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INTRODUCTION
Beyond Dissociations

Reassembling the
mind-brain after all?

Yves Rossetti
Antti Revonsuo

“Comme des bancs de poissons de méme espéece, des vols d'oiseaux qui se
déplacent d’'un méme mouvement, des groupements dont les membres ont les
mémes tendances... Leur appliquer un « tu », un « je »... non, nous ne le
pouvions plus... il fallait un « nous », un « vous ». Seuls les porte-parole que
nous envoyons au dehors continuent a se servir de ces « je », de ces « moi ».”

“ Just like shoals of fish of the same species, flocks of birds moving together
or groups of like-minded people... Apply to them a “tu” or a “je”... no, we
couldn’t do it any more... a “nous”, a “vous” was required. Only the spokes-
persons we send outside still use these “je”, these “moi”. ”

Nathalie Sarraute (Tu ne t'aimes pas (you don't like yourself), 1989).

Several important types of dissociation described in science have come to a
time to be questioned. For example the contemporary interpretation of the
genetics versus epigenesis debate is that there is a complete inter-dependency
of the two terms classically opposed. Also, the distinction between matter and
space is always becoming fuzzier to physicists. In our field, the debate around
the Cartesian dissociation between mind and brain becomes asymptotically
closer to the egg and chick question, that is, like Zen koans, producing more
silence than wise answers (Suzuki 1971). In many instances, the outcome of
the dissociation issue is that the dissociated items constitute the two sides (if
not the several) of a single object. In this introduction, we attempt to analyse
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why so much emphasis has been put on dissociation rather than on integration
of the mind-brain components. This debate will justify why the basic question
asked throughout the present volume is to know how do diverse systems in the
brain co-operate to produce a unified experience and behaviour.

Analysing

“Analysis” is a magic word in science. The breaking up of anything complex
into its various simple elements has been the rigorous strategy to oppose to
magical and spiritual interpretation of the world. To depart from empiricist or
qualitative observation, the usual tool of science and knowledge is decomposi-
tion. Alchemy was supposed to produce new substances through the synthesis
of ordinary particles, whereas science decomposes compound substances into
their primary elements. The determination of the elements or components of
anything complex has applied to many different fields including chemistry,
mathematics, physics, biology, philosophy and psychology. Separating living
from non-living creatures, severing the vegetal and the animal realms, isolat-
ing molecules or atoms, distinguishing between genetic and epigenetic, or
separating the mind and the body have been proved to promote important
steps forward in the understanding of life. The endeavour of what the human is
constituted of is indeed very much indebted to the study of dichotomies. As
will be further discussed below, the current realm of this dichotomic approach
is probably neuropsychology.

Dissociating

Just as “analysis” is a magic word in science in general, “dissociation” is the

key word of neuropsychology. The separation of compound psychological

functions into their primary elements has proved to be an important source of
knowledge and theories about the organisation of the human mind. In this

particular discipline, dissociation is viewed as the demonstration that separate
systems or separate structures are responsible for two given variables. The
study of single cases has provided new directions and improved our under-
standing of the relationship between the brain and the mental structures and
the interpretation of some cases “has proved nothing less than revolutionary”
(Code 1996). For most of the important classic cases described in the literature
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the focus of interest has been the dissociation of function (cf. Code et al.
1996). For example visual agnosia has been regarded as a dissociation of
higher (disruption of the cognitive aspects of vision) and lower (intact primary
aspects) visual functions (e.g. Teuber 1955).

However the positive and negative behavioural consequences of a given
restricted lesion may be partially explained by the reorganisation of surround-
ing intact brain tissue. Consequently the specificity of the effect of a given
single lesion is often questionable. Masterpieces of such demonstrations are
thus provided by a “double-dissociation”, for which a lesion of structure X
will specifically disrupt function A while sparing function B, and a lesion of
structure Y will specifically affect function B while function A would remain
intact. Teuber (1955) termed this experimental tool ‘double dissociation’, and
used it for both for animal and human studies, arguing that it indicates some
specificity of function, e.g. between anterior and posterior brain lesions. Later
on Shallice (1979: 260) even stated that “strong neuropsychological evidence
for the existence of neurologically distinct functional systems depends on
double dissociation of function”. Surprisingly, the glossary and the index of
Neuropsychology textbooks do not refer to ‘dissociation’, but only to ‘double
dissociation’ (e.g. Ellis and Young 1988; Kolb and Whishaw 1990; Heilman
and Valenstein 1993). Kolb and Whishaw described it as ‘an experimental
technigue whereby two areas of the neocortex are functionally dissociated by
two behavioural tests, each test being affected by a lesion to one zone and not
the other’. Heilman and Valenstein (1993) present it as an elegant demonstra-
tion that the effects being observed cannot be ascribed to non-specific causes,
and do not restrict its use to studies of the neocortex. Ellis and Young (1988)
provide an interesting discussion on “dissociations and associations”. They
also describe double dissociations as being more reliable indicators of the
separation between two cognitive processes, but they also argue that the
search for dissociation should not be regarded “as some sort of Royal road to
understanding the structure of the mind” (p. 5). Following Teuber (1955) they
point out that: “Having unearthed a double dissociation there is a lot of work
to be done in determining just what cognitive processes mediate aspects of
tasks 1 and 2 independently”. Interestingly, they depart from other authors
when they also raise the issue of determining “what processes, if any, the two
tasks share in common”, raising the question of situating the patients deficit
“in the total cognitive system”.

Examples of double-dissociation can be found in many different fields of
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neuropsychology and have been in most cases exported into cognitivist mod-
els as separate “boxes” for two isolated functions. Double dissociations have
been reported between e.g. conscious perception and sensorimotor transfor-
mation (Milner 1995; 1998), between facial expression analysis and facial
speech analysis performed during lip-reading (Campbell et al. 1986), between
knowing “what” and knowing “where” for vision (Wilson et al. 1997), be-
tween motor and semantic implicit memory systems (Heindel et al. 1989),
between personal and extra-personal hemispatial neglect (Bisiach et al. 1986),
between word finding and syntactic skills (Ellis and Young 1988: 139), or
between automatic and propositional speech (review in Ellis and Young 1988:
251). Several of these dissociations can be matched to the general distinction
between implicit and explicit processes which constitutes the main theme of
this book. Then studies on intact human subjects also attempted to make the
case for dissociation, for example between spatial and temporal information
processing (Halbig et al. 1998) or between face recognition and facial expres-
sion analysis (e.g. Bruce and Young 1986). In addition, neuroimaging studies
now provide instances of double dissociation between two functions (e.g.
between imagining and actually perceiving colour (Howard et al. 1998)
although these recent approaches to human brain functions allow to point to
more complex network organisation than just double-dissociation (e.g.
Faillenot et al. 1996; Sprengelmeyer et al. 1998 description of a double
dissociation is a necessary condition for cognitive psychologists to identify
elementary modules involved in a given function. Although the notion of a
modular organisation of cognition can be traced back to the 19th-century
phrenology, the modularity of mind is a dominant paradigm in cognitive
psychology and neuropsychology (e.g. Fodor 1983).

It may be noticed that the search for double-dissociation is very reminis-
cent of a dualist attitude. The duality between spirit and matter is in no way
compatible, say, with the three natural realms (mineral, vegetal, animal), nor
to the four elements (earth, water, fire, air), nor to the 5 or 7 notes of a musical
scale, nor to the 7 colours of a rainbow. Nor does it only to unity. The
emphasis put on duality has to be connected to the Cartesian heritage, which
has been applied to most fields of contemporary science. Other cultures, such
as oriental cultures more sensible to the Buddhist tradition, do not naturally
follow this thinking habit, and may rather bind together “dissociable sub-
stances” (such as death vs. life or body vs. environment) (Motokawa 1989).
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The destiny of dissociations

What does science make with a dissociation? As suggested by Teuber (1955),
three problems derive from the idea to locate functions in the brain: discover-
ing symptoms of lesion, assigning these symptoms to specific lesions in given
areas, analysing the altered performance which underlies the symptom. “All
too many studies stop short at discovery and localisation of symptoms, i.e.
with the question of “where”, and fail to proceed to the analysis of altered
functions, i.e. with the question of “what” to localise” (Teuber 1955: 277-78).
Thus dissociation observed within an initially presumed single function be-
tween two brain areas and/or two symptoms leaves the scientist with two new
functions to analyse. At a later stage the initial dissociation becomes obsolete,
and looses its interest. Because the aim is to understand how each function is
made, no study will be carried out on the mother dissociation after it has been
disunited, so that the fate of a dissociation is to disappear. For example no
major work is currently being performed on the “old” dissociation described
between the anterior and the posterior brain. Nor would it be useful to study a
dissociation between sensory and motor functions, between language and
vision, or between frontal and occipital areas. The consequence of this is that
the analytical thought responsible for producing dissociations will put most
emphasis on the last generated dissociation. If one assimilates the several
generations of dissociation described in the brain to a genealogical tree, it can
be said that the highest focus of attention is directed to the difference between
siblings and forgets about the mother dissociation. And in turn the further
analysis will give birth to a new generation of functions, which in turn will
generate a greater number of functions to analyse.... An outstanding example
of this logic has been provided by Felleman and van Essen (1991) in a review
article of the connections between the over 30 distinct areas identified within
the visual system. Of course the over 300 simple or reciprocal connections
described within the visual system do not allow scientists to understand the
brain mechanisms underlying vision, nor individuals to find their way to the
phenomenological experience of vision. In the same way, the numerous areas
involved in the generation of action are extensively interconnected in a way
which precludes an overly simplistic description of the visuo-motor
organisation as a straightforward dichotomy (Rossetti et al. 2000; see Pisella
and Rossetti, this volume: Figure 1).
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How far is science going to divide the brain into always-smaller func-
tional units? Luckily enough, there seems to be a natural limitation to the
perpetual division of the cerebral matter, so that the dissociating process
should not go beyond the level of neurones or of molecules. A growing
number of studies suggest that the coding of relevant information is not
performed at the level of individual neurones but rather at the level of cell
groups. This neuronal population coding is for example better correlated to the
direction in space of the movements performed by an animal from which
neuronal activity is being recorded, than any individual neurone (ex:
Georgopoulos 1995; Sakurai 1996; Kristan 1997). These indications may
suggest that the elementary unit of information processing is not out of reach
to the current methods used to approach the brain.

Contrasting with the logic of cutting off from association every distinct
piece of the mind-brain, one may hope that it has been sufficiently parcellated
to initiate a tentative reconstruction. This attitude will provide us with another
way of going beyond dissociations. As it has mostly been useful to analyse the
different elements of the brain, it becomes even more important to put the
puzzle pieces together again. Indeed the interest in dividing the brain in
always-smaller parts is not to make the puzzle always more complicated but to
understand the global organisation of the nervous system.

To sum up: It can be argued that the destiny of dissociations is to
disappear. There are two ways for dissociation to be consumed: they may be
deserted or unmade. Firstly, because a dissociation may have heuristic value
only when it is not highly predictable, the derivative functions resulting from a
dissociation will take its place in the interest of brain researchers and these
functions will be further analysed and dissected, giving birth to potential new
dissociations. Following this process the former dissociations are just left
behind by science, which carries on its parcellation. The second possible
destiny of dissociated functions is simply to be re-associated. As mentioned
above, making the case for a dissociation is relevant only when two functions
are previously considered as a whole. If two functions have been considered
as a whole prior to be dissociated, this implies that the resulting dissociated
functions must share several characteristics or interact in several ways. Then
focusing on the dissociation will emphasise their difference rather than their
common features and interrelations.

The basic idea of this book is that, although dissociation has proved to be
a very useful heuristic tool for understanding mind-brain functions, studying
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the way so-called dissociated modules are interacting to contribute to the
whole mind-brain function would provide us with even more insight into how
consciousness appears. Interestingly the history of re-association may follow
that of dissociation. For example the initial distinction made between the
anterior and the posterior brain (e.g. Teuber 1955) has first given rise to the
study of dissociation within the posterior brain (i.e. dorsal vs. ventral streams
of visual processing, Ungerleider and Mishkin 1982). Later only could the
study be initiated of how the parietal and temporal cortex work in conjunction
to the frontal areas (e.g. Sakata et Taira 1994; Rossetti et al. 2000). The
dissociation between the dorsal and the ventral streams itself has been suffi-
ciently explored to allow the study of further dissociation within the dorsal
stream (e.g. Milner 1997) or within the ventral stream (e.g. Buckley et al.
1997), and now the study of the interactions between the dorsal and the ventral
stream can be developed (e.g. Rossetti 1998).

Implicit and explicit processing

One of the most important steps in reconstructing the unity of the decomposed
mind-brain will probably be to understand the relationship between implicit
and explicit processes. It is interesting to notice that the seminal work of
von Helmoltz or Freud not only emphasised the distinction between conscious
and unconscious but also already clearly addressed the issue of the interaction
between these two instances of the mental life. Unfortunately for about one
century there has been more and more attraction towards the power of uncon-
scious processes as opposed to the conscious mental life and the report of
dissociation between the conscious and the unconscious has become more
fashionable than it really deserves. For these reasons, we already understand
some of the processes underlying for example the interaction between percep-
tion and memory or motivation, the intermingling of movement control with
several sensory modalities and several cognitive processes, but very little is
known about the interaction between implicit and explicit processing. One of
the most obvious and important reasons to study these interactions is that the
distinction between explicit and implicit processing can apply to all fields of
human cognition, ranging from sensory and sensori-motor processing to
memory and language (e.g. Kihlstrom 1987). Table 1 shows a non-exhaustive
list of several particular fields where the dissociation has been described under
various terminologies.
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Table 1. Related dissociations?

PERCEPTION

subcortical vision
tectal vision (Where?)
ambient vision

tactile localisation
spatial

MEMORY
procedural
implicit
sensorimotor

RESPONSE

action
motor

sensori-motor
implicit
action (How?)

pragmatic

direct parameter specification conscious representation

How?

automatic

ACTION CORRELATES?
reflex eye movement
elicited extension

ballistic movement
feedback

reaching channel

kinetic visual cues
automatic

egocentric reference frame
personal space

Cajal 1909, ....
Schneider 1969

cortical vision
cortical vision (What?)

focal vision Threvarthen 1968
tactile identification Paillard 1983
object Ungerleider &
Mishkin 1982
declarative Cohen & Squire 1980
explicit Shacter 1987
conceptual Perrig & Hofer 1989
experiential Goodale 1983
cognitive Bridgeman 1981, 1991,

2000, this volume
cognitive or representational Paillard 1987, 1991
explicit Weiskrantz 1974
perception (What?) Goodale & Milner
1992, Milner &
Goodale 1995
Jeannerod & Rossetti 1993;
Jeannerod 1994
Neumann & Klotz 1994

semantic

Where? Rossetti, Rode, Boisson
1994

voluntary e.g. Hommel 2000, this
volume....

Post & Leibowitz 1985
Hein & Held 1967
Paillard 1971

Rossetti & Koga 1992

Jeannerod 1981

Paillard & Amblard 1985
Goodale, Pélisson,
Prablanc 1986

Bridgeman 1991, ....

voluntary eye movement
guided placing

terminal guidance
feedforward

grasping channel

static visual cues
conscious

exocentric reference frame
extrapersonal space
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One other reason for the limited number of investigations about implicit-
explicit interaction derives from the fact that the dissociation described be-
tween implicit and explicit processing is probably one of the highest-level
dissociations studied in the field of cognitive science. In addition, the distinc-
tion between these two forms can be very difficult to demonstrate, because it
seems possible to perform many sophisticated operations in either way. For
these two reasons, the need to understand how these dissociable components
may interact and co-operate expresses itself more vividly than for other
dissociations.

One argument for dissociating implicit and explicit processing is that
these two processes are of different nature. A strong argument for this position
is that only one of the two process is left in some patients showing blindsight
(Jackson, Place) or numbsense (Pisella and Rossetti). In normal subjects a
conflict can be produced between the two levels of processing. The contribu-
tion of Bhalla and Proffitt, of Bridgeman, and of Pisella and Rossetti clearly
show that the implicit processing performed by the action system gives rise to
an internal representation of a visual stimulus that qualitatively and quantita-
tively differs from explicitable representation on several parameters. In addi-
tion, Jackson suggests that a patient with blindsight may access some visual
information only in an implicit way, whereas another type of information
could give rise to visual awareness. Place’s model proposes that different
neurological structures are responsible for the implicit and explicit processing
observed in blindsight. Imanaka and Abernethy provide an interesting series
of experiments showing that attended and unattended proprioceptive informa-
tion may participate in action control in a different way, the implicit contribu-
tion having a counter-intuitively stronger weight than the explicit one. The
result shown by Hommel (Fig. 5) accordingly demonstrates that the effect of a
visual illusion (related to the Roelofs effect described by Bridgeman), can be
modulated according to where subjects focus their attention, and thus accord-
ing to implicit vs. explicit processing of the visual feature responsible for the
illusion. In the same vein, Forgas and Ciarrochi show that mood management
can depend upon the access of internal states to consciousness.

The discrepancy between implicit and explicit level of sensory process-
ing that is revealed in experimental conditions does however not spontane-
ously appear in everyday life. Bhalla and Proffitt show that this discrepancy
seems to be solved by a biased internal mapping between the two types of
representation. If a given stimulus is interpreted as A by a given system (e.g.
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verbal) and as A’ by another system (e.g. action), then an internal coherence
can be maintained if the two systems are referring to the same external object
by A and A’ respectively. In most of the experimental evidence presented in
this volume the discrepancy between implicit and explicit processing is ex-
pressed under particular circumstances where a time pressure is applied (e.g.
Bridgeman; Pisella and Rossetti). Such time constraints are also crucial for the
integration of automatic stimulus-response processing with intentional control
(Hommel), and for allowing a visual prime to affect semantic activation of
target words (Bar). They may be responsible for the difference found between
laboratory exploration of implicit face recognition in prosopagnosic patients
and the every day life deficit (Young and Ellis).

Another distinction between implicit and explicit processes emphasises
their respective thresholds. A recent article published by Dienes and Perner
(1999) proposes an analysis of explicit knowledge based on a progressive
transformation of implicit into explicit products, applying this gradient to
different aspects of knowledge that can be represented. The ambition of the
theory proposed is to bind philosophical conception of knowledge with rel-
evant psychophysical and neuropsychological data. Dienes & Perner propose
that the access of a given knowledge to explicit representation is mainly
dependent upon the explicitation of the components of this knowledge. There-
fore the question arises whether all implicit information can, at least in
principle, become explicit, especially in the framework of the dorsal-ventral
dissociation that is largely referred to by the authors of this volume. Action
offers the opportunity to express implicit knowledge without involving de-
clarative processes and therefore seems to stand in contrast with the views of
Millikan (1984) and Dretske (1998). If “sometimes the unconscious and the
conscious representations will contradict each other” Dienes and Perner
(1999), as is shown in several chapters of the present book, then is there not
the need to further refine the theory of accessibility of implicit knowledge to
consciousness in order to allow for a possible discrepancy between implicit
and explicit processing? This question should be kept in mind because several
contributors to the present volume present instances of such contradiction in
the field of action. Interestingly studies on implicit and explicit participation to
action control are well represented in this book by several stimulating contri-
butions.

The exploration of implicit and explicit processing in unilateral neglect
presented by Ladavas also supports the idea of a continuum between these two
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processes, based on the difference between the thresholds required for their
respective activation. Another argument for the threshold view of the relation-
ship between explicit and implicit processing arises from developmental
studies. For example Perner and Clements elegantly show that children appear
to be progressively shifting from the complete absence of theory of mind (1) to
an implicit, and (2) then only to an explicit theory of mind enabling them to
attribute conscious states to others.

Despite the dissociation introduced between implicit and explicit pro-
cesses, some exchange can be described between dissociated systems or sub-
systems. Most of the present volume contributions show that integration plays
a key role in the functional aspects of the specific functions explored. The
contribution of Ladavas et al. convincingly demonstrates that explicit and
implicit processing of visual information by patients with hemispatial neglect
are extremely difficult to disentangle, because unconsciously perceived infor-
mation can contaminate the explicit responses produced by the patient. The
fact that locating an object is largely performed through unconscious pro-
cesses whereas identifying it spontaneously gives rise to conscious representa-
tion may be responsible for this kind of contamination, as is the case for
locating one’s own hand prior to initiating an action (Imanaka and
Abernethy). In addition, Ladavas et al. propose that consciousness implies that
object location and intrinsic object properties have to be integrated, which
seems to be a converging hypothesis to explain the alteration of consciousness
in hemispatial neglect. There is indeed evidence suggesting that location has
an essential, primary status with respect to attentional orienting. Although
target location can be known in the absence of feature (colour or orientation)
information, the reverse does not seem to be true (e.g. Bloem and van der
Heijden 1995; Brouwer and van der Heijden 1996).

The tight link that exists between conscious states and the integration of
the world complexity is also emphasised by Revonsuo et al. Following Lahav
(1993) they argue that unconscious processing has only access to partial
information, which is consistent with the experimental data provided in sev-
eral other chapters (e.g. Bridgeman; Jackson; Pisella and Rossetti). By con-
trast, conscious processing is necessary to form a meaningful model of the
world, which is needed to elaborate, initiate and evaluate integrative, adaptive
and flexible behaviour. The question of whether zombies can be found within
the human brain can thus be answered positively only in the case of rather
simple responses (e.g. pointing to a visual target). Because of their simplicity,
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these responses can be processed very fast and remain more dependant on the
environment than the complex systems responsible for sleep walking
(Revonsuo et al.), mood management (Forgas and Ciarrochi) or theory of
mind (Perner and Clements). Strong Zombiehood (Revonsuo et al.) seems to
be restricted to simple sub-systems whereas the richer both way interaction
described in normals between the implicit and explicit processes involved in
complex management would leave space only for Weak Zombiehood.

One extremely interesting feature of the dissociation between implicit and
explicit processing is that an internal coherence appears to be maintained in the
mind-brain, which suggests that under normal circumstances the whole system
easily overcomes the divergence between subsystems to produce a unified
interpretation of the body and/or the world. This characteristic feature
emphasises the gap that has to be filled between the decomposed understanding
of the brain provided by cognitive neuroscience and the phenomenological
experience of internal states or external perception. It clearly emphasises the
need to put together scientific elements so as to build up a more complex whole
that would better correlate with subjective experience. The outstanding set of
experiments presented by Bhalla and Proffitt further shows that functions
related to explicit representation and to action, though dissociated under some
circumstances, produce transfer functions from one to the other. Their contri-
bution will suggest that although different internal scales may be used to
represent the external world these scales are being put into register in order to
preserve this internal coherence. The only limitation to this coherence mainte-
nance system seems to related differences in the temporal constraints attached
to the different representations (see also Bridgeman; Pisella and Rossetti). It is
interesting to notice that these temporal constraints seem to be distributed along
a gradient, which suggests that they are not incompatible with the notion of a
continuum between implicit and explicit processing (Hommel; Pisella and
Rossetti).

Synthesis

Analysis of the brain has led to an extreme parcellation of the neural matter
and of the neuronal processes. However to understand how a brainteaser is
built in, one has to be able not only to disassemble but also to recompose its
complex 3D structure. In the same way, the major future challenge for
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consciousness scientists will obviously be to reconstruct the brain after having
decomposed it. Let us consider again the famous dissociation between the
ventral and the dorsal stream of visual processing. This dissociation can be
considered as a first step towards a full decomposition of the visual system
into a very sophisticated network of dozens of cortical areas (cf. Felleman and
van Essen 1991). On the other hand it may also be regarded as an attempt to
make sense of the incredibly complex network of areas and connections
forming the visual system. But it remains based on a “dualistic” view of how
the brain is organised, which can be challenged in various ways. For example
the results described in this book by Bridgeman, by Bhalla and Proffitt, or by
Pisella and Rossetti suggest that powerful interactions can take place between
the dorsal and the ventral stream of visual processing. These results clearly
indicate that dissociating visual functions is not the best way of understanding
the complexity of visual processes. After having opposed the two terms of the
dissociation between implicit and explicit processing, scientists will then have
to follow the Hegelian idea, and initiate the final stage of the triadic progres-
sion in which an idea is proposed, then negated, and finally transcended by a
new idea that resolves the conflict between the two initial terms. A further step
has to be considered to the opposition between two components that are
described as a dissociation. In the same vein, Marshall (1996) proposed
recently that the future of neuropsychology is made of deconstructing the past.
If the past of neuropsychology, as well as other areas of human sciences, is
made of dissociations, then future research should be aimed at reconstructing
a whole. For example, an alternative view to the dissociation theory would be
that vision for action and vision for perception constitute the two extreme
terms of a continuum gradient of visual functions (Rossetti, Pisella and
Pélisson 2000). For representational level more complex than just visuo-
motor behaviour the existence of complex interactions between implicit and
explicit processing (among others) is even more obvious (e.g. Young; Forgas
and Chiarrochi; Revonsuo et al.).

