to a pre-existing environment. As Dewey (1898, p.
283-284, cited in Costall, 2004) points out, the environment
of an organism is a product of the process of development,
it has developed along with the organism. Mutuality is not
interactionism, that is, the interrelating of two separate entities.
Organisms inherit environments as much as they do genes,
and environments exist because of organisms. The organism
is different from the environment, from its surround, but
this distinction “presupposes their relation, just as riverbeds
and rivers, and beaten-paths and walkers imply one another’s
existence” (Costall, 2004, p. 191).

Gibson’s Idea of Visual Kinesthesis vs.
Merleau-Ponty’s Ideas of the Lived Body

In this section, we elaborate the concept of visual kinesthesis as a
good case with which to illustrate mutuality in concrete terms.
This concept also offers the opportunity to compare Gibson’s
ideas to those of Merleau-Ponty on the lived body, as the latter
is often taken as foundational in Enactivism. Visual kinesthesis
is perceiving the effects on what one is seeing due to one’s own
movement. It concerns our “awareness of being in the world”
(Gibson, 1979, p. 239). For example, there are the experiences
of optic flow, awareness of movement or stasis, and the visible
horizon that corresponds to eye level. The visible horizon is
neither objective nor subjective; it is a correspondence of distant
surround and perceiver.

Still and Good (1998) discuss the ontology of mutualism by
linking direct perception to Merleau-Ponty’s idea of “objective
co-variation” (p. 53). Merleau-Ponty describes his experience as
his right hand touches his left: When my right hand touches
my left, I am aware of it as a “physical thing.” But at the same
moment, if I wish, an extraordinary event takes place: here is my
left hand as well starting to perceive my right, ... The physical
thing becomes animate" (Merleau-Ponty, 1942, p. 166).

Compare this description to Gibson’s characterization of
visual kinesthesis: “In visual kinesthesis. .. the nose and the body
are visible. There is information for coperceiving the self as
well as for perceiving the layout” (1979, p. 84). Independent of
the fact that Merleau-Ponty in this example focuses on touch
(although we assume he is looking at his hands as they move
and reconfigure) and Gibson is focused on vision, Merleau-Ponty
takes a “first person” stance and describes his own experience,
whereas Gibson takes a “third person” stance and describes vision
and movement in general. Nonetheless, Gibson’s description
strives to be a mutualist description, by simultaneously taking
into account the animate, moving organism and the layout
through which it moves and which supports and, in some ways,
forms its movement.
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Is Merleau-Ponty’s description mutualist? Taken in the
context of another of his statements, viz., “I am the absolute
source, my existence does not stem from my antecedents, from
my physical and social environment; instead it moves out
toward them and sustains them...” (Merleau-Ponty, 1945, p.
ix, quoted in Still and Good, 1998, p. 54) one could argue
that Merleau-Ponty is not describing a mutual relation of his
self with his surround, but only his self, or at least, only
his own awareness/consciousness. If Merleau-Ponty’s goal in
Phenomenology of Perception is to define and elaborate the lived
body of pre-predicative experience and to distinguish it from the
objective body of science (Still and Good, 1998, p. 54), then his
goals and methods are completely distinct from Gibson’s, which
were to study how we perceive/act in the course of daily life,
or in controlled conditions'!. Based on Merleau-Ponty’s early
writings on The Structure of Behavior and The Phenomenology
of Perception Bullington (2013) describes phenomenology as the
“systematic study of the realm of subjectivity. Phenomenology
does not study the objective world as such, but rather the
subjective foundations for being able to experience the world
as objective and independent of our acts of attending and
understanding” (p. 20). This approach seems to presuppose a
separation between perceiver and world, objective and subjective
world, and to concentrate only on the experience that what
is perceived is the objective world—the experience of the
appearances of the world.

In the American pragmatist tradition to which Gibson was
heir activity takes precedence over ideas and the goal is to develop
an ontology based on activity rather than on subjective ideas and
sensations. If we return to the example of the hands and touching,
the ecological approach would say: when I move my right hand
to touch my left, seeing my body and surround as I do this,
my right hand touches actively and my left hand receives touch
passively. In both cases visual kinesthesis and tactile kinesthesis
are ongoing, but one acts and the other rests. The hands, eyes,
head, limbs, body, and so forth are all part of the visual and
tactile perceptual systems that coordinate with the layout of
the surround, including one’s own body in the ongoing process
of direct perceiving/acting. The ambient energy arrays directly
structured by the environment and one’s own body are available
to the animal or human perceptual systems that can attune to the
arrays. Invariants specify the layout, that is, the objects, surfaces,
and events in the surround and the layout consists of affordances
that are enacted or not as an animal or person goes through
their lives using, changing, and contributing to their surround,
including other organisms.

The third-person stance of traditional science and of
experimental psychology is not necessarily mutualist, but it
can be mutualist when the self and the world are observed
simultaneously. This is precisely the method used by Gibson

! Another analysis of the “lived body” of Merleau-Ponty in relation to the idea of
affordance from Gibson as two complementary sides of one process is presented in
Glotzbach and Heft (1982). The body is experienced in relation to its situation and
the world is perceived in relation to one’s body. Our analysis highlights differences
and possible contradictions between “pre-predicative experience of the body” and
direct perception of one’s own surround. A full characterization of the relation
between Merleau-Ponty’s and Gibson’s work on perception is for the future.

in which the self-in-the-world is experienced, described, and
studied through experiments. For example, in his descriptions
of “size” and “distance” perception as the detection of “equal
amounts of texture for equal amounts of terrain suggests that
both size and distance are perceived directly” (1979, p. 162),
that is, in relation to the observer. Second-person approaches,
in which anything other than self is “you,” by definition, sees
agency in everything in the world, living or not, animate or
not, unless the work is specifically limited to human social
interaction. But the living animate organism is the starting point
of Ecological Psychology as an approach to perception, and
so within Ecological Psychology only the mutualist “person” is
fruitful. And the mutualist person can be first person, “I see,
second person, “you see,” or third person “seeing is taking place.”
We should point out in summary at this point, that Gibson
used the general “I see” as a method for theory development,
but the third person stance in his research. The first and second
person stances have yet to be further developed in Ecological
Psychology, although there is an extensive literature on the
second person aspects of human social interactions (Marsh et al.,
2009a; Schilbach et al., 2013; Schilbach, 2015).

THIRD MAIN POINT: ECOLOGICAL
PSYCHOLOGY AND VARIETIES OF
ENACTIVISM ARE LAYING DOWN
DIFFERENT PATHS TO PURSUE RELATED
GOALS

So far we have uncovered some crucial points on which
Ecological explanations differ from the Enactivist explanations.
Next we consider sensori-motor enaction directly, and examine
its compatibility with Ecological Psychology. We go back to
Varela et al. (1993, p. 202-204) criticism of Gibson because it
illustrates points of divergence between ecological theory and
enactivist, not in what is said there directly, but in the differences
between how ecological theory is described there and in how it is
described by Gibson.

First, Varela et al. (1993) refer to the sensorimotor capacities
of the animal, whereas Gibson as of the 1966 book (The
Senses Considered as Perceptual Systems) was clear that the
senses and perception were two different levels of phenomena.
Further, Varela et al. state that affordances, which they define
as interaction possibilities of the world, are distinctly ecological
features of the world. However, Gibson is clear that affordances
are (at least) action possibilities for animals and humans, and are
always taken with respect to the animate organism, that is, always
“point both ways,” i.e., to the animal and the world (Gibson, 1979,
p- 129), whether or not they are acted upon.

The core question is: what the two different views mean
by “perceptually-guided action.” Varela et al. take perceptually-
guided action as defined by Gibson as the picking up or
attending to invariances in the ambient light that specify
their environmental source. However, Gibson specifically refers
to invariances that exist because of the animal’s locomotion,
grasping, looking, tool use, and so forth; and these types of
activity are what is meant by “perceptually-guided action” (not
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the picking up of invariants) (cf. Szokolszky et al., 2019). Of
course, invariants of motion in the surround also exist (see
material on events above). Adaptive, purposive action can be
perceptually guided because organisms have the perceptual
systems to perceive their surround by means of structured energy
arrays specific to the surround. In contrast, Varela et al. go
on to clarify what they mean by “perceptually-guided action”—
the environment is enacted and perception is sensorimotor
enactment (p. 204). They endeavor to specify the sensorimotor
patterns “that enable action to be perceptually guided, and so we
build up the theory of perception from the structural coupling of
the animal” (p. 204).

It is apparent from these contrasts that the ecological and
the enactive definitions of perceiving/perception have very little
overlap. Both approaches take action as central, but their
definitions of what action is and how it takes place differ radically.
Enactivism concentrates on “embodiment,” whereas embodiment
is implied/inherent in Ecological Psychology, but there the
resemblance ends. More recent literature from the enactivist
point of view retains the sensorimotor basis of perception and the
definition of perceptually-guided action essentially unchanged
from that given by Varela et al. (e.g., Barandiaran, 2017; Degenaar
and O’Regan, 2017).

A very different definition of enaction and perception is
taken by other authors who use the term “enaction” to refer
to a set of theories that take action and perception to be
interdependent (e.g., Gangopadhyay and Kiverstein, 2009). In
this approach two different points are stressed: (1) perception
and action are interdependent processes, and (2) the vehicles of
perception are distributed across brain, body and world (p. 64).
On this view, Gibson is seen not as an opposite to enaction,
but as a forerunner. Enactive theories endeavor to understand
experience as it unfolds in an embodied subject situated in an
environment. In the course of that effort, some theories make a
distinction between the subpersonal and the personal, or between
the causal neural mechanisms of perception and the contents of
experience (see above). The ecological approach to perception
emphasizes perception as an exploratory and purposeful activity,
and, therefore, pertains to the personal level. Enactive theories
also develop accounts of the personal level, but also of the
physiology and, therefore, of the subpersonal level. Herein lies
the rub: on the Ecological Psychology account physiology does
not constitute perception, it supports it (cf. Shaw and Mace,
2005; Read and Szokolszky, 2018). To reiterate, sensation does
not equal perception.

Debates on Ecological and Enactivist theory are ongoing.
Fultot et al. (2016) make clear some of the distinctions
between the approaches and the attempts that are being
made to align them. Fultot et al. present a certain approach
to Ecological Psychology which we will call the physical
systems approach. They describe direct perception as Gibson
originated it, but they extend it in particular way by ignoring
the organismic level and instead describing “perceiving-acting
systems” instead of organism-environment systems. They claim
that it is in the tradition of Gibson to “seek a characterization
of perceiving-acting systems that is generic for any end-directed
physical system, living or non-living” (p. 1). This step puts them

in line with the Varela et al. approach to autopoietic systems,
which are living or not.

The systems ecological work coincides, therefore, with some
of the main goals of Enactivism, at least of the Varela variety,
in using physics as the basis of biology and psychology. Systems
ecological psychologists still differ from Enactivists on the
possibility of direct perception, that is, direct and adaptive
contact with the surround. However, perception becomes the
activity of systems rather that of animate organisms in both cases.
Enactivism differs even from the systems approach to ecological
work, though, in emphasizing “first person” experience and
in differentiating the “subpersonal” from the “personal” (with
many variations on the use of these ideas, cf. Gangopadhyay
and Kiverstein, 2009). Heras-Escribano (2016) attempts to show
that Ecological Psychology and Enactivism are complementary
because Ecological Psychology accepts the Enactivist ideas on
the relation between life and cognition. This even though Fultot
et al. had specifically stated they were accounting for “perception-
action systems” both living and non-living.

Animate Organism vs. Cognitive Systems
Of course, Gibson’s theory and research was aimed not at
all of the living, but specifically at the animate living, that
is, animals and humans. Systems ecological psychologists and
enactivists have extended the idea of perceptually-guided action
to plants (e.g., Garzon and Keijzer, 2011; Carello et al., 2012),
which are obviously living, but which are not animate (growth,
even adaptive growth is not the same as action; it is tropism,
cf. Read and Szokolszky, 2018). This research with plants is
taken as supporting enactivist ideas of the “subpersonal.” Heras-
Escribano (2016) concludes that the best interaction of Ecological
Psychology and Enactivism would give the explanation of
the agentive or personal level of perception to Ecological
Psychology with its elaboration of direct perception, and assign
the explanation of the “subpersonal,” that is, processes that shape
agency through neurodynamics (for those organisms that have
nervous systems) to Enactivism.

The distinction between the “subpersonal” and the “personal”
seems to devolve into the distinction between physiology and
experience, which might lead to the distinction between body
and mind. Direct perception as developed by Gibson, that is,
at the level of the animal living in its surround over time, is
“between” physiology and experience. Direct perception arises
out of the organism and its surround; it is a direct resonance.
It is the core process that makes the organism and its surround
a system at the level of the living-acting organism. Perception
is not “of” anything except the changes in layout as events
happen or the organism moves and acts; and the surround
changes directly with the organism’s activity. What is happening
in the organism’s physiology as it is living supports perception,
but does not constitute perception. In this sense, physiology
cannot “shape agency” and the agent/organism cannot emerge
from the physiology. Many species must move in relation to
solid objects in their surround, but they accomplish this general
perceiving/acting in very different ways at the level of physiology
(Johnston, 2003). For example, a human child reaching for a ball
and a flying bat catching an insect are perceiving the relation of
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their body to an object and coordinating with the object, but
the underlying physiology in entirely different in these cases.
The organism’s action, its “ecologically effective solution” is
independent of physiology. The animal-environment system is
the level appropriate for the investigation of adaptive action.

Toward Ecological Neuroscience

If the nervous system does not cause perception, then what is
its role? Ecological Psychology approaches to neuroscience are
in their nascency. One approach aims to explain the perception
of affordances by conceptualizing neural regions in the brain
as “dispositional parts of perception and action systems that
temporarily assemble” to allow animals and humans to perceive,
and possibly use, affordances in the environment (Schilbach
et al., 2013; de Wit et al., 2017). The problem of the relation of
physiology to perception is a thorny one. From early on in his
work, Gibson distinguished sensation from perception, that is,
perceiving is not the having of sensations, it is the detection of the
surround in the course of ongoing action by means of structured
ambient energy arrays. It is unfortunate that he often called
these energy arrays “information” (e.g., 1967, 1979) because
that concept imports ideas about signs and communication
that are anathema to direct perception theory (We will not lay
out this argument in detail here, but we will also not use the
word “information” in relation to direct perception. See footnote
5.) Incorporating the idea of dispositions into a theory of how
neurophysiology enables of perception is one possible direction
in relating neural functioning to perceiving, but dispositions
belong either to the surround (as in one definition of affordances,
e.g., Turvey, 1992) or, as in this case, to the perceiving organism
(specifically to its brain and nervous system). In other words,
dispositions entail “readiness to be” of some aspect of either
the organism or the environment, but not of the resonance
between them, which resonance is the defining quality of direct
perception (cf. Walsh, 2015). Further, if the physiology of senses
and brain “allow” perception, how is this different from defining
perception as constituted of sensations? The main point here is
that “allowing” perception is more than “supporting” perception.
Physiology is necessary, but not sufficient, for perceiving/acting,
but not any more necessary than any environmental aspect. Level
ground, for example, allows walking, but one would not claim
that it allows perception. It is the occasion for perceiving the
affordance of locomotion for some animals and humans (and
Daleks, who could take over the universe if everything were a
flat surface).

Approaches to neuroscience from within Ecological
Psychology vary considerably (see de Wit and Withagen, 2019),
but there are some main themes that differentiate Ecological
work based on direct perception from other approaches that take
psychological phenomena to reduce to the physiological (even if
the reduction is based on “emergence” out of cyclic processes).
van Dijk and Myin (2019) point out that one cannot logically
use the pre-existence of affordances to explain the process of
perceiving affordances. If action “brings about” an affordance, the
existence of the affordance cannot explain the action. Likewise,
we cannot logically reify an organism’s act of resonating as a
nervous system resonating to ambient structure. That is, the

organism’s resonating does not reduce to the nervous system
resonating; but it does allow, in the case of humans who have
special skills, reflection on and understanding of the nervous
system. Van Dijk and Myin use the example of evoked potentials
studied during color naming in two language groups (Van Dijk
and Myin, p. 262) which showed a difference in potentials
depending on whether the speakers had terms that distinguished
light and dark blues. First, the scientific methods used here are
a refinement of resonance (attunement and anticipation), and
depend on direct perception. Second, the brain is not causal in
the use of color names, but coordinates with such use.

A study of infants responding to a simulated looming object
(van der Weel et al., 2019) that measured visual evoked potentials
and the orientation of electrical source flow showed connectivity
patterns emerging and changing directions between trials. The
same variable that can be used to describe the flow pattern
of a looming object (tau, the ratio between image size and its
rate of change, Lee, 1976) can be used to measure the rate of
electrical brain activity. The authors found the two tau variables
to be linearly correlated and coupled with a constant. When
the infant perceives looming the information does not travel
“inwards,” but, instead the infant’s nervous system is getting ready
to provide the possibility of resonance. Evaluating the nervous
system in thermodynamic terms leads to describing it in terms
of “latent states of readiness for action” (Fultot et al., 2016)
which corresponds to the “open-ended fractal richness of the
affordance landscape in which organisms are immersed” (p. 228).
These efforts to characterize resonance are important, and to the
extent that they go beyond “coupling,” they offer an alternative to
“sensorimotor coupling” or “sensorimotor agency” in accounting
for perception/action as it is carried out by organisms who can
move, but who are embodied in such highly variable ways.

History and Experience
Enactivists emphasize that an agent always has a history; any
“sensorimotor coordination” has a history. History implies both
continuity and change, and, of course, processes of change over
time. Such processes of change deserve close attention (cf. Raeff,
2011; Read and Szokolszky, 2018). There are levels of time to
consider—the evolution of species takes place at a different time
scale than the ontogeny of individuals. Perceiving, and learning
by perceiving take place at a shorter time scale than ontogeny.
The idea of “history” is too broad to allow for these distinctions
of time scale. And processes of change can exist at any scale;
processes such as differentiation, integration, metamorphosis,
morphogenesis, and so forth. Which of these is meant by history?
If engineers designing a machine and then modifying it after
discussion is a case of “evolution” (de Pinedo, 2016) and non-
living systems can perceive/act (e.g., Fultot et al., 2016), what is
the place of the perceiving animal in its (self-modified) surround?
What is the place of an organism perceiving over time, even over
the time scale of its whole life? These core concepts of Ecological
Psychology may overlap with Enactivist ideas of “history,” but
basic questions remain of what or who perceives.

Enactivism has taken experience and agency as starting
points, whereas Ecological Psychology has taken adaptive
perceiving/acting as its starting point. On the Enactive view the
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embodied cognizer is an autonomous individuality based on its
material ongoing self-constitution. The idea of the embodied
cognizer grounds concepts of interiority and agency. Enactivism
asks: what makes cognitive systems individual subjects with their
own experience and perspective? (Di Paolo and De Jaegher,
2017).

The idea of a cognitive system as an individual contrasts
with the original emphasis in Ecological Psychology on the ways
animate organisms perceive and act in/on their surround in
the process of living. Cognitive systems are a different kind of
thing than an animate organism. Organisms have boundaries,
and animate organisms move on their own. Plants as organisms
grow and reproduce, but growth, even though it is adaptive,
is not an act. Animate organisms initiate actions, even though
the actions are always in a context of other organisms, other
animate organisms, and the physical world in which they live and
are embedded. Animate organisms are “centers of perceptions,
drives, and actions” (Grene, 1974, p. 270). Stimulus-response
theory, of which sensorimotor theories are a descendant, cannot
explain our experience of animals as “living centers.” Referring
to Adolf Portmann’s descriptions of gorillas in a zoo, Grene
states: “Whatever our theories of animal behavior or animal
evolution, we must acknowledge quite simply and factually the
presence here of a center in which the living being’s dealings
with its environment are drawn together and from which
they radiate” (Grene, 1974, p. 271). On this view, plants are
organized centers of growth and form, but not of perception
and action!2.

Systems are comprised of interconnected elements, but they
are not necessarily living. The mathematical idea of dynamic
systems (e.g., Abraham and Shaw, 1989, 1990; Abraham et al.,
1992) can be applied broadly, that is, to the living and the non-
living. This has the advantage of potentially providing a very
general account, but the disadvantage of blurring the distinction
between the living and the non-living.

As an example of the contrast between enactivist experience
and ecological perception we take the case of bodily memory
(e.g., Fuchs, 2017) and compare it to the idea of direct
perception of persistence over time (Gibson, 1979; Warren
and Shaw, 1985). On the Enactivist view, if “memory” means
“the capacity of a living being to actualize its dispositions
acquired in earlier learning processes” (Fuchs, 2017, p. 337),
then this capacity is due to an ongoing “dynamic coupling
between body and environment.” Here memory is not based
on mental representation, but on lived bodily actions that are
culturally formed, learned, and carried out “without thinking.”
Clearly, on this definition, body memory is dynamic both in its

12“First, Portmann is by no means alleging that “consciousness” or “mind” is to

predicated of all animals, let alone plants as well. Consciousness as we experience
it is one expression, one style, of centricity. Even in the human individual it forms
in fact only a narrow band in the wider spectrum of mental life. And so, since even
our own awareness is by no means wholly focal, we need no great imaginative effort
to extend a generalized concept of sentience of some sort at least to other animals.
Second, consciousness in us, or sentience in a broader sense in animals generally,
is again but the inner expression of centricity as such: of the fact that organisms
are centers of metabolism and development, of ordered reaching out toward an
environment and taking in from it, of birth and death. It is this centered dynamic,
dependent as it is on the existence of individuals, that is characteristic of all life and
is not characteristic of inorganic phenomena” (Grene, 1974, p.274).

formation through “the body’s interaction with the environment”
and it’s flexible reactualization in later situations. Here the
emphasis is on acquired skills and habits with both objects
(learning to type or play a musical instrument) and other people
(turn taking, conversation, ritual). On this account, personal
experience is a “feeling of sameness” and a capacity to perform
over time.

Acting and Enacting

How do these two accounts, the Ecological and the Enactivist,
compare? The Ecological concentrates on a perceiver/actor and
the Enactivist on a body that enacts. How does action compare
to enaction? In Enactivism to ACT means to put something
into practice. To ACT is to do something, move, behave,
function, conduct oneself. Enaction requires that something,
e.g., a statement, exists before it can be put into practice,
e.g, made into a law. Action requires an entity that can
move, behave, adapt. Enactivists posit an auto-poietic system
that functions by enacting its history, its body memory, its
consciousness. Ecological Psychology, instead of looking to the
perceiver to construct a meaningful world, seeks to uncover
rich, lawfully structured arrays that specify the surround to an
active organism.

“The world of physical reality does not consist of meaningful
things. The world of ecological reality, as I have been trying to
describe it, does. If what we perceived were the entities of physics
and mathematics, meanings would have to be imposed on them.
But if what we perceive are the entities of environmental science,
their meanings can be discovered” (Gibson, 1979, p. 33).

The richness of information (i.e., the structured ambient
array) is not to be found in animal-neutral physical and
mathematical variables, but in variables that concern how an
animal makes its way in the world, animal-referential variables,
the variables of ecological realism that are perceived not
constructed. Therefore, these action-referential variables are no
less objective than the physical variables based on the standard
physics of mechanics or dynamics with their mathematical
measurement and formalism (Gibson, 1979; Michaels and
Carello, 1981) (To date the variables often used in Ecological
research are described using animal-neutral mathematics based
on mechanics or dynamics in physics. Animal-referential
variables have received less attention. Note that time-to-contact
as measured by ratios of texture accretion and deletion is, as
a measure, animal-neutral. Animate organisms do not perceive
physical time; they perceive the flow of events).

On the Ecological account, there is no prior something that
has to be enacted, instead, there is ongoing unity of functioning
of the organism-environment. On the Enactivist account the
self-creating system is constantly active and creative of its form
of life, its way of being in the world, its knowing. These two
approaches have some similarities in their goals. For example,
Enactivist approaches endorse the idea that activity is central to
motivating, constraining, and characterizing perception. This has
been a core theme of James Gibson’s ecological approach since
at least the 1950s. However, these two approaches actually “run
parallel” to each other because they start from mutually exclusive
assumptions, definitions, and theories.
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CONCLUSIONS AND FUTURE
DIRECTIONS

Do Ecological Psychology and Enactivism converge on the idea
of cognition without representation? At first sight: Yes. However,
given that the two begin from contradictory assumptions, and
proceed in different ways and directions, our answer to this
question is: No. The appearance of convergence stems from the
word “cognition,” but the two approaches arrive at completely
different definitions of the term. In Ecological Psychology direct
perception and action is the basic way of knowing, and all other
ways originate there. In Enactivism cognition is emergent out of
sensorimotor coupling.

We noted that both approaches propose that adaptive
behavior emerges from dynamic interactions. However, whereas
Ecological Psychology has emphasized “generic agency” and
lawful constraints in co-dependence, enactivists have emphasized
individual contribution to meaning that is “brought forth”
(enacted) by active agency, in lived experience. Ecological
psychologists share with enactivists the focus on organismic
activity itself as the overarching purpose of cognition, and it is,
therefore, the central material of experimentation. But they do
not make the extra claim that activity is the reason that organisms
have to construct meanings.

The central insight of the enactivist approach is that mind
is a living process (Thompson, 2007). That is, mental activity
is self-producing, in the sense that the organism produces
and maintains a boundary between itself and the world; it is
asymmetrical in the sense that the organism does something to
its surroundings across the boundary that it has itself established;
and it is normative in the sense that the animal acts in accordance
with norms that are established, for example, by the biological
need to act in an adaptive manner (Di Paolo et al, 2017).
Related is the idea that living systems construct themselves by
generating the very boundary conditions that are necessary for
the maintenance of their self-organization (Witherington, 2011).

Ecological and Enactivist thinkers diverge primarily with
respect to the emphasis placed on the contributions of
the organism to perception-action. Enactivists claim that
a fundamental asymmetry in the organism-environment
relationship should be credited for the existence of meaning in
the world. Ecological Psychologists counter that theory must take
into account both the asymmetry and symmetry of organism
and environment, as well as with the role of specificational arrays
that allow their unity of functioning.

With regard to an ecological approach to knowing we refer
back to Gibson (1979). The theory of direct perception

“.closes the gap between perception and knowledge. The
extracting and abstracting of invariants are what happens in
both perceiving and knowing. To perceive the environment and
to conceive it are different in degree but not in kind. One is
continuous with the other. Our reasons for supposing that seeing
something is quite unlike knowing something come from the
old doctrine that seeing is having temporary sensations one after
another at the passing moment of present time, whereas knowing
is having permanent concepts stored in memory. It should now be

clear that perceptual seeing is an awareness of persisting structure”
(Gibson, 1979, p. 258).

The Ecological knower is an adaptive actor and explorer in the
course of its life. For Gibson, perception is not a process of passive
reception of information that is built up into a representation
of a meaningful environment, but direct sensitivity—often made
possible by exploratory activity—to an environment that is
action-relevant. In brief, there are no intermediaries between
the knower and the known, and what is known is at the
ecological scale of the behaving organism. Specifically, ecological
psychology has also taken on the problem of memory, in contrast
to a cognitivism that posited mental representation (Gibson,
1979; Wilcox and Katz, 1981b) and, most importantly, the idea
of perceiving over time (Warren and Shaw, 1985; McCabe et al.,
1986; Read and Szokolszky, 2018). If perceiving takes place over
time, then it is events that are perceived and participated in by
perceivers, and events take place over very different time scales
(cf. Warren and Shaw, 1985). Therefore, direct perceiving/acting
takes place over very different time scales (cf. Wilcox and Katz,
1981a,b; Read and Szokolszky, 2018). Examples of perceptible
events comprise motion events, such as kicking in water, and
structural events, such as the development of the organism (see
McCabe, 1986a,b). Clearly events such as kicking and those of
development exist over different scales of time, but both are
perceptible (see Gibson, 1997; Gibson and Pick, 2000). These
ideas have yet to be truly mined within Ecological Psychology.
Efforts to understand coordination between a person’s action
and various descriptions of variables in perceptual arrays have
proceeded apace and coordination between perceivers has also
received a fair amount of research attention (e.g., Turvey, 1990;
Richardson et al., 2008; Marsh et al., 2009b; Schmidt et al.,
2011). But research on how perceiving is related to knowing in
a broader sense, and to visualizing, remembering, and talking
or conversing is still in its infancy (e.g., Dent, 1990; Dent-Read,
1997; Szokolszky, 2006, 2019; Costall, 2010; Rader and Zukow-
Goldring, 2012, 2015; Read and Szokolszky, 2016).

