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Abstract

A variation of Godfrey-Smith’s ‘environmental
complexity thesis’ is described which draws to-
gether two broad themes; the relation of func-
tional properties of behaviour to environmen-
tal structure, and the distinction between be-
havioural and mechanistic levels of description.
The specific idea defended here is that behavioural
and/or mechanistic complexity can be understood
in terms of mediating well-adapted responses to
environmental variability. Particular attention is
paid to the value of agent-based modelling within
this framework.

1. Introduction

“The function of cognition is to enable the agent to deal
with environmental complexity”. So states, with ad-
mirable brevity, the ‘environmental complexity thesis’
(ECT) of Peter Godfrey-Smith, a philosophical project
which first appeared in his 1996 book, Complexity and
the Function of Mind in Nature, and which has subse-
quently been the focus of considerable and largely pos-
itive attention (for example Hardcastle, 1999; McShea,
1996; Oyama, 1996; Bedau, 1996; Belew, 1996).

My aim in this paper is to use a discussion of the
ECT as a way of drawing together two broad themes:
the relation of functional properties of behaviour to
environmental structure (central to the ECT as de-
scribed by Godfrey-Smith), and the distinction between
behavioural and mechanistic levels of description (not
so central). The motivation for this is to describe
a framework within which the relations between be-
haviour, mechanism, and environment, as they appear
in agent-environment systems in general, can be usefully
articulated. I shall also give examples throughout of
how agent-based modelling techniques complement this
framework in advancing our understanding of adaptive
behaviour.

The upshot of all this will be a new interpretation
of the ECT, which is that behavioural and/or mecha-
nistic complexity can be understood in terms of mediat-
ing well-adapted responses to environmental variability.

Undoubtedly this is similar to Godfrey-Smith’s own for-
mulation, but there are differences, the significance of
which will be illustrated by critiquing the original ECT
from three directions: (i) the use, and meaning, of the
term ‘cognition’, (ii) the relation of the ECT to W. Ross
Ashby’s ‘law of requisite variety’, and (iii) the role played
by agents in the ‘construction’ of their environments.
Whilst distinct in substance, these three elements share
a common interest, unlike Godfrey-Smith’s original the-
sis, in distinguishing between behavioural and mechanis-
tic levels of description. It is nevertheless important to
emphasise that the purpose of this paper is not to try to
undermine the ECT per se, but rather to exploit some
of its many riches.

2. Setting the stage

We begin with some definitions, which may be regarded
as assumptions of this paper, and with a discussion of
the distinction between behaviour and mechanism.

Behaviour is defined in this paper as observed ongo-
ing agent-environment interactivity, and mechanism as
the agent-side structure subserving this interactivity. De-
fined this way, all behaviours (eating, swimming, flee-
ing, building-a-house) depend on continuous patterns of
interaction between agent and environment; there can
be no eating without food, no building-a-house without
bricks, no swimming without water. In addition, it is ul-
timately up to the external observer to decide which seg-
ments of agent-environment interactivity warrant which
behavioural labels. In principle, different observers may
both privilege different junctures in observed activity
and label the same segments differently, either way caus-
ing problems for any explanation of mechanism framed
in the language of behaviour. Behaviour is a product of
the joint activity of agent, environment, and observer,
therefore - and this is the crucial point - the (agent-side)
mechanisms underlying the generation of any behaviour
should not be assumed to be identical to the behaviour
itself. This is what is meant by distinguishing between
behavioural and mechanistic levels of description.

An instructive example of the importance of this
distinction comes from Lorenz’s (1937) observations of
the ‘parenting behaviour’ of ducks (see also Hendriks-



Jansen, 1996). Mother ducks engage in a number of
different patterns of interaction with their offspring, and
Lorenz subsumed all such observed patterns under the
label of ‘parenting behaviour’. This is clearly valuable
for descriptive classification, but it should not be taken
as reason to believe in the existence of any ‘behavioural
icon’ for parenting behaviour, internal to the mother
duck, as a mechanistic explanatory locus. And indeed,
as Lorenz subsequently discovered, from the perspective
of the mother duck the various interaction patterns are
all triggered by quite different stimuli. The only point
at which they ‘intersect’ in any sense is on the duckling
itself, as an object in the eyes of the external observer.

Moreover, if a behaviour appears complex (to an ex-
ternal observer), this does not imply that the underlying
internal mechanisms are also complex. The classic il-
lustration of this is Herbert Simon’s description of an
ant on a beach (Simon, 1988). The internal mechanism
of this (hypothetical) ant consists of a simple obstacle-
avoidance rule - if there is a clump of sand to the left,
go right, and vice-versa. Thus the ant responds to ev-
ery tiny clump of sand, veering first left then right as
it negotiates its terrain. Simon’s point is that from the
perspective of the external observer - who cannot per-
ceive the small-scale heterogeneity of the beach surface,
and who is not aware of the simplicity of the ant’s ‘al-
gorithm’ - the trajectory traced by the ant is strikingly
and perhaps irretrievably complex.