It is interesting to note that one of the first dissociations heralded between
cortical areas dealt with ‘association’ cortex. More than 100 years ago
Flechsig divided the cerebral cortex into three zones: the primary or projection
zones on the one hand and the intermediate and terminal zones, together called
the associationcortex (Flechsig 1886, quoted by Gross 1998: 74-75, 183—
184). This latter was attributed the function of transforming the sensations into
perceptions, and to integrate them together with other sensory modalities. The
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association cortex has been then considered as the area in charge of ‘the
process of elaboration and intellectual interpretations...” (Bolton 1900, quoted
by Gross 1998). This ironical historical consideration suggests that (1) sensa-
tions have to be distinguished from perception, as already argued by the
ancient-Greece philosophers following Aristotle (2) perception and elabo-
rated processes require the association of sensation to images and ideas kept in
memory, to other sensory modalities, as well as to internal states linked to
motivation and emotion. Although the dissociation between the primary and
the association areas has been questioned later on (ex: Teuber 1955), these
two statements also illustrate the rhetoric of assembling and disassembling the
brain. The scientific approach made an extensive use of dissociation, whereas
the brain is associating cognitive elements into a person’s cognitive life. And
the subjective experience is most often that of an individmadliyidis)
organism. The putting together of scientifically discovered parts or elements
so as to make up a complex mind-brain whole should however not be a simple
task. The aim of this book with respect to this project is only to provide the
demonstration that combining and unifying the isolated data of science into a
cognisable whole is more than just preparing an old alchemist recipe or
reheating an old soup to synthesise human consciousness. In no way it
constitutes a step backwards in time but rather constitutes the new track that
one should follow to make further progresses. The synthesis of implicit and
explicit processes is a crucial issue to understanding the organisation and the
functions of the mind.
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Interactions between Vision for Perception
and Vision for Behavior

Bruce Bridgeman
University of California at Santa Cruz

History of cognitive-sensorimotor dissociations
Saccadic suppression of displacement

Early hints that cognitive and sensorimotor systems are distinct in normal
humans came from studies of eye movements. First, human observers are
unaware of sizable displacements of the visual world if they occur during
saccadic eye movements, implying that information about spatial location is
degraded during saccades (Bridgeman et al.1975; Brune & Llcking 1969;
Ditchburn 1955; Mack 1970; Wallach & Lewis 1965). Despite this unaware-
ness, however, people do not become disoriented after saccades, implying that
spatial information is maintained. Some experimental evidence supports this
conclusion, though there is disagreement in the literature and many points
remain controversial.

Interest in the conflict between perception and orientation was aroused by
a report that the eyes can saccade accurately to a target that is flashed but
mislocalized during an earlier saccade (Hallett & Lightstone 1976). The study
has been criticized because the subjects might have memorized a few target
positions. Some have failed to replicate the result (Dassonville 1992; Honda
1990), while others have found accurate pointing to targets flashed during
saccades (Hansen & Skavenski 1977), and hand-eye coordination remains
fairly accurate following saccades (Festinger & Cannon 1965; Honda 1985).
It would seem on balance that under at least some conditions, accurate
behavior can be maintained.
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How can loss of perceptual information and maintenance of visually
guided behavior exist side by side? A solution to this question begins with the
fact that the conflicting observations are based on different response mea-
sures. The experiments on saccadic suppression of displacement require a
nonspatial verbal report or button press, both symbolic responses. Orienting of
the eye or hand, in contrast, requires quantitative spatial information with a
one-to-one correspondence between stimulus position and motor output.

Conflict between experiments involving symbolic responses and those
involving motor responses might be resolved if the two types of report, which
have been labeled “cognitive” and “sensorimotor” (Paillard 1987), could be
combined in a single experiment. The saccadic suppression of displacement
experiments address only the cognitive system. It is at the cognitive level that
symbolic decisions such as button pressing or verbal response are mediated. If
two pathways in the visual system process different kinds of information,
spatially oriented motor activities might have access to accurate position
information even when that information is unavailable at a cognitive level
(Goodale et al. 1986; Goodale et al.1991; Goodale et al. 1994b).

Cognitive and sensorimotor systems correspond respectively to the repre-
sentational and sensorimotor modes of Paillard (1987; 1991), who presents
other evidence for a separation of the two modes. An assumption that one
system is egocentric and the other exocentric has been suggested (Paillard
1987), but is not a necessary part of the hypothesis. The two conflicting
results, saccadic suppression on one hand and accurate motor behavior on the
other, were combined by asking subjects to point to the position of a target that
had been displaced and then extinguished (Bridgeman, Lewis, Heit & Nagle
1979; Pélisson et al. 1986). Subjects were also asked whether or not the target
had been displaced. Extinguishing the target and preventing the subjects from
viewing their hands (open-loop pointing) guaranteed that only internally
stored spatial information could be used for pointing. The displacement was
detected on some trials, while on others it went undetected due to saccadic
suppression of displacement. But pointing accuracy was similar whether or
not the displacement was detected in the cognitive system (see also Pisella and
Rossetti, this volume).

This result implied that control of motor activity was unaffected by the
perceptual detectability of target position (Prablanc et al. 1979). Alternatively,
it is possible to interpret the result in terms of signal detection theory as
reflecting a high response criterion for the report of displacement. That is, a



VISION FOR PERCEPTION AND VISION FOR BEHAVIOR 19

target displacement could go unreported by cognitive measures because of a
high criterion or threshold for reporting displacements, even while the displace-
ment affected spatial behavior where a choice of a direction is compulsory.

This possibility was tested with a 2-alternative forced-choice cognitive
measure of saccadic suppression of displacement (Bridgeman & Stark 1979).
Such a criterion-free measure showed that no information about displacement
was available to the cognitive system under conditions where pointing was
affected.

Double dissociation of cognitive and sensorimotor modes

A more rigorous method of separating cognitive and motor systems is to
introduce a signal only into the motor system in one condition and only into
the cognitive system in another. We know that induced motion affects the
cognitive system because we experience the effect and because subjects can
make verbal judgments of it. But the above experiments imply that the
information used for pointing might come from sources unavailable to percep-
tion. We inserted a signal selectivity into the cognitive system with strobo-
scopic induced motion (Bridgeman et al. 1981).

A fixed target was projected in front of a subject, with a frame surround-
ing it. When the frame was laterally displaced, subjects had the illusion of
stroboscopic induced motion (Duncker 1929) — that the target had jumped in
the opposite direction. Half of the time the frame jumped to the left, inducing
a rightward jump of the target, and half of the time the relationships were
reversed. Target and frame were then extinguished, and the subject pointed
open-loop to the last target position. Trials where the target had seemed to
move to the left were compared with trials where it had seemed to move to the
right. Pointing was not significantly different in the two kinds of trials,
showing that the induced motion illusion did not affect pointing: the displace-
ment signal was present only in the cognitive system, and the sensorimotor
system was insensitive to the visual context.

In another experiment we gave displacement information selectively to
the motor system by nulling the cognitive signal. Each subject adjusted the
real motion of the target, jumped in phase with the frame, until the target
seemed stationary. Thus, the cognitive system specified a stable target. Never-
theless, subjects pointed in significantly different directions when the target
was extinguished in the left or the right positions, showing that the difference
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in real target positions was still available to the motor system. This result
suggests that the motor system detected a target displacement that was not
available to the cognitive system.

These results meet the requirements of a double dissociation, for in the
first experiment the target displacement affected only the cognitive measure,
and in the second the target displacement affected only the motor measure.
Double dissociation (one case of A and not B, and another case of B and not
A) is important because no amount of manipulation of range nonlinearities or
threshold differences can explain the results in terms of a single representation
of space. Using a similar logic, cognitive and sensorimotor functions have also
been dissociated by feeding the two systems opposite signals at the same time
(Wong & Mack 1981). The experiment again involved stroboscopic induced
motion; a spot jumped in the same direction as a frame, but not far enough to
cancel the induced motion. The spot still appeared to jump in the direction
opposite the frame, but it actually jumped in the same direction. Saccadic eye
movements followed the veridical direction even though subjects perceived
stroboscopic motion in the opposite direction. Wong and Mack’s subjects
fixated a target spot and saw it jump in one direction, but their eyes followed it
accurately in the other direction.

If a delay in responding was required, however, eye movements followed
the perceptual illusion. This result implies that the motor system has only a
short memory, a few hundred msec in this case, and must rely on information
from the cognitive system if the motor system'’s response is delayed.

Dissociating cognitive and sensorimotor modes without motion

The studies reviewed to this point required stimulus motion or displacement,
and they reveal the complexity of the dynamics of several distinct control
systems and their real-time interactions. They are subject to alternative inter-
pretations, however: the dissociations between cognitive and motor responses
might be related in some way to motion systems rather than to representation
of visual space per se. Subjects might simply confound motion and position,
and the tests for cognitive and sensorimotor information make different de-
mands on motion and position codes respectively. Though such an interpreta-
tion is a bit strained, it cannot be logically excluded.

Experiments using stimuli with a potential confound between motion and
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position do not form the only basis for the two visual systems distinction;
others use clinical data from blindsight, where some visually guided motor
capability remains despite lack of perception (Weiskrantz et al. 1974;
Bridgeman & Staggs 1982), or from other lesions (Goodale et al. 1994a).
Recently, another method has been developed that can assess dissociations of
cognitive and motor function without motion or displacement of the eye or the
stimuli at any time during a trial. The dissociation is based on the Roelofs
effect (Roelofs 1935), a tendency to misperceive the position of the edge of a
large pattern presented in an unstructured field. The pattern was presented so
that one of its edges was in the subject’'s objective centerline. According to
Roelofs, this edge of the pattern is perceived to be deviated to the side opposite
the remainder of the pattern. A pattern with its right edge in the center, for
instance, is perceived to have that edge somewhat to the right of the center.
The pattern as a whole tends to be mislocalized in the direction opposite its
spatial bias, as though vision were calibrated on some compromise between
the center of gravity of the object and the objective straight ahead.

The principle of the Roelofs effect is elaborated here to measure the
misperception of target position in the presence of a surrounding frame
presented asymmetrically; this “induced Roelofs effect” will be called a
Roelofs effect below. Specifically, locations of targets within the frame tend
to be misperceived in the direction opposite the lateral offset of the frame. The
effect is similar to stroboscopic induced motion in which only the final
positions of the target and frame are presented (Bridgeman & Klassen 1983).

Some experiments

Our first Roelofs experiment had ten subjects: nine undergraduate volunteers
and the author. They sat with stabilized heads before a hemicylindrical verti-
cal screen that provided a homogeneous field of view 180° wide x 50° high. A
rectangular frame was projected, via a galvanic mirror, either centered on the
subject’s midline, 5° left, or 5° right of center. Inside the frame, a small “x”
could be projected via a second galvanic mirror in one of 5 positions, 2° apart,
with the middle “x” on the subject’s midline.

To register motor responses, an unseen pointer with its axis attached to a
potentiometer was mounted near the center of curvature of the screen, with its
tip near the screen (Foley & Held 1972). A simple analog circuit gave a voltage
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proportional to the tip’s position. Subjects held the pointer with the forefinger
on its tip, so that their arms were outstretched and most of the rotation came
from the shoulder; on pointing trials an ‘enter’ key was pressed when the
pointer reached the desired position. The subject recorded cognitive responses,
or perceived target positions, on a keyboard. A key corresponded to each target
position, so that subjects performed a 5-alternative forced choice task.

Procedures

In a training session, subjects were shown the 5 possible target positions in
sequence, repeated 3 times, on an otherwise blank screen. Each target was
visible for 1 sec; the next target followed after a blank interval of 0.5 sec. Then
subjects underwent a series of training trials, beginning with a randomly
selected target exposed for 1 sec. The subjects estimated the target position
with one of the 5 response keys (“‘judging trials”), and continued with feed-
back until they were correct in 5 consecutive trials. Next, they were trained on
pointing, without feedback, with the same stimuli in a new random sequence
(“pointing trials”), until they spontaneously returned the pointer to its right-
most position (as initially instructed) on 5 consecutive trials. Pointing required
less practice because there were no positions to memorize; practice served
only to familiarize subjects with the apparatus.

In both conditions, subjects were instructed to wait until the offset of the
stimulus before responding. Presenting the target alone forced the subjects to
use an egocentric judgment, and the long display time reduced the possibility
that target onset elicited a spurious neural motion signal that might bias the
responses.

For the no delay condition, trials were mixed in a pseudorandom order. On
each trial, one of the 5 targets and one of the 3 frames was presented with
simultaneous onset, exposed for 1 sec, and simultaneously extinguished.
Because they could not respond until the offset of the stimuli, subjects were
looking at a blank field at the time of the response. Thus the task was a response
to an internally stored representation of the stimulus, not a perceptual task.

Judging and pointing trials appeared in a random sequence, not alternat-
ing. Each trial type was repeated 5 times. At stimulus offset, subjects heard a
“beep” tone to indicate a judging response or a “squawk” tone to indicate a
pointing response. Two separate 2-way ANOVAs were run for each subject
and each response mode (assessing target main effect, frame main effect, and
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interaction). One ANOVA was based on the raw data, and the other on errors
(deviations of responses from the actual stimulus positions). The subject with
the minimum F is reported below for each condition; F’s for other subjects are
equally significant or more significant. In general, descriptive statistics are

given in the figures and inferential statistics in the text.

Roelofs effects

For the cognitive measure all ten subjects showed a significant main effect of
target position in both trial types. This means that when the target was toward
the left the subjects judged it to be significantly further to the left than when
the target was on the right. There was also a significant main effect of frame
position in judging trials (F(2,4) >61.2, p < 0.001 in all subjects). Thus, all
subjects showed a Roelofs effect (Figure 1), a tendency to judge the target to
be further to the left than its actual position when the frame was on the right,
and vice versa. The mean magnitude of the Roelofs effect was a difference of
2.0° between judgments with the frame on the left and judgments with the
frame on the right. This is a reliable effect; it is present in all subjects under all
conditions and is statistically significant in all subjects. There were no signifi-
cant interactions, either here or in the subsequent data.

Analyses of the errors in judging target position showed a significant
effect of actual target position in all 10 subjects, with the range of position
estimates being smaller than the range of target positions. Thus there is a
compression of perceived space in the judging mode, with an 8° field repre-
sented by estimates less than 8° apart. The same range in the pointing mode,
with the same stimuli, usually resulted in pointer positions more than 8° apart:
for the pointing measure 6 subjects showed significant overreaching of the
target eccentricities, one showed significant underreaching, and 3 had no
statistically significant errors. The difference in slopes could yield substantial
differences in localization for the pointing and judging modes under some
conditions, especially when the frame was offset and the target was at one of
its extreme positions. Under these conditions differences between judging and
pointing to the same target in the same trial block could amount to more than
5°. With the motor measure, there was a sharp division of the subjects into two
groups: 5 subjects showed a highly significant Roelofs effect (F(2,4) >18, p <
.01), while the other 5 showed no sign of an effect (F(2,4) <3.16, p >.18). The
bimodal distribution shows that two qualitatively different results were ob-
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tained; the distribution of significances between subjects is not due to a small,
normally distributed effect being significant in some subjects and not in
others. That is, each subject showed either a large, robust Roelofs effect or no
sign of a frame influence. Thus, responses on pointing trials were qualitatively
different from responses on judging trials for half of the subjects; these

Cognitive Measure

y = 0.76500 + 0.62500x R”2 = 0.949 /

y = 1.3800 + 0.58000x A2 = 0.981 ////

y = 2.0650 + 0.49500x R*2 = 0.980

Response

1 T T T
-4 -2 0 2 4

Target Position (deg.)

Figure 1. Target position estimation in the presence of a rectangle that is offset to the right,
centered, or offset to the left. Response is a 5-alternative forced choice to alternatives 2 deg.
apart. The 3 solid lines are regression lines for a given frame position through combined
data for all subjects. Frame positions are given in the lower right legend. Regression
equations anc?values are given for each line. The separation of the lines is the Roelofs
effect. The dashed line indicates veridical performance. (Original figure, based on data from
Bridgeman, Peery & Anand 1997).
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subjects showed a Roelofs effect only for judging. The differences in perfor-
mance among subjects were unrelated to their degree of psychophysical
experience or knowledge of the experiment.

Figure 2 illustrates the pointing behavior of one subject (A) who showed
no Roelofs effect in pointing, while Figure 3 illustrates another subject (B) ho
showed a significant Roelofs effect .

Motor Measure Subject A

y = 27200 + 0.66500x R*2 = 0.956
y = 3.5600 + 0.56000x R"2 = 0.732

y = 27400 + 0.80500x R"2 = 0.865

(deg)

Pointer

-8 T T T
-4 -2 0 2 4

Target Position (deg.)

Figure 2.Pointing to targets under the same stimulus conditions as in Figure 1, for a single
subject. The 3 regression lines are not significantly different, and their intercepts do not
vary monotonically with frame position. The dashed line indicates veridical performance.
(Original figure, based on data from Bridgeman, Peery & Anand 1997).
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Motor Measure Subject B

y = - 1.7600 + 0.87000x R"2 = 0.837

61 y = -0.32000 + 1.1800x R*2 = 0.994

y = 1.6400 + 1.2200x R*2 = 0.796

(deg.)

Pointer

-6 T T T
-4 -2 0 2 4

Target Position (deg.)

Figure 3. Pointing to targets under the same stimulus conditions as in Figure 2, for a
different subject. The dashed line indicates veridical performance. The Roelofs effect is
significant for this subject. (Original figure, based on data from Bridgeman, Peery & Anand
1997).

Delaying the response

Procedures were the same as the No Delay condition except that a delay was
interposed between stimulus offset and the tone that indicated the type of
response that the subject was to make (judging or pointing). Thus the subjects
did not know during the delay interval which type of response would be
required.

Nine of the 10 subjects were also tested using the cognitive measure with
a 4-second delay interposed between display offset and tone. Eight of the 9
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showed a significant Roelofs effect for the judging task (F(2,4) >18, p < 0.01),
with a mean difference of 2.12° between perceptual localization when the
frame was on the left and when it was on the right. In other words, the
localization due to difference in frame position changed by a little more than
one target position. This result is comparable to the result in the no-delay
condition; results in that condition for the 9 subjects run in the delayed
condition were indistinguishable from the data reported above and shown in
Figure 1, with a significant and consistent Roelofs effect.

The major difference between the results with the motor measure in this
condition and in the no-delay condition was that 7 of the 9 subjects showed a
significant Roelofs effect (F(2,4) >6.94, p < 0.05 for 2 S’s; F(2,4) >18, p <
0.01 for 7 S’s). One of the two remaining subjects showed no significant effect
of frame position for either measure. The other subject whose pointing behav-
ior still showed no effect of the frame was retested with an 8-second delay
between display offset and tone. A Roelofs effect was found both for judging
trials (similar to the pattern of Figure 1) and pointing trials (similar to the
pattern of Figure 3), indicating that after an 8-second delay this subject’s
pattern of responses corresponded to that of the majority of subjects at the 4-
second delay.

Again the analysis of response error showed significant tendencies to
underestimate the eccentricities of peripheral targets in the judging task in all
subjects, while eccentricity in the pointing task tended to be overestimated.

Judging position with an open-ended scale

The restriction of response alternatives in judging trials may have influenced
the observed differences between the pattern of results in judging and point-
ing, and may have forced the observed compression of visual space in the
judging mode. To investigate this possibility, five new subjects were tested
with a continuous measure of judged target direction.

Subjects were shown a centimeter ruler on the screen during an orienta-
tion session, and they were asked to estimate the position of an ‘X’ to be
displayed in each trial in cm to the left or right of the center. Response was
cued immediately after stimulus offset. Pointing trials exactly like those above
were interleaved with the judging trials. In judging, variability was somewhat
greater with the cm estimation method, resulting in a statistically less reliable
Roelofs effect for two of the subjects (p = 0.064 and 0.068). The pattern of
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results was always in the direction of a Roelofs effect with perceived position
biased to the side opposite the frame position, however, and the absolute
magnitudes of the Roelofs effects in experiments | and Il were similar. When
asked how many target positions had been presented, the subjects were
uncertain but generally guessed 6 or 7 rather than the 5 actually given.

The slopes of the lines describing verbal estimate vs. target position are
less than 1 in 4 of the 5 subjects, while slopes in the pointing trials continued to
be more than 1, showing that the compression of visual space found in
experiment | was not due to the restricted range of alternative responses (not
illustrated). Rather, the slope difference seems to represent a more general
distinction between the internal representations of ‘cognitive’ and ‘sensorimo-
tor’ visual space.

The fact that judging is less accurate than pointing cannot explain the
difference in slopes with the two measures, because this interpretation would
predict shallower slopes of the pointing functions due to statistical regression
to the mean. The pattern of results is the reverse of this: the steeper slope (in
pointing) is associated with the larger variability. Another possible explana-
tion for the slope difference is sought in experiment Il. Another possible
explanation of the lower slope with the judging measure is not that space
became compressed, but that the interpretation of the remembered target
locations became expanded.

Interpretation in terms of cognitive and sensorimotor systems

Up to this point we had tested 15 subjects. All of them experienced a Roelofs
effect in the cognitive measure, showing that the effect is robust and easily
obtained. Seven of these subjects showed a Roelofs effect in pointing without
a delay, while eight did not. All showed a pointing Roelofs effect after a
sufficient delay.

All subjects used pointing information that is biased by the frame position
if a long enough delay was imposed before the response cue, even though half
of them were not vulnerable to this bias when responding immediately. This
implies that the bimodal distribution of Roelofs effects in pointing without
delay had been due to the subjects using two different sources of information
for pointing. One group had used a motor mode that was not sensitive to visual
context, a ‘privileged loop’ between vision and motor activity. The other
group apparently imported spatial information from the cognitive to the
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sensorimotor representation for use in pointing, and imported the illusion
along with it. The results also show a differential decay rate of cognitive
responses and pointing responses, along with a steeper slope and greater
variability for pointing than for the cognitive measure (see also Rossetti 1998,
2000; Pisella and Rossetti, this volume). In the proprioceptive domain,
Rossetti and Régnier (1995) also found a recoding of the reference frame for a
pointing task with a delay.

One interpretation of these phenomena is that a single visual representa-
tion shows different characteristics when probed with different demands. This
interpretation runs into difficulty in explaining effects that are present and
robust in one response mode and completely absent in the other, however: No
amount of tinkering with differential thresholds and range nonlinearities can
account for such effects. An interpretation that is consistent with cortical
neurophysiology, as well as with the literature cited in the introduction, is that
the two measures access information from different internal maps of visual
space.

The two-maps hypothesis also provides a parsimonious language for
describing the results. The motor representation is accessed by a pointing
measure that requires an isomorphic response, a 1:1 relationship between
stimulus position and behavior; a stimulus and a response map directly onto
one another. The cognitive representation, in contrast, requires a categorization
in which the relationship between target position and behavior is arbitrary.

These results contrast with those of Bacon, Gordon and Schulman (1982),
who found a Roelofs effect in a comparable paradigm. In one of their condi-
tions a target oscillated vertically while a background frame oscillated horizon-
tally, resulting in an induced slant in the target’s trajectory. Alternatively, the
background could be fixed at either its left or right extreme position, and the
target at either its highest or lowest point. Pointing to the target yielded a
significant horizontal target offset in trials when the frame was on the right
compared to trials when it was on the left, a replication of the Roelofs effect.

The effect was significantly smaller than perceptual effects in an induced-
motion control, however, indicating again that the pointing measure is signifi-
cantly closer to veridical than the perceptual measure. The implicit slant
between the target’s two positions in the Roelofs condition was 30 deg,
compared to a veridical slant of 45 deg. Neither they nor we measured
response latency, and both experiments used unspeeded pointing that was
cued by target offset. But if Bacon et al.’s subjects were not quick about their
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pointing, a situation similar to our delay condition could have occurred, with a
similar result. A similar set of circumstances might account for the similar
results of Sugarman and Cohen (1968). We found that most subjects showed a
Roelofs effect with a 4-second delay, but the minimum delay may be much
shorter; Bacon et al.’s results suggest that it is indeed shorter.