Although this Ecological work makes assumptions about what
organisms experience, it does not explicitly bring the dimension
of first person experience into its theory. Organisms act as if their
experience were x, and so the act is what is important to the
scientist observer.

Enactivist accounts of cognition draw on the idea that a
human being or animal has to make sense of its environment.
To “make sense” is to relate, to complete, to coordinate one thing
with another so that “sense” or understanding arises. The enactive
knower is active in making sense of its environment as it creates
its life.

Understanding  the  distinctions between  Ecological
Psychology and Enactivism has the potential to clarify and,
therefore, strengthen each approach in its own work. Ecological
Psychology are not foes but rather, friends with distinct
background and ideas, who take an interest in each other (cf.
Zahidi and van Eemeren, 2016). In this sense the question of
possible coordination and convergences is an important one.
Our answer after pursuing the question is that convergence is
not possible, but mutual clarification is a worthwhile endeavor.
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For several decades, a diverse set of approaches to embedded, embodied, extended,
enactive and affective cognition has been challenging the cognitivist orthodoxy.
Recently, the prospect of a combination of ecological psychology and enactivism
has emerged as a promising candidate for a single unified framework that could
rival the established cognitivist paradigm as “a working metatheory for the study
of minds” (Baggs and Chemero, 2018, p. 11). One obstacle to such an ecological-
enactive approach is the conceptual tension between the firm commitment to
realism of those following James Gibson’s ecological approach and the central tenet
of enactivism that each living organism enacts its own world, interpreted as a
constructivist or subjectivist position. Baggs and Chemero (2018) forward the concept
of Umwelt, coined by the biologist Jakob von Uexkdll, as a conceptual bridge
between the two approaches. Inspired by Kant, Uexklll's Umwelt describes how
the physiology of an organism’s sensory apparatus shapes its active experience
of the environment. Baggs and Chemero use this link between the subject and
its objective surroundings to argue for a strong compatibility between ecological
psychology and enactivism. Fultot and Turvey on the other hand view Umwelt as
steeped in representationalism, the rejection of which is a fundamental commitment of
radical embodied cognition (Fultot and Turvey, 2019). Instead, they advance Uexkuill’'s
“compositional theory of nature” as a conceptual supplement for Gibson’s ecological
approach (von Uexkdll, 2010, p. 171; Fultot and Turvey, 2019). In this paper, | provide a
brief overview of Uexkull's thought and distinguish a crucial difference between two ways
of using his term Umwelt. | argue that only one of these ways, the one which emphasizes
the role of subjective experience, is adequate to Uexkill's philosophical project. |
demonstrate how the two ways of using Umwelt are employed in the philosophy
of cognitive science, show how this distinction matters to recent debates about
an ecological-enactive approach, and provide some critical background to Uexkull's
compositional theory of meaning.

Keywords: enactivism, ecological psychology, Umwelt, Jakob von Uexkiill, embodied cognition, philosophy
of nature
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INTRODUCTION

For several decades, a set of diverse but related approaches has
been challenging the cognitivist orthodoxy. By recognizing the
mind as embedded, embodied, extended, enactive, and affective
(4EA), they have invigorated debates in the philosophy of
cognitive science on a wide number of topics. Their diversity of
methods and concerns is both a strength and a weakness: many of
the different tendencies within 4EA cognition draw on disparate
conceptual sources and so far, the various perspectives have
not coalesced into a single unified framework that could rival
the established cognitivist paradigm as “a working metatheory
for the study of minds” (Baggs and Chemero, 2018, p. 11).
Recently, attempts have gained traction to create such a common
framework through a combination of ecological psychology and
enactivism. For such an ecological-enactive approach to emerge,
the conceptual foundations of its two components have to be in
harmony with each other.

One of the main sources of tension between ecological
psychology and enactivism is the contrast between the firm
commitment to realism of those following James Gibson’s
ecological approach and the central tenet of enactivism that
each living organism enacts its own world, interpreted as
a constructivist or subjectivist position. Baggs and Chemero
forward the concept of Umwelt, coined by the biologist Jakob
von Uexkiill, as a conceptual bridge between the two approaches
(Baggs and Chemero, 2018). Inspired by Kant, Uexkiill’s Umwelt
describes how the physiology of an organism’s sensory apparatus
shapes its active experience of the environment. Baggs and
Chemero use this link between the subject and its objective
surroundings to argue for a strong compatibility between
ecological psychology and enactivism. Fultot and Turvey on
the other hand view Umwelt as steeped in representationalism,
the rejection of which is a fundamental commitment of
radical embodied cognition (Fultot and Turvey, 2019). Instead,
they advance Uexkiill's “compositional theory of nature” as
an account of how meaning takes place in the interactions
between biological entities that meshes better with Gibson’s
ecological approach (von Uexkiill, 2010, p. 171; Fultot and
Turvey, 2019). However, the roots of Uexkiill's musical theory
of meaning in neovitalism and romantic holism have to be
considered carefully before we can evaluate the costs and
benefits of potentially importing it into the philosophy of
embodied cognition.

There is still a lot of work to be done in piecing the parts
together for a united ecological-enactive paradigm for cognitive
science. If Uexkill’s thought is to provide one or more pieces of
this puzzle, the necessary first step is to give a clear picture of what
those pieces are, how they might connect to the philosophy of
embodied cognition, and what philosophical commitments come
with each of them. To this end, I provide a brief overview of
Uexkill’s thought and distinguish a crucial difference between
two ways of using his term Umwelt. I argue that only one of these
ways, the one which emphasizes the role of subjective experience,
captures Uexkill’s philosophical impetus. Simultaneously, it is
only this second interpretation of Umwelt that really connects
to the source of the tension between ecological psychology and

enactivism. I will then use some examples from the literature to
demonstrate how the two ways of using Umwelt are employed
in the philosophy of cognitive science, show how this distinction
plays out in recent debates, and provide some critical background
to Uexkiill’s compositional theory of meaning'.

THE MANY WORLDS OF JAKOB VON
UEXKULL

Jakob von Uexkill was an Estonian-born biologist who is
considered a predecessor of cybernetics, a pioneer of ethology
and even as the “founder of two separate disciplines, ecology
and semiotics” (Amrine, 2015, p. 47). Born in 1864, he published
his most influential works between 1909 (Umwelt und Innenwelt
der Tiere) and 1940 (Bedeutungslehre, translated as A Theory of
Meaning). A physiologist by trade, Uexkiill conducted extensive
experimental studies prior to his career as a writer. Beginning in
1891 with experiments on the nervous systems of frogs conducted
in Heidelberg, Uexkiill soon moved on to the sea creatures that
would become his specialty, studying first squid in Naples and
later sea urchins on the coast of the Indian Ocean at Daressalam
until 1900 (Mildenberger and Herrmann, 2014b, pp. 274-279).
At the beginning of this decade of empirical work, Uexkiill was
still convinced that biological phenomena could be explained by
mechanistic principles.

Throughout his research, he encountered increasing
difficulties to account for the phenomena he observed by
purely mechanistic means and came to endorse a philosophy of
nature influenced by neovitalism and romanticist holism. These
developments culminated in his view that the “machine theory
of living beings” is fundamentally flawed (von Uexkiill, 2010,
p. 41). The “machine theorists” hold that “all living things are
only machines” and treat them as “pure objects” (von Uexkiill,
2010, pp. 41, 42). Instead, biology can only understand the
nature of organisms by treating them as subjects experiencing
and inhabiting their own worlds (von Uexkill, 2010, p. 41).
Uexkiill advanced a model of how perception and action link the
organism’s nervous system with its environment in a functional
cycle: “everything a subject perceives belongs to its perception
world [Merkwelt], and everything it produces, to its effect world
[Wirkwelt]. These two worlds, of perception and production of
effects, form one closed unit, the environment [Umwelt]” (von
Uexkdll, 2010, p. 42).

In its full sense, the Umwelt refers to the phenomenal world
which an individual organism constructs for itself by turning
physical stimuli into patterns of neuronal excitation which
constitute signs. The Umwelt constitutes the sum total of the
subject’s experience, but the process in which the organism
constructs its own Umwelt is not conscious and not accessible
to the subject in its experience. Instead, the meaningful objects
and the space in which we encounter them appear to us
as objective reality. This reading captures Uexkiill’s central

My gratitude belongs to the two reviewers who have provided numerous helpful
and critical suggestions to all parts of this analysis. My forays into the reception
of Uexkill’'s thought have benefitted greatly from the works of Carlo Brentari and
Frederick Amrine, to whom I am likewise grateful.
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concern for the animal as subject, in an explicitly Kantian®
sense:

“The task of biology consists in expanding in two directions
the results of Kants investigations:—(1) by considering the part
played by our body, and especially by our sense-organs and central
nervous system, and (2) by studying the relations of other subjects
(animals) to objects” (von Uexkiill, 1926, p. 15).

I will refer to this full sense of Umwelt as the world of
subjective experience constructed by the organism itself as type
2 Umwelt.

In a deflated reading, Umwelt is often understood merely as
that subset of physical properties which are accessible to the
perception and action of an organism based on its physiology.
The entire aspect of subjective experience is lost here, and the
specific physiological makeup of a single organism is still fully
within the scope of a purely external, quantitative description.
This sense of Umwelt 1 call type 1 Umwelt. Uexkiill himself
sometimes uses type 1 Umwelt and speaks about Umwelt as
if it resulted from a mere selection, as a “tiny excerpt,” “small
section,” or “only a piece cut out of its surroundings” (von
Uexkiill, 2010, pp. 53, 133). Most of the time he uses type 2
Umwelt, which lies at the heart of his entire intellectual project.
Unfortunately, the majority of uses of the term Umwelt in the
literature since Uexkiill use type 1 Umwelt (Mildenberger and
Herrmann, 2014b, pp. 264, 265).

The reasons for adopting type 1 Umwelt rather than type 2
can be traced to two main differences in interpretation: First,
Umwelt is sometimes described as the result of a mere selection,
rather than the more intricate process of construction. But the
material world as described by physicists contains no experience,
and in order to get from physical perturbations to experience,
the subject has to construct the Umwelt. Experience is not
just a set of carefully selected physical perturbations. Second,
the specific structure of an Umwelt is sometimes described
at the level of a species, rather than an individual organism.
This makes sense insofar as all bees have very similar sensory
organs, and the structure of their experience is likely to be
very similar, while being very different from the structure of
human experience. However, a species does not, as far as we
know, have experience—individual organisms do. If Umwelt is
the world as experienced by an organism, this is not an abstract
model organism standing in for a whole species, but a concrete
individual living being. While there are many situations in which
it makes sense to talk about the kind of environment described
by type 1 Umwelt, it excludes the majority of philosophical points

2Uexkiill’s appeals to Kant concern almost exclusively the role that the structure of
the subject plays in enabling its own experience of time and space. Interestingly,
Uexkiill makes no mention of the Critique of Judgment and Kants notion of
organisms as autonomous Naturzwecke (natural purposes), even though this
aspect of Kant’s thought has been argued to play a crucial role in the work of early
biologists like Karl von Baer, whom Uuexkiill cites favorably and who was “one
of the principal architects of the teleo-mechanist research program” according to
Timothy Lenoir’s account of the influence of Kant on early 19th century German
biology (Lenoir, 1982, p. 16). While some teleo-mechanists treated organismic
teleology more as a methodological commitment, Uexkiill’s use of romanticism
instead of Kants Critique of Judgment leads him to treat it as a fully real part of
nature.

that are central to Uexkiill's thought. Some examples will help
illustrate this point.

Mildenberger and Herrmann (2014a, p. 10) consider Uexkiill
to be a predecessor of the concept of niche construction, which
they regard as a “more poignant version of the Umwelt concept.”.
The link is plausible. Uexkiill’s description of Echinocardium
caudatum burrowing into the sand through the wavelike motion
of countless tiny bristles with spoon-shaped, widened points is
a particularly apt illustration of niche construction. However, the
notion of construction that is central to Uexkiill’s philosophy, and
that will be used in this paper, refers only indirectly to the shaping
of the physical environment by the organism. The construction
of the Umwelt is the generation by the organism of the world
it experiences’. Uexkiill explicitly models this process on Kant’s
account® of how the transcendental subjectivity provides the
necessary structure that makes our experience possible: “with
Kant, we make the constructive activity of the subject the very
center of our consideration” and understand “space as the means
whereby we construct external experience” (von Uexkiill, 1926,
p- 19). Brentari (2013, p. 17) summarizes the “transcendental
construction of the Umwelt”: “the stimuli coming from the
outside reality are translated into signs by the nervous system,
then the physiologically produced signs are transposed outwards
and, finally, they are experienced as objective qualities of the
world.” Only by locating all the signs it has constructed outside
of itself does the subject span open the spatial dimensions of
its own experiential world, somewhat like opening an umbrella.
This world that is experienced by the organism which has
constructed it is at the heart of Uexkill’s thought. I will refer
to it as type 2 Umwelt in contrast to the deflationary usage of
type 1 Umwelt.

Many of the examples that Uexkiill uses reappear throughout
his works, but their presentation is often subtly different from
text to text. The case of the semicircular canals helps illustrate
how Uexkiill expresses the same idea in different ways that
emphasize either type 1 or type 2 Umwelt. In Forays, Uexkiill
describes the effect space of humans and relates its three-
dimensional structure to the semi-circular canals in the inner
ear (von Uexkill, 2010, pp. 54-56). We can understand the
relationship between effect space and the physiology of the
inner ear purely in terms of type 1 Umwelt: The observable
behavior of the experimental subject and their verbal reports
allow us to investigate the space that structures their behavior,
while the physiology of the semi-circular canals provides a
potential mechanism in the organism that can ground the
capabilities of the subject to interact with their environment
in a way that is spatially structured. The entire connection
between spatial behavior and the inner ear can be explained
without any special reference to the subjective experience
of the organism.

3For a discussion of this distinction in enactivism and ecological psychology, see
Fultot et al. (2016).

“The references to Kants Critique of Pure Reason in this paper reflect the
level of Uexkiill’s reception thereof, rather than the intricacies of Kant’s actual
philosophical system. A careful comparison between the two would be worthwhile,
but constitutes a separate research project. Langthaler (1992) provides some short
but useful remarks on the matter.
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The same connection is described in Bausteine zu einer
biologischen Weltanschauung (1913) with much the same content
but very different implications. As in Forays, Uexkiill compares
the semi-circular canals to a coordinate system with three
dimensions that allows us to experience objects as located
in space. In this early text, however, the role of the semi-
circular canals is explicitly introduced as an update to the
Kantian account of the three spatial dimensions. In Uexkill’s
account, Kant declared space to be a “structural element of
our soul” which exists before any external impressions take
place and which allows them to be synthesized into unities
(von Uexkill, 1913, pp. 284-286). Uexkiill considers Kant’s
claim that the three dimensions of space exist preformed
in our “soul” without the need for any external cause to
be outdated: the discovery of the role played by the semi-
circular canals has provided us with a physiological substitute
for Kants idealist subjectivity (von Uexkill, 1913, pp. 286,
287). This is a rare critical note, as Uexkill presents his
thought as a more harmonious continuation of Kant’s enterprise
in his later texts (von Uexkill, 1926, p. 15). It is worth
pointing out this earlier stance as a counterweight to the view
of Uexkill as naively overestimating his proximity to Kant
(Langthaler, 1992, pp. 232-234; Winthrop-Young, 2010, pp.
230, 231). Even though Uexkill’s reading of Kant may be
unsophisticated and philosophically crude, he was aware of
the crucial difference between Kants teachings and his own
empirically informed account of the constructive process that
gives rise to Umwelt.

Part of the difficulty with Uexkiill’s concept of Umwelt arises
because at different times he writes about the environments
of animals as a scientist or as a philosopher of nature, and
sometimes as both. When Uexkiill invites us to “make a
bubble around each of the animals living in the meadow”
and imagine these bubbles as their Umwelten, he invents
for us an exercise of the philosophical imagination (von
Uexkill, 2010, p. 43). The poetic tone of the Forays is
not due to an arbitrary stylistic preference. Uexkiill studied
Kant together with the poet Rainer Maria Rilke, and his
respect for nature was a deeply personal attitude (Winthrop-
Young, 2010, pp. 230, 231). But the reason for this change
in style is more systematic: When the description moves
from functional cycles to bubbles, Uexkiill the scientist has
passed the baton to Uexkiill the philosopher of nature. There
are two very different intellectual activities involved here: a
scientific research program into the behavior of animals and
a philosophy of nature that considers each organism as a
subject experiencing its own world (Godfrey-Smith, 2001). While
the two are deeply connected, there are also clear differences
in their methods and limits, and depending on the task at
hand, Uexkiill moves freely between the two perspectives.
These shifts are not made explicit, which makes them hard
to track. The transition from type 1 to type 2 Umwelt is
the move from a scientific research project to a philosophy
of nature. It is clear that in the case of the bubbles we are
dealing with experience: in imagining ourselves entering the
bubble and seeing the world transformed, we are imagining the
experience of the animal.

The role of experience is absolutely crucial for the concept
of Umwelt, which is why any account of it that omits type 2
Umwelt is problematic. Umwelt as the world experienced by a
living subject is at the heart of Uexkiill’s project. It grounds his
most important points, from his insistence that every organism
is a living subject and not just a machine all the way to his claim
that the limitations posed to the knowledge of any subject by its
Umwelt apply also to human scientists, which concludes both
Foray and A Theory of Meaning:

“We can certainly get closer to all things through the use of
increasingly precise apparatuses, but we do not gain any more
sensory organs thereby, and all the properties of things, even
when we analyze them down to the smallest details—atoms and
electrons—will always remain only perception marks of our senses
and ideas” (von Uexkiill, 2010, p. 207).

The situation that Uexkiill describes is the same one that
Varela, Thompson, and Rosch diagnose at the start of The
Embodied Mind: “we are in a world that seems to be there
before reflection begins, but that world is not separate from us”
(Varela et al., 1991, p. 3). Uexkill shares with enactivism the
awareness that philosophers and scientists investigating minds
should never lose sight of their own minds as the context in which
these investigations take place. Similarly, they both start from
the conviction that mind cannot be explained while ignoring
experience. This is why any productive reception of Uexkill’s
thought in the philosophy of cognitive science will have to
grapple with type 2 Umwelt, and it is also why doing so might
be relevant for the task of furthering rapport between ecological
psychology and enactivism.

UMWELT IN THE PHILOSOPHY OF
COGNITIVE SCIENCE

Discussions of Uexkiill in the philosophy of cognitive science
have become more detailed recently, especially in debates about
embodied cognition. Yet a deeper sensibility for his thought
has only just begun to spread, and several decades of Uexkill’s
presence in the literature as a mere foot- or sidenote have
shaped the vague and sometimes distorted image of his thought
that is now still prevalent. It is worth briefly illustrating
the range of these different interpretations or misreadings
of Uexkill's thought. Members of the general philosophical
audience interested in the study of cognition might well
encounter Uexkiill for the first time in the works of Daniel
Dennett. In his 2015 he writes:

“Every organism, whether a bacterium or a member of Homo
sapiens, has a set of things in the world that matter to it and
which it (therefore) needs to discriminate and anticipate as best
it can. Call this the ontology of the organism, or the organism’s
‘Umwelt’ (von Uexkiill, 1957). This does not yet have anything
to do with consciousness but is rather an ‘engineering’ concept,
like the ontology of a bank of elevators in a skyscraper: all the
kinds of things and situations the elevators need to distinguish
and deal with. An animal’s ‘Umwelt’ consists in the first place of
affordances (Gibson, 1979), things to eat or mate with, openings
to walk through or look out of, holes to hide in, things to stand
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on, and so forth. We may suppose that the ‘Umwelt’ of a starfish
or worm or daisy is more like the ontology of the elevator
than like our manifest image. What’s the difference?” (Dennett,
2015, pp. 11, 12).

The difference is that organisms are living subjects and
machines are not. It is immediately clear that Dennett’s use
of the term Umwelt is diametrically opposed to Uexkiill’s
in a crucial dimension: For Dennett, there is absolutely no
difference between living organisms and machines, while for
Uexkiill this difference is of primary importance, and the
whole project of developing a philosophically grounded concept
of Umwelt is launched as a direct attack on the “machine
theory of living beings” (von Uexkiill, 2010, p. 41). What
exactly Umwelt has to do with consciousness depends on the
precise definition in play, but Umwelt is directly related to
subjective experience. In the same text, Dennett rehearses his
position that there is no “no double transduction in the brain”
that would transduce the neuronal spike trains into “qualia,
conceived of as states of” “the medium of consciousness”
(Dennett, 2015, p. 11). It is precisely this position which
Dennett rejects that meshes rather well with Uexkill’s account
of Umwelt. The process whereby “the stimuli coming from
the outside reality are translated into signs by the nervous
system” which “are transposed outwards and [...] experienced
as objective qualities of the world” can be understood as the
construction of just this medium of consciousness that Dennett
denies (Brentari, 2013, p. 17). Dennett’s account of Umwelt is
opposed to Uexkill’s in at least two respects: the relationship
between experience and the brain, and the relationship between
animals and machines. It is of course perfectly legitimate for
Dennett to disagree with Uexkiill, but giving the appearance
of agreement where none exists is bound to mislead. Since
his most recent book From Bacteria to Bach and Back (2017)
contains the same account of Umwelt as the passage cited
above, it is possible that many members of Dennett’s (2017)
large audience will be first introduced to a distorted version of
Uexkiill’s thought.

Within the field of embodied cognition, one of the most widely
read texts in which readers may encounter a brief description
of Uexkill's Umwelt is Andy Clark’s Being There: Putting
Brain, Body, and World Together Again (1997). Clark introduces
Umwelt as a conceptual precursor to “niche-dependent sensing”
in robotics and defines it as “the set of environmental features to
which a given type of animal is sensitized” (Clark, 1997, p. 24).
His explanation of the concept is short and centers on a citation
of Uexkiill’s popular passage on the tick. From ClarK’s description,
it is not clear whether an Umwelt involves experience or not,
but he embeds it in a larger account of a robot called Herbert
and concludes that the “similarity between the operational worlds
of Herbert and the tick is striking” (25). This makes it at least
possible to understand Umwelt as unconcerned with experience
from ClarK’s account, but whether other authors who suggest
that robots have Umwelten were directly influenced by Clark
or not cannot be established. Clark himself, at least, clearly
believes that Umwelt without experience is possible, more than
two decades after Being There: “A simple robot could [...]

properly be assigned an Umwelt. But the simple affordance-
sensitive robot need not thereby experience any world at all”
(Clark, 2019, p. 284). This is in contrast to Uexkiill, for whom
having an Umwelt is the same as experiencing it.

UMWELT AS A BRIDGE BETWEEN
ECOLOGICAL PSYCHOLOGY AND
ENACTIVISM

Baggs and Chemero (2018, p. 5) argue that Umwelt allows
ecological psychology to better account for the specific way in
which each animal perceives its environment, bringing it closer
to enactivism. In keeping with central tenets of the ecological
approach, they argue that “the environment is not a separate
mental realm,” but rather a mere “subset of the physical world,
considered from the vantage point of an animal.” Their goal is
then to show how Umwelt can be derived from an account of
the physical world. They advance two complementary arguments.
The first focuses on the environment and describes a single
world which is continuous across the different scales of physical
universe, species habitat, and individual Umwelt. The second
focuses on the individual organism and explains how different
physiological abilities as well as learned skills and acquired
knowledge determine which affordances present in a given
habitat become part of an individual’s Umwelt. I will focus here
on the first argument and argue that it does not adequately
account for experience because it treats the creation of Umwelt
as selection, rather than construction, and thus does not address
type 2 Umwelt. This latter sense of Umwelt, however, is what
Baggs and Chemero need to get at if they want Uexkiill’s thought
to provide ecological psychology with an account of experience
that is closer to the enactivist perspective.

The “key to Gibson’s theory of affordances” is his distinction
between physical space and the environment of animals (Baggs
and Chemero, 2018, p. 4). A central part of this concerns scale:
the “physical world exists at all spatial and temporal scales,
from nanoseconds and nanometers to millennia and galaxies”
(Baggs and Chemero, 2018, p. 4). In contrast, the environment of
animals occupies the “middle scale,” and for humans the “spatial
scale of the environment is from millimeters to kilometers; the
temporal scale is from hundreds of milliseconds to decades”
(Baggs and Chemero, 2018, p. 4). This distinction gives us the
impression of zooming in on the Umwelt, from the complete
picture of the universe to just the tiny section of it that is relevant
for a species, and even further to just the Umwelt of a given
individual organism. This visualization is in concord with the
attempt to describe one single continuous world, and matches
the description of Umwelt as a “subset of the physical world”
(Baggs and Chemero, 2018, p. 5). There is, however, one problem:
“Most crucially, the physical world is inherently meaningless, but
the environment is not; the environment contains affordances”
(Baggs and Chemero, 2018, p. 5). If the physical world is a set
which contains no meaning, no subset of it can contain any
meaning either, by virtue of how sets and subsets are defined.
Similarly, optical magnification can only enhance features which
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are already present in a visual phenomenon; we cannot zoom in
on something that is not already there to begin with.

The central difficulty is that ecological psychology holds that
there is just one world, one physical space, while Uexkiill believes
that “[s]pace as we think of it is the space with which the physicist
deals, while intuited space as we look at it is the space of the
biologist. The two are fundamentally different from one another”
(von Uexkiill, 1926, p. 42). Already committed to a single world,
Baggs and Chemero can only select different parts of it and thus
cannot move from type 1 Umwelt to type 2, ie., they cannot
account for the subjective experience of the organism. This is
because the fundamental perspective of looking at the organism
from the outside never changes, it merely zooms in on a subset
of the environment in which this organism lives and on that
subset of all affordances potentially available to the species which
this specific individual can actually perceive and act upon, based
on its history and physiology. In order to account for subjective
experience, we have to consider both the scientific perspective on
an organism from the outside and its own experience from the
inside. Even in this account of an ecological psychology which
deals with individual organisms and their type 1 Umwelt, this
perspective from the inside, type 2 Umwelt, is left out.

UMWELT IN ENACTIVISM

It may be that enactivism is better poised to grapple with
Umwelt type 2 because it has had a strong focus on the
experience of cognizing subjects from the very outset. Since
The Embodied Mind (1991), a central influence on enactivism
has been the structured exploration of one’s own consciousness,
drawn predominantly from Eastern traditions and from the
phenomenology of Edmund Husserl and Maurice Merleau-Ponty
(Varela et al,, 1991). In Thompson’s (2007) Mind in Life (2007),
Umwelt appears at crucial points:

“This idea of a sensorimotor world—a body-oriented world of
perception and action—is none other than von Uexkill’s original
notion of an Umwelt. An Umwelt is an animal’s environment
in the sense of its lived, phenomenal world, the world as it
presents itself to that animal thanks to its sensorimotor repertoire”
(Thompson, 2007, p. 59).