So how can one begin to trace the relationship between
behaviour and mechanism? A first step is to be clear
about the meaning of environment, which we may think
of in two ways: the environment as it appears to us, as
external observers, and the environment as it appears to
the agent that we (as external observers) are observing.
The former (the ‘external’ environment, following Bran-
don, 1990, or ‘distal’ environment, following Brunswik,
1952, and Nolfi, 1998) is that which features in the def-
inition of behaviour as agent-environment interactivity,
and is perhaps the most intuitive way to understand the
term. The latter is perhaps best labelled by the term
Umwelt (‘proximal’ will also do), coined by Jakob von
Uexküll (1934) to refer to the space of sensorimotor cues
relevant to an organism, containing those features which
constitute stimuli for the organism, to which the organ-
ism can potentially muster a response.1 Consider, then,
that behaviours, being elements in the vocabulary of an
observer, are located in the external environment. In
the case of Lorenz’s duck, the descriptions of the various
interaction patterns that constitute parenting behaviour
are framed in terms of the external environment, and in-
tersect only on the duckling as an entity in the external
environment. The relation of these behavioural descrip-
tions to mechanism may then require that the relations

1See Ziemke and Sharkey (2001) for an interesting commentary
on von Uexküll and recent developments in adaptive robotics.

between the external environment and the Umwelt be
traced - Lorenz had to identify what constituted stimuli
for the mother-duck in order to understand the nature
of its parenting behaviour.2

3. The environmental complexity thesis

We may now move on to the second of our primary
themes, the relation between behaviour and environmen-
tal structure. This is the province of the ECT.

“The function of cognition is to enable the agent to
deal with environmental complexity”. A strong claim,
and one which Godfrey-Smith is keen to place in the
context of what he labels ‘externalism’, the explanation
of internal organism properties in terms of their relations
to the external. In fact Godfrey-Smith describes the
ECT as expressing ‘c-externalism’, which he defines as
the attempt to understand internal complexity in terms
of external complexity. The intuition is that ‘cognition’
is more complex than ‘no cognition’, thus ‘cognition’ is
argued to be a complex response to a complex environ-
ment. Importantly the ECT is also a claim about ne-
cessity, not sufficiency. The idea is that environmental
complexity is necessary for there to be cognition, but
not that environmental complexity will always result in
there being cognition.

A wider aim that Godfrey-Smith holds for his book is
the exploration of externalist explanation in general, and
it will repay us to understand something of this aim. In
this broad context the ECT stands along with adapta-
tionist explanations in biology, empiricism in philosophy,
and associationism and behaviourist learning theory in
psychology. The obvious (and equally influential) com-
plement of externalism is internalism, the attempt to
explain internal organism properties in terms of (their
relation to) other internal properties. Biological internal-
ism is manifest in the structuralist accounts of Goodwin
(1994), and, earlier, d’Arcy Thompson (1917). Psycho-
logical internalism is strident in Chomsky, and in philos-
ophy the rationalist tradition is internalist insofar as it
argues for the necessity of mental ‘pre-structure’ in the
formation of beliefs and judgements.

Of course any distinction between internalism and ex-
ternalism naturally presupposes a distinction between
the external and the internal, yet as many have argued
this can be difficult to justify, and theories which take
as their explanandum the existence (whether apparent
or ‘real’) of a distinction between external and inter-
nal naturally resist classification as either externalist or
internalist (see, for example, Oyama, 1996, 1985). In
view of this it can be argued that the ECT ought to ex-

2To take another example, the catching behaviour of cricketers
has been greatly elucidated by appreciating as a stimulus the ac-
celeration of the tangent of elevation of gaze from player to ball;
if this acceleration is kept at zero, the cricketer will meet the ball
before the ball meets the ground (McLeod & Dienes, 1996).



press a ‘pragmatic externalism’, retaining the emphasis
of accounting for internal properties in terms of external
properties, but at the same time displaying consistency
with arbitrary boundaries between external and internal.
Importantly, not all versions of the ECT are pragmati-
cally externalist in this sense.

Getting back to the ECT itself, Godfrey-Smith is quick
to point out that its plausibility rests entirely on the
meanings ascribed to the terms ‘function’, ‘cognition’,
and ‘environmental complexity’. The vision of environ-
mental complexity held by Godfrey-Smith is one of het-
erogeneity:

Complexity is changeability, variability; having
a lot of different states or modes, or doing a lot
of different things. Something is simple when it
is all the same. (1996a., p.24)

This definition of complexity is not without its difficul-
ties, and in particular bears a controversial relationship
with unpredictability (McShea, 1996), but for present
purposes we may let it stand. ‘Function’ is interpreted
‘teleonomically’; the teleonomic function of something is
the effect it has which explains why it is there, usually in
view of some selective process, so from this vantage cog-
nition is understood to be an adaptation to the problem
of environmental complexity, the ECT an adaptation-
ist thesis. Finally, what Godfrey-Smith means by ‘cog-
nition’ is, unfortunately, less clear, despite being that
which the ECT is ostensibly directed towards account-
ing for. We will have more to say about this in section
4.1.

Godfrey-Smith also identifies an informative histori-
cal context for the ECT which takes the form of a con-
trast between the positions of the philosophers Herbert
Spencer and John Dewey. Spencer believed in a general
‘law of evolution’ which prescribed a universal dynamic
from states of “indefinite, incoherent homogeneity” to
states of “definite, coherent heterogeneity”. Increases
in environmental heterogeneity were supposed to lead
to corresponding increases in internal heterogeneity by
“the continuous adjustment of internal relations to ex-
ternal relations”. Godfrey-Smith interprets this as sug-
gesting that “organic properties are not seen so much
as solutions to environmental problems but rather as
bearing the imprint of the environment’s pattern” (ibid.,
p.89). There is therefore no sense, for Godfrey-Smith,
in which a Spencerian ECT implies that cognition ‘deals
with’ environmental complexity by way of judiciously de-
ployed responses, rather, organism ‘accommodates’ en-
vironment in the sense of the external somehow being
captured ‘inside’ the internal. Interpreted this way, the
Spencerian ECT is endlessly problematic. Most seri-
ously, the idea of organic properties ‘accommodating’ en-
vironmental properties demands a reification of the dis-
tinction between external and internal, one cannot bring

the external within the confines of the internal without
asserting a pre-existing distinction between the two. Be-
cause of this the Spencerian ECT is inconsistent with
pragmatic externalism.