Using both modes at the same time

The work just reviewed leads to the conclusion that the motor representation is
short-lived; after a delay subjects relied upon the cognitive map even during
motor tasks. But there was a difference in how the subjects reacted to the
cognitive and the motor tasks. The cognitive task was perceived to be a
difficult problem, and the subjects sometimes expressed some uncertainty
about which answer was best. The pointing task, in contrast, seemed much
easier, and several subjects reported that as soon as they knew that a pointing
response would be required, they could relax and just do what came naturally.
It was as though less cognitive effort was required for the motor task. But what
would happen if subjects produced both types of response in the same trial
(see also Pisella and Rossetti, this volume)?

In this experiment, we asked whether either response modality could
affect the other modality when both types of responses are performed. In other
words we examined whether use of the accurate motor representation of space
on a trial would eliminate the Roelofs effect in the cognitive (judging) task, or
alternatively whether accessing the cognitive representation would induce a
Roelofs effect in the motor measure. The procedure was the same as above
except that subjects both pointed to and judged the target location on every
trial. Half of the nine subjects were randomly assigned to point first and half to
judge first on each trial. Responses were not delayed.

All subjects showed the same pattern of results for the cognitive measure.
ANOVA showed that target location had a significant effect of amplitude 2.2°
for all subjects, whether they judged first or pointed first. The results were
similar to those of Figure 1.

For the motor measure, the pattern of results was similar. Frame location
again had a significant effect (on the pattern of Figure 3) with an amplitude of
4.4° for all subjects, whether they judged first or pointed first. Overall, the
average magnitude of the target effect was larger for the pointing responses
than for the judging responses (F(1,1350) = 378.5, p<.0001). That is, as in the
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earlier experiments, there were steeper slopes for pointing responses than for
judging responses.

When both responses occur to a single stimulus they are both biased by a
Roelofs effect, in contrast to the situation in which subjects either point to or
judge the location of a target surrounded by an offset frame with no delay.
This finding is independent of the order in which the responses occur, suggest-
ing that a separate map is not accessed for each response. That is, instead of
activating cognitive and motor maps on each trial for the judging and pointing
responses respectively, only one representation of visual space is accessed on
each trial. This representation appears to be the cognitive map, indicated by
the reliable Roelofs effect in the judging responses.

The first experiments showed the motor map to be short-lived, forcing
subjects to rely on the cognitive representation when there is a delay before
responding. The double-response experiment elaborates on the temporal se-
guence from cognitive to sensorimotor processing of visual space by showing
that motor responses depend on the cognitive map whenever such a map must
be used in a given situation.

Normally the motor system is insensitive to context-based biases such as
the Roelofs effect. Why, then, did subjects in this experiment show a Roelofs
effect during pointing? Our interpretation is that the combined sequential
responses of pointing and judging required several seconds, and the subjects
knew that the position would have to be remembered during that time. This
forced them to store the position internally in the cognitive representation,
even when the motor response came first. It is as though the subject said to
himself, “I am going to say ‘right’, so | should point to the right”. Each trial
was treated as a visual ‘event’, encoded in one map of visual space. Since the
dual response took more time or more complex coding than the motor repre-
sentation can support, responses were based on the cognitive representation.
Rossetti and Régnier (1995) also showed a similar effect in normal subjects:
with simultaneous reponses, the motor response followed the perceptual
information.

Rossetti et al. (1995) found an analogous result in a patient who has what
might be called tactile blindsight or “Numbsense”; the patient could point to
the position of a tactile stimulation on his arm, but could not describe the
position verbally or point to it on a chart of the arm. The patient lost the ability
to point accurately when required to give the location verbally at the same
time. And the patient’s inability to point to the stimulated position shows that
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the motor representation is available only for isomorphic responses, not for
symbolically reorganized activity, even if the actual motor movement is
similar in both cases. This result is consistent with our finding that the subject
must actually hit the target, not just hit a button, to access the context-
insensitive motor code (see Pisella and Rossetti, this volume).

Theoretical interpretation

Perception of a Roelofs effect is robust, being seen by all subjects under all
delays. The Roelofs effect in visually guided behavior, though, depends much
more strongly on the subjects and conditions. Half of the subjects showed a
strong effect of a surrounding frame on pointing behavior while the other half
showed no effect. This bimodal distribution suggests that subjects went about
the task in either of two different ways; the data are inconsistent with the
hypothesis that subjects varied along a continuum of the amount of influence
of the frame.

Since all responses were made in a blank field after the stimuli had been
extinguished, these differences may be due to differing strategies of the
subjects; some responded in a motor mode, while others switched almost
immediately to a cognitive mode, which brought the illusion along with it. All
subjects appeared to operate in the cognitive mode when required to both
point to and judge the perceived target location on each trial. It is not the case
that the two groups of subjects followed different psychological laws, only
that they switched from motor to cognitive modes at differing delays after
stimulus offset. Differential accuracy and decay rates of cognitive versus
motor responses would redescribe the data, but would not explain the source
of the differences. Roelofs effects in pointing were universal with a long
enough delay between target presentation and response, or when pointing and
judging occurred on the same trials; a closer titration of delay times would
probably show a unique critical delay for a pointing Roelofs effect in each
subject.

Two visual representations in related studies

The results are not comparable to those of studies in which subjects respond
while the stimuli are still present (Hansen & Skavenski 1977), or in which
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responses occur within 400-500 msec of the target event (Hallett & Lightstone
1976; Wong & Mack 1981). All subjects in those studies showed accurate
motor behavior, in the present interpretation because the spatial values in the
motor representation had not yet been lost. Appearance of a Roelofs effect with
a delay between stimulus and motor response is consistent with the results of
Wong and Mack (1981), however. They found that saccadic eye movements
followed a veridical displacement direction with a short delay but followed a
perceived displacement in the opposite direction after a longer delay. Though
the delays used here were longer than those of Wong and Mack, the pattern of
results is similar.

Thus it appears that the motor representation of space possesses a
memory for the positions of stimuli no longer present, but the memory begins
to degrade after no more than a few hundred msec; the shift at a 4-sec delay in
the present experiments puts an upper bound, but not a lower bound, on the
duration of the memory buffer. The duration of this memory and the condi-
tions under which it is degraded are topics for future research. Recent still-
unpublished results from our Santa Cruz laboratory suggest that the minimum
delay is about 2 sec, and that the influence of the cognitive representation
emerges gradually rather than abruptly.

Others have reported data that clarify the contrast between cognitive and
sensorimotor streams, though their studies were designed for other purposes
and require reinterpretation to relate to the present theoretical interpretation.
Abrams and Landgraf (1990) performed an induced-motion experiment with a
target and frame similar those described here, and two response measures. In
one task, the subject pointed to the final position of the target. Extent of
motion was determined in successive trials by pointing to the target in its left
and right positions respectively. In the other task, the subject moved a handle,
similar to our pointer, through the same distance that the target was perceived
to have moved.

These tasks contrast with ours in that the final-position pointing task
(which they call a ‘location’ condition) is egocentric, like our pointing task,
but the motion reproduction task (which they call a ‘distance’ condition) was
exocentric; the subject indicated the perceived distance between two target
positions, rather than the direction of either target relative to the body. In both
of the Roelofs tasks, we took pains to obtain egocentric information. The
subjects responded to only one target at a time, and never saw more than one
target, even during the training trials. In our theoretical framework, the loca-
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tion task probes the sensorimotor system, because its position is isomorphic to
the target position. The distance task probes the cognitive system, because the
subject reproduces the perceived extent of movement. The pointer need not
coincide with the target’s final position. Abrams and Landgraf’s first experi-
ment was analogous to our delay condition, while their second experiment
was analogous to our no-delay condition, except that in both cases induced
motion rather than Roelofs stimuli were used.

The results are consistent with what we found: with no delay, there was a
significant interaction between the two tasks. There was an overall induced
motion effect, but the significance of the effect is made difficult to interpret by
the interaction, and it was not tested statistically for the two conditions
separately. The extent of induced motion in their location condition, a sen-
sorimotor measure by the conventions used here, was about 0.5 deg (estimated
from their Figure 3). In the delay experiment, however, induced motion was
seen with both measures, consistent with our delay condition in which Roelofs
effects were seen for both cognitive and sensorimotor systems. There was no
statistically significant interaction between their two measures in this experi-
ment.

Our results reinforce the conclusion that the normal human possesses two
maps of visual space. One of them holds information used in perception: if a
subject is asked what he or she sees, the information in this ‘cognitive’ map is
accessed. This map can achieve great sensitivity to small motions or transla-
tions of objects in the visual world by using relative motion or position as a
cue. The price that the cognitive system pays for gaining this sensitivity is that
it loses absolute egocentric calibration of visual space.

A useful model for the use of relative motion information is the process of
differentiation in calculus. In calculating motion dx/dt by differentiation, the
constant term (the spatial calibration) drops out of the representation. Such a
representation cannot be used to control visually guided behavior, however,
and since all mammals have motor control we can assume that the cognitive
system evolved after the sensorimotor system. The cognitive system arose
later to handle specialized pattern-recognition challenges, but it never had the
job of controlling behavior directly.

The other visual map drives visually guided behavior, but its contents are
not necessarily available to perception. This map does not have the resolution
and sensitivity to fine-grained spatial relationships that the cognitive map has,
but it is not required to: a small error in pointing, grasping or looking is of little
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consequence. The advantage of this map is its robustness; the “motor” map is
not subject to illusions such as induced motion and the Roelofs effect. It also
has only a short memory, being concerned mainly with the here-and-now
correspondence between visual information and motor behavior. If a subject
must make motor responses to stimuli no longer present, this system must take
its spatial information from the cognitive representation, and brings any
cognitively based illusions along with it. This is not to say that a sequence
cannot be stored in memory and used to improve motor performance in the
future; the current egocentric spatial values are lost, however.

The existence of two parallel visual systems, both carrying spatial infor-
mation, is also important for interpreting the role of consciousness in human
mental life, because the cognitive system is conscious while the sensorimotor
system is not. A way of interpreting the relationship between cognitive and
sensorimotor representations is in terms of the ability to integrate information
from the map with other information. The cognitive map’s contents are coded
in terms of the entire visual array (both target and frame in our case), while the
motor map is generally inaccessible to integration with information from other
sources. The difference between cognitive and motor representations in this
context is analogous to the distinction between explicit and implicit modes of
memory, respectively. The explicit mode is accessible to language and to
experiential memory, while the implicit mode may hold information that the
subject is unaware of or even that is contradictory to other explicit memory
(Roediger et al. 1988). Similarly, in our experiments subjects can hold one
position of a stimulus in the cognitive representation and simultaneously hold
a different position for the same stimulus in the motor representation. But
awareness is always of the information in the system that has an enduring
memory, that can be described later and related to other events; and this seems
to be the key to consciousness.

More than one motor representation?

Motor behavior can be divided into three components: eye movements, move-
ments of body parts, and locomotion. The first component, eye movements,
normally functions without conscious intervention, though some kinds of
saccadic eye movements can be initiated voluntarily. As the experiment of
Wong and Mack (1981) showed, eye movement control can take advantage of
veridical, egocentrically organized spatial information only if that information
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is used when currently present in the retinal image, or if it is used within a few
hundred msec of stimulus offset.

The second component, including arm, hand and head movements, is the
subject of most of the empirical work described in this chapter. The evidence
cited above shows that information available to this system is available for a
few seconds for open-loop control; after that, cognitive information must be
imported into the sensorimotor system to control behavior. The work of
Milner and Goodale (1995) explicates many of the characteristics of this
component (see also Jackson, this volume; Bhalla and Proffitt, this volume;
Pisella and Rossetti, this volume).

The final component is for the control of locomotion. It is isolated in
studies where subjects can interact with a visual environment only through
locomotion, walking or climbing through it. For example, perception of
distance on the order of meters, measured by having subjects mark equal-
appearing intervals, is non-linear, with large errors. But when subjects were
asked to walk to a target, they did so accurately (Loomis et al. 1992). When
another target was placed twice as far away, subjects walked twice as far,
despite their distorted perceptual judgment. This experiment expands and
formalizes a common experience: one can ask a person to judge a distance to a
target by any measure (number of body lengths, arm spans, meters, etc.) and
receive wildly erroneous estimates. But when asked to throw a ball to the same
target, the same person does pretty well.

More recent experiments have shown that the accurate locomotor system’s
spatial map, like that in the pointing and jabbing experiments above, has a
limited memory. Creem and Proffitt (1998) have shown that subjects greatly
overestimate the slope of a hill in verbal estimates, but are much more accurate
if asked to adjust a tilt board to match the slope. The next day, or a few hours
later on the same day, however, the tilt-board estimate is significantly steeper,
in the direction of the cognitive overestimate. So again it seems that the
cognitive system informs isomorphic motor responses after a delay. Here,
however, motor estimates remain accurate for at least a few minutes following
termination of exposure to the stimulus situation (see Bhalla and Proffitt, this
volume).

The properties of all three of these subsystems, or components of the
sensorimotor branch of vision, can be summarized with a few consistent rules
that apply to all of them. All three show an initial component that is more
veridical than the corresponding cognitive measures, and all three begin to
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show errors in the direction of cognitive measures after a delay. The critical
delay in each system seems to be different, but in each case it corresponds
closely to the amount of time required to execute a meaningful interaction
with the world in the corresponding motor output modality; on the order of
hundreds of msec for saccade control, seconds for arm and head movements
(Jakobson & Goodale 1991), and minutes for hill-climbing or other locomo-
tion. Each component seems to hold information long enough to act on it, but
no longer. In each case, contradictory cognitive information can coexist in the
nervous system without apparent conflict, showing the need for a segregation
of cognitive and sensorimotor representations of the relevant information (see
Bhalla and Proffitt, this volume; Hommel, this volume; Pisella and Rossetti,
this volume, Rossetti 1998, 2000).

Some parts of the story remain incomplete. The most important missing
component is that we don’t yet know much about the interactions of the two
systems. Apparently the cognitive branch can provide the motor branch with
spatial information under some conditions, but information cannot flow the
other way. The codes used by the two systems seem only partly compatible,
resulting in the possibility of cognitive-to-sensorimotor but not sensorimotor-
to-cognitive information flow. It is not clear how the cognitive system com-
municates a particular object as a target, to a system than cannot distinguish
different targets. And the temporal lobe / parietal lobe dichotomy is not quite
as clean as one would like. The lobes are more convention than anatomical
reality in this part of the brain in any case, and nature has not segregated the
systems neatly into dorsal and ventral components; things get a bit tangled in
the posterior and inferior parietal regions. The distinction between cognitive
and sensorimotor, though, has already proved a useful concept in explicating
the visual brain.
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Introduction

The process underlying the control and learning of skilled movement have
historically been the focus of examinations by researchers from a number of
different disciplinary areas but primarily neuroscience and psychology (Prinz
& Sanders 1984). Since the pioneering neurophysiological work of Sir Charles
Sherrington (e.g., Sherrington 1906) on the integrative action of the nervous
system, neuroscientists have investigated the interaction between afferent and
efferent neuronal information and the effect of this interaction on movement
and position sense at both the spinal and cortical levels. Psychologists, begin-
ning with Woodworth (1899) and others in the late nineteenth century, have
long been interested in probing the relationship between perception and action,
between cognition and motor acts, and between motor control and learning.
Cognitive and experimental psychology has been dominated since the
1960s by the information-processing approach, which has sought to under-
stand, using a computational analogy, the processes and memory mechanisms
underlying verbal, mental and, later, motor aspects of human behaviour. The
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basic notion underpinning this approach is that humans behave like a sophisti-
cated information-processing system. In this sophisticated system, input infor-
mation about both the external environmental conditions and the internal
conditions of the performer is assumed to be processed through a series of
discrete stages, such as stimulus identification, response selection, and re-
sponse programming stages (Schmidt 1988). The processing at each of these
stages is thought to be mediated, in part, by a short-term memory store in
which movement information is encoded, retained, and re-used for movement
reproduction.

A large amount of research has been conducted to attempt to understand
the encoding, retention, and retrieval of movement information in short-term
memory. Indeed, the role of distance and location information in the short-
term reproduction of arm movement was among the most intensively exam-
ined of all motor control topics in the 1970s. While many of the early studies
(Gundry 1975; Jones 1974; Laabs 1973) attempted to separately elucidate the
characteristic nature of information about movement distance and location,
some researchers (e.g., Marteniuk & Roy 1972; Stelmach & Kelso 1973)
recognised that the selective reproduction of either the distance or the end
location of a given criterion (standard) movement appeared to be influenced
by other sources of information available during the criterion movement. The
specific nature of this interference was documented most clearly in the work
of Kerr (1978) and then Walsh and his colleagues (e.g., Walsh & Russell
1979; Walsh & Russell 1980; Walsh et al. 1979). These researchers demon-
strated that the reproduction of movement distance is apparently interfered
with by the end location of the criterion movement and, conversely, the
reproduction of movement location is interfered with by criterion movement
distance. Interestingly, the systematic demonstration of the mutual interfer-
ence between movement distance and location resulted in cessation of the
early enthusiastic debates on the respective coding and retention accuracy
characteristics of distance and location information. After the plethora of
studies on motor short-term memory in the 1970s, there were very few
published studies in this area in the decade that followed.

Another factor leading to a declining research effort on motor short-term
memory issues in the 1980s, especially those relating to linear arm move-
ments, was the rise of alternative approaches to motor control which challenge
many of the implicit assumptions underlying the information-processing ap-
proach. The rise of ecological psychology (Gibson 1966; Gibson 1979) chal-
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lenged the artificial separation of perception and action in traditional experi-
mental approaches and the emergence of the dynamical systems approach
(e.g., Kelso et al. 1981) challenged assumptions about the need for representa-
tions of movement through demonstration of the control potential present
within the self-organising capabilities of the neuromuscular skeletal system.
In line with these paradigmatic challenges by the ecological and dynamical
systems approaches, recent findings (e.g., Milner & Goodale 1995; Neumann
& Klotz 1994; Rossetti 1998, 2000; Rossetti et al. 1994) concerning dissocia-
tion between perception and action have provided strong evidence against the
traditional notion of serial information-processing. These recent findings sug-
gest that given stimuli can act directly on the control of movement prior to (or
by bypassing) the conscious awareness of the given stimuli. Such findings are
difficult to reconcile with an information-processing notion which assumes
sequential processing stages and information flow from stimulus identifica-
tion through response selection to response programming.

Despite both the recent advent of paradigms challenging the traditional
information-processing approach and the declining research efforts on motor
short-term memory since the early 1980s, we seek to revisit the issue of
“distance-location interference in movement reproduction” in this chapter.
Our reasons for revisiting the motor short-term memory issues of the 1970s
are twofold: first, the available evidence with respect to the cause of the
fundamental phenomena of distance-location interference in motor short-term
memory is still inconclusive. Second, exploring the cause of the distance-
location interference phenomenon, brings us directly to the manipulation of
cognitive and attentional factors, such as conscious versus unconscious pro-
cessing (or explicit vs. implicit use) of movement information. The issue of
conscious versus unconscious processing is one of contemporary interest
across a broad range of fields in neuroscience and psychology, yet only rarely
is this issue brought to focus upon movement encoding and recall. Such issues
can be addressed without the need to invoke some of the problematic assump-
tions of traditional information processing.

This chapter aims to provide both an overview of recent studies which
have been conducted to elucidate further the mechanisms underlying the
distance-location interference in motor short-term memory and to discuss
some alternative perspectives with respect to the interference/integration and
dissociation between conscious and unconscious processes in the short-term
reproduction of arm movements. The chapter is organized into three major
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sections. In the first section, we briefly describe the characteristic nature of the
distance-location interference phenomenon, giving particular focus to the
findings of Walsh and his colleagues and to the typical investigative para-
digms which they and others have used. Second, we review a recent series of
our own experiments which have been conducted in an attempt to examine
whether the distance-location interference phenomenon arises as a conse-
guence of methodological artefacts, kinaesthetic feedback factors, or rather
factors related to cognition, strategy, and conscious awareness. In the final
section, we discuss the distance-location interference phenomenon from three
different theoretical viewpoints with respect to attentional (conscious and
unconscious) correlates, namely, (1) the controlled and automatic processing
modes perspective (Schneider & Shiffrin 1977), (2) the explicit and implicit
perception in action perspective (Milner & Goodale 1995; Rossetti 1998), and
(3) a perspective involving a possible biomechanical causal factor (“the centre
of mass” of the whole arm used in positioning movement), which is assumed
to be unconsciously (implicitly) controlled by the brain (Suzuki et al. 1996;
Suzuki et al. 1997).

The original findings on distance-location interference

Demonstration of distance-location interference in motor short-term memory
requires the systematic (forward and backward) manipulation of starting
position between the criterion and reproduction movement. Such manipula-
tions were first used in a number of motor short-term memory studies appear-
ing in the mid-to-late 1970s. This section provides fundamental information,
in turn, about both the manipulation of starting position and the major depen-
dent variables used to illustrate the characteristic features of distance-location
interference.

In the manipulation of starting position, blindfolded subjects are asked to
reproduce either the movement distance or end location of the preceding
criterion movement from a new starting position, i.e., one which is altered
from the original criterion starting position (Figure 1). In theory, when sub-
jects are ask to reproduce the end location of a criterion movement they should
rely on the end location alone, ignoring completely the (irrelevant) criterion
movement distance. Conversely, when they are asked to reproduce movement
distance, they should ignore the end location of the criterion movement as this
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is no longer a reliable source of information. The instruction set should enable
subjects to rely on the specific movement cue nominated for accurate move-
ment reproduction and ignore the other (irrelevant) cue. A number of re-
searchers in the 1970s used the starting position manipulation in an attempt to
determine the respective roles and utility of distance and location information
in the short-term reproduction of arm movement. We have reviewed the major
findings of these early studies in detail elsewhere (Imanaka et al. 1998;
Imanaka et al. 1996).

Studies on short-term memory for arm movement have typically used
three dependent variables to measure movement reproduction performance,
namely, constant or algebraic error (CE), which indicates response bias such
as undershooting and overshooting; variable error (VE), which indicates the
variability (inconsistency) across responses by each subject; and absolute
error (AE), which is a composite of both CE and VE reflecting overall
accuracy to some degree. The CE measure is the one most relevant to demon-
strating distance-location interference, although the AE and, to a lesser extent,
VE measures are important in determining the overall accuracy of reproduc-
tion using each separate movement cue.

Criterion Movement .

Shift in | | |
Starting Position 5 0 +6cm

Location
Reproduction

Distance #'> L
Reproduction | ——>

Figure 1.Starting position manipulations as a means of separating the location and distance
cues used in the reproduction of a criterion movement. The arrows for both location and
distance reproduction indicate perfect reproduction from the altered starting positions.
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The distance-location interference phenomenon in motor short-term
memory manifests itself in a characteristic pattern of response bias (i.e.,
overshooting and undershooting, expressed by CEs) which is a function of
both the direction and amplitude of the starting position change. Figure 2
shows a typical characteristic pattern of response bias, as reported by Walsh et
al. (1979). In Walsh et al.’s experiments, the starting position of the reproduc-
tion movement was systematically moved from the original criterion starting
position by 0, 2, 4, and 6 cm in either direction. In reproducing the end
location of a criterion movement, subjects tended to undershoot the desired
location when the starting position of the reproduction movement was moved
away from the end location (i.e., negative shifts in starting position; see
Figure 1) and tended to overshoot when the starting position was moved
relatively closer to the end location than the original criterion starting position
(positive shifts). In reproducing movement distance, subjects tended to over-
shoot the desired distance when the starting position was moved away from
the end location and tended to undershoot when the starting position was
moved toward the end location.

Such a systematic pattern of response bias (i.e., undershooting and over-
shooting) as a function of the shift in starting position has been interpreted as
evidence of the influence of other information from the criterion movement
which the subject is supposed to ignore. Information on the end location of the
criterion movement appears to bias the reproduction of movement distance
toward the criterion movement end location, thereby causing undershooting
and overshooting. Similarly, information on distance within the criterion
movement appears to cause undershooting and overshooting in reproducing
movement end location. It therefore appears likely that subjects cannot re-
member either the movement distance or location of the criterion movement
independently of the other information available during the criterion move-
ment. On the basis of this finding, Walsh et al. (1979) proposed a hypothesis
of interference between distance and location information in motor short-term
memory: information on distance was hypothesised to interfere with the
reproduction of movement location and information on end location was
hypothesised to interfere with the reproduction of distance.