Thompson emphasizes the experiential character of Umwelt,
which makes sense given that this reference to Uexkiill follows a
discussion of Maurice Merleau-Ponty and Kurt Goldstein, both
of whom developed critical readings of Uexkiill that grappled
with the central role of experience (Merleau-Ponty, 1968, 1988;
Goldstein, 1995). The process of constructing an Umwelt is
explained as sense-making, an activity that each organism has
to engage in constantly to maintain itself within the delicate
bounds of its “needful freedom” (Jonas, 2001, p. 80; Thompson,
2007, pp. 146, 147). The needful freedom of the organism is what
gives valence to the “[p]hysical and chemical phenomena” in the
environment of the organism which, “in and of themselves, have
no particular significance or meaning” (Thompson, 2007, pp. 153,
154). “Sense-making changes the physicochemical world into an
environment of significance and valence, creating an Umwelt

for the system” (Thompson, 2007, p. 147). In his exposition of
Varelas claim that “living is sense-making,” Thompson posits
seven points, among them that “[e/mergence of a self entails
emergence of a world. The emergence of a self is also by necessity
the co-emergence of a domain of interactions proper to that self,
an environment or Umwelt” (Thompson, 2007, p. 158).

Thompson’s account emphasizes central aspects of type 2
Umwelt, its experiential character, its emergence from the
activity of every living organism, and the one-to-one mapping
of subjects—or selves—to Umwelten. However, large parts of
Uexkill’s thought have not been taken over into Thompson’s
enactivist account: the entire semiotic vocabulary is left out.
Where Uexkiill uses signs to describe relationships of meaning,
Thompson instead employs a notion of information that is
derived in part from the work of Scott Kelso:

“What could be more meaningful to an organism than
information that specifies the coordinative relations among
its parts or between itself and the environment? This view
turns the mind-matter, information-dynamics interaction on its
head. Instead of treating dynamics as ordinary physics and
information as a symbolic code acting in the way that a
program relates to a computer, dynamics is cast in terms that
are semantically meaningful” (Kelso, 1995, p. 145, quoted in
Thompson, 2007, p. 58).

Thompson’s combination of type 2 Umwelt with Kelso’s
notion of information is ingenious and important for two
reasons: First, it shows that the essential insight of type 2
Umwelt can be retained while discarding much of Uexkiill’s often
cumbersome and idiosyncratic terminology. Second, Kelso’s
work on dynamics and the notion of information that is part of
it lie at the heart of 21st century ecological psychology. Its central
role in both schools suggests that Kelso’s notion of information
might be one good place from which to work toward a unified
ecological-enactive approach as “a working metatheory for the
study of minds” (Chemero, 2009; Baggs and Chemero, 2018).

FROM CONSTRUCTIVISM TO HOLISM:
UEXKULL’'S MUSICAL THEORY OF
MEANING

Fultot and Turvey (2019) reject Uexkill's claim that each
organism constructs its own world as representationalist. They
highlight how the construction of Umwelt as modeled—in an
idiosyncratic way—on Kantian epistemology parallels key aspects
of cognitivism that ecological psychology rejects. Their rejection
of Umwelt thus follows from their full appreciation of type 2
Umwelt and the process of its construction. Instead of the concept
of Umwelt which entails that there are “as many worlds as there
are subjects,” Fultot and Turvey develop an understanding of
nature as a unified world in which all elements are harmoniously
interconnected by melodies, harmonies, and counterpoints of
meaning from a reading of Uexkiill's A Theory of Meaning (von
Uexkiill, 1926, p. 70, 2010).

To argue against Uexkiill’s doctrine of many worlds, Fultot and
Turvey recapitulate Gibson’s rejection of the Gestalt theorists’

Frontiers in Psychology | www.frontiersin.org

March 2020 | Volume 11 | Article 480


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Feiten

Mind After Uexkdll

subjectivist conception of “[A]Jufforderungscharakter”, which
Gibson translated as “affordance” (Fultot and Turvey, 2019,
p. 14). They note the links between Gestalt theory, Gibson and
Uexkiill, but also emphasize the conceptual tensions between
them. In his development of affordances as “organism-relative
without being organism-dependent,” they take Gibson to be
implicitly “targeting von Uexkill’s theory and theories like it”
(15). The argument hinges on the question of whether there
is “a unique, private access of each individual organism to its
surroundings,” which Uexkiill endorsed and Gibson rejected (15).
Fultot and Turvey follow Gibson in tracing this view back to the
fact that “no two individuals can occupy the same geographical
point at the same time” (15). According to Gibson, the primary
reason to think that each living organism lives in its own
subjective world is based in “a narrow conception of optics and
a mistaken theory of visual perception” (Gibson, 1979, p. 38,
quoted in Fultot and Turvey, 2019, p. 15).

Read as a criticism of Uexkill, this appears to miss the
mark. The problem that Uexkill’s constructivist account of
Umwelt seeks to solve is posed in terms opposed to those of
Gibson’s ecological approach. Where Gibson considered a single
environment containing meaningful affordances and which “all
inhabitants have an equal opportunity to explore,” for Uexkiill
the main explanatory work has to start earlier (Gibson, 1979,
p- 38, quoted in Fultot and Turvey, 2019, p. 15). The problem
is not that different organisms cannot occupy the same point in
an environment at once, it is that they each have to construct
their environments from scratch. Once an organism perceives
meaningful affordances, indeed as soon as it experiences any
environment at all, we are already in medias res, and much of
what Uexkiill describes has to have taken place already as the
condition of the possibility of this experience. The Umwelt of
an animal has to be accounted for because the colors that a bee
sees are neither part of the objective material world described
by the physicists, for whom there are “only waves, after all, and
nothing more,” nor do they coincide with the colors that humans
see von Uexkiill (2010, p. 134). More than that, each bee has to
generate their own experience as an organismic activity in contact
with its physical surroundings. The dynamical relationship of the
organism to its physical surroundings gives rise to its subjective
experience of its Umwelt.

Fultot and Turvey point out the sharp contrast between
Uexkill's Kantian constructivism and the conceptual
underpinnings of Gibson’s direct realism. As an alternative
to the notion of Umwelt, they introduce a second theory of
meaning in nature found in Uexkill's Bedeutungslehre (first
published in 1940). This later text, which was published in
English translation as A Theory of Meaning together with the
slightly earlier Foray, develops an account of why the structures
of living organisms fit so perfectly into their environment of
other organisms and the inorganic world. As a staunch critic
of Darwinism, Uexkiill sees the harmonious composition of
the natural world as evidence of a greater plan that orders the
realm of the living into one overarching symphony of meaning,
composed of countless melodies, harmonies, and counterpoints.

Fultot and Turvey highlight a series of parallels between
Uexkiill’s musical theory of meaning and Gibson’s emphasis on

a “complementarity between organism and environment” that
enables the former to directly pick up on affordances specified
by information available in the latter (18). They outline two
ways of conceiving the organism/environment relationship, as
the familiar representationalist dualism that is to be rejected, or
as a duality, which involves a different kind of symmetry between
organism and environment. Where a representational symmetry
involves “the preservation of all the relations and their order,
duality preserves “the number of relations but can transform their
quality and revert their order” (19). Representation entails the
creation of duplicates or copies, while duality works on the basis
of correspondences, such as the peg of a cogwheel fitting into the
socket of another.

Two problems with this evaluation of Uexkiill’s musical theory
of meaning arise: First, the account of meaning in nature as one
great holistic symphony does not replace the constructivism of
Umwelt, it complements it. Second, the arguments that Uexkiill
provides in support of this musical theory of meaning are quite
different from the Kantian constructivism of Umwelt, but they
are not free from conceptual baggage. On the contrary, they
are drawn in part from Hans Driesch’s neovitalism and Goethe’s
romantic holism. These views depart so radically from generally
accepted philosophical assumptions in contemporary philosophy
of the natural sciences that they require substantial amounts
of conceptual work before they can be integrated into existing
accounts of embodied cognition.

In their careful reading of A Theory of Meaning, Fultot and
Turvey identify an “implied realism about the properties of
the environment” (20). They cite Uexkill’s description of an
octopus, where he states that the “incompressibility of the water
is the precondition for the construction of a muscular swimming
sac” (von Uexkill, 2010, p. 173). The incompressibility of the
water does depend on the existence of the octopus as subject,
illustrating the point that the role played by seawater in the
meaningful activity of swimming is “organism-independent yet
organism-relative” (Fultot and Turvey: 20). “Meaning is already
there, so to speak” (Fultot and Turvey: 20). Two points relativize
this realism. Even though we are taking an external perspective
on the octopus that allows us to understand its place in a system
of meaning by reference to a larger harmonious whole rather
than purely as constructed by the octopus itself, A Theory of
Meaning does not constitute a departure from Uexkiill's Umwelt
theory. Besides the musical theory of meaning, the text still
contains the same constructivist view of how a subject creates
its Umwelt: “The sun is a light in the sky. The sky is, however, a
product of the eye, which construct here its farthest plane, which
includes all of environmental space” (von Uexkiill, 2010, p. 190).
According to Uexkiill, this principle of how a subject constructs
its phenomenal Umwelt is valid for octopi just as it holds for
humans, and scientists too can only ever investigate their own
Umwelten (von Uexkiill, 2010, p. 207). The incompressibility of
the water has octopus-independent reality, but always within the
Umwelt of a subject. In this case, the subject is a musical ecologist
analyzing “the octopus as subject in relation to the seawater as
carrier of meaning” (von Uexkiill, 2010, p. 173). Uexkiill ends
both A Theory of Meaning and the Foray with the reminder that
the limitations of Umwelt also apply to our scientific endeavors.
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Fultot and Turvey are clearly exaggerating when they consider
“his Kantian views having been abandoned” (24).

As Umwelt grows out of Uexkiill’s reading of Kant, so his
musical theory of meaning grows out of romanticist holism
and the neovitalism of Hans Driesch. Uexkiill and Driesch had
met in Naples in the 1890s, where Uexkiill was researching
the physiology of Eledone moschata while Driesch studied the
development of sea urchins (Mildenberger and Herrmann, 2014a,
p- 5, 2014b, pp. 274-276). Driesch demonstrated that “a sea
urchin germ cell cut in half became not two half, but two whole
sea urchins of half the size,” which to Uexkiill demonstrated that
nature is not exhausted by mechanical explanation and warranted
far-reaching conclusions: “Everything physical can be cut with a
knife—but not a melody” (von Uexkiill, 2010, p. 194). Uexkill
agrees with Karl von Baer that there is a “goal-pursuing quality in
the emergence of living beings” and identifies musical harmony
as the driving force of this teleological embryogenesis:

“planned embryonic development [...] beings with the three
beats of a simple melody: morula, blastula, and gastrula. Then,
as we know, the development of the buds of the organs begins,
which is fixed in advance for every animal species. This proves to
us that the sequence of formal development has a musical score
which, if not sensorily recognizable, still determines the world
of the senses. This score also controls the spatial and temporal
extension of its cell material, just as it controls its properties” (von
Uexkiill, 2010, pp. 159, 160).

To today’s reader, the role of the melody in this account of
embryogenesis is at best a poetic placeholder that has to be
replaced by scientific explanations and at worst a kind of vital
life force. The latter option is unfortunately very plausible, as
Driesch was a leading proponent of neovitalism (Mildenberger
and Herrmann, 2014a, pp. 5, 6). While Fultot and Turvey choose
to ignore Uexkill's appeals to an overarching plan in nature
as “creationist-sounding,” it seems that his vitalistic tendencies
are tightly linked to the musical account of biological form
and cannot so easily be separated from it (Fultot and Turvey,
2019, p. 18).

The second philosophical source from which Uexkill’s
musical theory of meaning draws its strength is a romanticist
holism. The melodies, harmonies, and counterpoints are an
explanation rather than a description of the organization of the
biological realm only if we accept a holistic worldview in which
wholes determine their parts in accordance to an overarching
and preexisting schema, rule, or “primal image [Urbild]” (von
Uexkiill, 2010, p. 159). This principle, which we saw in action
in the embryogenic formation of a sea urchin in accordance to
its “primal score,” goes back to Goethe’s famous Urpflanze (160).
Frederick Amrine has outlined Uexkill's deep debt to Goethe,
with whom he sides against Newton in the question of color
perception (Amrine, 2015, p. 50). Amrine explains Uexkiill’s
musical theory of meaning as an instance of Goethean ecology,
and his arguments are convincing: A central refrain in A Theory
of Meaning is developed from Goethe:

“If the flower were not bee-like,
If the bee were not flower-like,

The harmony would never succeed.” (von Uexkiill, 2010,
p. 198)

This is based in Goethe’s claim that:

“Were the eye not sunlike
It could never gaze upon the sun” (von Uexkiill, 2010, p. 190).

The vision of nature that Uexkiill expresses in musical terms is
deeply grounded in romanticist holism, and the “meaning plan”
which guarantees that its parts, developing in accordance to their
“primal images” and “primal melodies,” fit into the overarching
harmony is guaranteed by Goethe’s spinozist “God-Nature” (von
Uexkiill, 2010, p. 192). The problem for us today is that Uexkiill
is tapping into an entirely different conception of science than
the one that has dominated the last centuries and that is accepted
today. For Uexkiill, “[m]eaning is the pole star by which biology
must orient itself, not the impoverished rules of causality” (von
Uexkiill, 2010, p. 160). Besides its roots in romanticism, Di Paolo
provides another good reason for caution about holistic harmony:

“while we must avoid the flattening out of the biological and
psychological worlds into a series of mechanisms, we must also
be cautious with the theme of the harmony of the world [...]
if we understand harmony as a primordial state of mutually
counterpunctual relations of meaning (“the spider is fly-like”).
Here, what is excluded, to repeat, are the precarious conditions
and the ongoing, effortful processes by which meaning is achieved
whatever the timescale, whether evolutionary, developmental, or
behavioral” (Di Paolo, 2019, p. 254).

In the context of Uexkiill’s holism, it is worth mentioning that
his belief in a great whole that unifies individual organisms under
one rule of meaning found a deeply disturbing expression in his
Staatsbiologie. In 1920, Uexkiill first published this interpretation
of the state as a biological organism. After Germany’s defeat in the
First World War, Uexkiill had become increasingly antisemitic
and began channeling this conviction in his academic writing
(Mildenberger and Herrmann, 2014b, pp. 294, 295). A second
edition of the book published in 1933 included a partially
rewritten section on “the diseases of the state [Die Krankheiten
des Staates],” which identifies members of foreign races who are
detrimental to the state as “parasites” (von Uexkiill, 1933, pp.
59, 72). Uexkiill concludes the book by praising the “ingenious
doctor” into whose care Germany has delivered itself as a “deeply
sick patient”—a reference to Adolf Hitler (von Uexkiill, 1933,
p. 79; Winthrop-Young, 2010, pp. 226, 227). These connections
between romanticist holism and fascism in Uexkill’s work are
deeply disconcerting (cf. Harrington, 1996). To be clear, the
musical holism of A Theory of Meaning itself contains none
of these vile totalitarian biologisms, and using its concepts
in ecological psychology would not thereby import anything
objectionable. However, it still seems important to mention this
aspect of Uexkiill’s work in any discussion of his holism.

One problem with using A Theory of Meaning to bolster
an account of the organism/environment relation in embodied
cognition is that its main function in Uexkill's work is to
provide an account of the appearance of design in nature.
This was a desideratum for Uexkiill because he firmly rejected
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the Darwinian account. That is not a pressing question for us
today. Few people doubt that our best explanation for why the
spider spins a web that corresponds so well to the structure
of the fly will invoke Darwinian evolution. The potentially
useful part of A Theory of Meaning is its account of meaning
understood through the musical concepts of harmony, melody,
counterpoint, and so on. However, most of the arguments given
in support of this musical account derive from neovitalism
and Goethean ecology. Were we to remove all elements
that are not immediately compatible with our contemporary
understanding of natural science, A Theory of Meaning does
not seem to offer much argumentative support for an account
of how organisms are attuned to their environments. There
are interesting parallels to Gibson’s ecological approach, and
some of Uexkiill’s descriptions provide vivid illustrations to the
principles of ecological psychology, but it is unclear what is added
to its explanatory power or conceptual clarity by bringing in
Uexkiill’s musical idiom.

Even if we accept Uexkiill's musical theory of meaning and
the overarching harmony guaranteed by its elusive plan, this
only accounts for the appearance of design in nature, not for the
experience of living subjects. What the musical holism explains is
why the different organisms observed in nature appear to fit each
other and their environments so perfectly. This explains why the
Merkwelt and Wirkwelt of type 1 Umwelt fit together in functional
cycles. It does not contain an account of why the execution
of functional cycles involves subjective experience. Uexkiill’s
musical holism does not appear to offer any help in grappling
with the problem of accounting for subjective experience in a
scientifically grounded account of mind—the “explanatory gap
between consciousness and nature” (Thompson, 2007, p. 10).

CONCLUSION

We have seen that Uexkill’s concept of Umwelt is fundamentally
concerned with subjective experience. A deflated account of
Umwelt as a mere ‘engineering concept’ is still widespread in
the philosophy of cognitive science, but it does not help address
the problem of subjective experience and is only tangentially
related to Uexkill’s philosophical project. Since the point of
contention between the ecological and enactive approaches is
the status of subjective experience, only the full sense of Umwelt
as the unique subjective phenomenal world of each organism
is relevant for this debate. However, this sense of Umwelt is
not immediately compatible with deeply held commitments of
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Zoom Out Camera! The Reflexive
Character of an Enactive Account

Fred Cummins*
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The reflexive character of enactive theory is spelled out, in an effort to make explicit
that which is usually implicit in debate: that we are responsible for the distinctions we
draw, and that ultimately, the world that we collectively characterize is a joint production.
Enaction, as treated here, is not a positivist scientific field, but an epistemologically
self-conscious way to ground our understanding of the value-saturated lives of embodied
beings. This stance is seen as entirely congruent with the scientific field of ecological
psychology, which is itself then cast as a specific example of the kind of science that can
be done in an enactive mode.

Keywords: enaction, laws of form, ecological psychology, reflexivity, adaptivity

1. INTRODUCTION

At the end of Alejandro Jodorowsky’s cult film The Holy Mountain, the pilgrims have shed
themselves of their worldly attachments, have ascended the mountain, and there is every
expectation that enlightenment, or some form of spiritual elevation will be found at the summit.
Instead, one of the figures at the table on top of the mountain turns out to be the director, and he
turns to face the camera. “Zoom out camera!” he instructs unambiguously, and as the camera pulls
back, we reinterpret the whole situation as a group of actors on a set. We see the boom microphones,
the props and the make-up assistants, all the trappings of the making of a film. Conventions are
made to be broken, and the provocation or perturbation that happens to the audience when the
fourth wall is broken like this has been played with since the Proscenium Arch was first erected.

One effect that can arise is that the viewer is solicited to enter more fully into the fictional world,
as when the player of a video game is encouraged by an on-screen character to have the player’s
avatar engage in the action. Far from placing the player outside of the fiction, this serves instead
to enlarge the magic circle, so that the player is now, to some extent, in the world of the fictional
beings (Conway, 2010). When Kevin Spacey winks at the camera in House of Cards, it is likewise
to include the viewer as a co-conspirator, not to negate the drama.

Another effect that might happen is disenchantment or alienation. When the audience is directly
addressed, the fiction is unmasked as nothing more than fiction. They must abandon the pleasant
conceit and face a stark reality. This kind of cold shower for the imagination was used by Bertolt
Brecht as a way of directly infusing urgent political content into the distraction of the theatrical
play. After disenchantment, there is no pretending any more. This is what Jodorowsky does too,
though for rather different purposes. “What?” he seems to say. “You expected enlightenment from
a film? Pick up your own damn cross and carry it!”

Jodorowsky’s challenge to the viewer resembles the challenge that an enactive account presents
to those who engage with it. The injunction this time might better read “You expected an
account of reality from a model or a story? Own your own distinctions!” Let’s explore some of
those distinctions.
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2. TWO ACCOUNTS OF THE ENACTIVE
CELL

The most frequently presented exemplary embodiment of the
central concerns of the enactive literature is the wistful picture
of a lone cell in a petri dish, equipped with a single glucose
sensor hooked up to its means of propulsion, and mechanically
locomoting toward a distant nutrient source (Cummins and
De Jesus, 2016). In picking out one direction rather than
another, the cell is drawing a distinction. We need to develop
an awareness of the difference between the distinction the
cell is drawing (self/non-self) and the distinctions we draw
(picking out a cell, a source, a medium, etc.). The cell knows
nothing of chemistry or geography, but is, as far as we can
tell, pursuing the project of its own continued existence. To
us, the cell appears to be acting in its own interests by
swimming toward a nutrient. In the example, glucose is taken
to play a role in the metabolic economy of the cell, and the
business of detecting the ambient glucose gradient, and hence
navigating toward the source, pretty much exhausts the sense-
making activity of the cell. Sense-making, here, is the regulated
exchange with the surrounding petri dish that the cell conducts
in order to persevere as a distinguishable unity, as, indeed,
a cell.

Why is this picture redrawn, again and again? In Cummins
and De Jesus (2016) we explored this central narrative myth
in detail. We listed Maturana and Varela (1987, p. 148/149),
Thompson (2007, p. 74), Barandiaran et al. (2009), Froese and
Di Paolo (2011), and Egbert et al. (2010). Many more examples
could have been adduced, and the chemotactically swimming
cell continues to thrive in the literature, if not in the petri
dish. Formally, the model cell, as we describe it, illustrates no
more and no less than a first order cybernetic system, not
terribly different from a thermostat or a heat-seeking missile.
Such a system can be understood as a concrete embodiment
of an abstract notion of control, provided by the set point to
which the system converges through negative feedback with its
environment: for the thermostat, that is a temperature that lies
within specific bounds which are determined by the user; for
the missile, it is a trajectory that converges on a pre-specified
target selected by the programmer. What is the equivalent of the
temperature or the target for the cell? If we are to accept the
claims of the enactive literature it is the cell’s own persistence as
a dynamically individuated entity that we are observing. Unlike
the thermostat or the missile, this purposiveness is understood
by us to originate with the cell itself, to be emergent, expressing
the perplexing “natural purposes” of the living organism (Weber
and Varela, 2002). Here, we should feel the 4th wall straining,
as we become aware that our own recognition of the cell as a
dynamically individuated entity cannot be separated from any
account of the cell as a unity. Our attention is captured by the
cell as a minimal form of life, persisting in the only way it can,
asserting itself in its sense-making. By contrast, in the domain
of observation that we bring forth, the cell is a mechanism that
swims toward the glucose source, with apparent purpose. This
is a disenchanted account, of the kind science likes to construct,
but it is not a simply objective account. It is teleonomic in

form!, in that it attributes an “as-if” purposiveness to the cell,
allowing the cybernetic characterization. It is an account that we
have framed by drawing specific distinctions. It is objective, but
an objectivity in parentheses, as Humberto Maturana frequently
puts it (Maturana and Poerksen, 2004). We can see our own role
in bringing forth the domain of observation by pulling back to
become aware of the ground from which we draw distinctions.

One obvious reason for the centality of the account of the lone
cell is that contemporary enactive theory draws inspiration from
the theory of autopoiesis associated primarily with Maturana
and Francisco Varela (1980). Autopoiesis was, and is, a hugely
influential account of what it means to be a living being,
and it was articulated in the chemical domain of the cell,
with due regard for the complexities of biochemistry. Although
some have tried to retrospectively identify an “autopoietic”
school of enactive thinking (Hutto and Myin, 2013), the term
“autopoiesis” did not appear in the volume “The Embodied
Mind” (Varela et al., 1991), usually understood to be an original
source text from which enactive theory draws, and autopoiesis
is and remains a theory of philosophical biology, not a general
theory of enaction. This distinction has often been blurred, to
the point of eradication, as theoreticians concerned with the
characterization of autonomy in terms of operational closure
have chosen to describe many kinds of biological and social
systems as autopoietic (Luhmann, 1995; Hutto and Myin, 2013).
This genie can probably not be put back into the bottle, and
we will have to contend with the confusion of autopoiesis and
autonomy in the future. But there are some very important
characteristics of the account of the cell, developed in autopoietic
theory, that go on to inform and shape all enactive theory. I
will draw some of them out as best I can, seeking to situate the
concerns of enactive theory in a broader landscape of motivated
theorizing. The reader is warned that the niceties of distinction
drawn here are not always presented in the same way or with an
identical concern in the enactive literature.

2.1. The Domain of Operation

The cell exhibits operational closure. This means that we
understand the cell to consist of a set of circularly linked
processes of production, which we might caricature as A
producing B producing C ...producing A% The processes
produce something, of course, and what they produce are the
components required to keep the processes of production going,
and of course the boundary that contains all those processes. This
is the recursive character of the self-producing processes within
the domain of operation of the cell: they produce themselves, and
in so doing, the unity perseveres from one moment to the next.
These processes are not a perpetual motion machine, of course,
and so some form of energy supply is needed to keep the whole
affair ticking over, along with some means of getting rid of waste.
The cell thus engages in regulated exchange with its surround,
through careful upkeep of a border, the membrane, across which

'The distinction between teleonomy and teleology is crucial here. Teleology is
concerned with purposes that exist. Teleonomy is concerned with accounts that
refer to purposes, in the understanding that such purposes do not really exist, but
could be replaced, in principle if not in practice, by a more expansive account.
2More fulsome descriptions are available, e.g., in Di Paolo (2019, p. 5).
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substances may be taken in or released. However, in the domain
of operation of the cell, there is no representation of an exterior,
and there is no appeal to purpose, goal, or function, even in the
teleonomic sense. The register within which the processes are
described is deanimated, free of any tinge of agency. There is
simply the ceaseless churn of self-production, and when it stops,
so too does the cell as a living entity. In this way, Maturana and
Varela describe the autopoietic unity as a “machine.”

2.2. The Domain of Observation

We now need to pull back and consider the cell in its immediate
physical and chemical context. Having recognized the cell as a
bounded self-producing unity, we can now distinguish it from
other elements that we see around it. We, as observers, can see
the mindless churn of the cell as achieving self-production and
self-distinction simultaneously (Di Paolo et al., 2018). In the case
of the cell, the membrane itself makes clear (to us) the separation
between cell and non-cell. The cell/non-cell distinction is spatial,
bounded, and easy to point out. If we move on to consider
other autonomous unities, this is work that would need revisiting.
As we consider the cell in its environment, we will need the
teleonomic frame we met above to characterize the cell as a
cybernetic system. This is because the activity of the cell becomes
more intelligible to us, as observers for whom it is a distinguished
self-producing unity, if we speak of the “function” of glucose
in its metabolic economy, or the “function” of its movement
as being the acquisition of nutrients. Function reflects purpose.
Functional ascription is thus available to us in the domain of
observation, but not in the domain of operation. Did we just
open a chink to unbounded teleological explanation of the kind
associated with Aristotle, and shunned by latter-day science? No,
but the charge has to be taken seriously.

I will here simply adopt the position of Varela (1979, p. 73)
who points out that the two forms of explanation, operational
and observational, are both to be understood relative to the
perspective of some observer(s)?. Our hypothetical observers
might hope to exhaustively characterize the steps within the
domain of operation, itemizing reactants, catalysts, and products,
measuring reaction rates and quantifying ingredients and
products at each step in the circular chain of production, and
thus arrive at a naturalized, causal, account of goings on. This
seems to be a reasonably finite task (cell biologists may demur,
but we are concerned here with matters of principle alone). In
contrast, understanding the causal chain that gave rise to this
particular form of organized matter, and its structural coupling
to its surround, seems to be an impossible task, even in principle.
The ascription of function or purpose then is to be understood as
a form of shorthand, “conceptually abbreviating the intermediate
steps of a chain of causal events, and concentrating on
those patterns that are particularly interesting to the inquiring
community” (Varela, 1979, p. 73). Teleonomy is not teleology,

3The manner in which this distinction between the observational and operational
domains is treated in the broad context of enaction is not always well-aligned
with the similar distinctions drawn in the more specific context of autopoietic
theory, and the reader is warned that my elaboration here straddles the two fields
somewhat uneasily. Thank you to one of the reviewers for drawing my attention to
this potential confusion.

and the appeal to function serves to make things intelligible to
the observers, who have chosen to make specific distinctions.