Dewey receives greater favour from Godfrey-Smith,
and it is in his later work - most particularly in Ex-
perience and Nature (1929) - that a version of the ECT
is identified. For example:

The world must actually be such as to gener-
ate ignorance and inquiry; doubt and hypothesis,
trial and temporal conclusions; [. . . ] The ulti-
mate evidence of genuine hazard, contingency, ir-
regularity and indeterminedness in nature is thus
found in the occurrence of thinking. (1929, p.69,
quoted in Godfrey-Smith, 1996a, p.100)

It is Dewey’s pragmatism that makes him more accept-
able. As Godfrey-Smith explains, “Dewey was opposed
to the idea that in solving problems organic systems
merely accommodate environmental demands. Rather,
they intervene in the environmental processes which gen-
erated the problem, and alter the environment’s intrinsic
course” (ibid., p.139).

Godfrey-Smith’s reading of this version of the ECT
improves on Spencer’s version in at least two ways. First,
consistency with pragmatic externalism is ensured be-
cause the boundary between external and internal can be
retained as arbitrary (to the extent that the response is
not framed in terms of the environment itself, otherwise
one is once again forced to ‘internalise’ the environment).
Second, Dewey helps sharpen our ideas about the kinds
of environment that might provide adaptive advantage
for cognition, focusing on a mixture of predictability and
unpredictability:

The incomplete and the uncertain give point
and application to the ascertainment of regular
relations and orders. (1929, p.160, quoted in
Godfrey-Smith, 1996a, p.130)

Godfrey-Smith restates this idea in the form of two con-
ditions to be satisfied if a role for cognition is to be man-
dated. First, that there exists variability “with respect
to distal conditions that make a difference to the organ-
isms’s well-being”. Second, that there be stability “with
respect to the relations between these distal conditions
and proximal and observable conditions” (ibid., p.118).
We shall return to these conditions in section 4.2.

In summary, we may say that Godfrey-Smith favours
an adaptationist, teleonomic version of the ECT in which
complexity is interpreted as heterogeneity, in which the
environment is seen to comprise of a mix of stability and
variability, and in which cognition is interpreted as re-
sponse rather than accommodation. As such, the ECT
provides a clear way to think about how the functional
properties of behaviour relate to environmental struc-
ture: they cope with environmental complexity.



4. Critiquing the ECT

Whilst both the ECT and the behaviour/mechanism dis-
tinction make good sense when considered individually,
the picture they paint when considered together is hardly
an integrated whole. Our efforts are now in this direc-
tion in the form of a critique of Godfrey-Smith’s version
of the ECT. The first element of this critique concerns
‘cognition’.

4.1 Cognition

Without a clear understanding of what Godfrey-Smith
means by cognition it is not possible to understand what
the ECT is trying to explain. Is it just ‘response’ and
nothing more? A good place to begin is the Precis of his
book:

A core set of cognitive capacities, including the
capacities for perception, internal representation
of the world, memory, and decision making, have
the function of making possible complex patterns
of behavior that enable organisms to deal effec-
tively with complex patterns and conditions in
their environments. (1996b, p. 453)

Elsewhere throughout the book itself, however, ambi-
guity returns, with cognition discussed at a variety of
levels of abstraction and in several different senses (a
worry partly shared by Belew, 1996). In one place it is
interpreted “as a means to the production of behavioural
complexity” (1996a, p.26), in another, the possibility of
cognition being an advanced kind of homeostatic device
is advanced (ibid., pp.76-79), and there is also reference
to a “basic mental tool-kit” (ibid., p.127). This vari-
ety makes it clear that although the ECT may provide
a detailed discussion of how the functional properties of
behaviour may relate to environmental structure, there
will be less to say about how such behaviour is to be
related to underlying mechanisms. For Godfrey-Smith,
both levels of description are subsumed under the term
‘cognition’, a term which he loads with many of its cus-
tomary connotations such as internal representation and
decision making (cf. Neisser, 1967).

This dalliance with what one may call ‘classical’ cog-
nitive terminology leads his version of the ECT into
some unfortunate territory. Shapiro (1999), for example,
gets things very much the wrong way around, suggest-
ing that the ECT may be used to answer the question of
whether the observation of a particular behaviour war-
rants the ascription of psychological mechanism, rather
than just physiological mechanism. If there is suffi-
cient environmental complexity, his argument goes, then
psychological (read ‘cognitive’) mechanism must be in-
volved, the implication being that physiological (read
‘non-cognitive’) mechanism just could not cope in such

circumstances). Unfortunately, in proposing this argu-
ment, Shapiro succeeds only in reviving a prejudice effec-
tively dispelled by Pavlov in the 1920s; that any process
analysable in physiological terms ipso facto cannot be a
psychological process (see Lorenz, 1948, p.204).3

This, then, is the first element of my critique of
Godfrey-Smith’s formulation of the ECT. Slippery us-
age of the term ‘cognition’ enables him to gloss over
the distinction between behaviour and mechanism. The
functional properties of behaviour are the proper targets
of the adaptationist claims of the ECT, mechanisms are
certainly required to subserve behaviour, and so mecha-
nisms will also be indirectly subject to the same forces of
selection that operate directly on the functional entities
of behaviour, but there is no necessary, direct link be-
tween complex behaviour and complex mechanism, cog-
nitive or otherwise (recall Simon’s ant). Therefore, there
is no way the ECT should be used to justify claims for
the existence of ‘psychological mechanism’ over ‘physio-
logical mechanism’. In other words, part of the appeal of
the ECT comes from the apparent link between environ-
mental structure and internal mechanism, yet this misses
out the essential link provided by behaviour. Part of the
difficulty with Godfrey-Smith’s formulation is that the
term ‘cognition’ obscures any clear distinction between
behaviour and mechanism, rendering any direct implica-
tions of the ECT for internal mechanism unclear.

