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structive process in terms of its basic mecha-
nisms. In particular, we like the view that the
need to anticipate future events in order to
coordinate with them, or to imagine what is
not already there, what does not (yet) exist, is
a primary pressure, advantage, and mecha-
nism for such an “emancipation” of the mind
from perception and reality: a precognition
for a truly cognitive mind (Pezzulo 2008; Pez-
zulo & Castelfranchi 2007). This view is well
expressed and argued in the target article.

The second very important point on
which we agree (and which should be appre-
ciated more in the cognitive sciences) is that
this process is also responsible for the devel-
opment of self-consciousness, and has the
potential to explain some of its crucial fea-
tures. That is, self-representation and self-
consciousness may have roots in the cognitive
agent’s need to locate itself in the anticipated
(imagined/simulated) scenario, or in having a
third-person-like representation of itself as an
agent in the world. We think that the author’s
account of consciousness phenomena is espe-
cially remarkable, for two reasons. First, it is
conducted in continuity with an analysis of
simpler adaptive and cognitive processes, and
this is essential to firmly ground conscious-
ness in nature. Second, it is a rare attempt to
scale up ideas and models circulating in
motor control, which have the potential to
explain the cognitive mind in all its facets.

And now, the two doubts we have. One
intriguing concept that the author introduces
and uses throughout the paper is the idea of
an “anticipatory drive,” which is described as
explaining the systematic tendency to
develop anticipatory capabilities that ulti-
mately support goal-oriented action.
Although the idea of a common mechanism
that explains a multitude of capabilities can
be appreciated, it is unclear if the author uses
the term “drive” in a literal or metaphorical
sense. Should the evolutionary advantage, the
selective “pressure” for anticipatory capaci-
ties and representation be considered a drive
in the sense of Hull (1943) like, for example,
the sex drive, or hunger? If this is true, it
should be related to some bodily control
structure like the other mentioned drives.
Another possibility is that the anticipatory
drive is an intrinsic motivation (Berlyne
1960), like curiosity, which “pushes” towards
certain situations, such as those that are more
predictable. If this is true, it should be

explained what is the exact nature of such
intrinsic motivation. It is also possible that
the author uses the term “drive” in a more
metaphorical sense. For example, for indicat-
ing that evolutionary pressures have selected
various specific mechanisms for developing
anticipatory representations, and that this
advantage also drives (but it is not a “drive”)
our developmental steps, and characterizes
many cognitive and behavioral functions. 

Overall, we find that the idea of “anticipa-
tory drive” is potentially very interesting, but
its precise meaning and (possibly) its “opera-
tionalization” are not completely clear to us.
This is especially true since throughout the
paper the anticipatory drive is assigned
diverse functions, such as to “enable us to exe-
cute flexible goal-directed behavior,” to “con-
trol attention and decision making,” to “con-
tinuously strive[s] to improve predictive
capabilities,” or to “force[s]” individualiza-
tion. As discussed before, we fully agree with
the author’s analysis of the adaptive function
of anticipation, which ultimately influences
mind design. However, if the author intends
to propose “anticipatory drive” as a novel the-
oretical construct that enters the vocabulary
of cognitive sciences (like, for example, the
cybernetic notion of “goal” or the control-
theoretic notion of the internal model) he
should disambiguate its meaning and possi-
bly distinguish its mechanism from its func-
tions and adaptive advantages.

Our second perplexity is about the pri-
macy of anticipation over prediction. At the
beginning of the paper, the author claims that
prediction arose for the sake of producing
anticipatory, future-oriented behavior. How-
ever, it could be the other way around. One
hypothesis that we have put forward (Pezzulo
& Castelfranchi 2007) is that anticipatory (and
successively goal-directed) capabilities could
have been an exaptation of simple predictive
mechanisms that were originally required for
action control. According to an influential
theory of motor control (Wolpert & Ghahra-
mani 2004), the brain makes use of internal
(inverse and forward) models for selecting
and guiding action. In such a control-theo-
retic perspective, internal models generate
and use sensory predictions for several rea-
sons, such as compensating delays in and fil-
tering of sensory feedback. Our hypothesis is
that such predictive capabilities could have
been exapted for increasingly sophisticated

anticipatory and cognitive uses, since they
opened up the evolutionary possibility to
anticipate future events and take goal-directed
action. Admittedly, neither our hypothesis nor
the author’s is currently supported by any data
and thus should be considered as speculative.
In any case, we argue that the author’s picture
of the development of increasingly complex
forms of cognition from anticipatory capabil-
ities is not hindered at all by our hypothesis,
except, perhaps, the idea that an anticipatory
drive is necessary when (maybe) an exaptation
could be sufficient.