In laying out things in this way, Varela has introduced
a crucial semiotic distinction between the domains of causal
and of symbolic explanation, motivated by the explanatory
requirements of a specific observer, or, more importantly, a
community of observers—for explanation is a public act. A
fully causal, or nomic, account of the cell would require the
inclusion of an uncountable number of variables, interacting over
millennia, nay billions, of years, and would thus not satisfy the
demand for explanation of any community. But not everything in
that history is relevant to the community’s intentions in regarding
the cell as indicated by them, and those aspects of the cell that
are of interest are well-accounted for by ignoring the causal
chain and describing the resulting relationships with recourse to
teleonomic terms.

Varela expands on this thus:

The possibility of choosing to ignore intervening nomic links is
at the base of all symbolic descriptions. What is characteristic
of a symbol is that there is a distance, a somewhat arbitrary
relationship, between signifier and signified. This is, of course,
very immediate in human discourse: Words and their contextual
meanings have such a remote and involved historical and
structural mode of coupling that any effort to follow such nomic
connection is hopeless (Varela, 1979, p. 73).

3. OF INDICES, ICONS, AND SYMBOLS

The introduction of the notion of distinct causal and symbolic
forms of explanation opens the door immediately to semiotic
issues, and we might feel it necessary to ask about the processes of
elision, compression, selection, and exclusion that are assumed to
underlie the teleonomic, or symbolic, account we provide in the
domain of observation. The confident assertion that we might
arrive at an acceptable explanation (for a specific community)
with free use of teleonomy, without thereby introducing the
bugaboo of teleology, requires some careful consideration. It
is virtually axiomatic in the hard sciences (physics, inorganic
chemistry) that an undisciplined appeal to function or purpose
turns any account into mere wishful thinking, while functional
ascription is riotous and exuberant in the psychological and
social sciences. Ecological and biological fields have their own
specific reliance upon certain kinds of functional description.
A biology of the organism is unthinkable without appeal to
function, but an ecological picture becomes more complex as
the environment turns out to be constituted by and constructed
by other living agents. Neo-Darwinian accounts of evolution
typically eschew any appeal to function. Care is needed here, and
the territorial issues that arise run deep. In particular, it would
behove us to be as aware as we can be of the frame of any specific
discussion, with its attendant unwritten commitments, and its
selective delineation of entities and processes, which, in being
discriminated, thereby bring a discursive landscape into being
within which some things can be expressed, and others not.

A possible starting point to ground such discussion lies in
the twilight domain of human somatic physiology, with one foot
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securely in biology and the other steeped in human values and
normativity. Here we might hope to refine our use of terms,
and to prepare the ground for subsequent discussion in more
contentious domains. We can take as our anchor, as the hinge
on which everything turns, our shared understanding we (as a
collection of observers, including you, the reader) have for the
importance of the integrity of the individual human body. It
requires little debate to agree that we need stories in which the
continued persistence of the human living body features as a
central element. Such accounts may, perhaps, be teleonomic, but
they are no less secure for all that, precisely because we share
this common ground, this unstated and inalienable interest in
the integrity of the human body. We usually do not have to
argue this, or better, if we adopt a stance toward the body that
does not presuppose this singular value, we will immediately
alienate other people with whom we jointly observe, describe,
and discuss things (different conversations may develop from
different starting points, with different framing considerations,
and different attachments to obligatory value commitments).

Given this common ground, it is now unproblematic to
provide two distinct, but non-contradictory, accounts of what
the heart is doing. In the domain of operation, we will observe a
complex unity composed of several cell types that displays gross
collective movement organized as a regular pulsation by means
of an appropriate distribution of nerve cells. In this operational
description, there is no place for any appeal to function. We ask
what are the parts of the heart, and how do they interoperate. The
heart, in this account, is a machine.

When we pull back and view the heart in its larger context,
we are drawn inexorably to consider its position as one organ in
a larger composite whole, the human body, in which we have a
concerned interest. Note that we could have chosen other frames
of reference, other contexts, within which the pulsation of the
heart would be a contingent detail, playing no organizational role.
However, in adopting the frame of physiological integrity, we
now see the heart as a pump. Its role in this context is to pump
blood, and the circulation of blood is an integral part of the sense-
making activity of the body considered as a whole as it perseveres
from one moment to the next.

The importance of these framing considerations that allow
us both a mechanical and a teleonomic account of the heart is
made clear by Stafford Beer in his preface to Maturana and Varela
(1980): “Note that Aristotle thought that the brain was a ‘human
radiator; namely an apparatus for cooling the blood. Note also
that he was right” (Maturana and Varela, 1980, p. 68). Framing is,
in a sense, everything.

Varela describes the teleonomic account as “symbolic” because
the continuous causal chain of a fully nomic account has, of
necessity, been interrupted in order to discuss the unity as it
appears to our curious gaze. This introduces a possible challenge
to any scientific account that leans on such a description,
should the abbreviations and simplifications that lie between the
teleonomic account and a strictly causal account be refused by the
collection of observers. This tension is an old one, long predating
the theoretical biology of autopoietic or enactive theories. To
examine this a little further, I will make use of the tri-partite
distinction between index, icon and symbol most commonly

associated with Charles Pierce, though my interpretation of
these three key terms will be my own. All three terms speak
of an intentional relation between a sign of some sort, and the
grounded incarnate reality of which the sign speaks. The sign
of which we here speak is an element within the domain of
description, whether it be operational or observational, for all
descriptions must employ words, symbols and the like. We might
take the situated collective discourse as an interpretant.

An index arises when there is a causal link that we can follow
exhaustively®. This is typically conceived of as a single step in
mediation. The body contracts a disease, and spots appear on
the skin. The spots stand in a causal relation to the pathology
and allow confident inference about the underlying condition.
The spots are an index. A polaroid photograph of a scene might
likewise be considered an index, as we can follow all causal
steps from the photo in our hands back to the distribution of
light in the original scene (more elaborate forms of photography
complicate things precisely because of representational hiatuses
that are introduced and the complex embedding of the original
registration in distributed patterns of activity, e.g., digital storage
on computers).

A symbol stands in a purely conventional relation to the world.
Causal links are not traceable in any complete sense. A symbol
might be replaced by another and, if the convention be adopted,
the symbol-referent relation will be preserved.

Between these two extremes lies the icon, and here I depart
more radically from Pierce’s account somewhat to adopt a
more expansive view of icons as they have featured throughout
millennia in religious wars and periods of iconoclasm, in
which the topic of heated disagreement (real wars!) lies in the
interpretation of the links between the descriptive element or sign
(an icon) and its presumed referent. Pierce relies on a notion
of “similarity” between icon and its referent, but the notion
of similarity turns out to be untrustworthy, as well-argued by
Goodman (1976). T will instead ask about the chain we must
follow to trace a path from sign to referent.

To a member of one of the Orthodox churches, which place
a high value on icons as objects of veneration, an icon is not
an arbitrary picture. It arises within a tradition, and the process
of icon production carefully guards against free invention and
whimsy at every point within that tradition. Innovation does
occur, of course, but it is strictly controlled, and acceptable only
when introduced by those steeped in the tradition. An icon is
typically a copy of another icon, and the lore of the tradition
traces specific icons back through a chain of careful copies to
some original. Of course the view of what an “original” is must
be left to those who lie within the tradition, but in an idealized
form (equivalent, perhaps, to the physicist’s spherical cow in a
vacuum) we might consider an origin in an acheiropoieton, an
image not made by human hands, such as the image of Christ’s
face imprinted on the towel of Veronica, or the shroud of Turin,
which has been claimed to be a direct imprint of Christ’s body

“There are accounts of indexicality in which causality here is explicitly ruled out.
I mean a one step overt chain of mediation, from pathology to spot, from face
to cloth, as causal, mediated through direct contact or continuity, without any
representational hiatus, and uncontested within the frame of a specific discourse.
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in the tomb. The first image, the acheiropoieton, is index-like,
in that it stands in a causal relation to the original. Within the
icon tradition, copies made from such an index likewise stand in
a chain, and the chain extends all the way to the situated present.
Of course this is not a causal chain in the sense implied by a
naturalized account, but the chain is not arbitrary either, and the
theoretical possibility of tracing the intervening steps is central
to the structure of the icon making tradition. This may be a
matter of faith, but it is a faith of the kind we ourselves display
when we regard the steps of mediation as unproblematic that
would serve to bring the operational and observational accounts
into alignment.

Iconoclasts object. The reasons for objection are inevitably
mired in the political discourse of the day, and the terms of the
debate, and its resolution, will differ from one instance to the
next. It is not necessary here to tease out fine distinctions between
worshipping an image or statue and merely venerating it, though
such debates have been important in allowing iconic traditions
to persist into modernity. The core of the iconoclasts’ objection
is, however, very similar to the disenchantment that arises in
scientific accounts when we adopt the strongly objectivist stance
of the hard sciences and bar any appeal to function. The trust in
an unbroken chain, it is asserted, is misplaced. The hiatuses are
unbridgeable.

Varela asserted above that any effort to follow the nomic
relations that gave rise to a specific embodied organization
we observe and describe is hopeless. This is the practical
impossibility outlined also in Cummins and De Jesus (2016) who
considered the limitations of a first order cybernetic sketch of
the enactive cell as so often presented in the literature. The cell
appears as an already-formed unity whose originary story is not
miraculous, but is also not something we can make perfectly
explicit, as doing so would require simultaneous description of
the entire history of the organism, and its sociality, that is, its
history and the history of everything it had interacted with and
everything those things had interacted with, and so on until we
are forced to draw the entire history of the cosmos into our
account. There is no obvious limit to the degree to which the
contingencies of history and prior interaction (and the prior
historical trajectories of each of the interactants) are relevant to
the present observations. Put baldly: some assumptions are going
to be necessary if we are to assert anything at all of substance,
or, to paraphrase Richard Feynman: In order an answer any why
question, we much be within some frame of reference, in which
some things are simply allowed to be.

Varela is asking us, as embodied beings, to join the faithful.
The faithful here is merely the set of embodied beings who try
to understand their world and its inhabitants, from singular
perspectives rooted in the unity of the personal body. The trust
that is required is that it might be possible, in principle, to move
from the teleonomic observational description to the mechanical
operational description, even if such a move is impossible on
practical grounds. The reasons we might be willing to join him
is the logical coherence of the framing which makes the activity
of the living intelligible to us, and the desire to develop accounts
in which the singular perspective associated with the individual
body is a central anchor. The consensus we arrived at with respect

to the heart provides grounds that we might cautiously grow such
accounts to better understand what it is to be an embodied being.
No guarantees are provided.

4. THE INNOVATION OF ADAPTIVITY

Adaptivity was introduced in Di Paolo (2005) as an attempt to
bridge the link between an operational (mechanistic) account of
the cell and an observational account (teleonomic). It was noted
that the strict separation of the two accounts left an explanatory
gap, as there was no obvious way in which the operational
description of a cell could take into account operating conditions
in which the continued flourishing of the cell was threatened
by external conditions. The proposed additional concept of
adaptivity to the vocabulary of enaction sought to allow a view
of the cell as self-regulating with respect to the boundaries of its
own viability. Absent this additional concept, the activity of the
cell could not be properly viewed as sense-making.

Di Paolo identifies two separate normative dimensions that
call out for recognition in an account of a living unity. The
first is the norm exhibited by an autopoietic entity, resulting in
the continued process of self-maintenance and self-distinction.
The second is the norm of sense-making, which must, it seems,
appeal to homeostatic (i.e., cybernetic) concerns and is thus not
available in the purely operational terms provided by autopoietic
theory. I suspect that Di Paolo is correct in his view that
some notion of self-regulation is necessary to understand the
living being as a locus of self-concern, and that this does not
follow from the strictly causal account provided by the domain
of operation.

The norm generated by autopoiesis, which produces and
distinguishes the unity simultaneously, allows us to recognize
when it has been violated: the cell is dead. As a norm, this
must be apportioned to the domain of the observer, for it was
we who chose to pick out the cell as a unity. The norm that
distinguishes existence from non-existence never played any
role in the domain of the operation of the now deceased cell.
In this respect, we might also recognize a norm arising from
the suite of atmospheric and topographical processes that bring
into being a tornado. Here too, if we have chosen to identify a
tornado as a dynamically individuated entity, we can distinguish
between situations in which it exists, and when it goes away again.
There is no suggestion I am aware of that a tornado actively
regulates the condition of its own existence, and if one were to
characterize any such activity, it might be viewed as likely to
succumb, upon further study, to a purely nomic account, devoid
of any teleonomic terms. But tornadoes belong in a different
conversation. We are here concerned with unity and autonomy
as exhibited by the living.

Crucially, there is more than mere existence as a dynamically
individuated entity at stake here. With respect to the discursive
exemplar of the chemotactically ascending cell, Di Paolo notes
“Bacteria will not seek higher concentrations just because they are
autopoietic, since improving the conditions of self-production is
not part of the definition of autopoiesis” (p. 437). Rather, self-
production, in this case, requires that encounters with the world
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are “evaluated” by the system in as much as they contribute to the
maintenance of autopoiesis. In the absence of such evaluation,
it would appear that an autopoietic account might preclude any
satisfactory account of stress, illness or fatigue, for the cell is not
provided with any means to notice or respond to changes in its
environment that do not actually kill it. This is an important
lacuna for any biological theory of the organism.

However if we come back to the strictly separated domains
of operation and observation, we find that the mechanical
characterization of the cell that is repeated again and again
provides almost all the required machinery to carry out this
“evaluation” in a strictly non-teleological manner, for the cell as
described is not just a collection of metabolic processes, but it
is conventionally described as having means for registering the
ambient glucose concentration over time, and means for allowing
that determination to modify the probability of switching from a
random to a directed mode of locomotion and back again. This is
the first order cybernetic machine we noted above. Augmenting
this mechanism with a graded response to ambient glucose
concentration provides a similarly mechanical implementation
of adaptivity. It is a carefully drawn sketch of what it is to be
sensitive to something. As with any such machine, the goals
that we recognize are external, as imposed by the designers
of the machine, which is us as we make distinctions in the
domain of observation.

What seems to be missing here is the assent of the community
of observers that the teleonomic description could, in principle if
not in practice, be unrolled into a much larger nomic account,
without any fanciful inventions. This is the leap required of
the observing community by Varela in order to “conceptually
abbreviat[e] the intermediate steps of a chain of causal events,
and [to] concentrat[e] on those patterns that are particularly
interesting to the inquiring community” (Varela, 1979, 92). In
Cummins and De Jesus (2016) an argument was made that
two essential elements were missing from the portrait of the
enactive cell that must be included in any account of any living
organism: historicity and sociality. Each of these precludes any
exhaustive reckoning for any real case, making the causal chain
strictly untraceable, leaving us with the necessity of evaluating,
for ourselves, the plausibility of the leaps and bounds required
to produce the cell we see. The mechanical elements that do the
heavy lifting, steering the cell toward its nutritive source, have
been drawn by us, on the shared understanding that the cell is
not merely alive, but self-regulating.

Reliance on the untestable assumption that the two domains
of observation may be reconciled in principle if not in
practice may look worryingly like a leap of faith, rather
than a strongly objective scientific programme. I want to
suggest that this is not quite accurate, it is not necessarily
a problem (though it demands being taken seriously), that
it opens the way toward a scientific epistemology grounded
in the embodied concerns of the living, and that the need
to introduce adaptivity to such an account demarcates an
important development in enactive theory that takes it beyond
autopoiesis, and has consequences for the further development
of such theory.

5. OF THE QUESTION OF
NATURALIZATION

I have deliberately employed scandalous terms, such as “faith”
and “faithful” as a counterweight to the repeated use of the terms
“science” and “nature,” “natural” and “naturalization” as they
have been wielded in the enactive literature, taking particular
note of their use in motivating the innovation of adaptivity in
Di Paolo (2005). I do this to draw out the necessary tension that
arises around what might be considered a “naturalistic” account.
The term “naturalization” is wielded most often when the
concepts in play seem to be of dubious ontological status, relying
on assumptions that have been freely invented, rather than
painstakingly induced through observation. Thus, for example.
Barandiaran (2017) asserts that theories of autonomy provide a
“naturalized account of normativity,” Di Paolo, drawing on Jonas,
discusses a “naturalization” of teleology, and asserts that the suite
of fundamental notions that enactive theory has received from
autopoietic theory needs to be augmented with the notion of
adaptivity in order to “naturalize sense-making” (Di Paolo, 2005),
which in turns leads to considerations of “natural agency.” Weber
and Varela (2002) provided a somewhat convoluted argument
that sought to “naturalize teleology” without falling into the trap
of reductionism. Behind the desire to naturalize our accounts
stands the hope that the hiatuses that interrupt the symbolic
account can, in principle, be unified with the continuities of a
causal account, so that apparent teleology will be shown to be no
more than mere teleonomy.

When we maintain care in our distinctions between the
operational and observational domains, it is of paramount
importance that we examine the extent to which we are relying
on appropriate epistemological foundations. The reflexive self-
awareness of the observer (community of observers) drawing a
distinction is a central part of any enactive account, and this
second-order cybernetic injunction precludes any unthoughtful
appeal to a simply existing world. Rather, it requires that
the distinctions drawn be uncontroversial for the observing
community. This rules out unreflective reliance on notions of
the physical (pre-existing? products of physical theory? or merely
uncontroversial?), the objective, or even the natural. We can
illustrate this by appeal, once more, to how the heart features
in an operational and an observational account. It would not
be unreasonable to describe William Harvey’s influential account
of the circulation of the blood (1628) as a naturalization of the
role of the heart in the economy of the body. The account was
not immediately accepted, but needed further argumentation
and the test of public debate to come to its present role as a
generally shared understanding. This consensus was possible as
it was effective at making intelligible to a broad community
how the heart functions given the framing context of the body’s
physiological organization. The 2-fold view of the heart is,
I hope, not perceived to be at variance with the tenor of
scientific accounts.

We might be reminded at this juncture of the traditional
contrast between emic and etic accounts of the form of structured
human behavior. This distinction was introduced by Ken Pike
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(1967) to bring coherence to our descriptions of many domains
of human activity. The origin of the contrast lies in the
relation of phonetics (etic) to phonology (emic). Phonetics deals
with uncontroversial observables: muscles, spit, waveforms of
vibrating air, ear morphology, and so on. Phonology is an abstract
structural domain of discrete elements (phonemes) which, it is
asserted by linguists of a certain stripe, constitute basic element
of a language. One might adopt an iconoclastic position with
respect to the abstract domain of phonology (Port and Leary,
2005), and yet merrily work alongside a phonetician, whose
observations are grounded, at least potentially, in the secure space
of physical (here, meaning only uncontroversial) measurement.
Emic accounts require us to agree on the structure of a domain
in terms agreed by specialist practitioners. Such an account is
an insider account, drawn in terms meaningful to those who
subscribe to the discursive frame. It co-exists with etic accounts
which might be understood as those made by outsiders, or that
are couched in terms accepted and presumed by all discussants,
without prior commitments to the dimensions and distinctions
of the emic story.

The emic/etic distinction has traveled far afield. The need to
accommodate insider and outsider views of cultural forms of
organization arises, for example in cultural anthropology (Harris,
1976), cross-cultural psychiatry (Marano, 1982), comparative
legal studies (Morris et al., 1999), ethnomusicology (Alvarez-
Pereyre and Arom, 1993), cross-cultural psychology (Triandis
et al., 1993), and many other fields of comparative social science.
This allows parallel descriptions of one and the same event to
be couched, one drawing on distinctions accepted and required
by insiders, and another that requires no such commitment. So,
for example, an etic account of the Roman Catholic sacrament of
the eucharist would document liturgical form, event sequences,
historical development, aesthetic qualities, etc., while an emic
account would note that the event of transubstantiation takes
place at a particular moment in the ritual, after which the host
is changed in substance. Emic and etic accounts can exist in
felicitous parallel as long as such borders are clear, as Pike’s own
use of a church service and a football match remind us.

To many, autopoiesis seemed to open the way to finally
arriving at scientific, objective, accounts of what it is to be a
living being. Enactive theory has grown beyond the autopoietic
characterization of the single cell, and has set its targets on multi-
cellular entities, and their social and ecological domains. At stake
here is the foundation of scientific epistemology for science as
conducted by embodied beings in the domain of the living. The
rush to subsume enactive accounts under a science that has itself
not yet developed such an epistemological foundation seems to
this author to run counter to the promise that enaction holds out.
The cautious distinctions between causal and symbolic accounts,
together with the insistence that the community of observers bear
responsibility for the distinctions they draw, suggests that the
sciences of the living might be better understood as rooted in
the kind of reflexive care that enaction has to offer, rather that
viewing enaction as a specialization within scientific discourse.
For it is in the care of drawing distinctions that are adequate to
the task of explanation to a specific community that enaction
can provide a foundation for epistemology in which the tools,

methods, and insights of science can flourish. This is a bold
claim, but one that might merit consideration as we take stock of
what role scientific argumentation will play in a future in which
our own position within the biosphere is threatened, and an
urgent need arises to reconsider what a truly ecological science,
capable of understanding the interdependencies of the living,
might look like.

In a recent volume, Latour (2017) lays out a cogent argument
that the concept of “nature” has become an impediment to
our understanding of ourselves, our world, and our practices.
“Nature” has played several different and incompatible roles in
all such accounts. On the one hand, it has been thought of in
operational terms (to adopt our present conceptual vocabulary).
It is the non-negotiable domain whose characterization must be
free of normative claims, for this is simply how things are. On
the other hand, nature has been conceptualized as pointing the
way toward felicitous being in the world, set apart from artifice,
corruption, pollution, human hubris, as we speak of the nature of
a species, of human nature, or of 100% natural yoghurt. Nature,
here is strongly normative. When prescription (normativity)
and description (operational accounts) become confused and
inseparably entangled, there is no way in which our common
articulation of a shared understanding can be rendered apolitical.
Embodied beings are beings with specific vested interests. A
science done by and for embodied beings is never free from
the negotiation of the collective whose joint observations, and
consensual distinctions, provide its raw material.

Latour does not offer a simple substitute. By leaning on the
provocative figure of Gaia (Latour, 2017), he introduces a view of
the territory we live on as multiple, contested, and saturated with
agencies we are only beginning to recognize, but with which we
have to contend. Gaia is a muddle and a mess, not a unified causal
domain, and the frequent misunderstanding of Gaia as some kind
of self-regulating super-organism is absolutely not what is being
proposed. There is no helmsman in charge of the whole. The shift
that is required is from a thoroughly disenchanted deanimated
world driven by inexorable Laws of Nature to recognizing that the
biosphere is animated through and through, with different kinds
of organizational unities interacting, each affecting and being
affected by others, each constituting part of the environment for
the other, so that the notion of “an environment” goes away
entirely, consigned to the same scrapheap of legacy concepts,
such as Nature, or even Human.

The familiar distinction of humankind separate from the
natural world is as incoherent, in his view, as the idea that we
can cleanly separate the cultural, symbolic domain from the
deterministic and causal. Once more we are faced with the task
of reconciling symbolic and causal accounts, but, under the new
climatic regime, or as he puts it, after the ecological mutation,
our task is not merely clarification and the sharpening of the
distinctions we draw. Rather, it is a diplomatic task in which
we construct our best objective accounts using the tools and
methods of science, to learn how to co-exist with others on the
only territory that is available to us. An objective account, in this
framework, is not the pristine transparent representation of an
immutable truth, but an account that can withstand objections.
This was the lesson William Harvey had to learn too.
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Ecology clearly is not the irruption of nature into the public space
but the end of “nature” as a concept that would allow us to sum up
our relations to the world and pacify them (Latour, 2017, p. 36).

The emic/etic distinction is importantly different from a contrast
between causal and symbolic accounts. Emic accounts make
sense to insiders, whether they be phonologists, economists, or
shaman. Etic accounts make use of uncontroversial observables
(for a specific community), but they are necessarily prior to
the commitment to any specific emic interpretation. Yet in
considering our position among the living, we are all, to some
extent, insiders. There is no outside vantage point we can adopt
from which to illuminate an external reality. There is no outside.
We are here. The process of pulling back, enlarging the frame
to include our own commitment to distinctions that make
our observations intelligible, goes on indefinitely (Nagel, 1986).
Autopoiesis kicks things off, by providing a specific account of
what the unity is that we see as a cell. Enactive theory goes further,
not by changing its origins, but by drawing further distinctions as
different kinds of unity are considered. As the questions change,
so the set of concepts that we rely on, that we are happy to
consider etc., will change.

Adaptivity seems to provide one such extension, and to point
the way to which the general enactive framing will make possible
specific kinds of scientific accounts within specific domains.
The innovation of adaptivity is to regard one link in the chain
of mediation as closed, by taking particular cybernetic norms
as given, and in need of no further justification to a specific
community of observers. In consideration of the metabolic sense-
making activity of a lone cell, it is by no means difficult to assent
to this, no more difficult, in fact, than to accept the role of the
heart as a pump. But it is useful to recognize what we have done
when we provide such assent. Joint recognition of the autopoietic
nature of the cell was possible because we recognized it as a self-
producing unity. Joint assent to the innovation of adaptivity is a
further step, one that embeds all subsequent accounts that build
on it within the frame of sense-making by the unity observed.

6. ON LEVELS AND DISTINCTIONS

Varela (1979) produced a formidable formalization of the
enactive agenda in his Principles of Biological Autonomy. In that,
he extended the foundational work of Spencer-Brown (1969) as
laid out in his enigmatic and profound Laws of Form. Spencer-
Brown tries to find a starting point for formal description that is
prior to both mathematics and logic, and he does so by taking
as given the idea of distinction and the idea of indication. A
distinction, we might observe in the present context, is drawn
by a community of observers when they pick out, by indication,
something to characterize. The unity that is at the origin of the
autopoietic account is distinguished by being so picked out. At
the outset, Spencer-Brown says “There can be no distinction
without motive, and there can be no motive unless the contents
are seen to differ in value” (p. 1).

To embodied beings, the motive is clear. We recognize the cell
as a minimal form of life, and we understand its sense-making
as an activity that continuously produces the distinction between

self and non-self. We value the living over the inert. This is the
starting point for the enactive programme. It is not the starting
point for all formal or informal discussion, but it is a principled
starting point when we wish to progress to a scientific account
that can be relevant to the lives of individual embodied beings.

Louis Kauffman describes the intertwining of the observer and
the observed thus (Kauffman, 2017, p. 11):

An organism is seen, by an observer, to make a distinction. By
starting with a distinction we understand how (for an observer)
the organism exhibits structural stability and autonomy, and
becomes an exemplar of the living. This notion of distinction
is crucial to our understanding of the nature of an organism
and the nature of life itself. The distinction is a joint creation
of the organism in its environment and the observer. Together
they give life to the organism. The distinction does not appear
without the observer, and the distinction that is the organism does
not appear without the actions of the organism, producing itself
from itself through components taken from and given back to
the environment.

The introduction of adaptivity in order to license the cybernetic
machinery of the lonesome cell draws a further distinction. This
too is motivated, but the motive is a step further than the
indication of a distinguished dynamically persisting unity. One
could draw further distinctions, for many reasons. It is a long way
from the cell to any account of a multi-cellular body, and along
the way, our accounts will involve the drawing of distinctions
that might be contested. Distinctions drawn within one domain
of discourse may be pursued and refined, while they may be never
drawn in a separate discourse.

Within the calculus of indications developed by Spencer-
Brown and used by Varela, we can draw further distinctions
predicated upon any starting distinction, traveling down
into a world of detail and structure. We can also undo
distinctions, popping back up to higher levels, and allowing
different subsequent courses of discrimination, with different
commitments. This calculus formalizes the operations which are
both kataphatic (drawing distinctions) and apophatic (undoing
distinctions). If kataphasis produces positivist assertions,
apophasis tentatively undoes prior distinctions, allowing us to
regard the effect of such distinctions, and the landscape that
opens up if we had chosen other distinctions and pursued other
debates®. We can get a sense of how this applies to the discussion
of the cell by contrasting the operational and observational levels
of description.