There are some straightforward implications for agent
based modelling here, quite simply that such models al-
low distinctions between behaviour and mechanism to be
fully realised and empirically interrogated, obviating the
need for problematic catch-all terms such as cognition.
In any but the most trivial concrete model there will
be both observable behaviour and analysable behaviour-
generating mechanisms. Causal networks linking be-
haviour, mechanism, and environment can in principle
be fully unravelled, and the explanatory leverage of the
ECT in accounting for mechanistic complexity empiri-
cally assessed.

To take a concrete example, consider Beer’s work on
the evolution of ‘minimally cognitive’ behaviour (Beer,
1996, 2000). Beer analysed an agent equipped with seven
sensory ‘rays’, set at various angles relative to the mid-
line, reporting the distance to the edges of a falling
object, either a circle or a diamond. The agent could
move along a horizontal line and was faced with the
task of avoiding diamonds and centering circles. Beer
used a genetic algorithm to evolve successful agents, con-

3Dennett (1987) makes a similar point, arguing that behaviour
of a sufficient apparent complexity drives observers to take the
‘intentional stance’ with respect to the behaving agent, such that
in order to understand and/or predict the behaviour of the agent
it is necessary to (or at least it helps to) ascribe ‘classical’ cognitive
states to the agent. However, as Dennett is careful to emphasise,
the act of taking the intentional stance does not imply that the
actual agent-side behaviour-generating mechanisms are cognitive
in this sense; the intentional stance is an observational strategy.



trolled by recurrent neural networks, and then asked how
they worked. Without going into details, he observed
that “subtle interplay between sensory input and inter-
nal state is crucial to accurate discrimination” (Beer,
2000, p.94), thus accounting for an arguably ‘cognitive’
phenomenon in terms of dynamic interrelations between
behaviour, mechanism, and environment. A second ex-
ample which more directly probes the relationship be-
tween environmental structure and mechanism complex-
ity is provided by Biró and Ziemke (1998), who analysed
simple evolved neural networks controlling agents able
to locate objects within a walled arena. They noticed
that the dynamics of successful networks could often be
analysed in terms of clusters of activity that correlated
well with distinct behavioural segments (search, track-
ing, avoidance), in this case arguing for a simple re-
lationship between behaviour and mechanism (see also
Ziemke, 2000). One can easily imagine a productive ex-
tension of this work, challenging this simple relationship
by varying both the structure of the environment and
the sensory mapping from the environment to the con-
trolling network.

4.2 The law of requisite variety

The second element of the critique analyses the ECT in
terms of Ashby’s (1956) ‘law of requisite variety’ (hence-
forth LRV). A product of the mid-twentieth century cy-
bernetic school, the LRV may be considered intuitively
as asserting that only agent-side variation can cope with
- or ‘force down’ - environmental variation (as opposed
to, for example, agent-side stasis) . This is clearly sim-
ilar to the basic premise of the ECT, however although
the LRV is mentioned by Godfrey-Smith it is never for
him a focus of attention. This I argue is a missed op-
portunity for the reason that the LRV can help the ECT
bring more clearly into focus the important concepts of
variability and homeostasis.

Let’s start with a more formal account of the LRV.
Consider that for an agent to maintain relative stabil-
ity in certain (internal) essential variables (for exam-
ple heart rate, body core temperature), it must prevent
the transmission of environmental variability through to
these essential variables. In the same way that a good
thermostat prevents the transmission of environmental
variations in temperature through to a particular ob-
ject (for example, the interior of a refrigerator should
remain at a constant cool temperature despite the fluc-
tuating temperature of a kitchen on a midsummer day),
a well adapted agent prevents the transmission of certain
environmental variables (for example the prevalence or
scarcity of food, the proximity, or otherwise, of preda-
tors) through to such essential internal variables as blood
sugar level or heart rate. With this in mind, the LRV can
be easily formulated: Consider a set of possible environ-
mental disturbances D, a set of possible responses on the

part of the agent, R, and a set of possible outcomes, O.
Consider also that for each Di, there is distinct outcome
Oi, and a particular response Ri. Stability in the essen-
tial variables requires minimising the variation in O, and
this then requires that the variety in D is matched by
the variety in R. Ashby himself provides a more concise
summary:

If R′s move is unvarying, then the variety in
outcomes will be as large as the variety in D′s
moves; only variety in R′s moves can force down
variety in the outcomes.4 (1956, p.206)

So how can the LRV express a version of this? Let’s
rehearse once again: “the function of cognition is to en-
able the agent to deal with environmental complexity”.

Most obviously, environmental complexity may be in-
terpreted as the set of environmental disturbances D.
‘Function’ can be interpreted, teleonomically, as the
maintenance of stability in essential variables (the min-
imisation of variation in O). This leaves ‘cognition’,
which instead of being associated with the variety of
interpretations favoured by Godfrey-Smith, is here re-
lated directly to the regulation effected by the various
responses (the set R) deployed by the agent in ‘forcing
down the variety’ in O.

In this way the LRV expresses a quite specific ver-
sion of the ECT, one with several interesting properties.
First, there is a clear emphasis on environmental (distal)
variability, which for Ashby is significant in two distinct
manifestations:

There is that which threatens the survival of
the gene-pattern. This part must be blocked at
all costs. And there is that which, while it may
threaten the gene-pattern, can be transformed (or
re-coded) through the regulator R and used to
block the effect of the remainder (1956, p.212).