Introduction 
Is there a single unifying principle that

explains all brain structure and function? It is
a tantalizing prospect, and there have been
many suggestions, such as neural Darwinism
(Edelman 1987) and hierarchical Bayesian
inference (Lee & Mumford 2003), to name
just two. Butz proposes an anticipatory drive
that is postulated to be responsible for brain
function and the development of brain struc-
ture. It is especially interesting because Butz
suggests that the anticipatory drive guides
brain development, in addition to function.
This is an ambitious and provocative pro-
posal, and bears close examination. I focus on
just one aspect here: in the spirit of construc-
tivism, I ask, where is it? 

Locating the anticipatory drive 
Some human drives, at least, are relatively

well understood. Hunger, for instance, is
known to be triggered through a signal trans-
mitted from the stomach and liver to the
hypothalamus. When blood sugar levels start
to drop, this signal causes the hypothalamus
to activate hunger-related behaviors, such as
food-seeking; and when we have eaten and
food starts to move from the stomach to the
intestines, another signal causes the hypo-
thalamus to suppress the hunger drive and
related behaviors. 
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Can we similarly locate the anticipatory
drive? Since the anticipatory drive is supposed
to influence brain development as well as
function, we are essentially asking about the
causal structure that relates four abstract
components: the genetic program, environ-
mental influence, the anticipatory drive, and
brain structure and function. The simplest
assumption is that the first three are indepen-
dent of each other and together determine the
fourth. This is illustrated in Figure 1. 

This is an unsatisfactory solution, how-
ever, because it does not provide a physical
substrate for the anticipatory drive. In fact, it
seems clear that Butz is not arguing for this
view, since he states that a structured environ-
ment and a structured body (“morphological
intelligence”) are pre-requisites for anticipa-
tion and the anticipatory drive (§11). This
suggests, then, the modification shown in
Figure 2 where the anticipatory drive is cre-
ated through the combined influence of
genes and environment, and then, in turn,
shapes the development of brain structure
and function. 

In this view, the anticipatory drive would
have to be embodied in a structure that
develops prior to the brain. If we assume, and
the general discussion in the article supports
this view I think, that by “brain” Butz is actu-
ally referring to the cerebral cortex, and not
the brainstem or spinal column, then per-
haps the anticipatory drive could be located
in these areas. These areas are known to
develop very early, mostly during the first
and second trimesters of gestation, and gov-
ern most autonomous functions such as the
heartbeat and breathing, and reflex actions

such as grasping, feeding, simple eye move-
ments, etc. 

The problem with this view is more sub-
tle. It is, at least in some cases, that the devel-
opmental influence that leads to anticipatory
behavior goes the other way. For example, the
deep superior colliculus, which sits at the top
of the brainstem, is thought to be responsible
for generating eye saccades towards antici-
pated target locations in the visual field
(Anastasio, Patton & Belkacem-Boussaid
2000). This anticipatory behavior depends on
being able to correctly integrate multi-modal
information in the calculation of target prob-
abilities, which is manifested in a phenome-
non known as multi-sensory enhancement.
This refers to the fact that multi-modal neu-

rons in the superior colliculus respond much
more strongly when they receive input from
two modalities simultaneously (auditory and
visual, say), than they do to either modality
alone. This enhanced response reflects the
enhanced probability of a target due to infor-
mation from multiple channels. Crucially,
this enhancement appears only when
descending projections from higher areas of
cortex, such as the anterior ectosylvian sulcus
(AES) and the rostro-lateral suprasylvian sul-
cus (rLS), reach the superior colliculus,
which happens a few months after birth
(Jiang et al. 2001). Clearly, in this case, causal-
ity is directed from the cortex to the brain-
stem in the emergence of anticipatory behav-
ior. 

Thus, it seems that we must make a fur-
ther modification to our schematic diagram.
At least some cortical structures must emerge
before the anticipatory drive. This revised
view is presented in Figure 3. I believe, how-
ever, that this view is also unsatisfactory
because it seems to be heading towards a “god
of the gaps” argument. I am afraid that the
more closely we examine the development of
various brain structures, the more structures
we will end up putting in the upper “brain
structure and function” box in Figure 3, and
the fewer in the lower one. 