At the operational level, the cell recursively produces itself. It
does so with no reference to any environment. Environmental
influences are seen as external perturbations, uninterpretable,
though exerting influence on the processes of production. The
components of the cell are taken as given and we pay attention to
their mutual relations.

When we pull back and consider the cell in its environment,
the cell, which was characterized as a suite of processes, is
now cast in a different role, as a distinguished thing that

*Iconoclasm seeks to disenchant by denying specific attributions; Apophasis is a
rhetorical move, allowing consideration of alternative framings and starting points.
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exhibits a behavior, predicated upon inputs (glucose readings)
and outputs (locomotory activity). Calling something a behavior
is a cybernetic, purposive, characterization. It comes at the
cost of simplifying the account of the cell, removing reference
to recursive self production, and the important simplification
that the outputs of the cell are assumed to simply land in the
environment, without consequence for its characterization.
We can continue to pull back. To quote Varela once more:

The cell biologist emphasizes the cell’s autonomy, and views the
organism of which it is part as little more than a source of
perturbations for which the cell compensates. But the physiologist
views the cell as an element in a network of interdependences
constituting the individual organism: This corresponds to a wider
view of environment, namely the ecology in which the individual
participates. A population biologist makes his distinctions at a still
higher level, and largely ignores the cell. A similar hierarchy of
levels can be found in the social sciences. It seems to be a general
reflection of the richness of natural systems that indication can be
iterated to produce a hierarchy of levels (Varela, 1979, p. 85/86).

Varela here might be misunderstood, and the misunderstanding
can best be seen by returning to our opening theme of breaking
the fourth wall, which can have two contrasting effects: widening
the magic circle, or extinguishing the drama.

Widening the circle is analogous to the approach taken by
Nagel to “objectivity”:

To acquire a more objective understanding of some aspect of life
or the world, we step back from our initial view of it and form a
new conception which has that view and its relation to the world
as its object. In other words, we place ourselves in the world that
is to be understood. The old view then comes to be regarded as an
appearance, more subjective than the new view, and correctable
or confirmable by reference to it. The process can be repeated,
yielding a still more objective conception (Nagel, 1986, p. 4).

For Nagel, this process never stops. There is no view from
nowhere that cannot be improved by pulling back, and forming
a larger, more encompassing view that takes our position as
observers into some account. The magic circle continues to
expand, but the drama never stops either. It just gets bigger, as if
all descriptive accounts could be accommodated within a single
regime of truthful correspondence. The nature of the account
at one level is also not fundamentally altered as we move up
and down the levels. Introducing the hermeneutic reference to
our own role as observers does not change the characterization
of anything that went before. It may serve to relativize our
previous account, but it does not fundamentally change it. To the
extent that it admits of continued enlargement, this approach to
scientific description is universalizing in its character, and in the
asymptotic limit it would reach a picture of “nature” where all
truths are written.

Latour, to whom this universalizing approach to nature is
anathema, lampoons the idea of a universal regime of truth. In
his 2013 Gifford Lectures on Natural Theology, he takes David
Hume as his foil, and says:

For him, it seems, there is just one regime of truth that he may use
exactly in the same fashion to ask his butler if he should carry an
umbrella to visit his friend, Adam Smith, if his mistress loves him
for good, if Cromwell was born on the 25th of April, 1599, or if
God is a spider, an architect, or a giant vegetable (Latour, 2013).

Latour is, of course, more sensitive than most to the muddles that
arise when we pretend that objective descriptive accounts can be
cleanly separated from those that lean on function, purpose, or
behavior. The sensitivity to the responsibility of the community
who draw distinctions makes all such scientific work inherently
political, and the reliance on indubitable commitments of
a community of observers makes religious considerations a
necessary part of ecological discussion too.

Varela is not relying on this kind of universalizing approach
to “nature.” Here, we might return to the deflationary effect
produced when breaking the fourth wall, as Brecht and
Jodorowsky employ it. When we draw our attention to the role
of the observers in drawing distinctions, we do not simply add
the observer as another represented element within a somewhat
enlarged discursive domain. Rather, it becomes clear that the
observer community is always a participant in founding the
epistemology. A participatory epistemology is revealed in which
describer and described are interlocked. In Spencer-Brownian
terms, we say that the distinction is reentered in the space of
the observer, making those drawing the distinction responsible
for the distinctions they draw. “Own your own distinctions!” is
the injunction.

7. ECOLOGICAL PSYCHOLOGY AND ITS
RELATION TO ENACTION

The field of ecological psychology seems to be poorly named. It is
not concerned with most of the broad concerns that motivated
the foundation of scientific psychology, often enumerated as
experience and behavior. On the experience side of the account, it
has nothing to say about phenomenology, experience, emotions,
or feelings®. Two of the three central pillars that have enabled the
construction of the psychological subject, perception, attention,
and memory, are omitted altogether, while the third, perception,
is redefined in relational terms, thereby radically transforming
the notion of perception to something quite alien to all
internalist theories. It typically addresses the control of behavior
with minimal reliance on an executive controller. The term
“ecological” is also unfortunate. It fails to take any engagement
with ecology seriously as it inevitably assumes a physical
environment as a given, and it ignores the interdependencies of
multiple life forms. Perhaps a rebranding is in order?

Yet it has provided some of the most assured, insightful and
powerful accounts within the domain of perceptually guided
action. The old injunction to ask what the head is inside of,

My ecological colleagues will rightly disagree, as a great deal of recent work, e.g.,
by Rietfeld, Chemero, and others, significantly expands the scope of ecological
accounts. Here, I draw this picture in broad and crude strokes, leaning on
early canonical work that has come to partially define the field, and in that
limited context, I believe, the field is built in terms foreign to most of the
field of psychology.
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instead of what is inside the head, turns out to set an excellent
working agenda, that can be tackled using clearly defined
concepts, empirical variables that can be directly measured,
and to produce insights about the fit between the capacities
of an organism and its immediate physical surround. The
technical innovation of the affordance allows such relations to
be explored in functional terms, relative to the goal-directed
behavior (Chemero, 2003).

To many researchers, most of the present contributors
included, there seems to be something quite compatible between
the subject-world relation explored reflexively within enaction
and the organism-surround relations laid out and quantified
within the Gibsonian frame. And yet nothing in the foregoing
discussion would be at home in an ecological psychology
account. Why?

Let us take, as an illustrative example, the famous account
of diving gannets by Lee and Reddish (1981). The work is
sufficiently well-known that we can skip almost all of the
details, looking only at those aspects that speak to the ongoing
discussion. In that work, the expanding pattern that must be
present on the retina of a perpendicularly diving bird as it
approaches the textured surface of the water was considered, and
found to be highly informative. Specifically, the time to contact
with the water was directly available in a variable 7, derived from
the rate of expansion of inhomogeneous elements in the optical
pattern on the retina. Recognizing that this valuable information
is just there for the taking greatly transforms our understanding
of what the bird is doing, and what part of that might be
apportioned to internal mechanisms. Gannets must dive with
outstretched wings, but must retract them before entering the
water. The presence of information on the surface of the retina
about time to contact allows us to vastly reduce the explanatory
load on hypothetical internal mechanisms, requiring little more
than a thresholding mechanism to trigger wing retraction.
Without the insight provided by the relational analysis, one might
be fooled into attributing all kinds of complex computations
and discriminations to the bird’s brain (Van Gelder, 1995). The
analysis transforms our view of what is going on completely.

But note the frame that is assumed by this analysis. We
have a bird and a physical environment, both of which are
taken as given. We have a behavior that is also presumed, with
no reference to the observer. Because all organisms must feed,
the behavior seems uncontroversial, and in need of mechanical
explanation. Indeed, mechanism seems to be the preferred type
of explanation in much work within the field (Golonka and
Wilson, 2019). To the extent that behavior and environment are
characterized to the satisfaction of a community of observers,
the Gibsonian analysis appears especially insightful. The relation
often described as “perception-action” is given a quantifiable
objective (in these particular parentheses) characterization.

But a bird is far more than a mere organism. The enactive
use of the term organism is usually grounded in consideration of
the minimal form of life, the cell. Calling something an organism
leaves much unsaid, but the frame will license discussion of some
specific kinds of behaviors common to all organisms: feeding,
excreting, locomoting, and perhaps a few more. Where most
scientific psychology is still lamentably prone to using normative

and teleological constraints as if Vitruvian Man were the accepted
norm for a human, we have no Vitruvian Organism we can
rely on. Diving for fish, wing-spreading and retraction are not
behaviors that are common to all organisms, but they make sense
in the shared discursive frame of the diving gannet viewed by
behavioral scientists. Other organisms might leave us less secure
in our framing of behavior or environment. Microscopic marine
monsters, eyelash mites, corals, these cannot be viewed in the
same way as a diving bird or a playing human child.

When ecological psychology employs the term “organism,’
I cannot escape the feeling that it is trying to get away
from the commitments of most psychological frameworks,
and to suggest allegiance to the world of broader biological
accounts. This is, of course, entirely in the spirit of the enactive
approach, but the pictures so drawn are specific kataphatic’
elaborations drawn as required by the consideration of specific
behaviors recognized in advance. The ecological analysis starts
by singling out a “behavior” to be characterized, by fixing the
organism/animal/agent and the environment of relevance, and it
builds its account from there. In so doing, it frequently has the
result that much of the explanatory load normally consigned to
hidden interiorities and brains is reduced, but not removed.

8. ATTRIBUTING MINDS, SOULS, AND
MORE

The reflexive characteristic of a discourse within an enactive
framework requires that we be explicit in our assumptions,
in the distinctions we choose to draw, and their acceptance
or contestation by those conducting the discussion. But no
discourse can make all distinctions patent. No matter how
fundamental the frame we carefully draw, it is always drawn
within a larger, unwritten and unspoken frame. In Spencer-
Brown’s formalism this is referred to as the unwritten cross,
assumed to accommodate those distinctions that do not need
to be drawn, because they are uncontroversial (Spencer-Brown,
1969, p. 6).

The ecological psychologist typically leaves consideration of
agency at the door. The task-centered nature of the description
is assumed, as the structure of the task is probed. There is an
unspoken presumption, therefore, that whatever else is necessary
for more complete, or merely overlapping discourses, will be
found elsewhere. In this way, a Gibsonian is not committed to
any fixed view of mind, agency, or individual executive control.
Different framings of different tasks will leave unaddressed
commitments at the door.

In this respect, a Gibsonian account is once more entirely
within the spirit of an enactive approach. When we move beyond
the bare recognition of autopoietic self-production and self-
distinction and consider the cell as a minimal sense-making
form, we find we need further distinctions to conduct our
account. This is where adaptivity is introduced, because it is
needed. It is an add-on though, demanded of the specific
example being discussed. This is how an enactive framing grows

7That is, built upon specific positive distinctions required to conduct the discourse
in a manner intelligible to all discussants.
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its distinctions within specific discourses, creating descriptive
domains of increasing detail and complexity. Further attributions
will be needed as more complex systems are considered. Each
add-on might be contested by the observing collective, and
the resulting detailed detailed descriptive characterization will
depend on the consent of the collective to make sense. Objectivity
in parentheses allows us to nest parentheses, but we need to clean
up after ourselves, and not assume that distinctions drawn and
accepted within one discourse can thereby be wielded without
caution more generally.

The elephant in the room I am skirting around is the
psychological subject, so central to most narrative accounts of
the person. Centuries of debate, and 150 years of constructed
methods and experimental vehicles have installed in most of our
debates the idea that a person is a subject who perceives a world,
allocating attentional resources, with access to a transcendental
memory database, and ruled over by an executive controller.
This is a being endowed with something called a “mind” and
animated by a single spirit. Spelled out in this stark fashion, one
might indeed begin to ask whether the distinctions drawn that are
necessary to allow this descriptive figure to go unchallenged are
either secure or might demand consent. If one addresses any of
the central elements in this construction, they are easily seen to
be subject to challenge, and they become entirely untrustworthy
in any debate not framed by some kind of materialism. The
Buddhist roots of much of the enactive approach are destabilizing
precisely because they belong within a different metaphysical
frame. Increasing awareness of the existence of Buddhist or
Advaitic frameworks, in particular, might help to increase
awareness that the dualities required to support the psychological
subject are local in character, grew within a specific cultural
and theological framework, and to encourage us to consider
alternatives. There is not room here to pursue this in depth,
but the foregoing discussion allows us to perhaps provide a
weak pointer.
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Two important issues of recent discussion in the philosophy of biology and of the
cognitive sciences have been the ontological status of living, cognitive agents and
whether cognition and action have a normative character per se. In this paper | will
explore the following conditional in relation with both the notion of affordance and
the idea of the living as self-creation: if we recognize the need to use normative
vocabulary to make sense of life in general, we are better off avoiding taking sides
on the ontological discussion between eliminativists, reductionists and emergentists.
Looking at life through normative lenses is, at the very least, in tension with any kind of
realism that aims at prediction and control. | will argue that this is so for two separate
reasons. On the one hand, understanding the realm of biology in purely factualist, realist
terms means to dispossess it of its dignity: there is more to life than something that
we simply aim to manipulate to our own material convenience. On the other hand, a
descriptivist view that is committed to the existence of biological and mental facts that
are fully independent of our understanding of nature may be an invitation to make our
ethical and normative judgments dependent on the discovery of such alleged facts,
something | diagnose as a form of representationalism. This runs counter what | take
to be a central democratic ideal: while there are experts whose opinion could be
considered the last word on purely factual matters, where value is concerned, there
are no technocratic experts above the rest of us. | will rely on the ideas of some
central figures of early analytic philosophy that, perhaps due to the reductionistic and
eliminativist tendencies of contemporary philosophy of mind, have not been sufficiently
discussed within post-cognitivist debates.

Keywords: enactivism, ecological psychology, affordances, normativity, dispositionalism, analytic philosophy,
representationalism, agency

INTRODUCTION

I will begin by distinguishing between two forms of antirepresentationalism, one regarding
cognition and the other regarding language. I will then claim that, even after having presented
a serious challenge and alternatives to the former, there can be a residual form of linguistic
representationalism behind the thought that we are in the business of describing facts and referring
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to free-standing properties when we speak of affordances or
give normative explanations of agency (section “Ontological
Approaches to Affordances and Normativity”). In section
“Non-descriptivism and Rule-Following” I will review some
alternatives to descriptivism that draw from early and recent
analytic philosophy: some vocabularies, normative, evaluative,
intentional, are fundamental for our understanding of nature
but they do not bring commitments to additional entities. I
will then explore how these ideas apply to the possibility of
non-social normativity (section “Non-social Normativity”) and
to the relationship between ontological and normative/ethical
perspectives on life, cognition and agency (section “Ontology
and Ethics”). My central target is to free up a space after
exposing three apparent ontological dilemmas as leading to
dead ends: either affordances are intrinsic properties or there
is no distinction between describing and evaluating (section
“Ontological Approaches to Affordances and Normativity”);
either the mind has a causal role in nature or we should abandon
our mental vocabulary; and (section “Non-descriptivism and
Rule-Following”) either values and norms exist independently
of evaluative practices or they are a mere projection from a
provisional stance (section “Ontology and Ethics”).

The present special issue deals with the convergence and
complementarity between enactivism and ecological psychology.
This is a refreshing and much needed alternative to one common
approach to the relationship between both research programs,
namely trying to highlight the alleged superiority of one over
the other regarding, say, learning, the role of the agent, the role
of the environment or the possibility of giving explanations that
scale up to linguistic or social phenomena (Varela et al., 1991;
Flament-Fultot et al., 2016; Di Paolo et al., 2017). The topic can
be an invitation for an alternative take on the issue, which I
won’t pursue, but I assume that is both feasible and desirable:
to embark on an ecumenical collaboration between ecological
psychology and enactivism, putting together the strengths of one
and the other for the major glory of a positive alternative to
representationalism and cognitivism (Heras-Escribano, 2019a).
However, I think that there is a less explored perspective
regarding the convergence of both traditions, one that precisely
aims at deepening the antirepresentionalist character of the new
paradigm by warning against a common danger that lies ahead, in
slightly different forms, for enactivism and ecological psychology,
the danger of conflating normative questions with ontological,
descriptive ones.

To do so I'll draw on a philosophical tradition, analytic
philosophy, which is often ignored in the post-cognitivist
discussions in favor of phenomenology, perhaps because many of
its main representatives in the second half of the last century have
embraced physicalist or functionalist agendas in the philosophy
of mind. However, I think that such agendas are the result of
deliberately misunderstanding or plainly ignoring the ideas of
analytic philosophers from the previous generation. In which
way can a philosophical tradition centered on conceptual analysis
often performed without much attention to empirical issues
illuminate debates regarding, as in our case, the relation between
ecological and enactive approaches to cognition? I think that,
at the very least, some methodological clarity may be obtained

when thinking about some questions that have been a source of
perplexity for philosophy through the centuries—in the case at
hand, questions such as “what is life” or “what is mind” or “what
is agency”—in terms of the kind of thing that do we do when we
say that something is alive or minded or an agent. The questions
may become more tractable as well as less abstract and more
related to practice.

I can be illuminating to call attention to the fact that the two
above-mentioned philosophical strands, phenomenology and
analytic heterodox, together with pragmatism, constitute the core
of Rorty (1979). The reason I believe it is important to briefly go
back to Rorty is that his opposition to representationalism has
two sides that are not always distinguished, a cognitive/epistemic
one and a linguistic one: we can pursue a conception of the
mind with no representations mediating between the cognitive
agent and the world and still retain the idea that the main
function of language is to represent reality, to describe facts,
objects and properties. The mirror of nature that Rorty wants
to expel from philosophy is both the mind as a mirror and
language as a mirror. While a lot of attention has been
paid to the problems of representational understandings of
the mind within the cognitive sciences, and both ecological
psychology and enactivism can be seen as deeply articulated
positive non-representational alternatives (both avoiding the
idea that cognition is computation over internal or external
representations), antirepresentationalist views of language have
tended to remain within the confines of traditional, purely
conceptual analytic philosophy. Post-cognitivism can benefit
from an emphasis on the idea that some, perhaps most, of our
linguistic practices don’t aim to describe a reality that is there
anyway but to take an evaluative stance. To think of affordances
as intrinsic properties of things that exist independently of
the agents that could perceive and take advantage of them
and to think of normativity as a describable feature of
the pair agent/environment may be two sides of the same
conceptual pitfall.

ONTOLOGICAL APPROACHES TO
AFFORDANCES AND NORMATIVITY

As I mentioned above, I am highly optimistic regarding the
complementation between ecological psychology and enactivism
toward the common project of replacing a representationalist,
intellectualist and computationalist conception of life and
cognition. I think that there would be a lot to be gained if
the different emphases on the meaning-making and evaluative
character of cognitive agents, on the one hand, and on the
direct perception of information in the environment that is
relevant for the agent, on the other, are just that, a difference of
emphasis. The plea that I hope to make for keeping ontology and
normativity apart is grounded on the rejection of: (1) the realist
idea that values—meanings, relevancies, affordances—could be
individuated without any reference to practices of evaluation
(either those of the agent that finds them of value or our own
normative explanations of such interactions) and (2) what we
could call a purely projectivist understanding of normativity,
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where meanings and values are mere shadows of agents” sense-
making processes or, worse, just a convenient way for us to
explain their behavior.

I will claim that dispositionalist factualism or realism
regarding affordances (1, above) and non-social descriptivism
regarding life (2, above) are two instances of the same
problematic approach and that we can still understand
affordances relationally and dispositionally, and all forms of
life in terms of a basic, non-social, sense of normativity
after giving up factualism and descriptivism. Factualism and
descriptivism are the metaphysical and the conceptual side of the
same coin. Following the usage in contemporary expressivism,
being descriptivist about an area of discourse (say, discourse
about ethics or life or knowledge) is to assume that the main
purpose of the discourse is to describe some feature of reality.
Descriptivism goes hand in hand with factualism, according to
which our normative talk is made true by independent facts
and it ultimately refers to entities such as objects, properties
or relations that can be scientifically described (Chrisman,
2007; Yalcin, 2011; at some points in the paper I will use
“realism” instead of “factualism;” for instance when I discuss
dispositionalism or moral realism, because the former term
is more established in those debates). Descriptivism is closely
related to representationalism, although they are not necessarily
the same thesis. Antirepresentationalism can be global or
local: we can claim that language in general should not be
understood as aiming to represent facts or we can reject that
the purpose of some specific vocabularies is to refer to entities.
Local antirepresenationalism about a vocabulary amounts to
antidescriptivism regarding that vocabulary (Brandom, 1994;
Price, 2011). Although I sympathize with both ways to oppose
representationalism, it is the local, descriptivist variety the one
that I will mainly take issue with in the rest of the paper
(Heras-Escribano and Pinedo Garcia, 2018).

In order to show the ineliminability of our dispositional and
normative vocabularies without acquiring dubious ontological
commitments, I need to retract some of my previous statements
regarding both the non-normative character of affordances and
the inconsistency of having a normative take regarding non-
social animals and plants (both made in conjunction with one
of the editors of this issue: see Heras-Escribano et al., 2015;
Heras-Escribano and Pinedo Garcia, 2016). The strategy is to
move away from the idea that we generously grant an evaluative
dignity to some living creatures by finding out “facts” about
them. Complex, adaptive, evolutionary behavior can only be
made sense of in relational, agential and normative terms, not
because of the possession of this or that inner structure (as much
contemporary representationalism would have it), but because
recognizing something as an agent capable of behaving is already
acquiring a set of essentially normative commitments regarding
what the agent should do and what we should expect from the
agent, as well as what would be better or worse for the agent to
find in its environment.

Assuming that there is a difference between descriptive and
normative uses of language, I'd like to explore what I take to be
a dilemma for cognitive science and for enactivism. On the one
hand, if we apply recent debates in metaphysics to the cognitive

sciences, we can say that some popular ontological approaches to
affordances within ecological psychology have embraced forms
of dispositional realism or factualism (Turvey, 1992). Realism
regarding dispositions and, in particular, regarding affordances,
has some unwelcome metaphysical consequences: in order to
individuate affordances, we may need to commit to the existence
of dubious entities (Tugby, 2013). In a nutshell, the difficulty is
this: in order to say that an object possesses a specific affordance
we cannot wait for it to manifest, because that would not
account for its potential aspect and because there are affordances
and dispositions that disappear when they manifest (an acorn
is edible for a pig as long as it has not been already eaten,
an artifact is explosive until it explodes) (for an exhaustive
characterization, see Martin, 2008). What can we appeal to for
their individuation? Given that we cannot individuate them in
terms of their particular manifestations because, as we have said,
many affordances never manifest (are never taken advantage of),
we could do so in terms of their prototypical manifestation (being
eaten by a pig, exploding). But we would like to say that the
acorn is edible or the material is explosive even if none has
been eaten or has exploded before, in which case we would need
to individuate the property in terms of something which not
only is a type, rather than a particular token, but which need
not have ever actually manifested. Tugby (2013) defends that
the best candidates are Platonic universals, i.e., universals that
exist independently of whether they have ever been instantiated
or not. This is hard to swallow from a naturalistic point of
view [see Heras-Escribano (2017) for an exploration of a Rylean
conception of disposition and Heras-Escribano (2019b) for an
application to affordances; I will come back to this below].

The most obvious alternative (Chemero, 2009) is to claim
that our talk of affordances has an intrinsic normative character.
Here, the ecologist would be joining forces with some forms of
enactivism that take normative evaluation to be adequate for any
living being, whether social or not (Barandiaran et al., 2009).
This other horn of the dilemma runs a two-fold risk: on the
one hand, it is close to local representationalism (descriptivism)
regarding normative language: even our evaluations have as their
purpose referring to entities and describing facts about them.
On the other, it needs to answer to the accusation of embracing
a private model of rule-following (Wittgenstein, 1953; Kripke,
1982; Heras-Escribano et al., 2015; Heras-Escribano and Pinedo
Garcia, 2016): for an agent to be normatively assessed it needs
to distinguish between what is correct and what it merely seems
correct to it and this capacity may only be acquired by means
of social sanctions and corrections. To think of affordances as
intrinsic properties of things that exist independently of the
agents that could perceive and take advantage of them and
to think of normativity as a describable feature of the pair
agent/environment may both invite the threatening thought that
values are determined by independently intelligible facts (e.g.,
intrinsic properties of things, measurable inner forces of agents).

Of course, we could try to avoid the dilemma by reducing
the demands for normative evaluation (Kiverstein and Rietveld,
2018): placing an organism within a normative network would be
just a question of saying that some things were better and some
worse for it. While this kind of proposal respects the distinction
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between describing and evaluating, it seems very hard to see in
what sense it allows to distinguish between living and non-living
entities. To see something as living, as an agent, as a subject
of experience and behavior, is to take an ethical, rather than
ontological stance, is to recognize a dignity beyond anything
merely factual, as we will see in section 5. Gibsonians and neo-
Gibsonians are right to insist that perception and cognition are
basically active and relational. Enactivists are right to insist that
to understand the living we need evaluative vocabulary. But
precisely because of that, I will argue, their project should not be
seen as merely discovering facts and describing processes.

NON-DESCRIPTIVISM AND
RULE-FOLLOWING

By establishing a contrast between normativity and ontology I
mean to highlight what I take to be a false dilemma that has
pervaded much of the discussion regarding mind and cognition.
The dilemma is this: either the mind has a causal role in nature,
explainable in lawful terms, or we must sooner or later eliminate
all uses of mental (cognitive, agential, intentional. ..) vocabulary
and replace them by the vocabularies of bona fide natural
sciences. If the only alternative to placing the mind causally in the
world is to think of it as a mere epiphenomenon, we would seem
not to have moved away too far from Descartes’ predicament.
What makes the dilemma seem inescapable is a Cartesian premise
shared by both horns: the only thing that we do when we speak is
to refer to things (to substances, to res), to describe them in order
to predict their behavior and control it.

So what do we mean when we say that we do different things
than describing facts when we speak about the world? What
else do we do other than placing entities in a nomological,
spatiotemporal framework? Here is Sellars speaking about
knowledge: “The essential point is that in characterizing an
episode or a state as that of knowing, we are not giving an
empirical description of that episode or state; we are placing it in
the logical space of reasons, of justifying and being able to justify
what one says” (Sellars, 1956, §36). What Sellars opposes is the
idea that the epistemic can be analyzed in terms of non-epistemic
facts, whether these facts are public or private, phenomenal or
behavioral. Sellars will ultimately opt for an early version of
eliminativism: given that normative spheres cannot be reduced
to scientific discourse, and given that, according to him, the
scientific image and the normative/manifest image compete as
complete pictures of the world, we will have to eventually discard
the later (Sellars, 1962).

This, however, is not the only lesson that we can take from
the irreducibility of our normative vocabulary. We can also
accept that we do not display the same attitude regarding the
epistemic, the cognitive or even the biological than the one
we take toward the merely physical. Think of Moore’s open-
question argument, which he presents for ethical vocabulary but
we could extend to every discourse that recognizes meanings
and differential valences: someone may argue that when we say
that something is good what we say is that it is pleasurable
(or useful or desirable or preferred by the gods or whatever),

but it will always make sense to ask “OK, it is pleasurable,
but is it good?” while it makes no sense to ask “OK, it is
good, but is it good?”. Even if we embraced a fully hedonistic
ethics and considered that “good” refers to pleasure, we cannot
conclude that both words mean the same (Moore, 1903, §13).
But even someone with recalcitrant reductionist intuitions needs
to recognize that different things are at issue when we disagree
about something being pleasurable and when we disagree about
something being good. The second disagreement is intrinsically
connected with what to do, with how to live one’s life, the first
isn’t (Gibbard, 2012: 42-46; Moore, 1903, § 11).