This may be usefully compared with Godfrey-Smith’s
dual condition for the adaptive significance of cognition.
For Godfrey-Smith, without distal variability, cognition
is not necessary, and without stability in distal-proximal
relations, cognition is not possible. Ashby offers a third

4A small qualification is worthwhile. It is not usually necessary
for essential variables to be maintained at a precise value; variation
within a certain range is usually permissible and often inevitable.
In mammals, for example, changes in heart rate and blood sugar
concentration are in fact essential contributions to adaptive be-
haviour, for example in ensuring physiological preparedness for
‘fight’ or ‘flight’ responses. McFarland and Sibly (1975) speak of a
physiological state-space, with essential variables defining axes in
this space such that its dimensionality is determined by the num-
ber of essential variables. It would be more accurate to interpret
the LRV in terms of maintaining the state of the organism not at
a single point in physiological state-space, but rather in a region
of this space circumscribed by a set of ‘lethal boundaries’. How-
ever, for the present purposes this distinction may be overlooked;
I shall be concerned with a broadly construed stability in essential
variables only.



alternative, identifying the importance of ‘potentially
beneficial’ variability, the suggestion being that without
this kind of variability, the agent would not be able to act
- or respond - at all. One example of this kind of variabil-
ity would be a change in odour intensity that correlates
with proximity to a food source, another would be some
kind of environmental stochasticity that enables protean
behaviour in a predator-prey situation. The perspec-
tives of Ashby and Godfrey-Smith are therefore com-
plementary, and an interpretation of the ECT emerges
in which all three characteristics combine: stability in
distal-proximal relations, and distal variability that both
threatens the agent and facilitates its activity.

Secondly, by framing the components of the ECT in
terms of potentially measurable variety - in environment,
response, and outcome, - the LRV emphasises the value
of concrete agent-based modelling. Fletcher, Zwick, and
Bedau (1998, 1996), for example, investigate how the
manipulation of environmental texture in a toroidal grid-
world environment (interpolating between flat, random,
and sinusoidal resource distributions) relates to the vari-
ety of responses deployed by well-adapted agents. They
employ Shannon entropy to track three distinct measures
of variety: the information content of the environment
(from the perspective of the agent), the information con-
tent of look-up tables of sensorimotor rules that consti-
tute agent mechanism (which represents the variety of
response), and the between-agent variety in look-up table
structure. Although they do not mention the ECT, they
take two results to exemplify the LRV. First, that re-
sponse variety approaches environment information con-
tent; thus variety in R is matching variety in D. Second,
that between-agent variety falls to zero, indicating that
the variety in R is not random, such that for every Di

there is indeed a particular response Ri.

In a second example, Seth (in press) explores an evo-
lutionary iterated prisoner’s dilemma (IPD) model, fo-
cusing on the relationship between the introduction of
noise at various loci in the model and the evolution of
strategy memory (which can informally be thought of as
strategy complexity). Analysis in terms of the LRV pre-
dicts which loci promote the evolution of memory when
noise is applied, and which do not, enabling a distinction
to be drawn between adaptive and non-adaptive evolu-
tion of memory, without reference to fitness statistics.

It is worth considering why the LRV was given such
short shrift by Godfrey-Smith; one possible reason is the
suspicion that the LRV implies that cognition be un-
derstood as homeostasis, and this is an implication that
Godfrey-Smith tries hard to avoid (pp.76-79). Ever since
Cannon (1932), the term ‘homeostasis’ has been used to
describe mechanisms in which stasis in certain proper-
ties of a mechanism is maintained by variation in others.
Cannon originally discussed homeostasis in a physiolog-
ical context, but it is clear that the notion generalises,

and the LRV certainly has a homeostatic interpretation
in terms of the maintenance of stability in essential vari-
ables (in whatever context) through the deployment of
appropriate responses. So let us briefly consider the
question: can ‘cognition’ be construed as homeostasis?

For Godfrey-Smith, the answer is ‘sometimes’. In
some cases, cognition will lead to actions that are gen-
uinely homeostatic, for example in the intelligent use of
fire to maintain bodily warmth. ‘Genuine’ homeostasis,
for Godfrey-Smith, obtains when “there is some inter-
mediate organic property [body temperature] such that
complex activity contributes to the maintenance of stasis
in this intermediate property, where this property makes
a real contribution to survival” (1996a, p.79). However,
in other cases there will be no non-trivial homeostatic
interpretation of the action of cognition, for example in
the adept use of perception and coordination to evade a
sudden rock slide. In these cases, cognition “is like hiber-
nation - it is adaptive, but the explanation for why it is
adaptive goes directly from organic variation to survival”
(ibid., p.79).

Godfrey-Smith is therefore right to be cautious of
equating cognition with non-trivial homeostasis, even if
some instances of cognition - or indeed many - can be
understood in this way. However, reading the LRV as
a version of the ECT does not necessitate this com-
mitment. Admittedly, there is a temptation to equate
Ashby’s essential variables with Godfrey-Smith’s ‘inter-
mediate organic properties’ - body temperature, for in-
stance, has been used in examples of both - and such an
equivalence would indeed encourage an interpretation of
the LRV as non-trivially homeostatic. But at the ab-
stract level of the LRV, it does not appear possible to
uphold any distinction between an ‘intermediate organic
property’, and a property that is constitutive of survival.
After all, for Ashby, the essential variables are defined
as precisely those variables for which their stability is
a condition of survival. So to the extent that essential
variables are constitutive of survival, rather than medi-
atory of it, the LRV asserts only a ‘trivial’ homeostasis:
as Godfrey-Smith says, the explanation for why a re-
sponse is adaptive can go directly from variation to sur-
vival (survival being, by definition, stability in essential
variables). The mechanisms underlying the generation of
behaviour may be genuinely homeostatic in some cases,
not so in others. An interpretation of the ECT drawn
from the LRV is consistent with this position, and pro-
vides a useful conceptual tool for exploring those situ-
ations in which genuine homeostasis does apply. (For a
recent agent-based exploration of non-trivial homeosta-
sis see Di Paolo, 2000, in which neuronal homeostasis
underlies adaptation to visual field inversion in a model
of phototaxis.)