The distance-location interference phenomenon is a quite robust effect in
short-term memory for arm movement, persisting for both constrained and
preselected movements (Walsh et al. 1979), long and short retention intervals
(Walsh & Russell 1979), and filled and unfilled retention intervals (Walsh et
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Figure 2.Typical response bias effects in the reproduction of either movement end location
or distance from altered starting positions. [Reproduced with permission of the Helen
Dwight Reid Educational Foundation from mean error scores calculated on the basis of data
on both short and long movement lengths presented in Table 1 in “Memory for constrained
and preselected movement location and distance: Effects of starting position and length” by
W. D. Walsh, D. G. Russell, K. Imanaka, & B. James. (19%)rnal of Motor Behaviqr

11, 201-2141].

al. 1981b), as well as across differences in the imagery ability of subjects
(Walsh et al. 1980), and the angle of approach of the movement (Walsh et al.
1981a). The only major factor that appears to systematically modify the
distance-location interference effect appears to be criterion movement length.
When the criterion movements are 16 cm or less in length, the reproduction of
movement distance does not appear to be affected by changes in starting
position (Walsh 1981). In contrast, the reproduction of movement end loca-
tion appears to be uninfluenced by the shift in starting position when the
length of the criterion movement exceeds 40 cm (Wrisberg et al. 1987;
Wrisberg & Winter 1985). This observation is consistent with the notion,
developed from comparison of AE data, that distance is the pre-eminent
information for the reproduction of short movements and location the most
reliable information for relatively long movements (e.g., Gundry 1975). The
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distance-location interference effect is therefore most pronounced for move-
ments ranging in length from about 15 to 40 cm.

Kerr (1978) and Walsh et al. (1979) suggested, on the basis of these
findings, that location and distance information may be coded together into
memory such that each interferes in reproducing the other. This was postu-
lated to hold true even under conditions where subjects concentrated on a
specified movement cue and were allowed to rehearse it during the retention
interval. Despite the robustness of the distance-location interference effect
and the significance of the explanation advanced by Kerr (1978) and Walsh et
al. (1979), the veracity of the explanation and the underlying cause of the
interference phenomenon was not subjected to further systematic experimen-
tal investigation for more than a decade.

Recent studies on the sources of distance-location interference

We (Imanaka 1989; Imanaka 1991; Imanaka & Abernethy 1990; Imanaka &
Abernethy 1991; Imanaka & Abernethy 1992a; Imanaka & Abernethy 1992b)
have recently examined, through a series of experiments, three possible causes
of the distance-location interference effect. One possibility is that the interfer-
ence effect (or the systematic undershooting-overshooting pattern in move-
ment reproduction which is a function of starting position shifts) arises simply
as a consequence of some artefacts in the methodological approach typically
used in the studies of motor short-term memory. A second possibility is that
the interference effect arises as a consequence of peripheral factors, such as
afferent kinaesthetic inputs from the limb used for movement, and is not an
interference between movement information processed at more central, cogni-
tive levels. A third possibility is that it is cognitive or strategic factors, such as
the integration of distance and location information in the encoding process as
hypothesised by Walsh et al. (1979), which is indeed the root cause of the
interference phenomenon. Our studies on these three possibilities were con-
ducted with the global aim of discovering which factors do and, equally
importantly, do not affect the systematic undershooting-overshooting pattern
of distance-location interference characteristically found in the short-term
reproduction of arm movement.

All our experiments used an arm positioning paradigm typical of that
employed in the studies by Walsh and his colleagues. Arm abduction move-
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ments in the range of 15-25 cm were used in our experiments, with the starting
position for the reproduction being moved either O, £ 2, or £ 4 cm (or in some
experiments, 0, + 3, or £ 6 cm) from the criterion movement starting position.
The retention interval was 10 s and unfilled. Blindfolded right-handed sub-
jects were asked to perform a criterion movement by moving, with the right
hand, the vertical handle of a linear positioning apparatus in a left-to-right
direction to a self-defined stop at a position within the required movement
length range. This position was held for approximately 2 s before the subject
was instructed to remove their hand from the handle. The handle was then
returned by the experimenter (or automatically by software run on a computer)
to the starting position for the following reproduction movement. At the
completion of the retention interval subjects were required to again move the
handle of the positioning apparatus, with their right hand, to reproduce either
the distance or the end location of the preceding criterion movement. Instruc-
tions as to which movement cue was to be reproduced were given to each
subject prior to the beginning of the experiment. To encourage the subjects to
rely on the specific movement cue instructed to reproduce, information that
the starting position for each reproduction movement might, or might not,
alter from the starting position of the preceding criterion movement were also
routinely provided to all subjects.

Methodological examinations

In all the previous experiments conducted by Walsh and his colleagues, the
systematic undershooting-overshooting pattern was typically observed as a
function of the shift in starting position for the reproduction movement, while
the criterion movement starting position was always unchanged. The indepen-
dent variable (i.e., the shift in starting position) was thus always manipulated
for the reproduction movement but not for the criterion movement. The
guestion can therefore legitimately be asked as to whether the interference
effects characteristically appearing on response bias are in fact due to informa-
tion available from the criterion movement or rather factors inherent in the set
of starting position shifts made for the reproduction movement (Imanaka
1989).

For the reproduction of criterion movement location, the response bias
was compared between a typical group (end-location) and a group (target-
location) who were not given distance information during the criterion move-



50 KUNIYASU IMANAKA AND BRUCE ABERNETHY

ment. Subjects of the end-location group were asked to make a criterion
movement of 15- to 25-cm in length from the usual O starting position, and
thus had access to movement distance information during the criterion move-
ment. In contrast, subjects assigned to the target-location group did not make a
normal criterion movement from the usual O starting position. Instead, they
grasped the handle, which was located by the experimenter in advance at the
mid-point of the criterion target area, and then re-positioned it at their pre-
defined (preselected) location within the target area. Thus, distance informa-
tion was not available during the criterion movement for the target-location
group. The reproduction movement which followed was then made in the
usual manner as employed by the subjects in the end-location group. The
typical undershooting-overshooting pattern in response bias appeared clearly
for the end-location group but did not arise for the target-location group
(Figure 3). This showed that the interference effect was, in fact, due to
distance information available in the criterion movement and was not an
artefact derived, per se, from the starting position manipulation used for the
reproduction movement.
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Figure 3. Reproduction of movement location for groups with (end-location group) and

without (target-location group) criterion movement distance information. [Reproduced

with permission of publisher from data presented in Table 1 in “Effect of starting position

on reproduction of movement: Further evidence of interference between location and
distance information” by K. Imanaka. (198®erceptual and Motor Skill$8, 423-434 1.
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For the reproduction of criterion movement distance, response bias was
compared between a typical group (different-start), who were presented with
one criterion movement starting position and five different reproduction
movement starting positions, and an identical-start group, who were presented
with five starting positions for both the criterion and reproduction movement
with the starting position being the same for each criterion movement and its
subsequent reproduction movement. If the reproduction movement is attracted
toward the end location of the criterion movement, then the reproduction
performance of the identical-start group should not be biased; rather the
reproduction movements made by this group should become much more
accurate because of the help of location information available in the criterion
movement. In contrast, the typical response bias pattern for the different-start
group should appear because of the attracting power of the end location of the
criterion movement. This prediction was fulfilled by the experimental data
(Figure 4), confirming that the interference effect in distance reproduction is a
consequence of the location information available in the criterion movement.

15 - Different-Start
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Figure 4.Reproduction of movement distance for groups (different-start group and identi-
cal-start group) differing in starting positions between criterion and reproduction move-
ments. [Reproduced with permission of publisher from data presented in Table 2 in “Effect
of starting position on reproduction of movement: Further evidence of interference between
location and distance information” by K. Imanaka. (198@yceptual and Motor Skill$8,
423-4341].
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We (Imanaka & Abernethy 1991) also examined a further possible meth-
odological problem which related to whether the systematic pattern of under-
shooting and overshooting in movement reproduction is mediated by learning
effects which may occur during the course of the experiment. This examina-
tion was motivated by the notion of central tendency effects, which have been
suggested by some researchers (Laabs 1973; Poulton 1975) to be a method-
ological problem in motor short-term memory research. Laabs suggested that,
over the course of an experiment using a number of different within-subject
conditions, subjects develop an average “referent” movement based on the
distance and location characteristics of all movements experienced during all
the experimental conditions and it is this “referent” movement which increas-
ingly guides reproduction movements as an experimental series proceeds. If
this is the case, the characteristic response bias pattern attributed to distance-
location interference could be due simply to the effects of such an average
“referent” movement emerging throughout the course of experiment. Our
experiments showed that the systematic response bias pattern occurred even in
the first (presented) condition after only a single starting position shift was
experienced by subjects. Moreover, the pattern of the response bias on the first
experienced condition did not differ from the typical response bias pattern
arising from data collected across all experimental conditions (i.e., for sub-
jects who experienced all five shifts in starting position). This indicated that
the systematic undershooting-overshooting pattern in movement reproduction
is not an artefact of any simple learning or central tendency effects arising
during the course of typical motor short-term memory experiments.

The role of kinaesthetic and neuromuscular factors

Given that the cause of the distance-location interference effect is apparently
not a methodological artefact, the nextimportant question that can be posed and
addressed experimentally is whether the effect is due to factors related to the
specific neuromuscular commands or rather whether the interference effect is
mediated by a more abstract, cognitive level of information-processing. Two
experiments are summarized here, which attempt to examine whether the
systematic response bias pattern varies or remains unchanged when specific
neuromuscular aspects of the criterion and reproduction movements are altered.
The specific neuromuscular information available from criterion to reproduc-
tion movement is manipulated, in the first experiment, by changing the
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movement speed and, in the second experiment, by changing the limb used in
the reproduction movement.

Effects of movement speékhe systematic distance-location response bias
phenomenon has typically been examined using slow, self-paced movements
(e.g., Kerr 1978; Walsh et al.1979). Under such conditions subjects may rely
primarily on feedback information for movement control rather than needing to
depend on the preprogramming of efferent commands. The question of interest
here is whether the distance-location interference is affected by constraints in
the utility of kinaesthetic feedback information available from criterion and
reproduction movements. To examine this we (Imanaka & Abernethy 1990)
conducted a series of experiments, using all possible combinations of slow and
fast movement speeds between the criterion and reproduction movements. For
slow movements subjects were instructed to make movements in a slow self-
paced speed, resulting in an average duration of 0.93 s (the average movement
speed was 30.4 cm/s). For fast movement, subjects were asked to make
movements as fast as possible in a ballistic action without any slowing in
movement speed during the movement, resulting in an average duration of 0.35
s (the average movement speed was 84.3 cm/s). Mixing slow and fast move-
ment speeds from the criterion to the reproduction movement should alter the
availability of conscious feedbacknformation about movement distance
(although the availability of end location information may not be altered
because subjects were allowed to hold the handle for 2 s at the end of movement
execution for both the slow and fast movement speed conditions). These
experiments demonstrated that the systematic undershooting-overshooting
pattern in movement reproduction is unaffected by the different combinations
of slow and fast movement speeds (Figure 5). This suggests that the response
bias caused by changing the starting position is not simply a phenomenon
observed for slow movement, where there is ample opportunity for using
conscious feedback to correct errors, but is characteristic of linear positioning
movements of all speed. The robust nature of the effect appears to rule out a
feedback-specific or a program-specific parameter as the cause of the typical
undershooting-overshooting pattern with respect to the effect of movement
distance on the reproduction of end location. The next experiments using a
switched-limb paradigm address the feedback-specific or program-specific
nature of interference of end location on distance more directly, as well as
seeking confirmation of the present conclusion with respect to the interfering
effect of movement distance on end location.
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Figure 5.Reproduction of movement location (A) and distance (B) under different combi-
nations of criterion and reproduction movement speeds. SS and FF groups performed both
the criterion and reproduction trials at self-paced slow and fast (ballistic) movement speeds,
respectively. SF performed slow criterion and fast reproduction and FS performed fast
criterion and slow reproduction movements. [Adapted from “Interference between move-
ment location and distance cues in the reproduction of slow and fast movements” by K.
Imanaka & B. Abernethy. (199Q)ournal of Human Movement Studiés, 251-268 ].

Effects of switched-limb manipulationis. the switched-limb manipulation,

the reproduction movement is made with the opposite limb (the left hand) to
that (the right hand) used for the criterion movement, with both the criterion

and reproduction movements being made in the same (left-to-right) direction.
We (Imanaka & Abernethy 1992b) compared the systematic undershooting-
overshooting pattern in movement reproduction between the same-limb and
switched-limb conditions to once again examine whether the locus of the
interference was local or central in origin. In the same-limb conditions the

subjects used their right hand for both criterion and reproduction movements
(both movements were into abduction), while in the switched-limb conditions

they used the right hand for the criterion movement (abduction) and the left
hand for the reproduction movement (adduction). [Movement performance
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and response biasing effects had been ascertained in advance to be similar for
the right-hand abduction and the left-hand adduction conditions]. If distance-
location interference is mediated by abstract information rather than kinaes-
thetic/neuromuscular information about the criterion movement, then the
typical undershooting-overshooting pattern in reproduction should appear
similarly for both conditions. Results clearly confirmed this prediction with no
differences in the appearance of the systematic pattern in response bias being
evident between the same-limb and switched-limb conditions for the repro-
duction of either movement location (Figure 6A) or distance (Figure 6B).
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Figure 6.Reproduction of movement location (A) and distance (B) under same-limb and
switched-limb conditions. [Adapted with permission of the Helen Dwight Reid Educational
Foundation from “Interference between location and distance information in motor short-
term memory: The respective roles of direct kinaesthetic signals and abstract codes” by K.
Imanaka & B. Abernethy. (1992)ournal of Motor Behavigr24, 274-280 ].
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Collectively, the findings of these two experiments indicate that neither
limb-specific kinaesthetic information nor opportunities for using conscious
feedback are responsible for the distance-location interference effect. This
implies that the interference effect occurs not at the level of local sensorimotor
systems, but rather at a more abstract, cognitive level of information-process-
ing, as had been proposed by Walsh and his colleagues (1978-1981).

The role of cognitive and attentional factors

We can tentatively conclude from the experiments described to date that the
distance-location interference effect arises, in all probabilities, from factors
acting at an abstract, cognitive level rather than at the local level of limb-
specific neuromuscular efference or afference. This is the same conclusion
proposed by the earlier studies of the 1970-1980s (e.g., Walsh et al.1979)
although at that time there was little direct empirical evidence to support it. An
important characteristic of the distance-location interference phenomenon
observed so far relates to the role of the instructional set in explicitly directing
subjects’s attention to different source of information (or cues). The reproduc-
tion of “attended” movement location from the criterion movement is interfered
with by “unattended” movement distance information within the criterion
movement and vice versa. The further question this then raises is whether the
distance-location interference phenomenon is indeed due to interference be-
tween the sources of distance and location information per se or rather, more
generally, due to interference between “attended” and “unattended” informa-
tion. In an attempt to examine this we (Imanaka & Abernethy 1992a) collected
empirical data based on direct manipulation of the cognitive strategies used by
subjects to remember and reproduce arm movement.

Effects of attended and unattended distance on location reprodugfefirst
compared the pattern of response bias evident in the reproduction of move-
ment location for two groups (end-only and start-end) which differed in their
knowledge of explicit information about the change in the starting position.
The end-only group was a typical group in which subjects were given the
usual instruction that both the criterion and reproduction starting positions
could change and attention should be directed entirely to the reproduction of
criterion end location. The start-end group was informed before commencing
the experiment that the criterion movements would always be commenced at a
fixed position and that the reproduction starting position would be altered 0, 2,
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or 4 cm in either direction from the criterion starting position. Under such
instructions, the starting position (and, in turn, movement distance which is
extrapolated from the starting and end positions) may become an attended
rather than an unattended source of information. If the distance-location
interference effect in the reproduction of movement location occurs between
location and distance information per se, then the characteristic response bias
pattern should arise for both groups. Conversely, if the interference occurs
between the “attended” source of location information and the “unattended”
source of distance information, the systematic response bias pattern should
disappear for the start-end group, in which both movement distance and
location are attention-demanding. Results showed that the previously ob-
served systematic response bias pattern in reproducing movement location
disappeared for the start-end group the group for whom explicit information
about the starting and end positions, and consequently movement distance,
was available (Figure 7). As the distance information is potentially available
to both the groups but has attention explicitly drawn to it only for the start-end
group, our findings suggest that the systematic undershooting-overshooting
pattern is likely caused not by distance information per se but by the unat-
tended nature of the distance information.
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Figure 7.Reproduction of movement location under different strategy conditions. [Adapted
with permission of The Experimental Psychology Society from “Cognitive strategies and

short-term memory for movement distance and location” by K. Imanaka & B. Abernethy.
(1992).Quarterly Journal of Experimental PsychologypA, 669—700 ].
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A number of researchers in the 1970s (Diewert & Roy 1978; Keele & Ells
1972; Roy 1977; Roy & Kelso 1977; Stelmach & Kelso 1973; Sullivan &
Salmoni 1975) suggested that, in reproducing movement distance, subjects
use both the starting and end locations to extrapolate the distance to be
reproduced and that, when location information is difficult to use reliably,
subjects tend to employ a timing or counting strategy (Diewert & Roy 1978;
Laabs 1973; Leuba 1909; Summers, Levey, & Wrigley 1981). We examined
the nature of the response bias in distance reproduction for three strategy
groups: a group given a location strategy (involving some extrapolation of the
starting and end positions), a group given a counting strategy, and a group
given a distance sense strategy (in which they were required to use visual
imagery of an arm movement or a 20- to 30-cm ruler as the basis for distance
reproduction). As shown in Figure 8, the previously observed systematic
undershooting-overshooting pattern was diminished for the location strategy
group, whereas the typical pattern clearly appeared for the groups using
counting and distance sense strategies. As criterion movement location infor-
mation is potentially available during the criterion movement for all three
groups but only the location group attended to it, this would suggest that it is
the unattended nature of location information rather than the location informa-
tion per se that is responsible for the characteristic response bias effects seen
in the reproduction of criterion movement distance.

Taken together, these two studies suggest that explicit information about
the starting and/or end positions seems to negate the usual effect of change in
starting position and therefore that the distance-location interference phenom-
enon is likely a result of interference between attended and unattended sources
of movement information rather than between specific and non-specific cues
per se. An important aspect of the interference effect in movement reproduc-
tion is therefore whether or not the subjects attend to the non-specific informa-
tion as well as the specific sources of movement information.

Direct manipulation of subject’s attention by post-cueing procedures

In an attempt to confirm the findings of the strategy experiments, a post-
cueing technique was employed to directly manipulate the attention of sub-
jects to specific and non-specific sources of movement information. In the
post-cueing technique the experimenter gives the subject an instructional
signal just before the start of reproduction movement which specifies the cue
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Figure 8.Reproduction of movement distance under different strategy conditions. [Adapted
with permission of The Experimental Psychology Society from “Cognitive strategies and
short-term memory for movement distance and location” by K. Imanaka & B. Abernethy.
(1992).Quarterly Journal of Experimental PsychologhpA, 669700 ].

to be reproduced. In such procedures the subjects should necessarily inten-
tionally (or consciously) remember both movement distance and location cues
during the preceding criterion movement. Three groups (pre-cued distance,
pre-cued location, and post-cued) were tested under the usual short-term
memory paradigm we have used so far, except for the post cueing procedures.
In the two pre-cued groups subjects were required to reproduce either move-
ment distance or end location alone throughout all experimental trials. For the
post-cued group, instructional signals about movement cue to be reproduced
were presented with equal probability for each of the distance and location
cues. The starting positions were altered 0 and 3 cm in either direction from
the criterion movement starting position, with the O cm starting position being
used on the first trial session to familiarise the subjects with the specific
presentation probability in the post cueing procedures. As shown in Figure 9,
the previously observed interference effects disappeared in reproducing
movement distance when movement distance was post-cued for the following
reproduction, whereas for the reproduction of location the interference effects
persisted even under the post cueing procedures.
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Figure 9.Reproduction of movement location and distance under pre-cued and post-cued
conditions.

These results again indicate that the interference phenomenon may arise
under conditions in which one source of movement information is processed
consciously and the other unconsciously. When both sources of movement
information are subject to conscious processing, the interference effects disap-
pear but only for distance reproduction. For the reproduction of end location,
the interference effects appear robust even when both cues are subject to
conscious processing. Location information possibly persists within the
subject’s consciousness even after the other cue (distance) is specified as the
cue to be reproduced, while distance information is much easier to ignore/
forget, quickly fading from consciousness when location becomes the desired
cue to be reproduced. In fact, when distance information is maintained within
the subject’'s consciousness during the reproduction of end location, the
typical biasing effect of movement distance on the reproduction of end loca-
tion clearly disappears (see Figure 7). [Remember the subjects in the start-end
group, described in the previous section, were attentive to the change in
starting position during both the criterion and reproduction movements].
Distance information may well therefore be much more susceptible than
location information to withdrawal of subject’s attention. It is therefore likely
that the mutual attraction power of distance and location information in
reproducing arm movement may alter depending on whether each source of
information is processed consciously or unconsciously.
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Theoretical considerations: Does interaction between conscious and
unconscious processing cause distance-location interference?

Our series of experiments has clearly shown that the well-known distance-
location interference phenomenon is a result neither of methodological arte-
facts in the typical motor short-term memory paradigm nor neuromuscular,
kinaesthetic feedback factors which are specific to the limb used for the
movement. Rather, it appears that the interference phenomenon is likely a
manifestation of the interference/interaction between attended and unattended
(or consciously and unconsciously processed) information about movement
distance and location. This interaction can be dissociated when both sources
of information are subject to conscious processing, necessitating reconsidera-
tion of some of the oldest, and most pervasive, issues in all of experimental
psychology those that relate to the notions of attention and consciousness. In
this final section of our chapter we consider three major concepts/findings
which are potentially advantageous in advancing understanding of the atten-
tional correlates of the distance-location interference phenomenon. These are:
(1) the controlled and automatic processes distinction drawn by Schneider and
Shiffrin (1977), (2) the neuropsychological evidence for dissociation between
perception and action or between explicit and implicit perception in action
(e.g., Milner & Goodale 1995; Rossetti 1998), and (3) the findings of a recent
biomechanical study demonstrating the potential control of the centre-of-mass
of the whole arm in positioning movements (Suzuki et al. 1996; Suzuki et al.
1997).

Correlates of the controlled and automatic processing modes

A particularly interesting characteristic of the distance-location interference
phenomenon is that this interference occurs unavoidably when subjects con-
centrate singularly on a given specific cue. In this respect the distance-location
interference phenomenon can be interpreted to be a typical manifestation of
the interaction of controlled and automatic processing modes proposed by
Schneider and Shiffrin (Schneider & Shiffrin 1977; Shiffrin & Schneider
1977). Schneider and Shiffrin have suggested that controlled processing is
attention-demanding or effortful, serial, relatively slow, and volitional (under
conscious intervention). In contrast, automatic processing is considered as
neither attention-demanding nor volitional (i.e., it is impervious to conscious
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intervention) and can be undertaken in parallel with other operations. This
distinction explains well the phenomenon of distance-location interference in
movement reproduction. The movement information causing the systematic
undershooting-overshooting pattern in movement reproduction may be auto-
matically processed in parallel with the essential information from the specific
cues needed for the movement reproduction. Importantly, this additional
processing may occur unavoidably and unconsciously, even when subjects are
instructed to concentrate on specific cues.

The situation with respect to processing requirements in arm movement
reproduction also parallels the uncontrollable and undesirable processing of
unattended information which characterises the well-known Stroop effect
(Stroop 1935). The classical Stroop effect arises in the perception of colour
word stimuli, where subjects are slower to name colours of the given colour-
words which conflict with the meaning of the colour-words. A number of
variations of the original Stroop effect have also been reported, such as
counting the number of stimulus items of numeric digits when the digits
presented conflict in meaning with the number to be counted (Morton 1969)
and judging speaker gender for the incongruent stimulus words “man” spoken
in a female voice and “girl” spoken in a male voice (Green & Barber 1981;
Green & Barber 1983).