So, if we, unlike Moore, refuse to populate the world with
non-natural entities such as goodness (i.e., if we insist on having
a naturalistic ontology), we can still retain his conceptual non-
naturalism: some of our concepts, those with normative force, are
not used to refer to properties but to make intelligible the actual
and potential actions of the agents that we evaluate by using those
concepts (some of the most developed versions of this idea can
be found in contemporary semantic expressivism; see Frapolli
and Villanueva, 2012; Gibbard, 2012). Again, the idea is not that
our explanatory practices themselves are subject to normative
assessment, as correct, illuminating, relevant, elegant and so on,
but that normativity is constitutive of the very subject matter of
our explanations when it comes to agency. The lesson from these
arguments is that concepts and properties are not the same: on
the one hand, some concepts have a high contextual variation
with respect to the properties that fall into their extension (think
of “tall” or “flat”) and, on the other, there can be several concepts
of the same property, some aiming at descriptively situating it
within a causal network, some aiming at making salient its value
for an agent. Saying that something is a better environment for a
frog is different from saying that it contains lots of such and such
protein, even if what makes the environment better is precisely
the presence of the protein.

Let’s come back briefly to the problems of an ontological
approach to affordances, one according to which affordances
exist over and above the informational flows between agent and
environment and the categorical properties of things. Trying to
argue that affordances are intrinsic, dispositional properties of
things leads to serious metaphysical difficulties, perhaps even to a
commitment to Platonic universals. But this does not mean that
we should abandon the idea that affordances are dispositions.
We could follow Ryle’s elucidation of the explanatory power of
dispositional vocabulary while, like him, avoiding the temptation
of thinking that dispositions are occult forces that cause their
manifestations. “There still survives the preposterous assumption
that every true or false statement either asserts or denies that
a mentioned object or set of objects possesses a specified
attribute” (Ryle, 1949: 104; see also Heras-Escribano, 2017).
Our dispositional explanations, like explanations that appeal to
general laws, can be true or false not because they refer to
extra entities (a causal connection, an unobservable tendency),
but because they allow us to infer some factual statements
from other causal statements (they are what Ryle calls inference
tickets). If a thing is explosive it will explode in such and
such circumstances. Ryle is particularly interested in applying
this way of understanding dispositions to mental states such
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as beliefs in order to, among other things, reject Cartesian or
representationalist understandings of the mind. My suggestion is
that we fit affordances within this framework.

But, is there an evaluative, normative element involved,
besides the dispositional one, when we explain behavior in
terms of affordances? I think that the best way to tackle this
question is in conjunction with the possibility, insisted upon by
some forms of enactivism, of thinking of agency in normative
terms even in the case of non-social agents. Wittgenstein
(1953), §§185-243), considered by some of the most influential
contemporary philosophers to be the starting point of recent
focus on normativity (Kripke, 1982; McDowell, 1984; Brandom,
1994), is often interpreted as follows. If, in order to judge whether
an agent has acted correctly or incorrectly according to a rule, we
must interpret the rule so as to ascertain that the action is or is
not an instance of what the rule calls for, then there will be no
end to the chain of interpretations and reinterpretations of the
rule and there will always be interpretations of the rule that take
the action to be correct and others that take it to be incorrect.
As long as we cannot ground our interpretation on some facts
which, themselves, are interpretation-free, there is no final saying
regarding rule-following.

One of Wittgenstein’s favorite examples is a child learning how
to add. After some time going through examples, the teacher
asks her “How much is 1000 plus 2.” The child answers “1004”
and, in response to the teacher’s protestations, argues that she
has done like before. “Wasn’t I supposed to add 2 extra units
until 1000, 4 extra units until 10000 and so on?” This could
be the beginning of an endless stubborn discussion if the pupil
decided to reinterpret each word at her convenience. She may
claim to understand “count” such that it works one way until
1000 and a different one after that, for instance. Can we ever
stop interpreting? Wittgenstein seems to believe that we can: we
can appeal to social practices, to learning, to training, to routines
and customs, to being corrected by others with reinforcements
and punishments of many sorts. According to the standard way
of understanding Wittgenstein’s appeal to such social, public
phenomena, for something to count as normative it must be
placed in the context of the interaction between agents. I act
correctly (regarding some norm) if I act as others do. The child in
the example is making a mistake, not because she is offering the
wrong interpretation of the rule, but because she is not following
the socially established mathematical practices. Communities not
only train us to behave as others do, but they also provide the
necessary gap between it merely seeming to me that I am right
and my actually being right.

If this were correct, it would make no sense to evaluate
normatively the behavior of non-social agents or even the
behavior of social agents when they are isolated from all
communities of rule followers. The idea would be that thinking
of an agent as devising and following its own rules would
immediately lead to the vicious regress of interpretations:
anything the agent did could fit its own rule according to
some interpretation. To institute a rule and to follow it you
need more than one individual (“it takes two to err”). This has
been a conclusion that many, including myself, have embraced.
However, now I believe this is not the only way to think

of normativity nor the only way to understand Wittgenstein’s
profound teachings in this sphere. Let me briefly introduce one
of the usual suspects in this discussion, Robinson Crusoe. Crusoe
once belonged to a (rather strict) community and he probably
learned the hard way to distinguish between what merely seemed
right to him from what it was considered to be right by the
community. But, surely, he could still make plans and take
resolutions and organize in many ways his solitary life on the
island. There not being anyone around to keep him honest, could
we say that he is actually following rules, that his behavior is
opened to normative evaluation, his own evaluation, to start
with? It seems obvious that the answer should be yes: at the very
least, we could say that he has interiorized the possibility of being
wrong and that would allow him to self-correct. In fact, you don’t
need to be Crusoe to make up rules and to follow them. We often
make decisions concerning timetables or beer consumption and
manage to follow them (or fail to manage, but still realize that
we are not following them) without anyone checking on us. Is
the role of a community just to introduce us to the possibility
of error?

There is a further, potential role the community can play
and that may open up the space that we need, not for private
rule-following, but for rule-following by non-social agents. The
thought would be this: Wittgenstein’s target is the idea of a rule
that is followed privately, that is, a rule that may only be followed
by one agent. But for something to be a rule and for an action
to be in accordance with it, it is sufficient that a similarly placed
agent may act in a similar way to advance toward its goals. The
rejection of, say, the intelligibility of a language that only I could
understand (for instance, a language to refer to my sensations or
my private memories) does not entail that an agent is incapable
of using strategies that are fully original to itself. For this reason, I
think that my previous criticism of some enactivists’ discussions
of normativity with respect to bacteria and other non-social
creatures was misplaced (see Heras-Escribano et al., 2015).

NON-SOCIAL NORMATIVITY

Situated, unreflective and primitive or naive normativity are
usually characterized in terms of social or communal practices
or customs (see, for instance, Dreyfus, 2005; McDowell,
2007; Heras-Escribano, 2019b; Andrews, 2020). Normative
considerations, whether explicit or implicit, put forward by
Wittgenstein  (1953) and Ryle (1949) or authors in the
phenomenological tradition are linked to practice, to know-
how, to bodily action but almost systematically in relation to
institutions, to socially established practices. However, we could
also find discussions that insist on the continuity between life
and cognition where being a social creature is not a condition of
possibility for the legitimate use of normative explanations (for
instance, Barandiaran and Egbert, 2013; Di Paolo et al.,, 2017,
2018)". There are two paths to the acceptance of the possibility

YAn obvious exception is radical enactivism, a position that is informed by
the early analytic ideas presented in this paper and which mostly avoids
approaching agency and cognition from a descriptive and ontological perspective
(see Hutto and Myin, 2012).
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of attributing normative features to non-social agents. One of
them is to commit to the descriptivism or factualism that I am
recommending against in this paper. The other is to stress the
link between being a normative agent and being recognizable as
such. This is the main point of this paper and it is important
to explicitly avoid a certain reading of the insistence on the
role of attribution, both regarding enactivism’s discussions of
normativity and with respect to normative and dispositional
approaches to affordances, a reading that views normativity as a
useful or convenient fiction, the stance or pretense of looking at
parts of the world “as if” they could act purposely and to do so
better or worse. To be an agent is to evaluate the environment,
to recognize opportunities, dangers and resistances, to find sense
in the world and to make sense of it. To understand something
as an agent is also to evaluate its behavior. But neither in
the first case nor in the second the agential and normative
elements are a projection from the agent to the world or from
the attributor to the agent. And yet, I claim that there is a
dependence between meaning and meaning-making practices
and also between normativity and attributions of normativity.
What kind of dependence?

Let me go back to the idea of a private model of rule-
following: the possibility of an isolated agent navigating its
own normative field is a powerful idea, but one that needs the
background of other potential agents either acting similarly or
making normative sense of its behavior. I take this to be the real
revolution behind any form of antirepresentationalism, including
enactivism and ecological psychology: to show the absurdity of
any project that makes it intelligible to offer, from the outside,
so to speak, a complete, causal description of a universe with
cognition and life in it>. The revolution will only be complete
when both faces of representationalism are discarded, the idea
that our judgments are true or correct only if they correspond to
one fact or another, and the idea that wherever there is cognition
there must be some kind of cognitive substance or entity or organ
waiting to be causally reconciled with the physical world.

The distinction between internal and external norms of
evaluation can suggest that we must choose between the idea that
our uses of normative vocabulary are referential and descriptive
and the thought that when we evaluate behavior we project norms
onto an agent which could, in principle, also be made sense of
in non-normative terms. The authors of Sensorimotor Life make
ample use of this distinction:

What is the origin of these norms? If we are not speaking of
a self-individuating system, but one defined by convention, the
relevant norms are also given externally to the system (...). Such
would be the case of a machine designed to perform a particular
purpose. What a machine “does” is thus evaluated normatively in
accordance with what the designer or the user expects of it. But it
is possible also to conceive of a concept of intrinsic norms (...), a
concept not tied to the observer’s conventions and convenience.
Intrinsic normativity cannot be the result of observers making
judgments on behalf of the agent (...) (Di Paolo et al., 2017: 121;
see also 102-3 and 125)

2'm thankful to Neftali Villanueva for pressing me on several points, including
this one.

The contrast is highly intuitive. It can be at most
metaphorically illuminating to take a toaster’s environment
to be meaningful or dangerous for the toaster. It is bad for
the toaster to suffer a sudden power surge only in the sense
that the owner may have to buy a new one. Similarly, for “the
thermostat knows that it is below 21 degrees Celsius” or “the
printer refuses to speak to the computer, being knowing and
speaking paradigmatic normative activities. There is something
unique and fundamental about entities that follow their own
norms, entities for whom it matters what they find in their
environment, which genuinely care about the opportunities and
resistances that the world provides for them and the way they act
with respect to them. The frog that fails to catch a single fly in a
forest where no one can observe her dies anyway.

In this sense, I cannot but agree with the idea that “intrinsic
normativity cannot be the result of observers making judgments.”
And yet, the idea of intrinsic normativity, as opposed to the
external norms imposed by the maker on an artifact, need not
be understood in descriptivist, nomological terms. It is because
the frog cares about catching flies, for her own good, that we
evaluate her action as more or less suited for the task (or the
environment as better or worse for her needs and goals) and not
the other way around.

But to think that such caring should be explained by appeal
to properties and facts about the frog is to remain within a
representational view of language and to invite a backlash of
reductionism and physicalism. Anyone who finds emergent
properties or possibilia mysterious and believes that every
explanatory enterprise is at bottom ontological would feel
forced to pursue conceptual frugality. If all our concepts aim
at referring to entities but there are only physical entities,
then we will have to eliminate most of our concepts (see
Pinedo Garcia, 2016). In contrast, we can accept the existence
of a plurality of ineliminable explanatory approaches, some
mechanistic, some agential, intentional and normative (see
Pinedo Garcia and Noble, 2008).

ONTOLOGY AND ETHICS

The worry I have been trying to express is that a descriptivist,
ontological reading of our explanations of agency in terms of
affordances and in terms of intrinsic norms may obscure the
evaluative dimension of such explanatory practices and, perhaps,
invite reductionist and eliminativist agendas that try to do
without the idea of a meaningful environment or a normative
encounter with it. Part of my concern has to do with what I
have called a residual representationalism regarding language.
My insistence on the fact that there is some inescapable ethical
and normative aspect in our approach to the living is shared
by many enactivists and ecological psychologists. For instance,
the authors of Linguistic Bodies are quite clear about the ethical
dimension related to meaning and intentionality, even in their
most basic forms:

(...) there is an ethical dimension (...) entailed by our theory
(...) [I]f living organisms are autonomous sense-makers that
behave in relation to vital norms, this implies that they are
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recipients of ethical concern. This must be reflected and not
occluded by the language we use to talk about them (Di Paolo
etal., 2018: 34).

Ethical concern is not something that is added to already
constituted linguistic bodies, as sociocultural normativity is
supposedly added to a presumed original nature in dualistic
thought (Ibid.: 310).

Perhaps an unavoidable, though unfortunate, consequence of
the still felt Cartesian influence is a tendency in the philosophy
of the cognitive sciences to play the “you are more dualist than I
am” game. But it may help to pause and see whether the game is
always played with the same rules or whether there is some basic
equivocation in the appeal to dualism. Unlike eliminativism,
which is better understood as a linguistic than as an ontological
thesis, being a dualist involves an ontological commitment with
the existence of things of radically different nature, in the extreme
case, so different that it is a mystery how they could causally relate
to one another. In contrast, to affirm that the language of, say, art
criticism or gastronomy cannot be replaced by the language of
molecular biology should not be seen as a dualistic statement. So,
inasmuch as dualism concerns what there is and not our ways
of making sense of it, dualistic thought, at a minimum, involves
taking norms, meanings or values to be entities and that's where
the problems start. However, one can accept, wholeheartedly
and for normative and ethical reasons, the need to understand
living being’s interactions with their environment as meaningful
or significant without feeling the urge to populate the world
with meanings and values. We would be avoiding dualism at the
price of embracing a false dilemma: in one horn we would have
values and norms out there, either waiting to be found or merely
projected by the living, in the other, they would be just a manner
of speaking, a stance we can choose to take toward nature.

Both poles of this dilemma share a problematic premise: the
purpose of our explanatory vocabularies is to represent facts, so
either there are facts about meaning and value or our normative
practices are provisional shortcuts, ready to be discarded as
our knowledge develops. But factualism, interpretativism and
eliminativism can be all avoided if we recognize that there is a
lot more that we do with our words than representing, predicting
and controlling nature. This is where the best analytic philosophy
of language, from the early days, can still open up a space
that contemporary debates often ignore: Moore, Wittgenstein,
Ryle or Austin (who coined the expression “descriptive fallacy”,
see Austin, 1962/1979) all share this antidescriptivist approach
and it is depressing that so much contemporary philosophy of
mind seems to stem directly from ways of thinking that were
deeply challenged by these philosophers. My main purpose in
this paper has been to question that to oppose functionalism
in the philosophy of mind and cognitivism in psychology we
should share their ontological playfield and quarrel about what
there is. Our mundane values or our free-standing dispositional
affordances may be preferable to their representations and
computations, but we will be turning a debate that should focus
on the normative and ethical dignity of the living on a Cartesian
debate about measurable substances and attributes.

One of the consequences of this Cartesian heritage is the
disproportionate importance that the mind-body problem has
had in the philosophy of mind, especially in the analytic tradition,
but not exclusively. The mind-body problem is an ontological
problem and the different solutions that have been proposed are
descriptive: they try to establish what kind of entity a mind is
in order to account for its causal interaction with the physical
world. But this concentration on the mind-body distinction has
tended to hide a more important one, the distinction between
an agent and a thing, a distinction which is not so much
descriptive or ontological as normative or ethical (see Ramberg,
2000; Rorty, 2000). In his debate with Rorty, aptly situated under
the heading “post-ontological philosophy of mind,” Ramberg
insists on this point and attributes to Davidson a poignant form
of subversiveness against the philosophy of mind mainstream.
The same way that I have extended Wittgensteins thoughts
on normativity beyond language and society, I'd like to apply
Ramberg’s point to all forms of agency:

[T]he vocabulary of agency leaves us better off, better in the sense
of “politically more free.” I see Davidson as providing a tool,
a marginal tool (...) in a struggle against the steady spread of
dehumanizing, homogenizing management of human existence
that is the real threat of scientism. Scientism is not bad, I am
sure Rorty would agree, because it gets the world wrong, or
even because it is a rehash of Kantian and Platonic ontology,
but because it renders us subject to certain forms of oppression
(Ramberg, 2000: 367).

The ethical concern brought about by agency-vocabulary is an
obstacle to treating living creatures, and us humans, as ownable
and controllable entities. But there is another desideratum,
besides avoiding a view of agents as mere things: not making
everything into an agent. Although our resistance to accepting
a normative treatment of non-social creatures (Heras-Escribano
et al,, 2015) is now, to my eyes, misplaced (if we think that using
normative vocabulary is adopting a perspective that transcends
mere description and prediction and, hence, is not in the
business of following track to intrinsic properties of agents), it
was an overreaction to a genuine worry: the risk that we will
end up extending our normative nets to spheres where they
are not needed. In the past, we have expressed this worry by
pointing out that naturalizing normativity cannot be achieved by
normativizing nature on pains of a dangerous form of idealism
(Ibid.). To embrace the thought that there are areas beyond
human linguistic and institutional practices that should be
understood normatively should not make us think that there are
no important distinctions to be made, however, fuzzy the borders
may be, between prediction and control and understanding and
ethical concern. One of the strategies of oppressive power is
to present issues of value as factual and factual questions as
matters of opinion. The former can be found in the attempt
to put in technocratic hands decisions regarding public policies
(cf. Samuel Huntington’s advice to the trilateral commission: “to
employ the language of expertise more widely as a mechanism
to deal with the ‘excesses of democracy,” Stanley, 2015: 210)°.

3“Al Smith once remarked that “the only cure for the evils of democracy is more
democracy.” Our analysis suggests that applying that cure at the present time could
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and the latter in the efforts to muddle scientific consensus with
allegedly discording voices in cases such as climate change or the
connection between tobacco smoking and certain types of cancer.
If we suggest that everything is normative, some powerful tools of
political resistance may be lost.

I have assumed from the beginning that enactivism, ecological
psychology and the non-descriptivist and antirepresentationalist
strands of analytic philosophy share a commitment with the need
to start with the vocabulary of agency, of meaning and value, if
we are to do justice to life and cognition. But I believe that what
gives philosophical and ethical edge to this commitment may be
lost if we present ourselves as pursuing a project that competes
with standard, non-normative forms of approaching nature, as
merely offering richer redescriptions of a world that others may
try to describe with the vocabulary of the physical sciences. The
reduction of living beings to things, of value to price, of the sphere
of normative negotiation amongst legitimate options regarding
how to live to a technocratic calculus of benefits, are all equally
threatening consequences of blurring the distinction between
evaluation and description.

THE INESCAPABILITY OF THE
NORMATIVE DIMENSION

All attempts at explaining or understanding any kind of
phenomena have a normative nature. We can have better
and worse explanations, our understanding can be deeper
or shallower. Our explanations can be wrong and there is
always room for misunderstanding, whether we are dealing with
subatomic particles or with cultural practices. This is the simplest
argument in favor of the irreducibility and ineliminability of
our normative vocabulary: even the most purist reductionist and
eliminativist projects need to be evaluated. However, sometimes
the very subject matter of our explanations seems to need
tackling by using normative vocabulary. Is this just a convenient
stance, a provisional perspective that we adopt when we lack
the knowledge or the time needed to give a causal explanation,
grounded on laws rather than on norms? There are strong reasons
to doubt this. One of them is a consequence of the point I have
just highlighted regarding all of our explanatory practices: at the
very least, when we are interested in understanding nature our
activities are guided by norms, norms of coherence, of simplicity,
of empirical adequacy, of truth...But if some of our behavior
necessarily has to be seen as an instance of rules being followed
better or worse, correctly or incorrectly, the very idea that
normativity is a non-compulsory stance loses its strength and the
possibility, dear to some enactivists and ecological psychologists,
that acting, perceiving, in sum, being alive, is to be normatively
regulated becomes more attractive.

well be adding fuel to the flames. Instead, some of the problems of governance in
the United States today stem from an excess of democracy (... ). Needed, instead,
is a greater degree of moderation in democracy. (...) First, democracy is only
one way of constituting authority (... ). In many situations the claims of expertise,
seniority, experience, and special talents may override the claims of democracy as
a way of constituting authority” (Crozier et al., 1975: 113).

Making sense of agency in terms of rules and norms,
of evaluations, of relationships of meaning and relevance, of
opportunities and dangers being properly or wrongly tackled,
cannot be a question of projecting a certain explanatory frame
into nature on pain of devoiding agents of their constitutive
normativity and reducing them to mere things, objects to
be controlled and possessed. But we should also avoid the
opposite temptation, the temptation of thinking of an agent as a
mechanism whose wheels should find the right preexisting rails,
as if sense, meaning and correctness were things that could be
understood in descriptive and nomological terms independently
of agents’ practices of making sense of the world. The danger of
putting too much emphasis on ontological matters is to lose sight
of what I have placed on the side of the ethical and normative:
that the intrinsically ethical dignity linked with being an agent is
not something we generously bestow on the living, but it is not
something we find in there by merely aiming at predicting nature
in order to control it (McDowell, 1984; Ramberg, 2000). The
problem that lurks behind the rails metaphor is that, besides the
danger of giving pride of place to an understanding of the world,
including the biological world, as something to be predicted,
controlled and, ultimately, owned by us, there is a different,
although related, menace behind the descriptivism I have been
warning against: to think that we are in the business of describing
normative facts when we approach agency could give us a sense
of entitlement to treat agents as mere things if we fail to discover
such facts. Hartry Field puts the point forcefully concerning
moral realism, but it can be extended to any version of factualism
regarding the normative:

Why make our policies conditional on our beliefs about the
existence and nature of normative facts? If we morally disapprove
of torturing dogs, why rest this disapproval on a pure belief
that there is a straightforward normative fact that we oughtn’t
torture dogs? Indeed, I'm tempted to say that the moral realist
has not only a dubious metaphysics, but also a dubious morality
that allows torturing dogs under the condition that there are no
straightforward moral facts, or under the condition that those
moral facts permit or even require such torture (Field, 2009: 270,
my italics).

The temptation which I fear concentration on ontological
matters brings is this: to avoid a subjectivist projectionism
according to which normativity is just a manner of speaking, we
want to say that agents follow their own norms independently
of whether we understand their behavior in terms of such
norms or not. But this should not lead us to think of criteria
of correctness and norms as transcending the contingent
activities and practices, either solitary or public, of agents.
My insistence on the ethical aspect of our normative
vocabularies is a way of highlighting the difference between
measuring the radioactive decay of a group of atoms and
explaining how plants communicate. We need to engage in
meaningful and communicative interactions to understand plant
communication, but we don’t need to be radioactive to explain
the behavior of Uranium-238.

Our distinction between the animate and the inanimate world
is, at the end of the day, a distinction between having an internal
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perspective and having an external perspective on things (or,
rather, between things that demand an internal perspective and
things that do not). Even practices that are fully alien to us, both
culturally and biologically, can only be understood if we grasp
what is it that the practitioners value, why do they care, what’s at
issue for them, how can they satisfy better or worse their needs
or preferences. In sum, why it makes sense for them to live their
life that way. Taking an internal perspective cannot amount to
sharing a way of living, at least not in most cases. But it must
involve recognizing it as a way of living and that implies going
beyond the ontological and into the ethical.

CONCLUSION

In this paper I have tried to offer an alternative to the
tendency, sometimes implicit, to think of normativity in
descriptive, ontological terms. To do so, I have brought back into
contemporary post-cognitivist debates some central ideas from
early analytic philosophy because I'm convinced that they target
forms of representationalism that have often remained invisible
and that have led to otherwise escapable dilemmas resulting
from a confusion between different explanatory projects. I have
pointed out as problematic some forms of descriptivism, which
I have identified as a form of local representationalism, and
claimed that blurring the distinction between placing something
within a causal, factual network and evaluating it or, in other
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The enactive and ecological approaches to embodied cognitive science are on a
collision course. While both draw inspiration from similar views in psychology and
phenomenology, the two approaches initially held seemingly contradictory views and
points of focus. Early enactivists saw value in the ecological approach but insisted that
the two schools remain distinct. While ecological psychology challenged the common
foes of mental representation and mind-body dualism, it seemingly did so at the cost
of the autonomy of the agent. This is evidence that the early enactive and ecological
approaches told different stories about how agents and environments interact. Whereas
the enactive approach broadly focuses on agency and the organism’s resilience to
environmental perturbations, the ecological approach insists that organisms are best
understood in terms of the organism—-environment system and at the ecological scale.
Historically, this tension created space for harsh criticisms from both sides and for some
ecological psychologists to dismiss enactivism altogether. Despite their differences, both
approaches use dynamic systems theory to explain the interactions between embodied
agents and the environment or contextual milieu in which they are embedded. This
has led some scholars to focus on the complementary elements of each approach and
argue that the two schools are allies, thus rejecting the historical disagreements between
the two approaches and calling for an ecological-enactive synthesis. The attempts to
synthesize the approaches are noteworthy and should be considered steps in the right
direction but are potentially problematic. If the two schools are merely synthesized to
some form of ecological-enactivism, then something of value from both approaches
could be lost. This is analogous to the hasty comparison between two seemingly similar
schools of thought found in early attempts at East-West comparative philosophy. |
argue that the relationship between the enactive and ecological approaches is both
complementary and contrary and is thus best understood in terms of complementarity.
Given the complexity of complementarity | will unpack the notion in steps. | will begin
with the exploration of analogous concepts in Japanese Philosophy and gradually build
a lens through which both agent environment and ecological enactive complementarities
can be understood.

Keywords: embodied cognition, complementarity, Japanese philosophy, ecological psycholgy, enactivism

INTRODUCTION

The alliance between the enactive and ecological schools is well established, but their differences
are not well understood. Broadly speaking, Enactive Cognitive Science focuses on autonomy
and the rejection of mind-body dualism (Varela et al., 1991/2016; Thompson and Stapleton,
2009; Thompson, 2010; Di Paolo, 2018) and Ecological Psychology focuses on the richness of
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perceptual experience and the rejection of mind-body and body-
world dualisms (Gibson, 1966, 1979; Richardson et al., 2008).
Both schools of thought claim that the embodied mind is
embedded in its environment, although their stories are not
quite the same (see Ward and Stapleton, 2012). I propose
that the ways each school of thought relates the mind to
the world is a crucially informative point of tension between
the two programs. Whereas the traditional ecological approach
provides a strong account of the organism-environment system,
it struggles to explain subjective differences in our embodied
experiences. The ecological approach lacks a convincing story
about how individuals resonate with some affordances and not
others. On the other hand, the traditional enactive approach
provides a strong account of human agency and subjectivity, but
provides little explanation of how environments constrain and
enable action. Early enactivism thus lacks a robust account of an
interactive information-rich world. Each only accounts for either
the active agent or its interactive world, but not both.

Despite their differences, contemporary enactivism and
ecological psychology are converging. Baggs and Chemero (2018)
argue that the threads of enactivism that follow Merleau-Ponty
should be synthesized with the ecological approach to form
Radical Embodied Cognitive Science through the use of non-
linear dynamical systems theory (see also Chemero, 2009).
On the side of enactivism, Stapleton (2016) and Di Paolo
(2016) argue that the two schools are allies, and are separated
only by the uncanny valley of misunderstanding (see also
Thompson and Stapleton, 2009). I will focus on the cooperative
forms of each approach. The strongest case for an enactive-
ecological synthesis was proposed by Costantini and Stapleton
(2015) and Di Paolo et al. (2017) when they embed the
enactive agent in the ecological organism-environment system
by reframing enactive constructivism in terms of honing in on
relevant affordances in an overabundant environment. While
an ecological-enactive synthesis is promising and should be
explored, it fails to adequately accommodate the theoretical and
historical differences between the two approaches.

Instead of synthesizing the two, the enactive and ecological
approaches should be analyzed with the tools of comparative
philosophy, where each side is preserved as they come together
to create something new. Building upon the works of Stapleton
(2016), Di Paolo et al. (2017), and Baggs and Chemero
(2018) I argue that the relationship between the enactive
agent and the ecological organism-environment system is
one of complementarity, where both sides are mutually co-
dependent yet persist as individuals in tension. Understanding
the ecological-enactive and agent-world relations in this way
preserves the subjectivity of enactive agency, the objectivity of
the ecological agent—environment relation, the tensions entailed
by the relation, and mutuality between them. Unpacking the
enactive~ecological complementarity will require tools from
various traditions and is best understood when broken into steps.