It may be suggested, in summary, that the ECT fails
to avail itself of the extended understanding offered by



the LRV in several ways: (1) a particular emphasis on
distal variability, together with the distinction between
that which threatens the organism and that which fa-
cilitates its activity, (2) a potential for quantitative ex-
pression in terms of measurements of variety, and for
empirical exploration in terms of instantiation of distur-
bances, responses, and essential variables, and lastly (3)
an engagement with the idea of cognition as homeostasis,
but not a blanket commitment to this proposition.

4.3 Construction

Externalism and internalism together define a third po-
sition, which we have not so far discussed, that of con-
struction; the explanation of properties of the external
in terms of properties of the internal. The third and final
element of our critique concerns the role of construction
in the ECT.

The most obvious interpretation of construction is
when the actions of an agent alter structures of the ex-
ternal environment, for example when a beaver builds
a dam. Something about the external environment has
changed, and, because this change also figures in the
Umwelt of the beaver, it can elicit subsequent responses
from the animal. For Godfrey-Smith, the key feature
of this ‘narrow’, or ‘causal’ sense of construction is that
“some change is made to an intrinsic property of some-
thing external to the organic system” (ibid., p.146).
For reasons explored below, this is the only sense that
Godfrey-Smith entertains in his formulation of the ECT.

However, construction can also be interpreted in a
‘constitutive’ or ‘ontological’ sense. For Godfrey-Smith
this is the sense in which “[f]eatures of the environment
which were not physically put there by the organism are
nonetheless dependent on the organisms’s faculties for
their existence, individual identity or structure” (ibid.,
p.145). The key features of this sense of construction
are that properties of an organism entail the existence of
features in the Umwelt of that organism, that the rela-
tions between these features and features of the external
environment need not be straightforward, and that no
change to intrinsic properties of things external to the
agent need be involved.

Constitutive construction can be manifest in several
ways. Simply by moving around, an agent can influ-
ence what features of the external environment can influ-
ence its activity, without necessarily altering these fea-
tures as they appear in the external environment (al-
though relational properties of the external environment
may have changed, intrinsic properties of things exter-
nal to the agent will have remained the same). Even
the fact that an agent is a particular size can influ-
ence the statistical structure of its Umwelt, for exam-
ple by determining whether or not a field is homoge-
neous with respect to temperature, light intensity etc. A
third manifestation of constitutive construction attaches

to the way in which organisms “transduce the physical
signals that reach them from the outside world” (Lewon-
tin, 1983, p.100). For example, an (external) environ-
mental change - an approaching rattlesnake - that may
entail a change in the rate of vibration of air molecules,
which is then transduced by the organism into some fea-
ture of the agent’s Umwelt, perhaps associated with - or
identifiable with - changes in the concentration of par-
ticular chemicals, which are themselves “transformed by
the neuro-secretory system into the chemical signals of
fear” (ibid., p.100).

Constitutive construction therefore describes the pro-
cess by which Umwelt is generated from the external en-
vironment, and as we have argued previously, an under-
standing of this process may facilitate - or perhaps be
essential - in effectively relating behavioural and mech-
anistic levels of description. Any interpretation of the
ECT that respects the distinction between behaviour
and mechanism must therefore be considered weak unless
it entertains a role for constitutive construction (similar
concerns are entertained in Oyama, 1996; Bedau, 1996).

Why, then, does Godfrey-Smith explicitly limit his for-
mulation of the ECT to entertain only narrow, causal
construction? One reason seems to be that he fears
an admission of constitutive construction would neces-
sitate an interpretation of the mechanisms underlying
behaviour as accommodatory. This is evident from his
choice of an example of constitutive construction:

Suppose an organism develops a way to detoxify
some chemical in its environment which was for-
merly highly poisonous to it. This organism has
made an internal change to its chemistry, and it
has also made a change to the relational proper-
ties of the external chemical. There is now one
less thing the chemical can poison. But if the or-
ganism has not, in doing this, made any change
to an intrinsic property of any external feature
then this is a paradigm case of an internal ac-
commodation of the environment. It is the type of
thing to be contrasted with [narrow] constructive
actions such as physically removing the chemical
from the environment or spraying something on
it to change its intrinsic nature. (1996a, p.147)

Two points arise here. First, this example is not a
paradigmatic example of internal accommodation in the
sense in which accommodation is understood in this pa-
per (the external somehow becoming ‘internalised’, a
transgression of pragmatic externalism). The ‘internal
change to its chemistry’ could perhaps be interpreted
as a response, and if so, then the kind of constitutive
construction alluded to in this example would not neces-
sitate accommodation, would be consistent with prag-
matic externalism, and as such should not pose a prob-
lem for Godfrey-Smith.