With respect to the unavoidable and uncontrollable processing modes,
the distance-location interference phenomenon parallels these Stroop type
phenomena, but with one slight but important difference. As shown in our
experiments examining the effects of cognitive strategies (Imanaka &
Abernethy 1992a), when subjects are required to attend to non-specific move-
ment cues while reproducing a specified cue (i.e., when subjects attend to the
non-specific cues as well as the specific cue, and, as a consequence, the non-
specific cues are processed in a controlled, volitional mode), this systematic
response bias pattern diminishes or disappears. It is therefore likely that the
normally observed distance-location interference/interaction may be caused
by the non-specific movement cues which are automatically, unconsciously,
and implicitly processed in parallel with the controlled, conscious, and ex-
plicit processing of the specified movement cue. Furthermore, as shown in
part by our post-cueing experiment presented in the previous section, this
interference/interaction can be avoided by shifting the attention of subjects to
the non-specific as well as the explicit sources of movement information.
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Neuropsychological correlates: Implicit perception in action

With respect to the conscious versus unconscious processes, evidence for
implicit, unconscious perception of visual (Berti & Rizzolatti 1992; Desmurget

et al. 1997; Goodale et al. 1986; Neumann & Klotz 1994; Pelisson et al. 1986;
Rossetti et al. 1994; Taylor & McCloskey 1990), tactile and proprioceptive
(Rossetti et al. 1995) stimuli for motor responses has frequently been reported.
Rossetti and his colleagues recently demonstrated that finger pointing toward
either a visual target (Rossetti et al. 1994) or the unseen fingertip of the other
hand (Desmurget et al. 1997) improved in accuracy when the subjects were able
to see their hand even for a very short period prior to the onset of the pointing
movement, although the subjects were not aware of using such visual informa-
tion about their hand in completing the pointing task. Furthermore, a number of
reaction time studies (e.g., Neumann & Klotz 1994; Taylor & McCloskey
1990) using visual masking procedures have shown that subjects appear to
respond to the masked (non-detected) visual stimulus when this stimulus
precedes the masking stimulus by some 50 ms. In this situation subjects were
not consciously aware of the first stimulus, indicating that it was completely
masked by the one that followed. Subjects therefore appear to be able to respond
to non-detected, implicitly (unconsciously) perceived stimuli in parallel with
explicit perceptual and motor action.

Similar evidence for implicit perception is also available for tactile and
proprioceptive modalities. Rossetti et al. (1995) reported that a blindfolded
patient with a brain lesion, who was completely anaesthetised on the right side
of his body, was able to point with his normal left hand toward the specific site
on the right hand where a tactile stimulus was applied by the experimenter.
[Since the subject could not feel the stimulation, he was instructed about the
application of the stimulus but not the actual stimulation site]. Further, the
blindfolded subject was tested in a task where the subject’s right (affected
side) index finger was placed at a certain location on a tablet to either the left
or right side of the subject’s sagittal axis and he was then required to point
with the left (normal side) index finger underneath the tablet toward the
location corresponding to the right index finger position. In this test, again, the
pointing performance by the left index finger appeared to be accurate (al-
though with a large variability). These findings provide evidence for the
implicit/unconscious use of either visual, tactile or proprioceptive information
for motor control. Rossetti et al. (1998, 2000), and also Milner and Goodale
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(1995), suggest that the implicit processing of sensory information for action
is not restricted to simply some very limited control processes operating at a
low level of motor organisation and that both the implicit and explicit sensory
representations can interfere at all levels of the nervous system involved in
production of motor output.

The distance-location interference phenomenon in short-term reproduc-
tion of arm movement can therefore also be interpreted in terms of the mutual
interference between explicit and implicit sensorimotor representations avail-
able from both the criterion and reproduction movement. In the reproduction
tasks we used, subjects usually concentrate on either the movement distance
or end location of the criterion movement to remember and re-use this infor-
mation for the reproduction of the criterion movement. Information about
these specific cues is thus processed at an explicit, conscious level whereas the
other non-specific movement cue(s) is processed at an implicit, unconscious
level. The specific and the non-specific movement cues may well interfere
with each other either before or during the execution of the reproduction
movement, given that the specific movement cues are processed explicitly
while the non-specific cues are processed implicitly. Furthermore, this mutual
interference between the explicit (conscious) and implicit (unconscious) sen-
sorimotor representations can be expected to either disappear or diminish
when subjects attend to both the specific and non-specific movement cues, as
seen in our strategy experiments (Imanaka & Abernethy 1992a). This may
well occur because the non-specific movement cues are processed and formed
into an explicit representation, thereby eliminating mutual interference be-
tween explicit and implicit representations.

Our post-cueing experiment (in which we directly manipulated the
subjects’s conscious awareness of non-specific movement cues) has shown,
however, that the distance-location interference effects disappeared in repro-
ducing movement distance but remained for the reproduction of location (see
Figure 9). Both distance and location cues under the post-cueing procedures
should be retained in short-term memory as explicit sensorimotor representa-
tions so as to be available for use in the reproduction movement. One would
predict, if mutual interference indeed arises between explicit and implicit
representations, that this should lead to the absence of mutual distance-
location interference. Nevertheless, when movement location was post-cued
for reproduction, the typical distance-location interference effect still ap-
peared. One possible explanation is that the explicit distance representation
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may decay (fade) rapidly from consciousness, effectively switching its feature
into an implicit form of distance representation, and, through this, causing
mutual interference with the explicit movement location information. The
interfering power of distance and location information may alter depending on
whether each source of information is processed either consciously or uncon-
sciously or changes its nature to be either explicit or implicit, although the
precise mechanisms underlying such a difference between movement distance
and location under the post-cueing procedures remain unclear.

Biomechanical correlates: Implicit control of the centre-of-mass of the
whole arm in positioning movement

Suzuki et al. (1997) have examined invariant kinematic properties of various
arm reaching movements, differing in the size and the orientation of the hand
stroke. The motion of the individual segments of the forearm and upper arm,
as well as the shoulder and elbow joints, appears to be modulated in different
ways depending on the size and orientation of the movement that is to be
produced. This suggests that there may not be any invariant feature evident
within each of these individual segments and joints. The trajectory of the hand
is nearly straight for relatively short movements. This is consistent with the
predictions of the minimum hand jerk model (Flash & Hogan 1985; Morraso
1981) of nearly straight hand paths and bell-shaped velocity profiles (i.e., the
sequence of acceleration and deceleration of the hand movement is temporally
symmetric). For large hand strokes, however, the hand path becomes highly
curved and its velocity curve appears asymmetry. In contrast, the trajectory of
the centre-of-mass (CMt) of the whole arm appears relatively straight toward
the target with a smooth, bell-shaped symmetric velocity curve (which implies
high efficiency in acceleration and deceleration of the arm movement) over a
wide range of movement size and direction. Suzuki et al. suggest that the
simple structure in both trajectory and velocity of CMt may reflect a funda-
mental principle for the planning of point-to-point movements (such as reach-
ing and positioning). These authors also note that the CMt trajectory may be a
primary internal representation for this type of movement, although the neural
mechanisms underlying the internal representation of CMt are far from clear
at the present.

The hand-based (Flash & Hogan 1985; Morraso 1981), rather than CMt-
based, planning of arm movement may be effective in determining arm
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trajectory where the trajectory per se is crucial for accurate execution of the
task. This would be true of tasks such as handwriting or drawing, but this is not
the case for point-to-point reaching or positioning (Suzuki et al. 1996; Suzuki
et al. 1997; Uno et al. 1989). For point-to-point movement tasks, of which
linear arm positioning of the type used in motor short-term memory studies are
a classical example, a requirement is usually imposed on the accuracy of
movement end location but not on the trajectory itself. Subjects can therefore
direct their attention to the desired end location of the arm movement. Despite
the hand itself needing to ultimately reach the end location and the CMt being
a likely candidate for internal representation for the movement, the subjects’s
attention need not necessarily be directed to the trajectory per se of the hand or
the CMt. This implies that the reaching/positioning (or point-to-point) move-
ment may possibly be controlled by the brain in such a way as to attain a
smooth and efficient CMt trajectory, whereas the subject’s concern is more to
direct their attention to either the hand movement distance or end location
during the planning and execution of the movement. Because the CMt is in
fact neither visible nor directly perceived as a single entity (indeed it is usually
located out of the arm itself), the reproduction of arm movement, particularly
from an altered starting position, is likely to be affected by the representation
of the CMt which may be unconsciously processed and stored in memory
following the criterion movement. Furthermore, because of the nature of the
inertia of the CMt (which is the centre of mass regardless of the mass
distribution of the whole arm), the position of the CMt itself should necessar-
ily be a most stable biomechanical factor against various external/internal
forces imposed on the arm itself during its positioning movement (Suzuki et
al. 1996; Suzuki et al. 1997). In this regard, the reproduction of arm position-
ing guided by the specific (consciously processed) movement cues is likely
affected by unconsciously processed information available from the non-
specific movement cues and the usually-unattended CMt for movement.
These dual effects may cause the distance-location interference effect to arise.

Conclusions

Since the late 1970s, the locus of distance-location interference in motor short-
term memory had been thought to be the integrated storage in (and retrieval
from) memory of information about movement distance and location. Our
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recent series of experiments has provided a more detailed understanding of
this distance-location interference effect, indicating that the interference is not
caused by any methodological artefacts nor local neuromuscular factors, such
as peripheral feedback. Rather, it appears that this interference phenomenon is
a result of interference/interaction between implicit and explicit internal repre-
sentations rather than between the two sources of movement information
(distance and location) per se. This interference/interaction can be dissociated,
given that the two internal representations are both subject to explicit, con-
scious processing. These findings lead to further questions which relate to
broader issues other than the original motor short-term memory ones issues
such as what are processed within or beyond subject’s consciousness in
positioning movements (that could mediate the characteristic response bias in
movement reproduction) and how can cognitive factors, such as conscious/
unconscious processing of movement information, interfere (interact) with
some possible biomechanical factor(s). In this respect, the old issue of the
distance-location interference in motor short-term memory can now be seen as
very much a contemporary issue, concerned centrally with attention and
consciousness in perception and action, and its interaction/dissociation with
the natural biomechanical dynamics of positioning movements.
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Note

1. The term “conscious feedback” is used to describe feedback which can be perceived
explicitly (i.e., feedback information about which participants are consciously aware). By
definition this excludes feedback related to movement execution which occurs below the
level of consciousness, such as that from local reflex activity or from efference copy.
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Perception, Awareness and Action

Insights from Blindsight

Stephen R. Jackson
School of Psychology, University of Wales

Introduction

The phenomenon of ‘blindsight’ has proven to be of considerable interest to
neuroscientists because of it's potential implications for delineating the neural
correlates of visual awareness. Blindsight is observed when patients who are
cortically blind (typically following damage to primary visual cortex) exhibit
residual visual processing capabilities for stimuli presented within their sc-
otoma to which they are otherwise unaware. Such residual capabilities can
include saccadic and manual localisation of targets, and the discrimination of
stimulus orientation and the direction of stimulus motion (Sanders et al. 1974;
Weiskrantz 1986).

Demonstrations of spared visual capacity in brain injured patients, includ-
ing those exhibiting the phenomenon of blindsight, together with psychophysi-
cal investigations of visuomotor performance in healthy adults (e.g., Aglioti et
al. 1995; Bridgeman et al. 1981; Bridgeman et al. 1997, Bridgeman, this
volume; Place, this volume, Rossetti 1998, 2000; Pisella & Rossetti, this
volume) have provided evidence for a functional and anatomical dissociation
between the visual processes used to guide action and those required for
perceptual report. In a series of influential articles, Milner and Goodale have
argued for a reconceptualisation of the dorsal and ventral visual processing
streams (Ungerleider & Mishkin 1982). They propose a distinction between a
ventral stream of visual processing mediating visual perception (object identi-
fication and object recognition), and a dorsal stream of visual processing
mediating visually guided action (Goodale & Milner 1992; Goodale 1993;
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Milner & Goodale 1993; Milner & Goodale 1995). A central tenet of this
viewpoint is that visual perception and the visual control of action depend upon
functionally distinct and anatomically separable brain systems.

Milner and Goodale have argued that demonstrations of blindsight can be
understood as a collection of residual visuomotor responses that depend upon
relatively independent neural circuits linking subcortical structures (superior
colliculus and pulvinar nucleus) with cortical regions associated with the
dorsal visual processing stream (Milner & Goodale 1995). Visual awareness is
assumed to be generated separately by processes linked to visual perception
and object recognition, which lie within the ventral processing stream (Milner
1995; 1998). They argue that blindsight is not therefore “well characterized as
‘unconscious perception’, as many writers would have it” (Milner & Goodale
1995, p.75).

While the ‘two visual systems’ viewpoint of Milner and Goodale can be
seen as a useful heuristic, several lines of evidence suggest that there may be
more cross-talk between the mechanisms responsible for visual perception
and those responsible for visually guided action than is implied by a strong
form of the two-systems view. For example, while there have been a number
of demonstrations showing that visual illusions can exert a powerful effect
upon our perception of objects but have little or no influence on the visuomo-
tor mechanisms used to guide hand action (Aglioti et al. 1995), several recent
studies have demonstrated that the calibration of lift (Brenner & Smeets 1996)
and grip forces (Jackson and Shaw, 2000) during hand astsignificantly
influenced by visual illusions affecting the perception of object size. Such
demonstrations suggest that the planning and control of hand action depends
upon both perceptual mechanisms and object-based knowledge systems. Sev-
eral studies have also demonstrated that stimuli presented outside of aware-
ness, may nevertheless be processed to a high level of visual description (e.g.,
Berti & Rizzolatti 1992; Marcel 1998).

Berti and Rizzolatti (1992) reported the results of a category-judgement
task in which stimuli (animals vs. fruits) were presented for categorisation
within the right hemifield of a group of patients presenting with visuospatial
neglect (see also Ladavas et al., this volume). On each trial, the onset of the
target stimulus was preceded by the presentation, outside of awareness, of a
semantically congruent or non-congruent prime stimulus within the subject’s
‘neglected’ hemifield. The results of this study demonstrated that congruent
stimuli presented outside of awareness resulted in speeded RTs on the category
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judgement task compared to when non-congruent stimuli were presented.
Similarly, Marcel (Experiment 4, 1998) demonstrated that the semantic inter-
pretation of an ambiguous word presented within the ‘seeing’ fields of two
hemianopic patients was reliably and consistently biased bynéamingof

words presented within their ‘blind” hemifields of which they were unaware. In
both of these instances it is hard to reject the idea that stimuli presented outside
of awareness were, nevertheless, analysed to a semantic level of description
consistent with object ‘identification’.

Pathological visual completion

In each of the above studies, stimuli presented outside of awareness were
shown to have influenced how stimuli presented within the subject’s ‘seeing’
field were processed. Many hemianopic patients also show the converse
pattern of behaviour, in which stimuli presented within the patient’s ‘seeing’
field influence how a stimulus stimuli presented within the ‘blind’ hemifield is
processed (Marcel 1998). One important example of this pattern of behaviour
is the probably mislabelled phenomenon of ‘Pathological Visual Completion’
in which hemianopic patients rep@#einga complete visual stimulus (for
example a recognisable shape such as a circle or a square) even though part of
the stimulus extends into the patient’s ‘blind" hemifield (Poppelreuter 1917,
Fuchs 1921; Torjussen 1978; Marcel 1998; see Walker & Mattingley 1997 for
an excellent review of this phenomenon). Early accounts of this phenomenon
proposed that completion was based upon an active ‘filling-in’ process in
which the missing components of the figure were inferred from those compo-
nents presented within the ‘seeing’ hemifield (Poppelreuter 1917). In contrast,
more recent accounts have proposed that ‘pathological completion phenom-
ena’ reflect the effects of residual visual processing within the supposedly
‘blind’ hemifield (Marcel 1998; Walker & Mattingley 1997).

Marcel (Experiment 5, 1998) used the after-image technique of Torjussen
(1978) to investigate pathological completion in two hemianopic patients
(Figure 1A). In his study, subject’s viewed a fixation point and were presented
with a stimulus for a very brief duration, thereby eliminating the possibility of
eye movements. Stimuli were generated using an electronically triggered
photographic flash unit which, although having a short duration, produced a
relatively long-lasting after-image. Using a variety of stimulus configurations
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Figure 1 Examples of prior demonstrations of pathological visual completion in the
blindsight patient G.YA. Using the after-image technique pioneered by Torjussen (1978),
Marcel showed that G.Y. was unaware of stimuli presented within his blind unless they
formed a coherent figural ‘gestalt’ with stimuli presented within his ‘seeing’ field (see text

for details).B. The phenomena of visual completion extends to the completion of ‘subjec-
tive’ figures such as the Kanisza shapes illustrated here. Note that in this case, while G.Y.
reported seeing the pentagon and hexagon subjective figures, he reported being unaware of
the inducing elements presented within his right hemifield.

(some of which are illustrated in Figure 1A) Marcel showed that stimuli
presented completely within the patients’ ‘blind’ hemifield were never con-
sciously seen. However, stimulus configurations which extended from the
‘seeing’ field into the ‘blind’ field, and grouped together to make a good gestalt,
were accurately reported by both patients. This was the case even where stimuli
were asymmetric about the vertical meridian (see Figure 1A for examples).
Marcel (Experiment 6, 1998) also demonstrated that hemianopic patients’
conscious perception of shapes extending into their blind hemifields included
the perception of illusory or subjective figures (illustrated in Figure 1B).
Importantly while both patients reliably reported seeing either a pentagon or a
hexagon, both patients reported never seeing the inducing elements presented
within the ‘blind’ hemifield.
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It is important to note that the phenomenon of ‘pathological visual
completion’ differs from ‘blindsight’ in several important respects. Most
importantly, whereas ‘blindsight’ refers to the visual processing of a stimulus
of which the subject isnaware ‘pathological visual completion’ refers to the
situation in which the subjetiecomes awaref stimuli presented within the
supposedly ‘blind’ hemifield which, under other circumstances would remain
outside of awareness. Thus, the area that is ‘blind’ can be shown to affected by
perceptual factors such as spatial grouping. For this reason, the phenomenon
of ‘pathological visual completion’ may be more instructive to neuroscientists
interested in understanding the neural correlates of visual consciousness, than
the phenomenon of ‘blindsight’. In the remaining sections of this chapter |
report several experimental studies that we have recently undertaken with the
hemianopic patient G.Y. to further investigate his ‘pathological visual
completion’ capabilities.

Selection of Patient G.Y.

At the time of testing, G.Y. was a 40 year old man who had sustained brain
injury as a result of road traffic accident when he was an 8 year old child.
G.Y.’s accident resulted in damage to the primary visual cortex (V1) of his left
hemisphere producing an almost complete hemianopia of the right visual field
(he has a small area of macular sparing which extends approximately 3° into
his right visual field). G.Y. has been tested on numerous occasions and
consistently reports that he cannot ‘see’ static stimuli presented under normal
illumination within his ‘blind’ field. He does however report having some
awareness of high contrast transients, and of stimuli moving in excess of 10—
15 degrees per second (Barbur et al. 1994).

Our reasons for choosing to study G.Y. are many. However, two reasons
are particular relevant to this chapter. Firstly, the characteristics of G.Y.’s
residual vision and his brain pathology have now been investigated over a
number of years, using a variety of psychophysical and brain imaging tech-
niques (e.g., Barbur et al. 1980; Barbur et al. 1994; Blythe et al. 1987; ffytch et
al. 1996; Zeki & ffytche 1998). Secondly, G.Y. was one of the two patients
studied by Marcel (albeit 16 years previously).
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Rationale for studies

Physiological investigations in non-human primates (Von der Heydt et al.
1984) together with brain imaging studies in humans (ffytche & Zeki 1996)
suggest that visual area V2 within extrastriate cortex is important for the
parsing of subjective figures. The demonstration that hemianopic patients
such as G.Y. can perceive such subjective figures clearly illustrates that an
intact visual area V1 is not a necessary prerequisite for the perception of such
figures. However, it remains open to question whether the processing of
subjective figures is completed by extrastriate regions independently of ‘high-
level’ visual or attentional mechanisms (as suggested by ffytche & Zeki 1996)
or depends upon attentional mechanisms as suggested by Marcel (1998).
While there is now ample evidence to support the view that figure/ground
segregation may be carried out preattentively (e.g., Driver et al. 1993; Davis &
Driver 1994; Vuilleumier & Landis 1998), it seems likely that whether such
figures reactawarenessnay be dependent on higher-level attentional mecha-
nisms. Thus, Marcel (1998) suggests that the potential of stimuli presented
within the ‘blind’ field of hemianopic patients is weakened such that only the
figure affording the most economical structural description reaches visual
awareness. Therefore patients become aware of the illusory figure, but, remain
unaware of the multiple inducing elements which must have been processed in
order to construct a representation of the subjective figure (Experiment 6,
Marcel 1998; Vuilleumier & Landis 1998). This suggestion is consistent with
the Integrated Competition Hypothesis (Duneamal 1997) which proposes
that visual information produces activity within multiple brain systems, within
which activations related to differenbjectscompete with one another. Such
competition is characterised in behavioural terms as a reduction in the effi-
cient processing of each object. It is suggested that mechanisms exist to reduce
competition so that “For the sensorimotor network as a whole, the tendency is
to settle into a state in which different brain systems have converged to work
on thesame dominant objectinalysing its multiple visual properties and
implications for action. ... At the neural level, there should be widespread
maintenance of the selected object’s representation, accompanied by wide-
spread suppression of responses to ignored objects” (p. 255). Support for this
suggestion comes from Marcel's demonstration that G.Y.'s awareness of
stimuli presented within his ‘blind’ hemifield is affected by perceptual factors
such as spatial grouping, and from studies demonstrating that spatial grouping
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can ameliorate visual extinction for stimuli presented in the extinguished
hemifield of patients with visuospatial hemineglect (Ward et al. 1994).

In summary, the ‘two visual systems’ theory of Milner and Goodale
proposes that independent functional and neural systems exist for visual
perception and for the visual analyses which underlie visually guided action
(e.g., reach-to-grasp movements). The latter, however, is assumed to lie
outside the realm of our conscious visual awareness (Milner 1995; 1998).
Thus it is proposed that the visuomotor transformations involved in visually
guided action are dissociable from visual mechanisms associated with object
identification and visual awareness. In contrast, the phenomenon of ‘patho-
logical visual completion’ appears to be dependent upon attentional mecha-
nisms, and perceptual factors such as spatial grouping. This suggests that the
phenomenon of ‘pathological visual completion’ should not extend to the
domain of visuomotor control.

Study 1: Does ‘pathological visual completion’ extend to visuomotor
responses ?

In a series of experiments we investigated G.Y.’s abilities to execute reach-to-
grasp movements toward objects presented within his ‘seeing’ and ‘blind’
hemifields (Jackson, 1999). To examine G.Y.'s ability to process object
orientation within his ‘blind’ hemifield, we first required him to reach out and
grasp, using a precision grip, wooden blocks randomly presented in one of
four orientations (0°, 45°, 90°, and 135°) within either his ‘blind" or his
‘seeing’ hemifields. During each trial G.Y. maintained central fixation and his
head movements were minimised using a chinrest. His eye movements were
recorded using an infra-red oculomotor tracking system, and his hand move-
ments were recorded throughout the experiment using an electromagnetic
recording device. The spatiotemporal pattern of G.Y.’s hand movements were
reconstructed off-line. His ability to process object orientation was assessed
by measuring the orientation of his grip (i.e., the opposition axis formed by his
finger and thumb) immediatefyrior to making contacivith the target object.

As grip orientation is typically perpendicular to the principal orientation of the
target object, we expected G.Y.’s grip orientation to vary systematically with
object orientation if his visuomotor system was tacitly processing object
orientation. The results of this experiment are shown in Figure 2. As can be
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seen from Figure 2A, grip orientation for reaches to targets presented in
G.Y.’s ‘seeing’ field varied systematically with target orientation as expected.
Grip orientation for reaches directed into G.Y.’s ‘blind’ field, while consider-
ably more variable (Figure 2A, lower panel). Nevertheless statistical analyses

A.

s = N[ )| ||/

-\

= SR

GY': Grip orientation

B. 150
—O— Secing ficld
—e— “Blind" ficld
100 4
5
a
T s
s
=]
£
=
=
S
al [
=l
o
<
z
0
1! (ld: R = 0.58 (Y - 0.68X + B.O5)
-1o0

o 50 100 150

Object orientation - Deg.

Figure 2. Results of the grip orientation experimeAt. The upper panel shows finger-
thumb opposition axes for reach-to-grasp movements executed by G.Y. toward objects of
different orientations presented in his ‘seeing’ (upper panels) and ‘blind’ (lower panels)
hemifields.B. Shows the correlations between grip orientation (finger-thumb opposition
axis) and object orientation for reaches executed by G.Y. into his ‘seeing’ and ‘blind’
hemifields.
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showed them to be significantly correlated (R = 0.58, p < 0.0001) with target
orientation (Figure 2B). These findings confirm previous reports of ‘blind-
sight’ extending to orientation discrimination during reach-to-grasp move-
ments (Perenin & Rossetti 1996; Marcel 1998).