The myriad dynamics at play between an agent and its
world extends well beyond the scope of this paper. As a
result, I will limit my analysis to the interaction between
the agent and the world in the present moment, as this
will frame the complementarity of the two approaches in

a way that’s accessible to the tools of Japanese Philosophy.
This relates directly to the enactive timescales of experience
introduced by Varela (1999) and developed by Gallagher
(2017, pp. 8-9), where the present moment is analyzed at the
integrative scale.

Kelso and Engstrom (2006) have argued that complementarity
(signified by the symbol “~”) is difficult to grasp, yet present
in our everyday experiences of the world. I have argued
elsewhere that the Japanese philosopher Nishida Kitard’s work
is uniquely placed to help mediate between the enactive
and ecological approaches and shed light on complementarity
(McKinney et al., in press; see also Yusa, 2002, pp. 185-187) (we
explore how enactivists, ecological psychologists, and Nishida
discuss habits). This argument rests upon the existing works
comparing William James and Merleau-Ponty and Nishida (see
Yuasa, 1987; Maraldo, 2017; Loughnane, 2019). Nishida’s radical
nondualism is built upon the continuity of discontinuity and
thus resembles complementarity, and can be used to frame the
ecological and enactive approaches through the structure of
the present moment. I will apply Nishida’s dialectical analysis
to explore the relationship between the enactive agent and
the ecological environment as a form of mutual negation.
From this comparison, I conclude that the enactive agent
and the ecological world can be understood in figure-ground
(Figure 1) terms. While this abstraction does not exhaust the
relationship between the two approaches, it sheds light on the
complementary and contrary nature of the two approaches
and invites further consideration of Japanese philosophy in
cognitive science.

I will then consider the insights of the Zen Master Dogen,
who developed a notion of nonduality to navigate perplexing
contraries, to develop the figure-ground relationship from the
mere duality of figure and ground to the complementary
contrary, figure~ground. This is built upon Dogen’s tripartite
elucidation of affirmation, negation, affirmation. To exemplify
this, I briefly compare the figure-ground abstraction in
Figure 1 with the figure~ground complementarity in Figure 2.
Whereas complementarity and nonduality can be seen in the
idealization of Figures 1, 2 is a representation with more direct
relation to the real world. I conclude by applying Dogen’s
wisdom to the complementarity of ecological~enactivism and
by making suggestions for future research into cross-cultural
cognitive science.

THE ENACTIVISM-ECOLOGICAL
ALLIANCE

Whereas enactivists focus on the lived body of agents, ecological
psychologists focus on the world agents inhabit. Ecological
psychologists frame the agent-environment relationship in terms
of the opportunities for action that are available for the agent.
This is not to say that ecological psychologists do not care about
the agent, but that they do not ground their explanations in
the head or body of the agent. Enactivists, on the other hand,
prioritize the experience and poesis of the operationally closed
agent as she enacts her world (Di Paolo et al., 2017, pp. 111-120).
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results from opposite ends, where enactivists began with the
epistemology of embodiment, ecological theorists began with the
ontology of embodiment. They insist that,

Both types of explanation are necessary: the ontological strategy
explains how structure in the environment constrains how the
world can appear to an individual, while the epistemic strategy
explains how the world can appear differently to different
members of the same species, relative to their skills, abilities,
and histories.

This is reflected in the philosophical commitments entailed
by each approach. Whereas ecological psychology adhered to a
kind of Jamesean monism, the enactive approach aimed to carve
a path between dualism and monism. While this distinction held
for early versions of the ecological and enactive approaches, it
has become less relevant as they developed further. Whereas
early enactivists rejected monism, contemporary enactivists have
adopted neutral monism (Thompson, 2001, see also Chemero,
2009, pp. 184-186). This is significant because contemporary
ecological psychologists also accept neutral monism, and argue

FIGURE 1 | This is an example of the figure—ground relation portrayed by the
psychologist Edgar Rubin (See Pind, 2014, pp. 214-218). Interestingly, Rubin
was influenced by Niels Bohr, the physicist responsible for complementarity in
quantum mechanics. In likeness of Rubin’s Vase and other figure-ground
images, Niels Bohr chose the Chinese yin-yang symbol for his coat of arms
upon being recognized for his achievements in Denmark. It read “Contraria
sunt complementa (opposites are complementary).” For more information
about the crossover of figure—ground in perception, complementarity

in epistemology, and nonduality in non-Western philosophy,

see Pind (2014, pp. 204-210). Image attribution — Nevit Dilmen/CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0).

—

The enactive agent is autonomous, meaning that it is resilient to
the push and pull of environmental forces, and capable of shaping
her world. Agents can create opportunities for themselves to act
above and beyond what is available in the environment alone
(Thompson and Stapleton, 2009, see also Stapleton, 2016). While
the two approaches agree that we are embodied beings, they
disagree about the relationship between the agent and the world
(Isaac and Ward, 2019).

Varela et al. (1991/2016) briefly considered the similarities
between enactivism and Gibson’s ecological approach and
concluded that the two are distinct. They recognized the potential
for ecological psychology to challenge mind-body dualism,
and thus representational cognitive science, but considered the
ecological approach to be too focused on the environment.
For early enactivists, the enactive agent constructed her world
through her coupling with it at different timescales, but the
ecological world was pre-given and thus not the product of
an agent-constructed process. This kind of criticism of early
ecological psychology is commonplace. Chatterjee (2011, pp.
254-257) and Ishida (2015, pp. 136-137) argue that Gibson’s
approach is too focused on perception and information pick-
up, and thus fails to capture the complexity of agent-world
interactions. Baggs and Chemero (2018) argue that the origin of
the disagreement between the enactive and ecological approaches

FIGURE 2 | Splashed Ink Landscape (f117K) Haboku sansui by Sesshi
Toyo (1420-1506). Image attribution: Sesshu (1495), Tokyo National Museum,
Tokyo, Japan (Wikimedia Commons).
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that this is the result of the convergence of enactivism
and ecological psychology through the use of dynamical
systems theory (Silberstein and Chemero, 2015, see also
Silberstein and Chemero, 2011).

While there are some skeptics who reiterate the historical
differences between the two schools, it seems clear that the two
research programs need each other. Stapleton (2016) argues that
enactive principles are compatible with the ecological approach
and that their historical differences are overemphasized. Di Paolo
et al. (2017), citing Thompson and Stapleton (2009), paint the
best contemporary picture of the relationship between enactive
epistemology and ecological ontology. They argue that Gibson’s
theory of affordances, and Chemero’s (2009) development of it
for Radical Embodied Cognitive Science, overcomes mind-world
dualism. Like Baggs and Chemero (2018), Di Paolo et al. (2017)
argue that the tension between the two approaches arises for
ecological psychologists from the lack of an appreciation of
how individual agents perceive the same basic ecological scene
differently. What each person sees available to them (i.e., grasps
through direct perception) is different based on the context, and
what abilities the agent has cultivated.

Importantly, this phenomenon is well established in the
ecological approach by the canonical works of Proffitt et al.
(1995) and Proffitt et al. (2003). They demonstrate that an agent’s
perception of a hill’s climb-ability varies with encumbrance. A hill
to be climbed appears steeper to agents carrying more weight.
Gallagher (2017, pp. 155-156) argues that this evidence can be
used by enactivists to help explain the relationship between social
burdens and the approachability of social situations, or social
affordances. A chair may afford sitibility in general, but there are
many contexts in which agents will not see a particular chair or
set of chairs as sitible. While it is significantly more difficult to
vary social pressure than physical encumbrance in a lab, human
agents are social and live in complex contextual social worlds.
Whereas some ecological psychologists would opt to avoid such
complications, enactivists recognize that social concerns like
feeling unwelcome are ubiquitous and must be at the forefront
of any science of the embodied mind.

Enactive Agent, Ecological World

While this rift persists between the two approaches, Di Paolo
etal. (2017) propose the most radical and comprehensive attempt
at integration. They begin with the claim that the ecological
and enactive schools seem to simply look past one another.
The enactive focus on autonomy and operational closure leads
ecological psychologists to believe that the enactive agent is
being characterized as the source of its world. Di Paolo et al.
(2017) solve this problem by embedding the enactive agent in the
world of ecological affordances. They claim that the ecological
rejection of the impoverishment of the stimulus, and thus one
major call for mental representations, should be accepted by
enactivists. Indeed, they claim that such a world is overflowing
with information.

We agree with ecological psychologists when they highlight that
real environments are rich enough to access directly their relevant
meaningful aspects. We think they are in fact too rich, in that

sense-making always involves a massive reduction of all the
environmental energies that might affect the agent, to those within
the dimensions of biological, sensorimotor, and social historically
contingent meaning (p. 227).

They diagnose the disagreement between the two schools on
the ecological side as stemming from the failure of ecological
psychologists to change how they treat the information-rich
world. According to Di Paolo et al. (2017), the world of
affordances should be understood to extend to the social
dimensions of experience.

Ecological experiments tend to de-emphasize subjectivity, and
thus fail to develop the notion of affordances to include social
and cultural context. Recent work in ecological psychology by
Nalepka et al. (2015) has begun addressing these issues by
exploring intersubjectivity in terms of coordination dynamics
and interpersonal synergies (Chemero, 2016). While it is valuable
to control messy variables in laboratory conditions, one must
acknowledge the costs of doing so. The world is messy and
social and economic hierarchies permeate our lives, shaping
our experiences of the world and the opportunities available to
us. In Di Paolo et al. (2017)’s interpretation, the landscape of
affordances available to an agent is not contingent upon the
agent itself, but is modulated by the agent’s history, experiences,
and social context.

In this light, the enactive agent is not creating her world from
her mind or body, but carving her world of experience from the
overwhelmingly informative world. The distinction is subtle but
shows how two different views of embodiment have converged.
It's helpful to consider this subtle distinction through an example.
Consider a scene in a typical coffee house. There is a coffee
machine, staff operating the machine, chairs, tables, and cups
of coffee. If one were relatively familiar with scenes like this,
it would be an easy environment to navigate, find a seat, and
achieve the goal of acquiring and drinking a cup of coffee. If we
were to consider the scene in ecological terms, the surfaces of the
environment would be relatively accessible to us through what
they afford us. Chairs facilitate sitting and cups afford sipping for
agents that move through the visual scene. Agent’s movements
reveal invariant structures and opportunities available to them.

If we consider the same scene through Di Paolo et al. (2017)’s
view, it becomes somewhat more complicated. Whereas all empty
seats afford sitibility in general, which chairs appear sitible
depends on the context. Whereas some seats are open to us,
others are not. One easy example of this is the sippability of
another person’s cup of coffee. Any two identical coffee cups,
filled with the same amount of coftee, should be equally sippable,
yet we do not see other people’s coffee as sippable in most cases.
This is because of the complex contextuality of the human world.
While it is complex to model and reproduce, it is an everyday
experience for regular coffee shop goers.

Zooming out from the two cups of coffee, there are places
in the coffee shop that a customer is not welcome even though
they have surfaces and tools that humans are capable of engaging
with. The cups behind the coffee bar are within our power to
reach, yet in most situations we will wait for someone else to
get them for us, or ask for temporary permission in rare cases.
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Interestingly, in many cases, we perceive the approachability of
the staff as a means of accessing the cup, rather than the path
to get the cup ourselves. In this and many other cases, the
social path is more readily available than the sensorimotor path.
This has crucially important implications for how we understand
the ecological landscape and where the enactive agent comes
into the picture.

The first implication is that there can be spaces which
do not seem readily accessible to people, even though the
visual scene devoid of social context is accessible. Much
like how the employee-customer distinction informs the
social affordance landscape of coffee shops, other forms
of discrimination fundamentally shape what affordances
we have access to. Young (1980) argues that there are
places women won’t go and activities that women avoid
because of societal pressures and patriarchal oppression.
While these are not the same kind of contextual barriers,
understanding social affordances in this way sheds light onto
what can be done to make space for everyone. Enactivism
and ecological psychology can meaningfully contribute to
our understanding of embodiment, and all of its positive and
negative entailments.

The second implication is that we can create space for others
and shape our social-contextual worlds. Being able to create
space to act is the strongest contribution that the enactivists
can bring to the ecological approach. If we step back into the
coffee shop example, there’s an important distinction between
actions in the present moment and actions that take place
over longer timescales. While it is true that I do not see the
space behind the bar as walkable as a customer, I can see
possibilities to cultivate the social space for myself through
my friendships with the staff or my plans to apply for a
job at the coffee shop. I could join the coffee community
in the area and become familiar with the tools, norms, and
processes of that group. In doing so, I may be welcomed
behind the coffee bar, and thus break the barrier that I faced
when I was merely a customer passing through. Likewise, it
is possible to change the social environment of a space to be
more inclusive. Ultimately, the social world is messy, but this
interpretation opens the door for exploring the importance of
the environment for our experiences of welcomeness. Enactivism
already explores the perception of and action at multiple
timescales, and an enactive-ecological perspective could do
so with a strong grasp of the ontology of places and our
relations to them.

In the first sections of this paper, I have sketched some
points of contact and contention between the enactive and
ecological approaches, as well as traced their converging
paths. While the two schools often look past one another,
I have provided further support for their allegiance and
continued cooperation. Next, I would like to provide a
lens for understanding complementarity as it plays out in
both ecological~enactivism and agent~world relations. To do
this, T will focus on the moment of present experience, as
it serves as a paradigmatic example of an agent enacting
her world while embedded in the ecological organism-
environment system.

NISHIDA AND THE FRAME OF THE
PRESENT

Like Gibson, Nishida aimed to subvert subject-object and
epistemology-ontology dualisms. To do this, Nishida structured
the present moment of experience in both spatial and temporal
terms as the continuity of discontinuity. For Nishida, the agent is
embodied and embedded in its world, yet an individual.

In order to best understand the paradoxical nature of lived
experience, Nishida brings together traditional philosophical
dichotomies like spatiality vs. temporality, mechanistic
materialism vs. teleology, and subjectivity vs. objectivity. Each
dualism meets in and forms the structure of the present moment
of embodied experience. For Nishida, the past and the future are
both active in the moment of experience. The embodied agent is
undoubtedly the result of her past. As an embodied being, she has
grown up embedded in a social and cultural context which have
shaped her experiences. Likewise, her biological history involves
things like the evolution of her species and the constraints and
abilities of her body and bodies like hers. Nishidas agent is not
merely the product of her past; she is formed by her past into a
being capable of forming herself, her world, and others like her.
For this to be possible, Nishida (1958) argues that the agent’s
past must confront her environment and present circumstances,
which serve as possibilities to enact her future.

[I]n the historical-social world subject and environment confront
each other and form each other. This means that past and future
oppose each other in the present, as unity of opposites, and move
from the formed toward the forming (p. 184).

Crucially, Nishida characterizes the dialectical tensions of
experience as a process of mutual negation. This is strikingly
similar to the claim made by Di Paolo et al. (2017, p. 227)
that sense-making entails reducing the abundance of information
available in the ecological world into an agent-relevant and
actionable scene. Whereas enactivists argue that agents must
overcome environmental forces to express themselves, Nishida
de-emphasizes the agent and argues that poesis is impossible
without a place (basho) in which to act. Importantly, the basho of
our embodied actions is not merely the ground we stand on, but
more akin to an event in which we are embedded. Kasulis (2018,
Pp. 466-467) refers to basho as a how rather than a what, because
it is how the dynamic processes of life come about. It helps us
understand how agency like ours is possible ontologically.

In Nishida’s view, self-expression is achieved through the
negation of the environment, but the environment is an
irreducible part of that self-expression because the two cannot be
meaningfully separated. This is important because it could spell
out a way to pull the enactive—ecological dialectic in the direction
of ecological principles through a focus on the ontological side
of the ontology-epistemology dyad. This kind of constructive
opposition is an important aspect of the complementarity
between the enactive and ecological approaches.

I propose that the best way to understand the relationship
between ecological psychology and enactivism is to bring
together their conceptions of embodied perception and action in
the present moment of experience. In the moment of experience,
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both the past (the historical agent and the historical world) and
the possible future (affordances or the environmental invitations
to act) play a role. The history of the organism and the world,
here analogized with the enactive conception of the evolutionary
development of the autonomous sense-making agent, and the
available space and opportunities for action, here analogized
with the ecological theory of affordances, meet at the center of
Nishidas present moment of experience. Both play fundamental
roles in the agent’s poesis.

Nishida and Artistic Expression

According to Nishida, the expressive act is not an enaction from
the agent upon the environment, but the result of both the agent
and the circumstances in which she is embedded (see Section
4.1 of Maraldo, 2015). While it is accurate to credit the painter
with her creation, Nishida would argue that the painting should
also be understood as an achievement of the world itself. For
Nishida, creativity and consciousness are essentially embodied,
but require the continuity of discontinuity of the agent and the
world. In any given moment, the agent is the embodiment of
her biological-social history and a figure upon the ground of
her environment. At the same time, the agent would be unable
to make meaningful choices and express herself if she were not
faced with the teleological pull of the future. The same moment
can be understood both by taking the agent as the figure and
the world as the ground, and the world as the figure with the
agent as the ground.

In his later works, Nishida develops agent-world nondualism
ontologically. For Nishida, the place (basho) in which agents
are embedded are not merely the grounds she stands upon
(See Heisig et al., 2011, pp. 649-661). Embeddedness entails the
distribution of cognition where the agent and the event she is
enacting cannot be meaningfully distinguished. As a result, it
would be a mistake to emphasize the agent’s creativity without
recognizing the constitutive effects of the myriad events and
processes at work which make it possible for artists to be [Kasulis
(2018) clarifies Nishida’s notion of basho as a field akin to
gravitational or electromagnetic fields that is best understood as
a how rather than a what].

If we consider the relationship between the artist and her
environment in this way, it forms a kind of figure-ground
relation where the artist’s self-expression and the aesthetic scene
mutually depend on each other. While this is an abstract picture,
it demonstrates the mutual importance of both sides of the agent-
world relation. This is exemplified in Nishida’s early works when
he explores the fusion of the subject and object through the
paintings of Sesshit Toyo, see Figure 2.

At that point we can say that things move the self or that the
self moves things, that Sesshu painted nature or that nature
painted itself through Sesshu. There is no fundamental distinction
between things and the self, for just as the objective world is a
reflection of the self, so is the self a reflection of the objective
world [This passage is from Nishida (1990), p. 135, and quoted
from Loughnane (2019), p. 153.]

While the seeds of Nishida’s nondualism can be found in his
early work Inquiry into the Good, he shifted his focus from the

epistemological unity of the artist and the world to the ontological
nonduality of place (basho) in his later works (Kopf, 2010, pp.
144-151; See also Nishida, 1987). This is crucially important for
understanding complementarity and for unpacking the peculiar
relationship between the ecological and enactive approaches.
As T have argued elsewhere, by resisting the focus on the
subjectivity characteristic of phenomenological agents, Nishida’s
approach pushes our analysis in the direction of ontology, and
thus toward the ecological approach (McKinney et al., in press)
(Nishida’s work is a useful lens through which the enactive-
ecological relationship can be made clearer). This is important
because the best attempts to integrate enactivism and ecological
psychology have come through the adaptation of the ecological
approach to accommodate for the autonomy of the enactive
agent, without a similar accommodation for the inseparability of
agent-environment systems. While Di Paolo et al. (2017) accept
and enhance the structure of the ecological world, they do so
without a clear account of the distribution of cognition, which is
a fundamental tool for dismantling the poverty of the stimulus
position and weak forms of the extended mind hypothesis
(Steffensen, 2011, see also Cowley, 2011, Cowley, 2014). While
it may seem counterintuitive to accept that the world is the co-
author of a poem, failing to acknowledge the real impact one’s
place in the world has on one’s art, or even one’s access to artistic
expression, is problematic. To unpack this further, consider the
relationship between the agent and the world in terms of the
figure-ground abstraction in Figure 1.

ENACTIVE AGENT-ECOLOGICAL
WORLD AS FIGURE-GROUND

In order to best understand complementarity, we should proceed
in steps. The first aspect of complementarity worth exploring is
the perplexing way two things can co-exist as a complementary
yet contrary pair. To that end, it is helpful to visualize the
relationship between the agent and her world in terms of figure
and ground for several reasons. If one focuses on the figure, the
ground fades from view. Likewise, if we focus on the background,
we lose focus of the figure. In the figure-ground image in
Figure 1, the image is neither merely of a vase nor of two
silhouetted faces. It’s tempting to say that it is simply an image of
both, but this fails to recognize the ambiguity of the image itself.
To capture the figure-ground image, and thus to distinguish it
from images of a pair of unambiguous images, we must recognize
that the images are co-dependent. To have one necessitates the
other. Considering the images in Figure 1, both the vase and the
pair of faces can be the figure and the ground, which forms an
absolute mutuality between the two. For our comparison, this
accomplishes two things. The first is that figure-ground images
represent how two images can depend on each other to exist.
The second is that figure-ground relations represent an abstract
equality in that neither side of the relation overtakes the other.
The Rubin’s Vase image in Figure 1 is useful for representing two
equally recognizable idealized images in tension, but is ultimately
too abstract to capture non-idealized complementarity relations.
In order to understand the mutuality and tension between an
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artist and her work of art or an agent and her world, we must
develop the figure-ground relation further in the next step.

Although the figure-ground relation is a useful abstraction,
problems remain. In order to further clarify complementarity,
and hopefully bridge the uncanny divide between enactivism
and ecological psychology, the figure-ground relationship should
be considered in less abstract terms. Consider figure-ground
relations in visual scenes in the real world. In cases when an
object is in focus and well framed by its surroundings, the two
are integral yet not equal contributors to the scene. In fact, the
dynamic tension between the two is an essential and informative
aspect of what being in relation to one another means. This is
exemplified by Zen paintings.

In Zen paintings, objects of importance must overcome space
to emerge as a figure, yet the image is not dominated by the figure
alone. Much of the canvas is left blank on purpose, and images
of prominent figures like mountains are obscured by clouds or
fog. The empty space filling the canvas makes it possible for
us to comprehend the partial emptiness of the fog obscuring
the figure. Unlike the figure-ground abstraction (Figure 1),
Sesshi Toyo represents the dynamic tension between a multi-
dimensional figure and the ground of the contextual scene and
emptiness in several famous landscape paintings; one can be seen
in Figure 2. Whereas the vase-face duality was an important
step for contextualizing mutuality, the mountain~fog nonduality
is more useful. Whereas Figure 1 is a two-dimensional image
of a vase silhouette that forms two identical faces, Figure 2 is
a painting of a multidimensional mountain in a foggy scene.
The latter emphasizes the importance of both spatiality and
temporality for our lived experience of the world.

Zen Philosophy and the Teachings of
Nonduality

Having analogized the enactive—ecological relationship, and thus
the relationship between the agent and the world, in figure—
ground terms, we are now in position to fully realize the
complementarity of their allegiance. This involves stepping
beyond the abstract two-dimensional figure-ground image
and attempting to apply this analogy in real life. This last
step is designed to respond to the thoughtful criticisms of
empirically minded enactivists and ecological psychologists who
may appreciate the figure-ground analogy, but don’t see how
to use it. To help escape the abstract in favor of the real, we
should turn to the insights of the practical teachings of the Zen
Master Dogen.

In Zen, apparent contradictions and dichotomies are
opportunities to teach others and learn about the world. This
is exemplified by Dogen in his writings about nonduality [It
is important to note that Evan Thompson (2020) has rightly
cautioned against hastily comparing Buddhist nonduality and
the rejection of Cartesian mind-body dualism. Buddhism has
a long and rich history that should not be hastily sampled out
of context. I propose that Dogen’s teachings of nonduality can
be deployed for their pedagogical insights without committing
cognitive scientists to something akin to a Zen metaphysics].
In the introduction to the text Moon in a Dewdrop: Writings
of Zen master Dogen (1985), Kazuaki Tanahashi introduces the

following passage to exemplify what he calls Dogen’s Anatomy of
Nonduality.

An ancient buddha said, “mountains are mountains, waters are
waters.” These words do not mean that mountains are mountains;
they mean mountains are mountains.” (see also Schroeder, 2010,
pp- 133-142)

While Dogen’s purpose is soteriological, the structure of his
reasoning is most important for this project. Tanahashi writes,
“Dogen’s demonstration starts with an affirmative statement,
then negates the affirmation, and concludes with a negation of the
negation, which is a positive statement.” For Dogen, nonduality
involves the coming together of contradictory perspectives into
a realization of the world as it is, which is the unity of
the contraries. Tanahashi compares Buddhist reasoning with
Western dialectics, wherein one progresses from a contrary pair
to a higher synthesis. For Dogen, each step of the reasoning
process entails every other step, and there is no progression from
lower to higher reasoning. Consider Dogen’s mountain. If one
were to approach the mountain as an object, its emptiness is part
of the experience. Likewise, if one approaches the mountain as a
scene of interdependent relations, the stability of the mountain
as an object is part of the experience. The mountain exists as an
object and exists as an empty process, even though emptiness and
substance are contradictory modes of being.

Dogen is demonstrating the paradoxical nature of reality
found in the mundane experience. He urges his students to realize
that the dichotomy between existence- and emptiness-focused
perspectives yield the same conclusion: the mountain is both
substantive and empty. The pedagogical takeaway from Dogen is
that no matter which perspective you begin with, the affirmative,
the negative, and the continuity of discontinuity are all entailed.
If you focus on the importance of the ground for the existence
and prominence of the figure, you will realize the co-constitutive
nonduality of the figure and the ground. Likewise, if you focus
on the importance of the figure for the shape and existence of the
ground, you will be faced with the figure-ground nonduality.

Having considered the two-dimensional representation of the
figure-ground relationship and Dogen’s notion of nonduality,
we should now reconsider the figure-ground relationship
in Figure 2. Sesshii Toyds famous painting emphasizes the
relationship between emptiness and form. The figure, here a
mountain, is painted intentionally as partially obscured by mist
or fog. This exemplifies the tension between the figure and the
ground and emphasizes the Zen notion of nonduality. It does
this through both temporal and spatial dimensions, as the empty
space around the figure draws the attention of the viewer to it,
yet it partially obscures the figure as if it could disappear into
the fog. The fog and blank space are designed to subvert our
grasp of the importance and permanence of the mountain as
the figure, without reifying the importance and permanence of
emptiness as the figure. The two are co-dependent upon each
other for their being, yet they are not equal. This inverts and
challenges our undue focus on the figure and disrupts the sense
that the figure and ground should be considered as abstract
equals. In contrast with the abstraction of Figure 1, the tension
between the mountain and the emptiness resembles the tensions
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of the real world of our lived experiences. Zen teachings are often
aimed at shifting the practitioner’s mind away from abstractions
and back into the world in all of its complexity.

The two-dimensional figure-ground image is useful for
representing the complexity of mutuality that persists through
tension. This idealization of mutuality fails to account for the
complex dynamics at play in concrete constitutive relations,
like those found between an agent and the environment she
is embedded within. The complex relationship between them
is dynamic, meaningful, and ever changing. For our purposes,
the figure-ground abstraction is comparable with the initial
attempts to synthesize ecological psychology and enactivism seen
in the works of Stapleton (2016), Di Paolo et al. (2017), and
Baggs and Chemero (2018). The enactive-ecological synthesis
obscures the historical differences between the two approaches.
This is significant because it impacts the kinds of questions
that researchers ask and the experimental methods they use.
It is useful to maintain some tension between the enactive
and ecological approaches because there are times it is best
to focus on the subjectivity of the agent, thus neglecting the
objective universalizability of the empirical laboratory. Likewise,
there are times it is best to neglect subjective differences and
constrain autonomy to uncover the invariant structures of the
ecological environment. This is the best way to frame the
relationship between the ecological world and the enactive agent,
and ultimately the complementarity of the two approaches.
The complementary contrary ecological~enactivism is more
explanatory than either approach taken in isolation or a partial
synthesis of the two.

