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the diversity of the ways in which timing
reflects not only physiology and adaptation
to the environment, but our cognitive goals
and control predilections.

All the better a context, then, for the
appearance of a new and valuable collec-
tion of works in Timing of Behavior, which
spans many of these issues. This is a highly
approachable book that will offer a lot 
to specialists and also provide a valuable
introduction to those unfamiliar with this
growing area of research. It is set out in
three parts, on the basis of neural, psycho-
logical and computational perspectives.
However, neurophysiological matters are
confined largely to the first two chapters,
which target timing and sequencing func-
tions in the cerebellum and basal ganglia; a
story of some considerable subtlety that 
is handled insightfully in this book but
wherein much remains to be understood.

The bulk of Timing of Behavior focuses on
the behavioral level, particularly on ‘simple’
repeating motor acts–gait, bimanual coordi-
nation and rhythmic tapping. The only ex-
ception is a chapter by Bruno Repp on
perceptual-motor effects in musical per-
formance of a Chopin étude. Overall, the
authors’ orientation is towards the auto-
matic and lower-level behaviors, with their
gaze largely averted from the complexities
of cognition. One could imagine a compan-
ion volume that extends to this domain by
providing an update to the only obvious pre-
ceding work: Macar, Pouthas and Friedman2.

But these three classes of motor acts
prove to be fully adequate here as proving
grounds for a variety of modeling ap-
proaches to timing: autoregressive white
noise, motor programs, neural networks
and dynamical oscillatory systems. These
approaches are mainstays of temporal

modeling and their apparent lack of com-
patibility surfaces in several chapters with-
out, perhaps, sufficient depth of explo-
ration. For example, does a motor-program
stance necessarily founder on the problem
of infinite homuncular regress? Given the
general dualities of volitional and automatic
control mentioned previously, apparently
not. And while the case for oscillatory
dynamics is beautifully effective in simple
actions, the multidimensional adaptivity of
neural networks or explicit cognition
appears to be necessary to account fully
for the complexities of goal-oriented adap-
tive action. An attempt at reconciliation of
some of these approaches is presented by
David Rosenbaum as a ‘Broadcast Theory
of Timing’, but this lacks a plausible neuro-
physiological justification and is not cred-
ibly derived from its assumptions, although
it does highlight a mechanism that pro-
vides an intrinsic time scale for neural and
psychological interactions.

My lack of impartiality in these issues
can be seen in two recent publications that
support a much broader formulation that
is shown to be capable of unifying motor
program and dynamical approaches to
temporal pattern production3,4. Regardless
of whether my particular formulation is
upheld, there seems to be a developing
consensus in this area of research that we
need a coherent single theory that can
handle simple and complex actions, stable
and unstable behavior, and lead us from
the temptations of false dichotomies. For
example, do oscillators or clocks drive
behavioral rhythms? The predominant evi-
dence presented in this book is in favor 
of oscillators (for example, the ‘oscillator
signature’, coupled control equations), but
for various technical reasons, these results

are not conclusive; a better articulation of
the commonalities and differences between
clocks and oscillators would have been
helpful in arbitrating the conflicting claims.

Later chapters in the book present an
excellent summary of some fruits of the
dynamical–ecological approach to coordi-
nation, which include frank discussions of
limitations. Hopes for a physics-like for-
mulation derived on the basis of abstract
principles of symmetry might founder for
evolving cognitive behavioral systems,
which typically have an adaptive commit-
ment to time-varying goals and lead to
control paths that are laden with quirky
historical baggage (such as asymmetries).
Particularly deft in its mixture of physical
principles, dynamics and pragmatic sense is
the chapter by Kenneth Holt, which threads
its way through the theoretical under-
growth using the rubric of optimality,
showing how, in locomotion (and hence
elsewhere), constraints shape choices and
choices shape constraints. Timing of Behavior
is a noteworthy step in the exploration of
such reciprocities.

Jeff Pressing
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David Milner has brought together an
impressive array of scientists to pay trib-
ute to the memory of George Ettlinger
(1927–1993), one of the founders of com-
parative neuropsychology. The papers in
this book echo the themes that were
important to Ettlinger. These include the
importance of research that uses both ani-
mals and people, the value of the experi-
mental method as well as astute clinical
observation, and the higher order nature
of the deficits seen in agnosia and apraxia.
It is unusual for one person to maintain
active research programs with both non-
human and human animals, although
Ettlinger did so throughout his career. He
helped introduce scientific rigor to neuro-
psychology, but he was also a keen

observer of both monkeys and patients in
non-experimentally controlled situations.
His papers report experiments with ani-
mals, experiments with human participants
and clinical case studies. Ettlinger’s demon-
stration, in 1956, that the visual sensory
abilities of patients with and without
agnosia did not differ and, therefore, dif-
ferences in vision could not explain visual
agnosia, was a milestone in the development
of neuropsychology. Similarly, Ettlinger
showed that the misreaching seen after
damage to the posterior parietal cortex
was a genuinely visuomotor deficit rather
than a problem with motor execution or
spatial perception.