To investigate G.Y.’s ability to process visual information signalling
object size, we carried out a further experiment in which we manipulated the
width of the wooden block presented in G.Y.'s ‘seeing’ and ‘blind’
hemifields. The procedures used were similar to those described above. G.Y.
executed reach-to-grasp movements toward three different sized wooden
blocks (7.5° 10°, and 14.7° of visual angle) presented within his ‘seeing’ or
‘blind” hemifields. Maximum grip aperture has been shown over the course of
many studies to occur at around 60—-80% of the movement duration, and to
provide a highly reliable correlate of target object width (see Jeannerod 1988
for areview). To assess G.Y.’s ability to process visual information signalling
object width, we therefore measured the maximum grip aperture (separation
between finger and thumb) reached on each trial prior to object contact. The
results of this experiment are shown in Figure 3.

As can be seen from the figure, for reaches executed by G.Y. toward
objects presented into his ‘seeing’ hemifield, maximum grip aperture de-
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Figure 3.Results of the grip aperture scaling experiment. The left panel shows details of the
three different-width objects presented in the study. The right hand panel shows maximum
grip apertures (finger-thumb opposition axes) for reach-to-grasp movements executed by
G.Y. toward objects of different widths presented in his ‘seeing’ and ‘blind’ hemifields.
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creased systematically as object size decreased. In contrast, for reaches ex-
ecuted toward objects presented into his ‘blind’ hemifield, maximum grip
aperture did not vary with changes in object width. Instead, G.Y. appears to
adopt a strategy in which he adopts a wide grip aperture on all trials regardless
of the object’s actual width. This result suggests that G.Y. was unable to use
residual visual information signalling object size to scale his grasp aperture
during reach-to-grasp movements directed to objects presented within his
‘blind” hemifield.

We acknowledge that this result fails to replicate previous findings that
show: (a) that another ‘blindsight’ patient can reliably scale his grip aperture for
objects of different widths presented within his ‘blind” hemifield of which he is
unaware (Perenin & Rossetti 1996; Rossetti 1998, 2000; Pisella & Rossetti this
volume), and, (6) that G.Y. himself can reliably scale his grip aperture for
objects of different widths presented within his ‘blind” hemifield (Marcel 1998).
While this failure to replicate might be considered important by some, we do not
consider it to be of particular theoretical importance. There are many important
methodological differences between our study and those reported previously.
Such experimental parameters may be critical to observing ‘blindsight’ in G.Y.
and in other patients, as previous studies have demonstrated that even slight
changes in stimulus characteristics can alter G.Y.’s detection performance from
chance to near-normal levels (Weiskrantz 1996).

Walker and Mattingley (1997) argue that methodological factors may be
critical for accounting for reports of pathological visual completion, and that a
key factor is whether evidence of residual vision was adequately assessed.
They argue that an important test of residual vision is whether the subject
responds to stimuli presented entirely within the ‘blind’ hemifield. For this
reason we do consider it theoretically important however that, while demon-
strating ‘blindsight’ for object orientation, G.Y. was unable to demonstrate
‘blindsight’ for object size for objects presentadder identical experimental
conditions entirely within his ‘blind’ hemifield.

To investigate whether pathological visual completion extended to G.Y.’s
visuomotor responses we carried out a further experiment in which we again
manipulated the width of the target objects presented for G.Y. to reach out and
grasp. Inthis experiment, however, the target objects were presented so that they
spanned the mid-sagittal axis, extending from G.Y.’s ‘seeing’ field into his
‘blind’ field. The experimental procedures used were similar to those described
above, and the magnitude of maximum grip aperture was again used to assess
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visuomotor processing of object size. G.Y. executed reach-to-grasp movements
toward six different wooden blocks (ranging in width from 7.5° to 14.7°). On
each trial G.Y. fixated a mark situated at the same position on the left hand edge
of each object. Note thatall cases the right hand edge of each object extended
into G.Y.’s hemianopic field, well beyond his region of macular sparing. Eye
movements were recorded throughout the experiment using an infra-red oculo-
motor tracking device, and trials were eye movements occurred were rejected.
The results of this experiment are shown in Figure 4 which shows the maximum
grip aperture for each of the six object widths. Inspection of this figure shows
quite clearly that in this experiment G.Y. systematically scaled his grip aperture
to the size of the target object (p < 0.0001). None of the target objects were ever
presented symmetrically across the mid-sagittal axis, and the left hand edge of
each object was presented in the same position. For this reason it is unlikely that
G.Y. was able to scale his grip aperture based upon some high level perceptual
filling-in" mechanism. Instead it appears that G.Y.’s ability was most likely
based upon residual visual processing in his ‘blind’ field that somehow
benefited from visual analyses carried out simultaneously within his ‘seeing’
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Figure 4. Results of the second grip aperture scaling experiment. The left panel shows
details of the six different-width objects presented in the study. The right hand panel shows
maximum grip apertures (finger-thumb opposition axes) for reach-to-grasp movements
executed by G.Y. toward objects of different widths spanning G.Y.'s mid-saggital axis
which extend by different amounts into his ‘blind’ hemifield.
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field. This result suggests that the phenomena of pathological visual completion
may extend to visuomotor processing. One interpretation of these data is that
when on-line sensorimotor or pragmatic representations are for some reason not
available, the visuomotor system uses input from the visual perceptual system.
Within this view, the finding that visual completion extends to the control of
reach-to-grasp movements for objects presented partially within a hemianopic
field, demonstrates th@teraction of the two visual systems (see also
Bridgeman this volume; Pisella & Rossetti this volume).

Does interhemispheric transfer contribute to pathological visual
completion?

What mechanisms underlie the phenomenon of pathological visual comple-
tion? Given the clear interaction between stimuli presented within the ‘seeing’
and ‘blind’ hemifields, an obvious possibility is that residual vision within
hemianopic patients’ ‘blind’ hemifield is supported by information transfer
from the ‘seeing’ hemisphere via inter-hemispheric communication channels.
Several converging lines of evidence support this suggestion. Here we list just
three: Firstly, cells in visual area V2 which represent the vertical meridian in
one hemisphere communicate with their counterparts in the opposite hemi-
sphere (Zeki 1993); Secondly, psychophysiological investigations in humans
of the visual evoked potentials (VEPS) elicited by a lateralised visual stimulus
demonstrate that there is a sequential progression of the contralateral P1
(believed to originate in extrastriate visual cortex) [Mangun & Hillyard 1995]
and N1 components to symmetrical sensor locations within the ipsilateral
cortex (Lines et al. 1984; Rugg et al. 1984; Tucker et al. 1994). Furthermore,
evidence that this contralateral to ipsilateral progression is based upon inter-
hemispheric transfer comes from the finding that it is not observed in patients
with callosal agenesis (Rugg et al. 1985; Hartry Speiser et al. 1996). In our
own studies we have found that this contralateral to ipsilateral progression of
the P1 component occurs with a delay of 20-30ms dependent upon stimulus
eccentricity (see Figure 6). Finally psychophysical investigations of patient
G.Y.’s abilities to detect the direction of motion have shown that when G.Y. is
presented with a moving stimulus in his ‘seeing’ hemifield, he reports not only
the veridical stimulus, but also a ‘ghost’ image moving in a similar fashion at
a symmetrical location within his ‘blind’ hemifield (Finlay et al. 1997).
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Figure 5.A. Details of the temporal-order judgement task. Subjects view a fixation cross
which is followed by the abrupt onset a square stimulus at symmetrical locations within
each visual hemifield. The stimulus-onset-asynchrony (SOA) between the onset of each
stimulus varies between -400ms (the left stimulus precedes the right by 400ms) and 400ms
(the right stimulus precedes the left by 400ms). Subjects are required to make an unspeeded
judgement of which stimuli was presented fiBstShows the results of the temporal-order
judgement task for a group of twenty healthy adult control subjects and for the blindsight
patient G.Y. The data presented represent the percentage of ‘left-first’ responses as a
function of the SOA between stimuli. Error bars represent 95% confidence intervals. See
text for further details.

To investigate whether interhemispheric communication contributes to
the ‘pathological visual completion’ phenomenon, we have carried out a series
of behavioural and psychophysiological (dense-sensor VEP) investigations in
G.Y. using a lateralised temporal-order judgement (TOJ) task. One version of
this task is illustrated in Figure 5A. Subjects viewed a fixation cross located in
the centre of a computer monitor, and, on each trial, after a short delay, two
stimuli appear in rapid succession to the left and right of the fixation cross.
The subject’s task is to report (unspeeded response) which of the two stimuli
appeared first. This may seem like a contradiction in terms for a patient with a
dense hemianopia, however, it should be noted that, as was outlined above,
G.Y. is known to report having some awareness of high contrast transient
stimuli presented within his ‘blind” hemifield (Barbur et al. 1994). Thus, while
he cannot identify the form of a high-contrast transient presented within his
hemianopic field, he nevertheless reports that a stimulus has been presented
and can, in forced-choice paradigms, report properties of that stimulus such as



86 STEPHEN R. JACKSON

it's direction of motion. In the TOJ studies outlined below, G.Y. reported
experiencing a ‘non-visual’ awareness of stimuli presented within his *blind’
field. When these stimuli formed a good gestalt he reported experiencing these
stimuli as ‘more complete’ than when they did not form a good gestalt.

In the version of the task shown in Figure 5A, the stimulus onset asyn-
chrony (SOA) between the two stimuli ranged from -400ms (left stimulus
first), through Oms (simultaneous bilateral stimuli), to 400ms (right stimulus
first). Healthy adults performing this task respond with a high degree of
accuracy until SOAs are reduced to less that 100ms. At SOAs of 50ms or less,
healthy adults are impaired at judging which of two stimuli appeared first.
Previous studies have also shown that this task is particularly sensitive to brain
damage leading to attentional dysfunction. Rorden et al. (Rorden et al. 1997)
demonstrated that patients with left-sided visual extinction showed a distinct
right-sided bias in their temporal-order judgements. Thus, it was necessary for
the left stimulus to appear 200rheforethe right stimulus in order for the
patients to judge the two events as occurring simultaneously. An important
implication of this finding is that it appears to demonstrate that disorders of
spatial awareness may affect temporal information processing.

The behavioural results of our study are presented in Figure 5B which
shows the percentage of ‘left first’ responses made by a group of twenty
control subjects and patient G.Y. as a function of SOA. Inspection of this
figure clearly illustrates that control subjects show a high level of accuracy in
detecting left-first or right-first trials for SOAs greater than 100ms, but accu-
racy drops rapidly for SOAs of less than 100ms. Note that for SOAs of Oms
(simultaneous bilateral stimuli) responses are at chance levels ( 50%). In
contrast, patient G.Y. shows a markedly different pattern of results. Firstly, it
can be seen that while G.Y. is as accurate as control subjects at detecting right-
first stimulation (i.e., stimuli reaching his ‘blind’ field first) for SOAs of
100ms or greater, his responses are impaired relative to control subjects in
detecting left-first stimulation even at long SOAs of -400ms. This finding
suggests that G.Y. exhibits an extinction like phenomenon in which stimula-
tion of his ‘seeing’ field impairs his ability to detect events occurring within
his ‘blind’ field. Secondly, at short SOAs G.Y. exhibits a clear left-sided bias
such that on simultaneous bilateral stimulation (Oms SOA) trials he reports the
left stimulus as appearing first, and, on trials where the left stimulus is actually
preceded by the right stimulus by 50ms, he perceives the left stimulus to have
appeared first on a large proportion of trials.
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Figure 6.The upper panels illustrate visual evoked potentials (VEPS) for patient G.Y. (left)
and a group of twenty health adult control subjects (right) following the presentation of a
single lateralised stimulus into the left visual hemifield (G.Y.’s ‘seeing’ field). In each case,
the thicker line represents VEPs recorded at a montage of adjacent electrode sites over the
ipsilateral parietal cortex, while the thin line represents VEPSs recorded at identical sites over
the contralateral parietal cortex. Note in both cases a clear contralateral-to-ipsilateral
progression of the P100 / N200 wave. The lower panels illustrate visual evoked potentials
(VEPSs) following the presentation of a single lateralised stimulus intgighé visual
hemifield (G.Y.’s ‘blind’ field). The thicker line now represents VEPs recorded at a
montage of adjacent electrode sites over the contralateral parietal cortex, while the thin line
represents VEPSs recorded at identical sites over the ipsilateral parietal cortex. Note in each
case there is still a clear contralateral-to-ipsilateral progression of the P100 / N200 wave.

VEP correlates of G.Y.’s lateralised temporal-order judgements

To better understand the basis of G.Y.’s ability to perform the temporal-order
judgement (TOJ) task we have also used dense-sensor EEG recording tech-
niques to study the visual evoked potentials associated with his performance
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of different versions of the TOJ task. To date we have focused upon examin-
ing the time course of the P1 and N1 components recorded over occipital and
parietal leads within each hemisphere. We have selected these particular
components as we have found that both show a reliable contralateral to
ipsilateral progression in healthy adults, and because they are thought to
reflect early activity in the ventral (P1) and dorsal (N1) visual processing
streams (Mangun & Hillyard 1995). In particular, the parietal N1 component
may reflect the activity of motion sensitive areas such as human V5. While a
full description of these data is beyond the scope of this chapter, in this section
we outline some preliminary findings which suggest something of the mecha-
nisms that might underlie G.Y.’s TOJ abilities.

Relative timing of the parietal and occipital N1 component

While the anatomical basis for ‘blindsight’ remains highly controversial (see
Weiskrantz 1996 for a recent review), functional brain imaging studies suggest
that G.Y.’s awareness of stimulus motion is depend upon direct projections to
motion-sensitive areas of extrastriate cortex (human V5) which by-pass pri-
mary visual cortex [V1] (Barbur et al. 1993; Zeki & ffytche 1998). We have
examined the time-course of the visually evoked N1 component at parietal and
occipital sensor sites for healthy control subjects and for patient G.Y. on TOJ
task trials of SOA -400ms (left first) and SOA 400ms (right first). Note that in
both cases, the development of the contralateral N1 component is complete (at
170ms after the onset of the first stimulus) well before the onset of the second
stimulus.

It is known that the peak of the visually evoked N1 occurs earlier at more
anterior regions than at occipital sensor sites (Mangun & Hillyard 1995),
suggesting that these components do not originate from a single neural genera-
tor. The data from our control subjects confirm this finding. Our results
indicate that the peak of the N1 component, recorded at a montage of adjacent
sensor locations over parietal cortex occurs 50ms before it is recorded from a
similar montage located over occipital cortex (Figure 6). If, as has been
suggested, some portion of the parietal N1 component reflects the activity of
motion-sensitive areas in extrastriate cortex (Bach & Ullrich 1994), the later
activity seen at occipital sites may reflect a parallel but later developing signal
from motion-sensitive regions. These data are consistent with a study reported
by Beckers and Zeki (1995) which investigated the effects, on a motion
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discrimination task, of applying transcranial magnetic stimulation (TMS) to
regions of cortex corresponding to V1 and V5. They found that applying TMS
over V5 produced an impairment in motion detection at delays of -20ms to
+10ms (relative to stimulus onset). In contrast, applying TMS over V1 pro-
duced an impairment in motion detection at delays of +60ms to +70ms. We
note that the magnitude of the delay observed by Beckers and Zeki ( 60ms) is
in good agreement with our own estimate (50ms) of the delay between the
parietal and occipital N1 waveform. Our studies indicate that patient G.Y. also

Occipital N200 - LVF target (SOA -400ms)

Patient GY Controls (N = 20)
+5 v —== 1.H clectrode sites +5 v — LH clectrode sites
—— RH electrede sites J— R‘H clectrode sites
Yooy
=5 pv -5y
. v ’ ' ' ' ' ' '
-200 Q 200 400 600 -200 0 200 400 600
Occipital N200 - RVF target (SOA 400ms)
S0 — LH clecnade sites Suv
Sy T Lt e S e LH dectroe sies
—— RH vicctrode siies

=5 v
' [ ' ' [l

200 o0 200 400 600 200 0 200 400 600
Figure 7. The thicker line now represents VEPs (see Fig.7) recorded at a montage of
adjacent electrode sites over the contralateral occipital cortex, while the thin line represents
VEPs recorded at identical sites over the ipsilateral occipital cortex. While the time course
of the VEPs recorded over G.Y.’s contra- and ipsilesional occipital cortex show similar
patterns, the contralateral-to-ipsilateral progression of the P100 / N200 wave observed over
parietal cortex is no longer apparent.



90 STEPHEN R. JACKSON

shows an observable parietal and occipital N1 component for left (‘seeing’)
and right (‘blind’) visual field stimuli, in which the peak of the parietal N1
precedes that of the occipital N1.

Interhemispheric transfer and temporal-order judgements

We have speculated that G.Y.’s ability to perform the TOJ task with such high
accuracy may result from direct projections to motion-sensitive areas of
extrastriate cortex which by-pass primary visual cortex. Consistent with this
suggestion we have found that G.Y. shows a similar pattern to control sub-
jects. Specifically, the latency of the P1/N1 components of the VEP recorded
from parietal sensor locations precedes that recorded at occipital sensor sites
by 40ms or more. In addition, we and others (e.g., Lines et al. 1984; Rugg et al.
1984; Tucker et al. 1994) have found that the parietal P1/N1 components of
the VEP show a contralateral to ipsilateral progression with activity at con-
tralateral sensors being reflected at symmetrical ipsilateral sensor locations
after a delay which may vary with task conditions. In our own studies we have
found this delay to be 10-30ms. G.Y. shows a similar contra-to-ipsilateral
progression for both the P1 and N1 components of the VEP (Figure 6), with a
delay which ranges from 14—-35ms.

Study 3: Do perceptual grouping factors influence temporal-order
judgements?

The studies by Torjussen (1978) and Marcel (Experiment 5, 1998) demon-
strate that for hemianopic patients, the area that is effectively ‘blind’ can be
influenced by perceptual factors such as grouping. Such patients may exhibit
pathological visual completion for figures which are either symmetrical about
the midline, or, make a good ‘gestalt’ around the point of fixation. To further
investigate the mechanisms of visual completion, we examined the effects of
perceptual grouping on temporal-order judgements (Jackson et al. in prep.).
We used a modified version of our previous temporal-order judgement task
which we based upon the manipulations reported by Marcel (1998). The
stimuli used are illustrated in Figure 8. Bilateral stimulus configurations were
either mirror symmetrical about the midline (Figure 8A and 8C) or diagonally
opposed (Figure 8B and 8D), and could be of the same orientation (Figure 8A
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Figure 8.Rationale for second temporal-order judgement experiment. Bilateral stimulus
configurations were either mirror symmetrical about the midline (A and C) or diagonally
opposed (B and D). Stimuli could be of the same orientation (A and B) or of different
orientations (C and D). We classified stimuli of similar orientation as ‘grouped’ and stimuli
of different orientations as ‘ungrouped'.

and 8B) or of different orientations (Figure 8C and 8D). The subjects task
was, as before, to make an unspeeded judgement as to which stimulus ap-
peared first. Based upon our previous studies we used a restricted set of SOAs
(-300ms -100ms -50ms Oms 50ms 100ms 300ms) in which -300ms signified a
trial in which the left visual field stimulus preceded the right visual field
stimulus by 300ms. We tested nineteen healthy control subjects on this task as
well as patient G.Y. To examine the effects of perceptual grouping, we have
assumed that stimuli that are of different orientations form a less coherent
gestalt (ungrouped) that stimuli of similar orientations (grouped). The results
of this experiment are presented in Figure 9.

The overall results of this study are similar to those seen in the previous
task. Control subjects are accurate at making temporal-order judgements for
SOAs of 100ms or greater, show a decrease in accuracy as SOAs reduce
below 100ms, and drop to chance levels for SOAs of Oms. Patient G.Y. also
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Figure 9.Effects of stimulus grouping on temporal-order judgements for stimuli diagonally
opposed across the midline. The graph illustrates the proportion of ‘left-first’ responses as a
function of the SOA between stimuli. Statistical analyses reveal that stimulus grouping
(similar orientations) significantly reduces G.Y.’s leftward bias observed at SOAs close to
zero.

shows a similar pattern to that seen previously. He again shows a decrease in
accuracy, even at long SOAs (-300ms), on trials in which the first stimulus
appeared in his ‘seeing’ field. This decrease in accuracy is not apparent,
however, on trials in which the first stimulus appears in his ‘blind’ hemifield.
G.Y. also again shows a left-sided bias, perceiving left stimulus to have
arrived first on trials in which bilateral stimulation was simultaneous.

Stimulus grouping was found to have a significant influence on TOJs for
control subjects, but only for trials in which left and right visual field stimuli
appearedsimultaneouslyOms SOA) not at all SOAs. For control subjects
there was a significant interaction between SOA and Grouping (p < 0.025).
While Grouped and Ungrouped trials differed significantly from one another
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on trials in which stimuli appeared simultaneously (F = 20.1, p < 0.0005), this
difference was not significant all other SOAs. For control subjects, grouping
led to an increase in the number of TOJ errors. More importantly, stimulus
grouping also had a significant effect on patient G.Y.’s temporal-order judge-
ments, interacting with both SOA and stimulus symmetry (p < 0.05). Addi-
tional analyses revealed that grouping was strongest for diagonal stimuli of the
same orientation (Figure 8B). Means for these trials differed significantly
from other trial types for simultaneous bilateral stimulation trials (SOA Oms, p
< 0.01), and for trials with SOAs close to zero (i.e., SOA -50ms, p < 0.05).
This difference was not significant at other SOAs. The effects of stimulus
grouping on G.Y. was to substantially reduce his left-sided bias.

In summary, the results of these experiments demonstrate that perceptual
grouping only influences temporal-order judgements when stimuli are pre-
sented simultaneously, or with sufficiently short SOA’s that they are likely to
be judged as simultaneous. The effects of perceptual grouping on G.Y. were to
remove his left-sided bias for stimuli that appeared simultaneously.

GY: Orientation judgement task
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Figure 10.Effects of stimulus grouping on G.Y.’s ability to judge whether bilateral stimuli
were the same or different orientation. The graph illustrates the proportion of ‘same-
orientation’ responses as a function of the SOA between stimuli. Note that when SOAs are
close to zero, and stimuli group to form a good gestalt, G.Y.'s judgements of same
orientation (hit rate) approaches 80% correct.
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Study 4: Does perceptual grouping alter G.Y.’s visual awareness during
performance of the TOJ task?

To answer this question we carried out a further set of experiments in which
we presented G.Y. witthe identical stimulihat we used to investigate the
effects of perceptual grouping on TOJs (Figure 9). However, in these experi-
ments we asked G.Y. to make a different kind of judgement. Instead of having
G.Y. judge which of the two stimuli appeared first, we asked him to report
whether the orientation of the two stimuli was the same or different. All other
aspects of the task were the same. The results of this task are presented in
Figure 10 which shows the proportion of ‘same-orientation’ responses to
grouped (hits) and ungrouped stimuli (false alarms) as a function of SOA.
Note that chance performance would correspond to hit and false alarm rates of
0.5 while perfect discrimination would correspond to a hit rate of 1.0 and a
false alarm rate of 0. Inspection of Figure 10 shows that G.Y.’s false alarm
rate isasymmetricafor trials in which the left target preceded the right and
vice versa. For trials in which the first stimulus appears in G.Y.’s ‘seeing’
field, (SOAs-300ms to -100ms) G.Y.’s false alarm rate is less than 0.3. In
contrast, when the first stimulus appears in G.Y.’s ‘blind’ field (SOAs 100ms
to 300ms), his false alarm rate is much higher, 0.4 or greater. This pattern
might be expected if the effects of pathological visual completion were
asymmetric, with events occurring within the ‘seeing’ field influenciisgal
awarenesof events within the ‘blind’ field, but not vice versa. In contrast,
G.Y.’s hit rate is botlsymmetricaffor trials in which the left target precedes
the right and vice versa, and, increases substantially for SOAs of 100ms or
less. For very short SOAs ( 50ms), G.Y.’s hit rate increases to very close to
80% correct. This level of accuracy suggests that at very short SD4s,
when stimuli group together to form a good gestalt, patient G.Y. becomes
aware of some aspects of the form of the stimulus presented within his ‘blind’
hemifield. Thus when questioned regarding his levels of awareness, G.Y.
claims that the stimuli feel more ‘complete’ when they group compared to
when they do not group.
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Conclusions

In this chapter | have outlined a series of studies that we have carried out with
the ‘blindsight’ patient G.Y. aimed at understanding the phenomenon of
‘pathological visual completion’. This phenomenon is observed in circum-
stances where visual events occurring in a hemianopic patient’'s ‘seeing’
hemifield lead to the patient having visual awareness of visual events occur-
ring within the patient’s ‘blind’” hemifield.