Dogen’s teachings of nonduality emphasize the importance
of being able to approach contraries from multiple perspectives
while still arriving in the same place. As a Zen teacher, Dogen
was pragmatic and could deploy and defend either perspective
of the contrary dyad. This dispels the abstraction of symmetry
found in figure-ground abstractions and instead makes room
for complementary relations with the capacity for opposition
and asymmetry. Life and the world of human experiences are
messy, complex, and rarely well balanced. As a result, it is
crucial that our models of living are equally complex and able to
exhaust the many counterintuitive interactions life entails. One
important takeaway from Dogen’s teachings is that it may be
possible, and in many cases it may be essential, to understand
the ecological~enactive complementarity with more emphasis
on one perspective over the other.

In cases involving subjectivity and autonomy, an enactive
framework is likely most explanatory. In cases involving
environmental invariants and embodied synergies, an ecological
framework is likely more useful. These are arguments already
being made by ecological psychologists and enactivists to
challenge one another. What remains is to realize that both
sides entail the other, especially when considering the converging
works of Stapleton, Baggs, Di Paolo, Chemero, Thompson, and
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The fundamental difference between the enactive approach and Gibson’s ecological
approach lies in the view toward our shared environment. For Varela et al. (1991), a
pregiven environment that exists “out there” is incompatible with the worlds enacted
by various histories of life. For Gibson (1979/2015), the environment with its unlimited
possibilities that exists out there offers many ways of life. Drawing on the recent empirical
studies on the mechanical basis of information and pattern formation in a wide range
of fields, this paper illustrates a principle regarding how pattern and change that are
formed in an environmental medium, under certain conditions, could serve as the
reservoir of information that makes available a variety of opportunities for perception.
The second part of this paper offers a discussion about how the consideration of the
materials that make up the terrestrial environment—the particles in the atmosphere and
the textured surfaces—Iled Gibson to replace the concept of “space” with the notion
of “medium” that allows for the open-ended activities of perception. Finally, | argue
that given due consideration of the ambient information available in the medium, the
apparent incompatibility between the world independent of the perceiver that exist out
there and the worlds enacted by various histories of life could be resolved.

Keywords: medium, ambient information, exploratory activity, reservoir computing (RC), tensegrity

“Get rid, thoughtful Reader, of the Ockhamistic prejudice of political partizenship that in thought, in
being, and in the development the indefinite is due to a degeneration from a primary state of perfect
definiteness. The truth is rather on the side of the scholastic realists that the unsettled is the primal state,
and that definiteness and determinateness, the two poles of settledness, are, in the large, approximations,
developmentally, epistemologically, and metaphysically.”

—Peirce (1934, CP 6.348)

THE MANY AND THE REALITY

On August 22, 1970, Gibson wrote a letter to his colleague at Cornell University, a philosopher
Norman Malcolm (Nonken, 2008, p. 288):

Dear Norman,

I meant that “the same stimulus array” will always afford the same perceptual experience
insofar as it carries the same variables of structural information (Gibson, 1966).

In the case of your example, I would argue that structural sequence of sounds may in fact be
music, 18th century music, Mozart, badly played Mozart, a sonata, etc. All of them are in the
structure of the sounds. When a listener “hears” one rather than another, he does not detect
a difference in the structure for the different perception, he only abstracts different features of
the available structure. I do not mean that he detects different structures in each case. Structure,
in sound and light, is inexhaustibly rich.
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This is one case of perceiving as, only one.

Yours
Jimmy

The original context of the discussion between Malcolm and
Gibson that led to the above Gibson’s response is unknown.
However, the point that Gibson is making here referring to his
previous work (Gibson, 1966, p. 248) is clear. Gibson argues that
the multiplicity of perceptions of the same sequence of sounds
derives from the richness of the available structure of the sounds
in the air. Perception of sounds in the environment is direct, in
the sense that it is the act of detecting the information from the
available structure of sounds. However, at the same time, what
is perceived would not be fixed like an automatic response to a
stimulus. This is simply because the structure of sounds in the
air is so rich that different invariant features can be selectively
picked up from the same available structure. A music critic may
be able to tell that a sequence of sounds is 18th century music,
composition by Mozart, badly played Mozart, and a sonata,
by picking up the subtle relations between notes with certain
frequencies and how they unfold over time at different temporal
scales (from vibratos to recapitulations in sonatas) in the air. On
the other hand, a 5-year-old child who has never been exposed to
classical music may not be able to distinguish the subtle difference
in the style of playing Mozart, but only notice a certain orderliness
of the temporal structure of the auditory event. Yet, there is still
a possibility that, in the future, this same child will be able to
discriminate a subtle combination of an enormous number of
variables from another combination just like the music critique.
This possibility is not entirely groundless, but is based on the
fact that the available information in the structure of sound in
the medium is inherently rich, with full of higher-order patterns
and changes in a complex hierarchy of inter-nested levels of parts
and subparts. “Structure, in sound and light, is inexhaustibly rich”
even in the man-made artificial arrays like music.

At the first blush, what Gibson says plainly in this letter
may not seem controversial. After all, no one would disagree
with the fact that different people, or the same person on
different occasions, sometimes pay attention to different features
of the same thing in the environment. People do get better
at discriminating something, find different use-values of the
same thing, and take advantages of the different offerings of the
environment depending on different situations and on different
histories of life. But when Gibson went on to argue that what
exists out there in the environment itself provides the basis of
the multiplicity of perceptual experiences, Gibson’s remark might
sound unsettling to representationalists and enactivists alike.

Traditionally, there has been a strong motivation to regard the
incompatibility of multiple perceptual experiences as evidence
that the world that exists “out there” is not perceived directly.
Addressing this point, Smith (2009) wrote as follows: “our
commonsense perceptual space, for example, has a Euclidean
structure. The space of the physicist has another, quite different
structure. And it may well be that the perceptual spaces of mice,
of spiders, of clams, have other structures again. Not all of these
structures can be true of space as it is in itself. Hence, the

argument goes, our (and the mouse’s, and the spider’s) perceptual
space are mere ‘mental representations” And what goes for
space holds for other features of the manifold environments of
perception, too—so that it is as if each species lives in its own
special world (p. 128).” In order to reconcile “many” perceptual
experiences with a “single” reality, the epistemic mediators such
as mental representations are thus introduced. Thereby, we are
left with another problem, that of how the environment and the
mental representations can be matched and reintegrated.

Varela et al. (1991) maintained that both Gibson’s ecological
approach and their enactive approach “deny the representationist
view of perception in favor of the idea that perception is
perceptually guided action (p. 203).”" But at the same time,
unlike Gibson, they also denied the idea that the objective world
is known to us. In their influential book, Varela et al. (1991)
proposed “as a name the term enactive to emphasize the growing
conviction that cognition is not the representation of a pregiven
world by a pregiven mind but is rather the enactment of a world
and a mind on the basis of a history of the variety of actions that
a being in the world performs (p. 9).” The name “enactive,” for
them, derived from the conviction that “a pregiven world” and
the worlds enacted “on a basis of a history of the variety of actions
that a being in the world performs” are not compatible. This point
was repeatedly emphasized in the aforementioned book, often
in the context of criticism against Gibson’s ecological approach:
“whereas Gibson claims that the environment is independent,
we claim that it is enacted (by histories of coupling). ... From
the fact, however, that there is a mutuality between animal and
environment—or in our terms the two are structurally coupled—
it simply does not follow that the act of perceiving is direct in
the Gibsonian sense of “responding” or “resonating” to optical
invariants (Varela et al., 1991, p. 204).”

The fundamental difference between Varela, Thompson, and
Rosch’s enactive approach and Gibson’s ecological approach lies
in the view toward our shared environment. Gibson emphasized
that the environment offers many ways of life. “There are all
kinds of nutrients in the world and all sorts of ways of getting
food ... all kinds of locomotion that the environment makes
possible . ... But, for all we know, there may be many offerings
of the environment that have not been taken advantage of,
that is, niches not yet occupied (Gibson, 1979/2015, p. 121).”
Thereby, in Gibson’s ecological approach to perception, the
theory of two worlds, in any form, is rejected. “There is only
one environment, although it contains many observers with
limitless opportunities for them to live in it (Gibson, 1979/2015,
p- 129).” By contrast, Varela et al. (1991) did not acknowledge
the rich possibilities offered by the environment, but attributed
the different experiences by different agents to intrinsic factors
and their corresponding worlds that are not “out there,” which is
apparent in statements such as follows: “According to traditional
wisdom, the environment in which organisms evolve and that

'In the present article, I deliberately chose to limit my discussion on ecological
psychology and enactive theories to the original approaches proposed by Gibson
(1979/2015) and Varela et al. (1991), respectively, for the purpose of comparison,
although I'm aware that diverse views are present in both approaches (e.g., Di
Paolo et al., 2018). A comprehensive review of the literature on both approaches is
beyond the scope of the present article.
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they come to know is given, fixed, and unique. Here, again
we find the idea that organisms are basically parachuted into a
pregiven environment. . ..The key point, .. ., is that the species
brings forth and specifies its own domain of problems to be
solved by satisficing; this domain does not exist ‘out there’ in
an environment that acts as a landing pad for organisms that
somehow drop or parachute into the world. . .. what we describe
as environmental regularities are not external features . .. (Varela
et al, 1991, p. 198).” Without questioning the traditional
characterization of the real environment as something that fixes
what organisms come to know, they found the environment that
exists “out there” simply incompatible with “the worlds enacted
by various histories of structural coupling (Varela et al., 1991,
p. 217).” This conviction further led them to abandon the idea
of the world as independent and extrinsic. The crucial step taken
here was the decision not to “retain the notion of an independent,
pregiven environment but let it fade into the background in favor
of so-called intrinsic factors (Varela et al.,, 1991, p. 198).” But,
what if the environment that exists out there is not something
that determines what is perceived by a perceiver, but proves to be
itself sufficiently rich to provide the perceiver with open-ended
possibilities of further exploration? As Gibson said in his letter to
Malcolm, what if the variation found in perceptual experiences is
not just the expression of the worlds enacted by various histories
of life, but also an expression of the richness of the structure in
ambient energy arrays that lies open to further scrutiny?

Of course, the latter Gibson’s view does not stand or fall on
the basis of logical considerations, but is a matter for empirical
inquiry. Two issues stand out for empirical inquiry: Where is
the information for perception? Is the information sufficiently
rich for the act of perception to be open-ended? Drawing
on the recent empirical studies on the mechanical basis of
information and pattern formation in a wide range of fields—
mechanobiology, soft robotics, and sensory ecology—this paper
illustrates a principle how pattern and change that are formed
in an environmental medium, under certain conditions, could
serve as the reservoir of information that makes available the
open-ended opportunities for perception. Then, I shall discuss
how the explicit consideration of the materials of the terrestrial
environment—the particles in the atmosphere and the textured
surfaces—led Gibson to replace the concept of “space” with the
notion of “medium” that allows for the open-ended activities
of perception. Finally, I argue that given due consideration of
the ambient information available in the medium, the apparent
incompatibility between the world independent of the perceiver
that exist out there and the worlds enacted by various histories of
life could be resolved.

INFORMATION IN LIQUID

As an illustration for the pattern and change that exist
independent of perceivers that are potentially informative
about the eventful world, let us first consider the case of
so-called hydrodynamic perception—mechanosensing of water
movements by aquatic animals. Most aquatic animals have
developed perceptual systems to discriminate water disturbance

(Hanke and Bleckmann, 2004). These water disturbances arise
from a variety of sources such as other animals including
predators, prey, conspecifics, inanimate objects and events, and
the swimming movements of the perceiving animal itself (Hanke,
2014). For example, water disturbances caused by swimming
fish of different species have been shown to have different wake
signatures, which can last for several minutes (Figure 1). These
water movements provide valuable sources of information for
piscivorous predators at a distance not only about the presence
of a fish of suitable size but also about the species or the
swimming style of the fish that have passed by at an earlier
point in time (Hanke and Bleckmann, 2004). A recent study
showed that the flow structures caused by the fast-starting fish
consisted of multiple jets that contain directional information,
which are suited to provide aquatic predators not only with
information on the presence of a fish of suitable size, but also on
the direction of its escape (Niesterok and Hanke, 2013). Harbor
seals—piscivorous mammals—are known to use their vibrissae to
haptically discriminate the water movements left behind by prey
or predator, and perceive the motion path, size and shape of the
object that caused the trail (Hanke, 2014).

A point worth emphasizing is the fact that although the
informative patterns of water movement are there to be perceived
by an animal, there are many reasons that the animal may not
attend to the information. The harbor seal running away from the
white shark may not attend to a pattern of water movement that
specify the presence of salmon that can be preyed upon. Near the
surface of clear water during daytime the animal may attend to
optical information without taking advantage of hydrodynamic
information. The flow patterns that are informative about various
aquatic events exist out there in the water. However, at the
same time, the patterns of water movement do not fix what
is perceived by perceiving animals. Instead, the ambient water
makes available the open-ended opportunities for selectively
picking up different features of the flow pattern depending
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FIGURE 1 | Water velocity 60 s after an 86 mm long fish (Lepomis gibbosus)
passed the area. Bold arrow indicates swimming direction. Adapted from
Hanke (2014). Copyright 2014 by Springer-Verlag.
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on various life histories of perceiving animals. Hydrodynamic
perception is possible provided the following two conditions
are met: (1) the water movements are sufficiently sensitive to
differentiate different source events, and (2) the perceiver has
the skill and sufficient resolution to detect the difference between
different water movements.

Quite independently from hydrodynamic perception research,
the computational neuroscientist Maass has arrived at some
similar viewpoints that the perturbed states of the medium could
potentially make available the reservoir of information from
which different task-specific information could be extracted.
Maass et al. (2002) identified that the key challenge to
understanding perception is to find the right conceptual
framework that could explain how animals detect in real-time
the equivalent state from the continuously changing stimulation
which may never repeat. In tackling this challenge, Maass took
seriously the material environment of neurons—the fact that
“the neurons in our brain are embedded into an artificial
sea-environment, the salty aqueous extracellular fluid which
surrounds the neurons in our brain (Maass, 2002, p. 33).” Using
the metaphor of liquid, Maass et al. (2002) wrote as follows:

. consider a series of transient perturbations caused in an
excitable medium (see Holden et al., 1991), for example, a
liquid, by a sequence of external disturbances (inputs) such
as wind, sound, or sequences of pebbles dropped into the
liquid. . .the perturbed state of the liquid, at any moment in time,
represents present as well as past inputs, potentially providing the
information needed for an analysis of various dynamic aspects of
the environment. In order for such a liquid to serve as a source of
salient information about present and past stimuli without relying
on stable states, the perturbations must be sensitive to saliently
different inputs. . . (Maass et al., 2002, pp. 2533-2534).

Using perturbations caused in a medium as informational
resources, Maass et al. (2002) proposed a computational model
called the Liquid State Machine, which maps some function
of time (e.g., an aspect of the environment that changes
continuously) onto other functions of time (e.g., continuous
adjustments of action in relation to the changing aspect of
the environment) in real-time. Although the framework has
been applied to modeling computation in neural microcircuits,
the implications of the liquid state machine are general and
can be applied to different material systems. Like the Turing
machine which has universal power for off-line computing
on discrete inputs, liquid state machines are supported by
a rigorous mathematical framework that guarantees, under
idealized conditions, universal power for real-time computation
with fading memory on continuous functions of time (Maass
et al., 2002). In terms of architecture, a liquid state machine M
consists of the following two components: The first component
is a medium called a liquid filter L™ which generates, at every
time ¢, perturbed “liquid state” X™(¢) in response to a preceding
continuous sequence of disturbances u(-) (Figure 2). A liquid
filter has the time-continuous property of fading memory whose
state depends on the disturbances from some finite time window
into the past, just as the perturbed states of the sea water lasts for
some finite amount of time after a fish has passed by. A liquid
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FIGURE 2 | The architecture of a liquid state machine M. A time series u(-) is
injected as input into the liquid filter LM, creating at time t the liquid state XMh),
which is transformed by a memoryless readout map  to generate an output
y(t) (Maass et al., 2002). Adapted from Maass et al. (2002). Copyright 2002 by
Massachusetts Institute of Technology.

filter needs not be customized for a specific task, just as sea
water is pregiven and not customized for a specific task of
each aquatic animal. The second component of a liquid state
machine M is a memoryless readout map f that transforms,
at every time t, the current liquid state XM(t) (which reflects
the past as well as the current events because of the fading
memory property of the liquid filter) into task-specific output
¥(t). In other words, a readout map fM extracts the task-specific
information from the reservoir of information available in the
current liquid state, and continuously adjusts the output in
relation to the task goal. Depending on the task, the readout
can generate an invariant response quite independent from high-
dimensional transient states of the liquid, by learning to define
the task-relevant equivalence classes for the dynamic liquid states
(Maass et al., 2002). Moreover, it is possible to add multiple
readouts to a single liquid filter so that each readout extracts
different task-specific information from the rich liquid state in
such a way to support completely different, multiple real-time
controls in parallel.

A liquid state machine is a time-invariant filter with fading
memory that maps input stream onto an output stream. It has
the universal power for real-time computing on perturbations
regardless of specific implementation or structure, provided
that the following two macroscopic properties are satisfied:
a separation property and an approximation property (Maass
et al., 2002). A separation property addresses the amount of
separation between the trajectories of perturbed states of the
liquid that are resulting from two different input disturbances
(i.e., the difference between the wave patterns caused by
different sequences of disturbances). An approximation property
addresses the capability of distinguishing and transforming
different perturbed states of the liquid into given target
outputs (Maass et al., 2002). Whereas a separation property
depends largely on the material characteristics of the liquid, an
approximation property depends largely on the adaptability of
the readout mechanism to the required task (Maass et al., 2002).
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Theoretically, the performance of liquid state machines improves
with any improvement in their separation or approximation
property (Maass et al., 2002).

The conceptual framework of a liquid state machine was
later unified with so-called Echo State Networks—a machine
learning approach independently developed by Jaeger that shares
the fundamental operating principle (Jaeger and Haas, 2004)—
under the overall label of reservoir computing. The framework of
reservoir computing suggests that the reservoir (i.e., a medium
such as a liquid filter in liquid state machines) that exists
independent of the task-specific readouts, if it has rich and
diverse enough dynamics to differentiate the different sources
of disturbances, could make available the opportunities for real-
time, task-specific control of the medium-readout system. In
reservoir computing, the only task of the reservoir is to have
its dynamic state perturbed by some event (Seoane, 2019).
In doing so, through its non-linear, convoluted dynamics, the
reservoir is picking up the event and projecting it into the
high-dimensional space that consists of various possible dynamic
configurations of the reservoir, which could potentially render
relevant features from the event more easily separable. Provided
that the separation property is satisfied, the implementation of
the reservoir can be quite arbitrary—be it spider web sensitive
to mechanical disturbances or a recurrent circuit of integrate-
and-fire neurons with rich recurrent dynamics. This suggests the
possibility that an arbitrary material system could be “found” and
used as the reservoir in the course of evolution or development
(as opposed to being “determined” by animals), from which
information about different aspects of the eventful environment
could be extracted.

THE BODY AS A RESERVOIR

In engineering, structures with high degrees of dynamical
coupling are known to be difficult to control, because these
couplings tend to produce undesirable non-linear interactions
that are difficult to predict (Rieffel et al., 2009). But what if there’s
a possibility that these structures rife with dynamical coupling
can be harnessed not as something whose movement is to be
governed by a commander, but as a medium which provides the
reservoir of information? Based on the framework of a liquid
state machine, Hauser et al. (2011) used a simple generic model
of physical body based on mass-spring systems to implement
a liquid filter in a simulation experiment, in which the system
learns the complex mapping of the movements of the end-
effector of a robot arm on a horizontal plane to the joint torques
required to produce the movements (i.e., inverse dynamics).
They randomly positioned 30 mass points in a two-dimensional
plane, which were then connected by 78 non-linear springs with
randomly chosen heterogeneous properties (Hauser et al., 2011).
Two sets of randomly chosen six mass points received linearly
scaled horizontal disturbances F derived from the target x and
y position in the plane, respectively, whose scaling factors were
again randomly selected and fixed (Figure 3). Just like spider web,
the entire mass-spring network responded to these disturbances
in real-time by changing the 78 spring lengths, which were the

FIGURE 3 | Schematic example of a generic mass-spring network. The mass
points are connected by non-linear springs. The square masses are fixed in
order to hold the network in place. The gray mass points are randomly chosen
inputs nodes, which receive the input in form of horizontal forces scaled by
randomly initiated weights (Hauser et al., 2011). Adapted from Hauser et al.
(2011). Copyright 2011 by Springer-Verlag.

78-dimensional “liquid states” of the body. The linear readout
of the system was defined as the weighted sum of continuously
changing 78 spring lengths whose weights were adapted to
the corresponding target torque in the learning process. After
learning, the mass-spring networks successfully performed the
complex mapping of the target movement of the end effector
to the torque time series with extremely high accuracy (Hauser
et al, 2011). When no mass-spring body was available and
linear regression was applied on the raw input signals (i.e., x
and y positions of the end effector) instead of the 78 spring
lengths, the system was not able to adjust the momentary torque
according to the target position. Interestingly, even when the
mass-spring body was available, when all the spring properties
were made homogeneous, the performance of the system severely
deteriorated, implying that diversity is an important material
property of the body that allows real-time guidance of movement
(Hauser et al., 2011).

In a subsequent experiment, Nakajima et al. (2013) used an
actual soft robotic arm, inspired the anatomy of an octopus,
to control the movement of the arm in a closed-loop manner
in such a way to embed non-linear limit cycles (e.g., the Van
del Pol limit cycle). Using the similar mass-spring network
as Hauser et al. (2011), they fed the output generated by
the system (weighted sum of all the spring lengths of the
arm) back into the system as a motor command for the next
timestep which generated the rotation movement of the arm
(Nakajima et al., 2013). And then the spring lengths of the
arm perturbed by the self-movement were in turn used as
resources to adjust the torque that controls the movement of
the arm. In the experiment, they trained the linear readout
to obtain the optimal readout weights to emulate a non-linear
limit cycle, and then switch the motor command to the system
output generated by the trained readout weights. They found
that the motor output of the arm exhibited almost a complete
fit with the target trajectory for some types of limit cycles,

Frontiers in Psychology | www.frontiersin.org

March 2020 | Volume 11 | Article 447


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Nonaka

Locating the Inexhaustible

which was robust against external noise over an extended period
of time (Nakajima et al,, 2013). These studies implied that a
complex structure rife with dynamical coupling can be harnessed
as a medium that provides rich resources for controlling the
movements of the system of which such structure is a part.
However, it should be noted that whether and how task-specific
information could be actively sought after in the reservoir so as to
control the system’s encounters with a cluttered environment still
remains to be seen.

The manner in which reservoir computing is conventionally
discussed is as a model of computation to perform complex
mappings from input sequences to output sequences (e.g., to
emulate dynamical systems). In this context, the main concern
has been the information provided by the states of a medium
perturbed by passive input. We shall now turn to active
exploration that brings about disturbances in a medium in
such a way to isolate informative structures. Gibson’s classic
paper on active touch offered a stark illustration of the contrast
between a passive receptive channel of sensory input and an
active system that hunt for information (Gibson, 1962). The
haptic apparatus of animals incorporates mechanoreceptors that
are distributed across different parts and organs of the body—
in and below the skin, the ligaments connecting the joints
between the movable bones, and the muscles and the tendons.
It is notable that what all these parts and organs have in
common is that they can be moved and deformed, actively
as well as passively (Gibson, 1966, p. 108). Recently, Turvey
and Fonseca (2014) hypothesized that interconnected structural
hierarchies composed of tensionally prestressed networks of
our bodies that span from the macroscale to the microscale—
from muscles, tendons, and other connective tissues to various
micro-elastic structures such as a network of collagen fibers—
constitute the medium for the haptic sense organs of animals.
Because the form of any structure, whether a vortex flow of water
or a living tissue, is determined through a dynamic interplay
of physical forces, the distinct pattern of forces characteristic
of a mechanical disturbance may convey a physical form of
information that constrain perception and behavior of an agent
(Ingber, 2005). Like the air being the medium for sound,
odor, and reverberating flux of light, despite being on the
other side of the skin, Turvey and Fonseca (2014) argued,
the presence of isometric tension distributed throughout all
levels of interconnected, multiscale networks make available
the opportunities for an active perceiver to spontaneously
perturb the tensionally integrated system in such a way
to isolate the invariant patterns that specify the source of
mechanical disturbances.

For the haptic perception of the properties of hand-held
objects, evidence to date suggests that different properties of
a held object are independently perceivable (for reviews, see
Turvey and Carello, 2011). Wielding an object exerts reactive
forces and torques on skin, muscles, ligaments, and tendons.
From this array of deformation, perceivers are shown to be
able to selectively pick up information that specifies properties
such as length, width, and crude shape of the hand-held object.
The manner of active exploration has also been shown to differ
systematically as a function of the particular property to be

attended to. For example, when perceiving how far a hand-
held object extends from hand (i.e., the object’s length), wielding
movement about the wrist joint is typically observed (Carello
and Turvey, 2017). Thereby, a rotation point defined in the wrist
is always at a fixed distance from an object held in the hand,
enabling the invariant rotational inertia specific to the length
of the object to be isolated over the time-varying motions of
the limb and accompanying deformation of tissues. By contrast,
when perceiving the width of a hand-held object such as a tennis
racket, twisting movements about the longitudinal axis of the
object is typically observed, allowing the invariant rotational
inertia specific to the width to be isolated over the time-varying
motions of the limb (Arzamarski et al., 2010). Moreover, a variety
of available opportunities for exploration is related to the fact
that the same property of the object is perceivable by means of
different neuromuscular patterns of movement. Silva et al. (2009)
reported that a patient with stroke-induced motor impairment
who had restricted movements of the wrist was nevertheless able
to perceive the length of the rod secured to the hand with an
elastic band with the same accuracy and reliability as individuals
without movement disorders. This patient wielded the rod not
about the wrist but about the longitudinal axis of the arm
through the shoulder joint, which was kept at a fixed distance
from the end of the rod. Despite the very different kinematics
and transformation of tissue deformation arrays, the wielding
movement apparently contributed to separating off the same
invariant as did the wrist movement (Silva et al., 2009).

In recent years, there has been a growing interest in the
problem concerning the transformation and variation produced
by active exploratory movement to separate the information
about aspects of the environment relevant to the task at hand
(Nonaka, 2019). In general, exploration requires fluctuations,
and fluctuations increase in time. A growing body of evidence
indicates that the fluctuations in exploratory behaviors exhibit
the property of superdiffusion, where the fluctuation grows faster
than normal diffusion governed by a Gaussian probability density
function (e.g., Stephen et al., 2010; Viswanathan et al., 2011).
Nonaka and Bril (2014) studied the exploratory movement of
expert stone beads craftsmen in India who shape a bead by a
series of hammer strikes on a stone held against the pointed tip
of an iron bar (Figure 4). In the field experiment, the craftsmen
shaped the ellipsoidal beads made of two different materials
(carnelian stone—familiar material, and glass—unfamiliar, much
more fragile material) in the studios they normally work.
The use of the unfamiliar material must require an acute
sensitivity to the properties of the material, where the finer the
exploration, the better the probable outcome of the activities that
follow. In the exploratory tapping movement of the craftsmen
during the preparatory phase of the task, they found (a) the
presence of long-range correlations where the variance of the
displacement time series of the hand wielding the hammer
grows superlinearly in time, and (b) underlying multiplicative
interactions between fluctuations at different temporal scales
indicated by the heterogeneity of scaling properties over time.
When faced with the unfamiliar condition using unusual,
fragile material, the exploratory hammer tapping movement
of highly skilled experts who were able to cope with the
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