One of the pleasures of this book is the
wealth of older references as well as the

newest findings. Often, gems from the past
are lost simply because they are from the
past. I found the chapters by Milner and
Dijkerman, Halsband, and Passingham, all
of which relate to the functions of the 
posterior parietal cortex, to be particular
highlights of the book.

It seems clear that a stark dichotomy
assigning all visual object processing to the
ventral stream and all visual spatial pro-
cessing to the dorsal stream (including the
parietal cortex) is not supported by the
data available. The dorsal stream must
take object properties into account to
some extent and the ventral stream can-
not completely ignore spatial information.
I find the hypothesis that the dorsal stream
is concerned with the visual information
needed to guide action (for example, ‘How
far should I extend my hand to pick this
object up?’) and that the ventral stream
stream is concerned with the visual infor-
mation needed for object identification and
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recognition memory (for example, ‘Even
though this object is in a different location,
is it still the same object?’) to be rather
compelling.

The work of Colby and colleagues on
parietal neurons, discussed in the chapter
by Milner and Dijkerman, elegantly demon-
strates that stimuli that will fall on the
receptive field of neurons in the lateral
intraparietal sulcus (LIP) after an eye
movement is completed, influence the
cell’s activity before the eye movement
occurs1. That result is as fascinating as the
experiments are superbly conducted.

Halsband gives a convincing explanation
for why Heilman’s theory of apraxia2 can
better account for the array of empirical
data than Geschwind’s theory of apraxia.
Apraxia appears to result from a fraction-
ation or destruction of the spatiotemporal
representations of learned movements.
We have known for some time that mem-
ories are constructed actively, or re-
constructed, each time they are retrieved.
It appears that the same is true for motor
skills. They too are apparently constructed
de novo each time they are used.

As both a behavioral neuroscientist and
a developmental psychologist, I am struck
by the similarities in the misreaching
errors seen after damage or destruction of
parietal cortex and the reaching errors
seen in human infants during the later half
of the first year of life. Historically, there
has been a lack of correspondence
between human and non-human primates
in the region within parietal cortex that,
when damaged, produces misreaching
errors. In monkeys, misreaching to visual
targets has usually been reported to result

from lesions to the inferior parietal cor-
tex, whereas in humans, misreaching to
visual targets has usually been claimed to
result from lesions to the superior parietal
cortex. Passingham explained this seeming
lack of correspondence rather well by
showing that lesions in the vicinity of the
intraparietal sulcus produce misreading
errors in both humans and monkeys. The
lesions that were made in the monkeys
included area LIP in the ventral bank of the
intraparietal sulcus. The lesions in patients
included both banks. Indeed, a recent
positron-emission-tomography study by
Clower et al. found activation of the ven-
tral bank of the intraparietal sulcus when
participants learned to reach under condi-
tions in which they saw the targets
through distorting prisms3.

It is interesting that both aphasia and
apraxia are more common after left-
hemisphere injury. The left hemisphere
appears to be dominant both for language
and for motor programming, especially for
tasks that involve complex sequential
movements of the limbs. It might be co-
incidence or it might be related to the
importance of temporal order for both
language (for example, ‘the dog bit the boy’
means something totally different from the
‘the boy bit the dog’) and for many motor
programs. It could be related to common-
alities between motor skills and language.
It is interesting to remember, in this re-
gard, the theories about how and why tool
use and language might have evolved at
roughly the same time (see, for example,
MacNeilage4 and Greenfield5).

Why do human infants reach back to
the location that was previously correct

on the A-not-B or delayed-response tasks,
even when they never actually reached to
the previous location, but only observed
someone else reach there? The work of
Jeannerod and his colleagues6 might hold
the answer: when someone observes an
action, the observer might start to prepare
the same action. According to Jeannerod,
the neurons responsible for motor-image
formation appear to be the same as those
the participant will later activate during the
planning and preparation of the action.

Readers will find such gems as these for
themselves in the chapters of this readable
and delightful book. Neuropsychologists,
behavioral neuroscientists, neurologists,
comparative psychologists and others will
find this a valuable edition to their libraries.
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