The first study | described demonstrated that the perceptual phenomenon
of visual completion appears to extend to the execution of visuomotor re-
sponses. Thus, while G.Y. was unable to appropriately scale his grip aperture
to the width of objects presented entirely within his ‘blind’ hemifield, he was
able to do so when part of the target object extended into his ‘seeing’ field.
This finding would appear to run counter to a simple version of the ‘two visual
systems’ account (Milner & Goodale 1995; Milner 1995; Milner 1998) which
proposes that the visuomotor transformations involved in scaling grip aperture
“lie outside of the realm of our conscious visual awareness” (p. 25. Milner
1998). Instead, the data from this study is consistent with the view that when
on-line sensorimotor representations are unavailable, the visuomotor system
uses input from the visual perceptual system (ventral stream). Thus, visual
completion in these circumstances appears to demonstrate the interaction of
the dorsal and ventral visual processing systems (see also Rossetti 1998, 2000;
Pisella and Rossetti this volume; Bridgeman this volume).

In studies 2—4 we attempted to explore the mechanisms which underlie
these visual completion phenomena using a lateralised temporal-order comple-
tion task together with dense-sensor VEP recording techniques. The findings
from these studies, while preliminary, suggest that G.Y.’s preserved ability to
be aware of transient stimuli appearing within his ‘blind’ hemifield may
depend upon early signals arriving in motion-sensitive regions located ventro-
laterally within extrastriate cortex, which are subsequently communicated
across the cortical hemispheres via the corpus callosum.
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Introduction

Common sense argues that vision functions in a unified manner and that actions
are directly informed by our awareness of the environment. Although it may
seem as if a single, unified system controls all visual functions, there is
considerable evidence indicating the existence of a number of specialized
subsystems, each responsible for a different set of visually guided functions.
The two most distinct subsystems are the explicit awareness and action systems
which have been referred to by such names as the “what” and “how” systems
(Milner & Goodale 1995), the semantic and pragmatic systems (Jeannerod
1994) and the cognitive and sensorimotor systems (Bridgeman this volume;
Bridgeman 1994; Paillard 1987). The primary function of the awareness system
is to recognize and identify objects, whereas the action system is responsible for
visually guided actions. Although there exists a large body of research showing
a clear dissociation of function between the two systems, there is also evidence
indicating that the two systems are not completely isolated from one another,
but rather are richly interconnected and depend on a mutual exchange of
information (see Pisella & Rossetti this volume; Bridgeman this volume;
Rossetti 1998, 2000).
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This chapter first presents a brief review of the studies — electrophysi-
ological, neuropsychological, and behavioral — that demonstrate both the
independence and interdependence of the two streams. We then present our
own research on geographical slant perception to further illustrate the disso-
ciation and coordination between explicit awareness and visually guided
actions. The latter findings are discussed in terms of a time-dependent coordi-
nation between awareness and visually guided actions.

Modularity in the visual system

The idea of modularity in the visual system can be traced back to a proposal by
Schneider (1969) that was later developed by Ungerleider and Mishkin (1982).
Two broad streams of projections from the striate cortex (V1) had been
discovered: A ventral stream projecting to the inferotemporal cortex and a
dorsal stream projecting to the posterior parietal cortex. It was proposed that the
former system was responsible for the perception of an object’s identity (the
“what” pathway), whereas the latter was responsible for spatial localization (the
“where” pathway).

In the original formulations of this proposal, the two streams were thought
to respond to different kinds of information. A more recent formulation (e.g.
see Milner 1992; Milner & Goodale 1993; 1995) postulates a functional
segregation, in that both streams process similar information about the object,
such as size, orientation, position in space, etc., but the purposes toward which
this information is used is quite different. The segregation lies not in the input
streams, but rather in the different transformations applied to the retinal input
so as to promote different functions, explicit perception or action (see also
Bridgeman this volume; Pisella & Rossetti this volume).

From this functional perspective, the ventral stream of projections reach-
ing the inferotemporal lobe is mainly concerned with perceptual functions
such as visual learning and object recognition, whereas the dorsal stream of
projections to the posterior parietal lobe — also having important connections
to the premotor and prefrontal cortex — is concerned with the control of
motoric actions (Goodale & Milner 1992; Milner & Goodale 1993, 1995).
Thus, instead of the “what” and “where” distinction proposed by Ungerleider
and Mishkin (1969), Goodale and Milner proposed a “what” (ventral) and
“how” (dorsal) distinction in which the former is responsible for the conscious
awareness and recognition of objects and the later for visually guided actions.
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Figure 1.Model A: Complete dissociation between visual awareness and visually guided
actions.

A representation of such a formulation is given in Figure 1.

Similar views on this functional segregation have been proposed by other
researchers. For example, based on the finding that the parietal and temporal
pathways receive mixed inputs from the magno and parvo streams, Ferrara,
Nealey and Maunsell (1994) proposed that differences between these streams
represent an efficient method for transmitting low-level information about
different stimulus dimensions, and that the dorsal and ventral pathways draw
on information provided by both the parvo and magno streams according to
their particular needs. The parietal pathway thus depends largely on inputs
from the magno stream because its spatiotemporal and contrast response
properties are necessary to guiding actions (see Pisella & Rossetti this vol-
ume). Color and fine detail, inherent in the parvo stream, are of little value to
this pathway. Appropriate to its object recognition function, the temporal
pathway depends heavily on color, shading and high spatial resolution infor-
mation carried by the parvo stream; however, it also benefits from the contrast
information provided by the magno stream.

Evidence for dissociation

There is considerable evidence indicating a dissociation between the con-
scious perceptual judgments supported by the ventral stream and the auto-
matic visual guidance of actions supported by the dorsal stream. In the review
below, this evidence is divided into three subsections: electrophysiological
studies, neuropsychological studies, and behavioral studies with brain-intact
participants.
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Electrophysiological studiesSingle cell recordings from monkeys have re-
vealed that dorsal stream cells are well suited for coding information of
relevance for visually guided actions. For example, one of the most striking
characteristics of cells in this stream is that they do not respond to visual
stimulation when the animal is placed under anesthesia. This is indicative of
the fact that most cells in this region fire when the observer is actively
interacting with its environment and not passively detecting and storing
representations of the world. Another feature of some of the cells in the dorsal
stream is that they update information moment to moment with every change of
viewpoint, illumination, and head position. For example, Anderson, Asanuma,
Essick and Siegel (1990) have found that in area LIP (lateral intraparietal area)
and 7a, the amplitude of the cells’ response to a visual stimulus in its receptive
field is dependent on gaze direction, allowing for the computation of the true
(head or body related) coordinates of the stimulus independent of retinal
location.

Motion information is especially important for directing visually guided
action. Electrophysiological evidence suggests that some parts of area MST
(and MT) code for relative motion, size change and rotation of an object in the
frontoparallel plane or in depth (Saito et al. 1986). Such information would be
essential for the on-line control of limbs as they are directed towards moving
targets. In fact, recent kinematic studies of catching in humans by Savelsbergh,
Whiting and Bootsma (1991) have shown that the acceleration of the moving
limb is controlled by the rate of expansion of the target image on the retina,
which is a typical example of the type of change that excites cells in MST.

On the other hand, cells in the ventral stream of projections to the
inferotemporal region behave very differently from those in the dorsal stream.
Ventral stream cells remaining unaffected by anaesthesia, suggesting that they
are not involved in the on-line control of behavior. These cells seem better
suited to the coding of detailed object-centered descriptions, being highly
selective for the form, pattern and color of objects, maintaining their respon-
sivity over a wide range of these attributes. The work of Ferrera, Nealey and
Maunsell (1992, 1994) shows that both the magno and parvo channels provide
input to area V4, and thus, the visual information provided to the inferotempo-
ral cortex is very comprehensive in nature.

As information progresses through this pathway — from V1 through V2
and V3 to V4 — more detailed coding of visual features is seen. Upon
reaching the inferotemporal cortex, cells show remarkable specificity in their
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responses to complex visual stimuli, such as hands and faces (Gross et al.
1972; Gross et al. 1985). Further, Tanaka, Saito, Fukada and Moriya (1991)
have shown that cells in the anterior region of the inferotemporal cortex are
highly selective in their responses to specific object attributes. Other research
indicates that cells sensitive to similar stimulus features are clustered together
in columns through the depth of the inferotemporal region. (Fujita et al. 1992).

Cells in the inferotemporal region have large receptive fields which
almost always include the fovea. This allows the cells to generalize across the
visual field and code the specific features of an object independent of location.
Moreover, these cells maintain this specificity over different viewpoints,
sizes, and colors (Perrett et al. 1984; Perrett et al. 1991). This evidence is in
keeping with the view that cells in the inferotemporal region code for object-
centered visual descriptions, independent of changes in viewpoint and illumi-
nations.

Motion information is also important for object identification and is
conveyed to the ventral stream from area MT to V4. Sary, Vogels and Orban
(1993) have found cells in the inferotemporal cortex which respond to a
particular shape, even when the contours of the shape are defined by the
relative motions of the elements making up the shape and its background,
rather than by differences in other features such as luminance and texture.

Neuropsychological studiesStudies of humans with damage to only one
projection system provide another opportunity to see this dissociation between
explicit perception and action. Damage to the dorsal stream of projections
terminating in the parietal region affects the ability to use spatial and object
related information to control actions (optic ataxia), even though this informa-
tion can still be used to identify and describe the object. Such patients exhibit
difficulty in reaching out in the right direction and grasping in a manner
appropriate to accommodate the size, shape and orientation of the object to be
grasped (e.g. Jakobson et al. 1991; Perenin & Vighetto 1983, 1988). In
addition, most patients with parietal damage have problems with eye move-
ments, such as slowed saccades in response to visual cues (Pierrot-Deseilligny
et al. 1987; Pierrot-Deseilligny et al. 1991), and a failure of pursuit eye
movements to keep up with a target moving towards the side of the lesion
(Troost & Abel 1982; Morrow & Sharpe 1993).

For example, Perenin and Vighetto (1988) have described the visual and
visuomotor capacities of ten patients with unilateral damage, mainly to the
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parietal lobe (with none to the temporal lobe). They found that these subjects

performed above chance at tasks like the spatial localization of targets and
perception of line orientations, and were also able to provide accurate esti-

mates of the distance and relative positions of targets in the visual field. This

was in stark contrast to the profound difficulties all these patients experienced

in reaching towards the same targets and the errors they made in rotating their
hands as they reached towards a large slot oriented in different directions over
different trials (see Pisella & Rossetti this volume).

A similar problem can be seen when patients with parietal damage
attempt to pick up an object. In normal grasping, the hand begins to open as
soon as movement to the object is initiated, reaching a maximum about 2/3 of
the way to the object. Patients with damage to the parietal lobe, in contrast, do
not show this anticipatory grip scaling between their finger and thumb and
usually the first contact with the object is made with the palm of the hand,
(Jeannerod 1986, 1994; Perenin & Vighetto 1983, 1988), and the grip is
corrected after feedback from the object.

Patients with visual agnosia, in contrast, suffer from brain damage to the
ventral stream of projections terminating in the inferotemporal region. They
often are unable to recognize or describe common objects, faces, or pictures,
even though they are able to perform normal everyday actions. Milner et al.
(1991) have described the behavior of an agnosia patient, D.F., who suffered
damage in the lateral prestriate cortex, affecting areas V2, V3 and V4 (Clarke
1993; Zilles & Schleicher 1993). Most of her primary visual cortex (V1) was
spared, as was the tectothalamic pathways to MT and other dorsal stream
structures. Hence both the main pathways to the posterior parietal cortex seem
to be spared and are capable of conveying the information about orientation,
size and shape needed to control visually guided actions. Consequently, her
visual system is unable to inform conscious judgments about size or orienta-
tion of objects in the world (she is unable to recognize or discriminate between
simple geometrical shapes or simple line drawings of everyday objects, or the
faces of friends and relatives), but her visuomotor system can control the
programming and on-line control of visually guided actions based on these
same object characteristics. When presented with a pair of rectangular blocks
of the same or different dimensions, she was unable to visually distinguish
between them. Even when asked to indicate the width of a single block by
using her index finger and thumb, her actions were uncorrelated to the
dimensions of the object and varied substantially from trial to trial. In contrast,
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when she was asked to reach out and pick up the block, the aperture between
her index finger and thumb changed systematically with the width of the
object, just as in normal subjects. In other words, D.F. scaled her grip to the
dimensions of the object she was about to pick up, even though she appeared
to be unaware of the magnitudes of these dimensions.

D.F. shows a similar dissociation in her responses to the orientation of
stimuli. While she exhibits considerable difficulty in indicating the orientation
either verbally or manually (i.e. by rotating her hand or a handheld card), she
is as good as normal subjects in reaching out and placing her hand or the card
into a slot, rotating her hand in the appropriate direction with the initiation of
the movement.

Evidence from “blindsight” patients also provides support for the dissocia-
tion between the two systems. Such patients usually report blindness in one
visual hemifield following unilateral lesions to the striate cortex. Following this
damage, patients are unable to report visual awareness in the region of their
scotoma, but exhibit some form of visually guided actions such as blinking,
pupillary response, or eye movements (Poppel et al. 1973; Weizkrantz et al.
1974) or even pointing (Weizkrantz et al. 1974), despite a persistent lack of
being able to verbally report seeing the very object toward which they can direct
their actions (see Jackson this volume; Pisella & Rossetti this volume; Place this
volume).

One explanation for “blindsight” phenomena points to the fact that the
superior colliculus sends projections to some dorsal stream structures via the
pulvinar and it is believed that it is this tectopulvinar route that conveys visual
information to the cortex to guide the residual visuomotor abilities observed in
the blindsight patients (Weizkrantz et al. 1974; Perry & Cowey 1984). A
likely possibility for such a dorsal stream structure that receives input via the
tectopulvinar route is area MT. This account is consistent with findings that
most blindsight patients show a high sensitivity to object motion, and in fact,
show better evidence for blindsight when the stimulus is moving (e.g. Riddoch
1917; Bridgeman & Staggs 1982, etc.).

Behavioral studiesA similar dissociation between perception and action can be
observed in brain-intact people. For example, in one of the earliest studies of its
kind, Bridgeman, Lewis, Heit and Nagle (1979) found that saccadic suppression
could mask target displacement during a saccade; however, accurate reaching
for the target still occurred after the saccade. Other studies have also yielded
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similar results (Goodale et al. 1986; Pelisson et al. 1986; Bridgeman 1987).

Using the Titchner lllusion, Goodale, Aglioti, and DeSouza (1994) showed
that while the perception of objects is subject to the illusion, actions directed
towards them are not. In the illusion, two target disks of equal size are presented,
one surrounded by a set of smaller circles and the other by a set of larger circles.
Observers report the target surrounded by the smaller circles as being larger than
the target surrounded by the larger set. However, when asked to reach out and
pick up the target disks, these same individuals scaled their grip aperture in
accordance with the real size of the target disks. Their actions seemed appar-
ently unaffected by the visual illusion (see also Pisella & Rossetti this volume).

Thus, there is substantial evidence for two main visual processing streams,
a dorsal stream to the posterior parietal cortex driving visually guided actions
and a ventral stream projecting to the inferotemporal cortex that drives con-
scious visual awareness. However, despite the evidence indicating this disso-
ciation, there is also clear support for their interconnectedness.

Evidence for interconnections

Obvious support for interconnections between the dorsal and ventral streams
comes from the harmonious and well coordinated functioning of perception and
action in our day-to-day activities. Research shows that this cooperation is also
seen in actual anatomical connections between structures belonging to the two
streams. As discussed earlier, the input received by both systems is mixed in
terms of the parvo and magno channels. Also, Baizer, Ungerleider and
Desimone (1991) have shown that while large portions of the area V4 (believed
to be part of the ventral stream) project primarily to the inferotemporal cortex,
neurons in the more dorsal portions of V4 also project to the posterior parietal
cortex. Additionally, there are some areas such as V3A and MT that make major
contributions to both the action and perception systems, such that there is even
debate about whether these areas belong in one stream or the other.
Interconnections between the ventral and dorsal streams are implicated
whenever the visual guidance of actions requires some input from the explicit
awareness system. When picking up a rose, for example, the use of a pincer
grasp to avoid the thorns would have been prescribed by the “what” system that
identified the object as a rose. It has been proposed that a higher level praxic
system — with access to the products of ventral stream processing — instructs
the relevant visuomotor systems (Milner & Goodale 1995; Jackendoff &
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Landau 1994; Jeannerod 1994). In fact, a patient has recently been described
by Sirigu, Cohen, Duhamel, Pillon, Dubois and Agid (1995) whose behavior
suggests that the damage is to her praxic system. The patient’s two cortical
visual systems seem to be essentially intact, she suffers neither from visual
agnosia nor optic ataxia. She is able to recognize familiar objects and reach for
them efficiently. However, when she is shown a familiar object and asked to
pick up it up and use it, she will often do so using a grasp that is efficient, but
inappropriate for the use of the object. Thus, although the two systems are
functioning adequately in isolation for this patient, they appear to be discon-
nected from each other.

D.F. has also shown similar behavior with everyday objects. Milner and
Goodale (1995) reported that if textural or other local information allows her
to identify an object, she grasps it appropriately. But when she fails to identify
an object, she behaves like Sirigu et al.’s patient — she grasps it efficiently but
inappropriately. Based on these results we can assume that information about
an object’s identity cannot be transferred to D.F.’s praxic and visuomotor
systems just as in Sirigu et al.’s patient.

Instances have also been reported where interconnections between the
perception and action systems have been manifested in the form of interference
between the two. For example, results from experiments with both normal
people (Rossetti & Regnier 1995) and brain damaged patients (Rossetti et al.
1995) show that either (1) simultaneously providing a verbal and motoric
response or (2) introducing a delay in responding, both result in deterioration of
the motoric response. These results indicate that when the representation
normally used to drive the motor response cannot be effectively accessed,
either because of simultaneous activation of the semantic representation which
drives the verbal responses or when the pragmatic representation is longer
available because of a time delay, then both the verbal and motor responses are
both informed by the semantic representation (see Bridgeman this volume;
Pisella & Rossetti this volume; Rosetti 1998, 2000).

Evidence from geographical slant perception

Our studies on geographical slant perception provide evidence for both a
dissociation as well as an interconnection between conscious awareness of
slant and visually guided actions (Proffitt et al. 1995; Bhalla & Proffitt 1999).

These studies show that the dissociation supports the different functions of
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awareness and motor guidance, whereas the interconnection serves to promote
consistency between the two systems over extended periods of time.

Background and basic methodology

All of our experiments employed a similar methodology, which is described
below (for further details see Proffitt et al. 1995; Bhalla & Proffitt 1999).
Participants viewed the hills binocularly, while standing at the top or the base
of hills. They provided estimates of the angle of inclination with respect to the
horizontal. Reports were made in three ways: verbally, visually and haptically.
The verbal report was simply a numerical estimate (in degrees) of how much
the hill was inclined from the horizontal. The visual judgment was made using

a disk, which consisted of an adjustable angle representing a cross-section of
the inclination of the hill. Haptic judgments were made by using a palm board
with a flat palm rest, the tilt of which could be adjusted upward or downward
to match the inclination of the hill. The tilt board was placed slightly above
waist level and participants adjusted it with their dominant hand, without
looking at that hand, keeping their eyes on the hill. See Figure 2 for a
representation of the visual and haptic measures. We assume that the verbal
and visual reports are informed by conscious awareness, whereas the haptic
report taps the visual guidance system.

Visual Measure Haptic Measure

Figure 2.The visual and haptic measures used by subjects for reporting geographical slant.



DISSOCIATION AND COORDINATION IN GEOGRAPHICAL SLANT 109

Overall, our findings indicate that conscious awareness of slant is highly
exaggerated, in that hills appear to be a good deal steeper than they actually
are. Visually guided actions, on the other hand, are far more accurate. For
example, when participants look at a 10° hill, on average they verbally judge it
to be about 30°, set the visual measure to about 30°, but set the haptic measure

to about 10° (see Figure 3).

verbal __

80

Angle Judgment
w IS W o <
S ) ) S =
| 1 l 1 |

[\
el
L

107

0 - T T T T T T
0 10 20 30 40 50 60

Angle of Real Hill

Figure 3.Judgments of geographical slant. Visual reports are not presented because they
fall almost on top of the verbal ones. Overestimation in verbal and visual reports contrast
with the accuracy of haptic reports (Data from two experiments conducted in real and

virtual environments).
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We have proposed that this discrepancy between explicit awareness and
actions reflects their contrasting functions. Conscious perception is respon-
sible for the representation of spatial layout and the planning of actions,
whereas visually guided actions are concerned with the successful implemen-
tation of those actions. By this account, the overestimation of slant is an
optimal outcome given the function of conscious perception. The reason for
this virtue requires some explanation.

Conscious slant overestimation is a symptom of two factors. First, perfor-
mance on the verbal and visual measures exm@stsonse compressionhis
means that responses on these measures conform to ratio scales having power-
function exponents of less than one. This can be seen in the decelerating
functions for these response measures in Figure 3. Similar ratio scaling is
found when people make magnitude estimates of such sensory attributes as
brightness or loudness. The virtue of response compression is that it affords
greater sensitivity to small energy changes at small energy magnitudes at the
expense of reduced sensitivity to the same magnitudes of change at larger
energy magnitudes. Response compression in conscious slant perception simi-
larly promotes heightened sensitivity to small changes in slant at small slant
magnitudes. For example, response compression increases sensitivity to the
difference between 5° and 6° hills at the expense of sensitivity to the differ-
ence between 65° and 66° hills. Since the slant of terrains that are commonly
traversed by people is less than 10°, response compression heightens sensitiv-
ity to differences between inclines that are of behavioral relevance. In every-
day language, a 5° hill appears to be pretty steep, whereas a 6° one looks much
steeper. The legal limit for roads in the state of Virginia is 9°. The difference
between 65° and 66° hills is difficult to detect, and moreover, it is of no
behavioral significance. Without mountain climbing equipment, one could not
ascend either incline.

The second factor responsible for conscious slant overestimation is that
responses are anchored at the 0° and 90° values. Horizontal and vertical
orientations are special values and are perceived accurately. Given that re-
sponse compression dictates a decelerating response function and that the
function must be anchored at 0° and 90°, overestimation is a necessary
outcome. The only way that a decelerating function can be anchored at 0° and
90° is for it to curve above the ideal performance line. Thus, conscious slant
overestimation derives from the virtues of response compression and accuracy
at the 0° and 90° values.
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The function of conscious slant perception is behavioral planning: Per-
ceived steepness is directly related to the effort required to traverse hills,
which in turn helps one make conscious decisions about the gait to be adopted.
When approaching a hill, explicit decisions must be made about what gait
style to employ so as to regulate energy expenditure at a desired rate. For
example, if one wants to maintain a relatively constant energy expenditure,
then gait will have to be slowed in direct proportion to the steepness of the
incline. Response compression — resulting in slant overestimation — pro-
motes the effectiveness of planning within the range of small inclines that are
actually encountered. The planning supported by conscious perception is
relatively long term since it is concerned with gait regulation over the extent of
the hill and beyond.

Visual guidance serves a different function. It directs accurate and effi-
cient actions in the here and now, and requires continuously updated informa-
tion from moment to moment. Visual guidance entails an on-line control of
limbs as they are directed towards the environment, and hence, accuracy is
essential. In geographical slant perception, this is reflected in the accuracy of
the motoric index of slant. Verbal estimates of 10° hills are 30°, whereas
haptic adjustments are about 10°.

Since the explicit awareness of slant relates our physiological potential to
the actual incline of hills, it turns out that it is malleable. As the physiological
potential to traverse a slope changes, so does the conscious awareness of its
slant. We have shown that when subjects judge the inclination of hills after an
exhausting run, they verbally overestimate slant more than when they are not
tired (Proffitt et al. 1995). In addition, verbal judgments of steep inclines are
more exaggerated from the top than from the bottom (Proffitt et al. 1995). Due
to biomechanical constraints, it is difficult but possible to walk up a 30° grassy
incline; however, it is almost impossible to walk down such a hill without
breaking into a run or falling down. Perceived slant informs the planning of
ascents and descents by exaggerating slant more from the top of steep hills
than from the bottom.