Secondly, and more importantly, it is certainly not the
case that this example is representative of constitutive
construction in general. Consider another hypothetical
example. Suppose an organism has a property such that
some types of fluctuation in light intensity constitute rel-
evant stimuli for it, whereas others do not. The Umwelt
of the agent thereby contains these relevant stimuli (or
transformations of them). The organism responds to
these stimuli (or their transformations) in order to main-
tain some internal variable within a certain range (per-
haps by moving away from certain kinds of bright lights
in order to maintain body temperature). In this exam-
ple, as in the examples described in the previous section,
it is clear that constitutive construction plays a role - the
generation of Umwelt - in determining how the organism
should respond to (not accommodate) the environment.
Godfrey-Smith is, however, reluctant to discuss this po-
tentially useful interpretation of constitutive construc-
tion:

What do we say about the role which organisms
play in determining which properties of the envi-
ronment are relevant to them? [. . . ] We should
say that and nothing more: relevance is a good
concept to capture these phenomena [. . . ] The
organism plays a role in making it the case that
its environment contains relevant complexity or
not. (ibid., pp.148-154)

“But what then is left of the ECT?” Godfrey-Smith
asks this very question (ibid., pp.154), and he answers
with a ‘concession’ and a ‘bet’. The concession - which he
describes as a concession to internalism - is that “the or-
ganic system in question does play a role in determining
whether or not a given environmental pattern is relevant
to it” (ibid, p.155). The bet is that once this role has
been played, “there will be other organic properties that
can be explained in terms of this environmental pattern”
(ibid., p.155). This ‘externalist bet’ is to be contrasted
with its internalist counterpart, that once the first role
has been played (of generating Umwelt), there would be
little or nothing left to explain about the organic system.
This way of putting things seems to suggest that consti-
tutive construction be understood as a precondition of
application of the ECT, the generation of Umwelt, not
as something to be explained by it. But this, as we have
seen, is a step Godfrey-Smith appears unwilling to take,
for reasons that seem to stem from an attachment to
the idea that construction must feature, if at all, as a
consequence of the ECT, and that as such, must involve
accommodation.

But that’s not all. It may also be possible to interpret
construction as a consequence of the ECT, without this
entailing an identification of construction with accommo-
dation, by considering the generation of an appropriate
Umwelt, in some cases, as constituting a response to ex-
ternal environmental variability. Before placing much

faith in this idea, however, we must face some diffi-
culties to do with mechanism. As remarked above, to
the extent that the generation of Umwelt is understood
as a precondition of application of the ECT, those as-
pects of mechanism involved in this generation can no
longer be explained by the ECT; only those aspects of
mechanism mediating responses, given the composition
of the Umwelt, would fall within its explanatory domain.
However, if the generation of Umwelt is construed as re-
sponse, then those mechanism structures mediating the
generation of Umwelt do fall within the explanatory do-
main of the ECT after all. The problem is that there
may be no a priori way of disambiguating these two in-
terpretations for any given agent-environment system.
Furthermore, there may be no way of unambiguously
identifying those aspects of mechanism involved in the
generation of Umwelt and those involved in responding
to stimuli in the Umwelt (indeed to expect this to be
possible at all would be to place questionable faith be-
ing able to meaningfully distinguish between perception
and action).

Here the value of concrete agent-based models is per-
haps clearest of all. If there is no escaping the need for
pre-existing internal structure in subserving the trans-
lation from external environment to Umwelt - and there
isn’t - then this must simply be accepted, and as we have
said before (section 4.1), any concrete model of agents
and environments in continuous interaction and mutual
specification must necessarily endow agents with some
initial structure, if the model is not to be infinitely triv-
ial. In this way, once one starts building concrete models
of this sort, issues of constitutive construction attach to
operational details of the model and cease to be philo-
sophical obstacles.

To give some examples, models that endow agents
with stable sensors (but other potentially modifiable as-
pects of mechanism) can treat the constitutive construc-
tion mediated by these sensors as a precondition of ap-
plication of the ECT. This then clears the way for under-
standing - in terms of the ECT - the behaviour patterns
that respond to features of the external environment,
and for understanding - also in terms of the ECT - the
mechanistic structures (other than the sensors) that re-
spond to features of the Umwelt. The work of Beer (1996,
2000) again comes to mind (see section 4.1), as does Seth
(1998) in which reliable and noisy sensors were compared
in an evolutionary robotics task involving homing navi-
gation; it was found that evolved mechanisms integrated
multi-modal sensory data in the latter case, but utilised
only a single modality in the former, and the qualita-
tive complexity of behaviour also differed across the two
conditions.

By extension, models that allow the sensors them-
selves to adapt can admit the constitutive construction
associated with this adaptation into the explanatory do-



main of the ECT. Harvey, Husbands, and Cliff (1994),
for example, explore the artificial evolution of sensor
morphologies for robots faced with the task of discrimi-
nating between triangles and squares, as they appear in
the external environment. This, on the face of it a dif-
ficult problem, becomes trivial for the robot once it has
adapted its sensors to generate a very simple Umwelt.
Going even further, models that allow the entire agent
morphology to adapt can be interpreted in the same way
(Pfeifer, 2000; Pfeifer & Scheier, 1999).

In either case, constitutive construction associated
with agent movement can fall within the explanatory
domain of the ECT to the extent that this movement
can itself be interpreted a response to the external en-
vironment. Todd and Yanco (1996), for example, ex-
plore several ways in which the adaptive significance of
(externally apparent) resource ‘clumps’ depends upon
the movement of simulated agents in a simple concrete
model, and Nolfi and Parisi (1993) assess the perfor-
mance of systems which have the ability to expose them-
selves only to sub-classes of stimuli to which they can
effectively respond.

A last comment on this issue is that I am nowhere
denying that ‘narrow’ or ‘causal’ construction is also im-
portant (and the distinction between causal and consti-
tutive varieties is certainly worth keeping). By inter-
vening in formerly autonomous external environmental
processes, an agent may well bring about modifications
in that environment - which may entail changes in the
Umwelt - which can then elicit distinctive responses. The
point is simple that causal construction on its own is not
always enough.