There is no doubt that the brain antici-
pates. The view of the brain as an anticipatory
device represents a deep insight, in my opin-
ion – of the sort that could form the basis for
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Figure 1: The anticipatory drive is independent of the genetic program and of environmental 
influence.
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Figure 2: The anticipatory drive is generated by the genetic program and environmental 
influence, and in turn generates brain structure and function. 
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a unified theory of the brain. Despite this, the
evidence for an anticipatory drive generating
brain structure and function is somewhat
tenuous. However, I believe there is a fourth
view, besides the three I have presented above.
Assuming the anticipatory drive exists may
turn out to be an excellent guiding principle
for inferring structure and function in vari-
ous parts of the brain. In this view, the princi-
ple of the anticipatory drive is true, but
acausal. Let me explain this statement
through an analogy. 

The principle of least time 
Pierre de Fermat, in 1662, proposed the

Principle of Least Time, which can be para-
phrased as, light travels between two points
along the path that takes the least time. This has
been confirmed repeatedly (in a slightly
revised form) through experiment. It
explains, for example, why the surface of a
road appears wet in the distance on a hot day.
It happens because the air close to the surface
of the road gets heated up and becomes less
dense. Light travels faster through a medium
of lesser density, and therefore light from
straight ahead curves downward as it comes
towards us (the observer), and makes the road

look reflective, or wet. Fermat’s principle can
also be used to derive the laws of reflection
and refraction, among other optical phenom-
ena. In fact, the principle is so well-accepted
that it has long been taken as the definition for
a ray of light (Schuster 1904). 

A moment’s thought, however, reveals
Fermat’s principle to be acausal. It determines
the path that light will take, based on where it
will end up. In other words, when we hear that
light takes the path of least time, it makes us
ask, how does it know? How does it know
where it is going, and how does it calculate the
appropriate path? The answer, of course, is
that it doesn’t know. Fermat’s principle is
more appropriately viewed as an effect, i.e., a
consequence of a deeper theory (Salmon
1998: 169). In fact, it has been shown to
emerge from Huygens’ wave theory of light in
the classical framework, and from the main
principle of quantum electrodynamics in the
quantum framework (Feynman 1988). How-
ever, it remains a widely used principle in
optics for deriving the paths of light rays in
many practical problems. 

I believe that the anticipatory drive may
turn out to be like the principle of least time,
i.e., acausal, but very handy.

In his target article, Martin Butz intro-
duces a new learning mechanism: an antici-
patory drive, enforcing the formation of bidi-
rectional anticipatory brain structures – a
thought-provoking idea. 

Such a pre-disposition for incorporating
anticipatory relationships would indeed
make sense in the light of evolution. Reliable
forecasts about future states are most cer-
tainly rewarding in an array of niches. A large
number of chemical, behavioral and cogni-
tive mechanisms endorsing proaction have
been naturally selected throughout the his-
tory of life. It is not unreasonable, it is per-
haps even probable, that a learning mecha-
nism such as an anticipatory drive has been
selected. The hypothesis of an anticipatory
drive is well worth pursuing in specifically
designed studies. 

Having said this, I would like to highlight a
mechanism that is vital for the anticipating self:
the formation of sensations detached from the
current environment. Without a sensing self it
would be impossible to project oneself into
possible futures of a certain kind – futures that
are simulated in the kind of inner world that
provides the subject with affective experiences. 

The author of the target article identifies
the above mechanism to a degree, but chooses
not to deal with it. In §97 it is argued that the
so-called binding mechanism must be
involved in subjective qualitative conscious
experience, but that the qualia-debate is out
of the article’s scope. The author is right in
discarding this philosophical squabble from
the account (in passing, I agree that there is no
evidence for conscious experience being
immaterial). 

However, there is a risk of throwing out the
baby with the bath water if one reduces the role
of subjective conscious experience to the topic
of the qualia quarrel. This experience might
actually be central to the concept of the antici-
pating self. The “feeliness” of the self, seeing red
and tasting chocolate, seems to be essential to
having a feeling of a self, in being a self. 
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Figure 3: Some brain structures are created by the genetic program and environmental 
influence. These produce the anticipatory drive, which creates the remaining brain structures 
and functions in combination with the genetic program and environmental influence. 
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