5. Agent-based modelling

We have discussed the utility of agent-based models at
several stages in this paper. To summarise: they ex-
plicitly realise the distinction between behaviour and
mechanism, getting around the slipperiness of ‘cogni-
tion’. They allow the quantitative exploration of the
ECT from the perspective of Ashby’s LRV, and, by open-
ing Umwelt generation to empirical analysis, they find a
place for constitutive construction in the ECT, as both
precondition and explanandum.

We have not said much about the particular kinds of
agent-based models best suited for these purposes be-
yond the general requirements that they separate intu-
itively into agent and environment components and dis-
play activity at both behavioural and mechanistic levels
of description. Whilst it is beyond the scope of this paper
to comprehensively cover all relevant paradigms (for ex-
ample the dynamical systems approach well articulated
in Beer 1995, or the various agent-based methodologies
described in Pfeifer & Scheier, 1999), it is worth men-
tioning one broad class of model that may be particu-
larly useful, indeed many of the examples previously dis-

cussed have been of this kind. Artificial evolution mod-
els not only satisfy the above general requirements, but
also they are not required to prefigure the relations be-
tween behaviour and mechanism (see Nolfi, 1998). The
designer can specify a (teleo-functional) fitness function,
and leave the evolutionary process to work out the de-
tails of the underlying mechanism (it remains incumbent
on the designer, of course, to specify in advance some
aspects of mechanism structure). They are also (prag-
matically) externalist in character, at least superficially,
in that properties of the internal are moulded, by selec-
tion, to engage with properties of the external. Indeed a
useful case can be made for understanding such models
as extensions of biological ‘optimal foraging’ models in
biology, which operate on exactly this premise but which
are overly constrained with regard to the relations be-
tween behaviour and mechanism (Seth, 2000b).

Agent-based modelling (in general) also allows the is-
sue of pragmatic externalism to be tackled head on.
Whilst it has been stated as a requirement that such
models separate intuitively into agent-environment com-
ponents, and should initially be analysed as such, further
analysis could examine how the explanatory story of a
model would differ if different boundaries were demar-
cated between internal and external, an enterprise which
could shed light on the nature of pragmatically external-
ist explanation, and possibly also on our intuitions about
how agents and environments should normally be distin-
guished.

Lastly, it would be very remiss not to note that
Godfrey-Smith does what few philosophers dare (as
Belew, 1996, remarks) in presenting some concrete mod-
els of his own in the second part of his book. There
are certainly points of contact between these models and
those advocated here, one examines the costs and ben-
efits of phenotypic plasticity, for example, and another
asks with signal detection theory how much sensory acu-
ity an agent should ‘invest in’ in different environments,
but in general the focus is on mathematically quantifying
agent and environmental variability, and less on agent-
based elucidations of the relations between behaviour
and mechanism. Nevertheless, they are to be highly rec-
ommended, not only for their specific insights, but also
for their alternative perspectives on modelling the ECT,
and not least for reassurance that effective modelling of
a philosophical project is indeed possible.

6. Summary

The organising feature of this paper has been a courtship
between two broad themes: distinguishing behaviour
from mechanism, and relating behavioural function to
environmental structure. In its simplest form, the result-
ing message is this: the ECT articulates the pragmati-
cally externalist hypothesis that environmental complex-
ity can incur behavioural complexity, but to understand



how such behavioural complexity relates to underlying
mechanism it is of enormous importance to understand
how the agent perceives its environment, how the exter-
nal environment is translated into Umwelt. This kind of
understanding can figure both as a precondition, and as
a consequence of application of the ECT.

More specifically, we have considered three related cri-
tiques of Godfrey-Smith’s ECT which, in combination,
lead us to a new interpretation of his idea which is that
behavioural and/or mechanistic complexity can be under-
stood in terms of mediating well-adapted responses to en-
vironmental variability. This interpretation differs from
Godfrey-Smith’s in three important ways, corresponding
to the three elements of the critique offered above. The
first is that there is no commitment to an interpreta-
tion of ‘cognition’ which obscures the essential distinc-
tion between behaviour and mechanism. This is impor-
tant because the adaptationist claims of the ECT attach
to behaviours, yet any behaviour can be subserved by
a variety of mechanisms. This is why there an obvious
ambiguity in my interpretation of the ECT; the rela-
tions between behaviour and mechanism cannot be pre-
specified in advance of consideration of any particular
agent-environment system.

The second difference is that the interpretation of the
ECT favoured here accepts - and exploits - the paral-
lel with Ashby’s LRV. This extends the understanding
of the role of homeostasis, lights the way to quantita-
tive modelling, and highlights the distinction between
environmental variability threatening to the agent and
environmental variability which facilitates its activity.

The third difference is the attempt to explicitly in-
corporate constitutive construction, on the one hand as
a precondition of application of the ECT (fixed sensor
structure, for example), and on the other as a response
explicable by the ECT (adaptive sensors, for example,
or Umwelt generation through movement). This third
difference is intimately related to the first insofar as un-
derstanding the relations between behaviour and mech-
anism can be facilitated - or may even require - tracing
of the relations between the external environment and
the Umwelt.

Finally, two other distinguishing features are apparent
from the wording. The term ‘variability’ is preferred over
(environmental) complexity, largely in view of the spe-
cific ideas about variability in the perspectives of Dewey
and Ashby, and the greater handle afforded for empir-
ical analysis. Also, I speak of behavioural/mechanistic
complexity; this is perhaps the most easily falsifiable el-
ement of the present formulation (recall, one final time,
Simon’s ant), but this only goes to emphasise that the
ECT is, above all, a hypothesis, hypotheses are after all
to be tested, and a wonderful thing about the ECT is
that falsifying evidence is likely to be just as interesting
as evidence adduced in its support.
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