It is important to note, however that this flexibility is seen only for the
conscious awareness of slant and not for visually guided actions directed
towards the same inclines. Whereas conscious awareness changes with the
physiological state of the individual, visually guided actions are unaffected,
and remain accurate so as to efficiently guide the on-line control of actions. In
the study in which fatigue was induced, only conscious awareness of slant
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showed an increase in apparent slant; the motoric index was remained accu-
rate and unchanged, in accordance with the functions that each of them serves:
the planning of long term actions which changes with the status of the
observer, versus the actual execution of actions, which remain unchanged.

One system or two?

The discrepancies between conscious and motoric indices of geographical
slant perception suggest a dissociation between visually guided actions and
conscious visual awareness, as represented in Figure 1. But it is also possible
that the verbal/visual and motor responses tap a single system and are related
by a transformation. See Figure 4. This sort of coordination has been sug-
gested in the context of distance perception. For example, Foley (1977, 1980)
has proposed that despite differences between the verbal and motoric esti-
mates of distance, the two are related to a single perceptual variable by some
output transformations. Similarly for geographical slant estimation, it is pos-
sible that the visual control of actions directed towards hills is driven by the
same representation as that for visual awareness, but the former compensates
for perceived overestimation by constantly calibrating motor programs
through feedback.

In order to test this latter account, we induced a change in visual aware-
ness without allowing an opportunity to recalibrate the transformation relating
the two systems. We reasoned that, if the two systems are related by a
transformation, then both awareness and visual guidance should also be
influenced by the change. On the other hand, if conscious overestimation
increased without a change in motoric responses, then since there was no
opportunity for recalibration, the two systems must be dissociated. The fol-
lowing experiment compared these alternatives by having subjects judge the
inclinations of hills while wearing a heavy backpack.

Distal (transformation)
Hill ¢ » @ »

Model B: Constantly recalibrated systems

Figure 4. Model B: Constant recalibration between visual awareness and visually guided
actions.
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Figure 5. Judgments of geographical slant for the 5° and 31° hill by subject with and
without a backpack, on the verbal, visual and haptic measures.

The Backpack Studiarticipants judged the inclination of one of two hills (5°
and 31°), either without a backpack, or while wearing a one. The backpacks
were put on at the testing site and the participants were given no opportunity to
walk while wearing them. They reported their judgments on the verbal, visual
and haptic measures. Results showed that the participants wearing the heavy
backpack overestimated the inclination of the hills more than did the those
without backpacks (Figure 5). For instance while participants without back-
packs judged a 5° hill to be about 20°, those with backpacks judged the same
hill to be about 25°. This increase was seen only for the visual and verbal
measures; the haptic measure was unaffected by the backpack manipulation.
Since the haptic reports remained accurate despite a lack of opportunity
for recalibration, it can be concluded that the explicit awareness and motor
guidance systems function independently over the short duration of the back-
pack manipulation. If the two systems were not independent and the haptic
response was driven by the same representation that informed the verbal, then
the haptic response would have increased along with the verbal since there
was no opportunity for recalibration. That the motoric response was unaf-
fected by the manipulation implies that over the short term, visually guided
actions are not mediated by visual awareness, but are instead modular.
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Interconnections between the two systems

Although our studies show that the two visual systems can be dissociated, they
also show that these systems are connected in a manner that promotes internal
consistency. After having judged the inclination of hills, participants in the
Proffitt et al. (1995) studies performed a second task. They were asked to set
the haptic measure to a set of verbally given angles, ranging from 5° to 75°.
We refer to this task as tiengle Judgmeniask, whereas the hill judgments
are called théill Judgmenttask. Results revealed good internal consistency
in that the haptic response to a hill of a given incline was virtually the same as
the haptic response to a verbally given angle that was evoked when viewing
that incline. An example is illustrated in Figure 6. There it is shown that when
participants view a 5° hill, their verbal estimate is about 20° and their motoric
response is 5° (Hill Judgment task). When given a verbal instruction to set the
palm board to 20°, they also set it to about 5° (Angle Judgment task). Thus,
their haptic responses to visually presented hills as well as to verbal instruc-
tions are the same. This shows that although conscious and motoric measures
of slant are not the same, they are internally consistent. Haptic judgments are
calibrated to the apparent slant overestimations that inform verbal reports.
This calibration of apparent slant to actions is suggestive of sensorimotor
learning. Since there is a lawful monotonic relationship between conscious
perceptions of slant and the representations that control actions, the co-

50
| (s
50
Hill ”
20° Set palm
@ @ board to 20°
Hill Judgments task Angle Judgments task

Figure 6. Consistency between direct and indirect influences on motor behavior: Corre-
spondence between the verbal and haptic reports for Hill and Angle Judgments tasks.
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occurring states of these two systems could become associated through expe-
rience. Should the correspondence between the conscious and motoric re-
sponses change (for example, as a result of changes in physiological
potential), then the transformations relating visually guided actions to visual
awareness would also be modified gradually over time to yield a new map-

ping.
Nearly decomposable systems

The evidence for both dissociation and interconnectedness between the two
visual systems suggests a model such as that shown in Figure 7. By this
model, the two visual systems function independently when driven directly by
visual information; however, they are also transformationally related in that
conscious representations can indirectly inform the action system. Simon
(1990) has described such systems as being nearly decomposable, meaning
that they function independently over short time intervals; however, they
maintain coordination over longer time spans.

The question remains as to the time span over which the awareness and
action systems recalibrate their mapping due to changes in the individual's
physiological state. The following three studies attempted to answer this
guestion by varying the duration of the change in the participants’ physiologi-
cal potential (short or long term). Participants in the short-term category had a
reduced potential due to the induction of fatigue. Participants in the long-term
category varied in their level of physical fitness, age or health.

Distal

Hill $transformation

O

Model C: Nearly decomposable

Figure 7. Model C: Nearly decomposable systems: Visual awareness and visually guided
actions are segregated in the short term, but coordinated in the long term.
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Figure 8.Judgments of geographical slant for the 5° and 31° hill by subjects before and
after a tiring run, on the verbal, visual and haptic measures.

The Joggers Studyhis experiment looked at whether the time spent during
exhausting runs was adequate for the recalibration of the mapping between the
visual awareness of slant and visually guided actions. Participants, who were
habitual joggers, judged the inclinations of two hills (5° and 31°), one before
and one after an exhausting run (Hill Judgments). They also set the visual and
haptic measures to a set of verbally given angles twice, once before and once
after the run (Angle Judgments).

As shown in Figure 8, the joggers’ conscious perception of slant in-
creased in response to fatigue. This increase in overestimation was evidenced
for both the verbal and visual reports but not for the haptic measure. For
example, when the joggers looked at a 5° hill before their runs, they verbally
estimated it to be about 20° while setting the haptic measure to a little over 5°.
After their runs, their verbal estimates increased to about 25° while their
haptic reports remained unchanged.

Whereas the Hill Judgments given by the joggers after their runs exhib-
ited greater overestimations than those given before their runs, the Angle
Judgments were unaffected. See Figure 9. For example, when looking at a 5°
hill the fatigued joggers increased their verbal estimate of the hill incline to
25°. But when given a verbal instruction to set the haptic board to 20° they still
set it to 5°. Thus, as can be seen in Figure 10, direct and indirect influences on
the motor system became less consistent. Hill Judgments had increased in
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Figure 9. Angle Judgments for the joggers before and after runs, made in response to
verbally given angles for the haptic measure.
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Figure 10.Inconsistency between direct and indirect influences on motor behavior for the
joggers: Lack of correspondence between the verbal and haptic reports for Hill and Angle
Judgments tasks.
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response to fatigue, but Angle Judgments were unchanged, indicating that
little or no recalibration had occurred during the duration of the joggers’ runs.
These results imply that measurable recalibration takes longer than the 45-75
minute duration of the runs.

The following two experiments show that long-term changes in physi-
ological potential do result in a recalibration of the mapping between visually
guided actions and conscious visual awareness. As opposed to the fatigue
manipulation, in these studies the change in potential was of a more permanent
nature.

The Fitness StudyParticipants in this study had varying levels of physical
fitness. Some were varsity athletes and the rest were regular undergraduates at
the University of Virginia. These participants judged the inclinations of four
hills (5°, 6°, 21° and 31°) on the three measures (Hill Judgment task) and they
set the visual and haptic measures to a set of verbally given angles (Angle
Judgment task). Three measures of fitness were obtained using a stationary
bicycle assessment procedure. A composite fitness score was assigned to each
participant with scores ranging from -2 (low fitness) to 4 (high fitness). (For
further details about the fitness assessment, see Bhalla & Proffitt 1999).

The results showed that the verbal and visual judgments of slant were
influenced by levels of physical fitness. Participants who were less physically
fit judged hills to be steeper on the verbal and visual measures. There was a
negative correlation between fithess and overestimation for both of these
measures. The haptic responses were unaffected by fitness level. See Fig-
ure 11 which plots regression lines for each of the four hills on each of the
three measures.

Verbal Visual Haptic
80
o
4
50
9
s
—

2 o
o 31
< 21°

e e §0
O T T T T T T T T T T T T T T T 60
2 1.0 1 2 3 4 | 9 1 2 3 -2 -1 0 12 3 4
fitness component fitness component fitness component

Figure 11.Effect of fitness on mean judgments of geographical slant for four hills by fithess
subjects on the verbal, visual and haptic measures.
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Figure 12.Effect of fithess on Angle Judgments for two angles made by fithess subjects on
the haptic measure.

Participants also showed good internal consistency between their Hill
and Angle Judgments. Like the Hill Judgments, the Angle Judgments were
also affected by fitness level, albeit only for the 60° and 75° angle judgments.
As can be seen in Figure 12, there was a positive correlation between fitness
and haptic Angle Judgments.

These findings indicate that the awareness and action systems are recali-
bration over the duration responsible for relatively permanent changes in
fitness level. As fitness level declined, people’s conscious estimates of hill
inclination increased, whereas their motoric responses were unaffected. Con-
sistent with this relationship, people of low physical fithness set the haptic
board to lower angles in response to verbal instructions. For example, when
participants at a high level of fithess looked at a 30° hill, they verbally
estimated it to be 50°, and set the palm board accurately to 30°. Accordingly,
for the Angle Judgment task, when asked to set the palm board to 50°, they set
it to 30°. Participants at low fitness levels, on the other hand, called a 30° hill
60° and set the palm board to 30°. In the Angle Judgment task, when verbally
given an angle of 50°, they set the palm board to 25°, and when given a 60°
angle, they set it to 30°. This consistency is illustrated in Figure 13. Thus,
regardless of whether participants were at a low or high level of fitness, they
maintained internally consistent in their responses.
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Figure 13.Consistency between direct and indirect influences on motor behavior in more fit
and less fit subjects: Correspondence between the verbal and haptic reports for Hill and
Angle Judgments tasks.

The Elderly StudyParticipants for this study were aged 60 years and over, and
like the joggers, backpackers and the minimally fit, represented a group that
had seen a reduction in physiological potential, but the reduction was of a
different nature, arising out of old age, one that was probably the most gradual
of all. Like other participants they performed the Hill and Angle Judgment
tasks. Two sets of fours slopes each (2°, 3°, 4° and 25° and 3°, 5° 10° and 29°
) were used in this study with each participant judging one set of slopes. All
participants were given a brief self-report questionnaire about their health and
general physical fithess, in which they rated their health and fithess on 10
guestions using a five-point rating scale, with 5 indicating excellent health/
physical fitness and 1 indicating poor health/physical fitness.

The results show that judgments of inclination are indeed affected by a
reduction in physiological potential brought about by a decline in health and
levels of physical fithess associated with old age. The older and less healthy
subjects tended to overestimate the slants of hills on the verbal and visual
measures more than those who were younger and more healthy among their
own elderly peer group and also as compared to young adults. These results
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Figure 14.Effect of age and health on mean judgments of geographical slant by elderly
subjects on the verbal, visual and haptic measures for steep hills.

were obtained only for steep (25° and 29°) but not for shallow (2°, 3°, 4°, 5°
and 10°) hills. The haptic adjustments of the elderly were not different from
the young on any of the hills. The age and health of the elderly participants
were good predictors of their verbal and visual slant judgments for the steep
(25° and 29°) hills: the older and less healthy the individual, the greater were
their verbal and visual estimates of geographical slant for these hills. See
Figure 14.

Importantly, Angle Judgments made by the elderly were also signifi-
cantly different from those made by young people. This change in Angle
Judgments was consistent with the increase in their verbal estimates of slant.
As shown in Figure 15, the elderly set the palm board to smaller angles than
did the young in response to the largest angles. To see how this relates to the
maintenance of internal consistency, consider an example illustrated in Fig-
ure 16. When young people looked at a 30° hill, they verbally judged it to be
50° and set the palm board accurately to 30°. Accordingly, for the Angle
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Figure 15.Angle Judgments for the elderly and young subjects in response to verbally
given angles for the haptic measure.

30°
®| ®
Young 3 .OO>
Hill 500 Set palm
board to 50°
30°
®| @
Elderly 30°>
Hill 60° Set palm
board to 50°
Hill Judgments task Angle Judgments task

Figure 16.Consistency between direct and indirect influences on motor behavior in elderly
subjects: Correspondence between the verbal and haptic reports for Hill and Angle Judg-
ments tasks.
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Judgment task, they set the palm board to 30° when instructed to set it to 50°.
In contrast, elderly people verbally judged a 30° hill to be 60° and set the palm
board to 30°. In keeping with their judgments for hill inclines, these subjects
set the palm board to 30° on being asked verbally to set it to 60° and to 25° for
an angle of 50°. The responses of both age groups are different but are equally
consistent. This shows that the reduction in physiological potential associated
with old age and/or poor health leads to an increased overestimation of slant,
and since this change is relatively permanent, the mapping between conscious
awareness and visually guided actions is recalibrated as well.

Discussion

People’s explicit awareness of slant can be dissociated from their motoric
actions directed towards inclines. Whereas explicit awareness increases with
load, fatigue, lack of physical fitness, old age and declining health, motoric
adjustments remain accurate and unaffected by these factors. Despite this
dissociations, the two systems are interconnected. The awareness and action
systems maintain an internal consistency over time. The transformation that
relates the two systems recalibrates slowly. We observed no evidence of
recalibration over the course of 1 to 1 1/2 hours (joggers study); however
recalibration was observed in the studies where changes in physiological
potential were more permanent (fithess and elderly studies) (see also Pisella &
Rossetti this volume).

Indices of explicit awareness and visually guided actions yield different
estimates of “perceived” slant, moreover the former is influenced by changes
in physiological potential whereas the latter is not. These differences arise
from the different functions that each system subserves. Explicitly perceived
steepness provides information about the affordances of hills which include
the possibility and effort entailed in traversing them. An important function of
conscious awareness of slant is to inform the planning and modulation of gait
with respect to the hills that are to be traversed so as to expend energy at a
desired rate. Slant overestimation serves this purpose by exaggerating the
apparent steepness of hills, and thereby, increasing sensitivity to small inclines
that are within the range of our physiological potential. Changes in apparent
slant brought about by changes in physiological potential serves to directly
relate inclines to people’s changing abilities to traverse them. In contrast, the



124 MUKUL BHALLA AND DENNIS R. PROFFITT

task of visually guiding one’s feet over inclines is not dependent on such
factors and instead requires the veridical evaluation of surface layout for
effective interaction with the environment.

This account can be well assimilated into Milner and Goodale’s (1995)
theoretical framework. For them, the distinction between the two visual
systems is rooted in a functional rather than an informational dissociation. The
information supporting the explicit perception of slants and the actions di-
rected at them is similar, but the use to which this information is put differs
considerably.

Despite the dissociation seen between explicit perception and action,
there is also evidence for a connection between them. This is seen in the good
internal consistency between the various measures of perceived geographical
slant. When a person’s physiological potential changes, his or her conscious
awareness of slant also changes. When the change in potential is long term,
this change is also accompanied by a change in the mapping between con-
scious awareness and visually guided actions. Not only do judgments of hill
incline change, but also haptic responses to a set of verbally given angles
change in a manner that is consistent with the changes seen in the verbal hill
judgments. Such changes in the mapping between awareness and actions are
seen only with long term changes in physiological potential and not for
temporary change in physiological state.

This notion of separable systems that accommodate to each other gradu-
ally is consistent with Simon’s (1990) discussion of “nearly decomposable
systems”. Simon pointed out that, for most natural hierarchical systems, the
interactions between subsystems are usually “weak but not negligible” (see
also Hommel this volume). A system is said to be nearly decomposable when
the behavior of one of its elements or subsystems is independent of the
behavior of other subsystems over short but not long durations. In the long
run, subsystems are dependent on the aggregate behavior of the other elements
that make up the system (More thorough discussions of this issue can be found
in Bhalla & Proffitt (1999)).

Our findings indicate that the two visual systems can function independently
over short durations. Conscious awareness of slant is subject to short term
influences, such as fatigue, that affect physiological potential, whereas visu-
ally guided actions are accurate and unchanged by such factors. Over the long
run, these systems maintain an internal consistency with each other, and the
mapping between them gets modified as a result of long term or irreversible
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changes in the individual, such as a relatively permanent change in physi-
ological potential due to declining health and fitness in old age.
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Interaction between Conscious
Identification and Non-Conscious
Sensori-Motor Processing

Temporal Constraints

Laure Pisella & Yves Rossetti
Institut National de la Santé et de la Recherche Médicale

Introduction

Vision is not a single and unified process. There have been numerous demon-
strations that the visual system can be broken up into several sub-systems.
Within the complex network formed by these subsystems, a few major infor-
mation processing streams can be isolated. A great deal of convergence can be
observed between neuroanatomical, electrophysiological, behavioral, and
neuropsychological studies to argue for a clear dissociation between a visual
system devoted to perception and perceptual awareness and another visual
system specialized for controlling goal-directed actions (Goodale and Milner
1992, reviews in: Milner and Goodale 1993; Jeannerod and Rossetti 1993;
Milner and Goodale 1995; Rossetti et al 2000). This dichotomy is exemplified
by the double dissociation observed between optic ataxia (which follows a
lesion of the posterior parietal cortex) and visual agnosia (which follows a
lesion of the inferior temporal cortex). Neuropsychological studies have pro-
vided key arguments for building up the notion that a specific area of the
parietal cortex is specialized for producing motor representations of space that
are used for controlling goal-directed movements (e.g. Goodale et al. 1991,
1994; Milner et al. 1997; Perenin and Rossetti 1996; Rossetti 1998).
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The dissociation between “perceptual” and “sensory-motor” processing
has been exemplified and discussed in many aspects. For vision, evidence for
this dissociation arises from many different fields, ranging from neu-
roanatomy and neuropsychology to psychophysics and functional brain imag-
ing (review in Milner and Goodale 1995). A similar dissociation can be also
observed for the somesthetic modalities (review in Rossetti 1998).

The main aims of this chapter are (1) to demonstrate that the two main
systems observed for several sensory modalities can interact; (2) to report the
necessary conditions for such interaction to develop; (3) to explore the tempo-
ral constraints imposed to potential interactions between the “dissociated”
sensory systems. A review emphasizing the dissociation between sensory sub-
systems considered here can be found elsewhere (Rossetti et al. 1998), and the
present chapter will rather focus on interactions.

Explicit - implicit interference in brain-damaged patients

Dissociation between visual processing for action and for perceptual identifica-
tion has been well supported by neurological cases of patients with occipito-
parietal (dorsal) and occipito-temporal (ventral stream) lesions (review in
Milner and Goodale 1995). In addition to optic ataxia and visual agnosia,
mentioned above, blindsight is another neurological deficit that is interesting to
consider in the framework of the dissociation between implicit and explicit
sensori-motor processing. Early studies on patients with lesion of the primary
visual area (V1), considered to be amputed from the half of their visual field,
showed that they remained able to orient eyes and/or the hand to visual stimuli
briefly presented within their blind field (see Weiskrantz 1989). It has been
recently shown that such patient could orient his hand and size his finger grip
appropriately when reaching out to unseen visual objects (Perenin and Rossetti
1996). The neuroanatomical substrate proposed to explain this residual ability
was the projection from the colliculus superior to the posterior parietal cortex
via the putamen (Bullier et al. 1994; Girard 1995). Therefore this fascinating
non-conscious vision emerging during a goal-directed action was considered to
provide one more instance of dissociation between the dorsal and the ventral
streams of the visual system (e.g. Perenin and Rossetti 1996).

There are however a number of possible interconnections between the
dorsal stream and the ventral stream. First, neuroanatomical direct and indirect
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cross connections between these two streams have been identified, in particu-
lar through the superior temporal sulcus (e.g. Morel and Bullier 1990). Sec-
ond, the anterior ends of the two pathways converge onto neighboring areas of
the prefrontal and premotor cortex (e.g. Schwartz 1994). Experiments were
specifically designed to search for functional interactions between cognitive
and sensori-motor representations. The logic of this paradigm, contrasting
with that of experiments aimed at demonstrating a dissociation between the
two visual streams, consisted of co-activating the two types of representation
and then looking for effects on the patient’s performance. In this experimental
condition, patients were instructed to simultaneously produce a movement
toward the stimulus and a verbal forced-choice response about the same
stimulus. This task could be performed easily after little training, and the
verbal response generally occurred during the second half of the arm move-
ment. Three predictions could be put forward: (1) if there is a complete
independence of the sensori-motor and the cognitive systems, then the verbal
and motor responses will be performed without any modification of their
respective performances. (2) if a transfer of information is possible from the
sensori-motor to the cognitive system, then the verbal response will become
more accurate. (3) if a transfer of information is possible from the cognitive to
the sensori-motor system, then the previously accurate performance observed
for the arm movement will disappear.

Patient N.S., with a lesion of the right occipital lobe, presented a complete
hemianopia for the left visual field. Nevertheless, as other blindsight patients,
she could introduce a postcard in a slot (from which she could not perceive
orientation) (see Perenin and Rossetti 1996; Rossetti 1998). When required to
perform again the same reaching task, and at the same time to guess aloud the
orientation of the target slot during her hand movement, verbal and motor
responses were always congruent (Rossetti et al. 1995). In this particular
condition, her motor performance dropped down to chance level. Therefore no
facilitation of the verbal response by the simultaneous pointing movement was
observed. An observation possibly related to the competition between the two
representations was also reported by Weiskrantz about blindsight (1989: 379):
“...it was actually better to use less salient stimuli to improve performance by
switching the subject into an ‘implicit’ rather than an ‘explicit’ mode, in which
[the patient] depended upon his real but non-veridical experiences”.

The effect of cognitive- sensori-motor co-activation was also investi-
gated for touch and proprioception, in a patient with a lesion of the somes-
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thetic relays of the left thalamus (VL and VPL). This patient, J.A. was shown

to present a somesthetic analog to blindsight, that is “numb-sense”. Under
normal conditions, he was able to point to an undetected tactile stimuli
delivered to his right arm, although he failed to demonstrate any ability to
consciously locate these stimuli. In separate sessions, in which he was asked
to make verbally guesses or to locate the stimuli through pointing on an arm
drawing, he could not produce above chance performance. When he was
required to produce the motor and the verbal responses at the same time, J.A.’s
pointing responses were at chance. As for blindsight, there was a congruency
between the pointing and the verbal responses in this condition. In addition,
the mean distance between the stimulus and the response increased up to a
similar value as when pointing on the arm drawing (Rossetti, Rode, Boisson
1995).

The same patient was tested for proprioception in the same way as
described above for touch. J.A. demonstrated an ability to locate his right
unfelt finger with a pointing response, but consistently failed to guess its
location verbally (among 2 or 6 possible positions). When asked to produce
the verbal and the pointing responses simultaneously, these responses were
always congruent, but the pointing performance was reduced to random. This
was confirmed by the mean locations reached for the two locations explored:
the mean pointing toward the left location was located right of the mean
pointing to the right location. As for touch, activation of a semantic represen-
tation of where the target finger was (required for the verbal response)
disrupted J.A.’s ability to point to this finger. We will see later in this chapter
that such interference effect does not appear when the verbal response pro-
duced by normal subjects is not specific to the representation of the goal.

The literature provides several examples of interaction between sensori-
motor and cognitive framing of space, which suggests that elaborating a
categorial representation of the action goal prevents the expression of the
short-lived sensori-motor representations, and also that immediate action is
not mediated by the same sensory system as delayed action (Rossetti 1998).
Interesting observations were obtained in brain-lesioned patients when imme-
diate and delayed responses were compared.

Delayed responses were studied in a patient (DF) with a bilateral lesion of
the occipito-temporal cortex, exhibiting a strong visual agnosia (Goodale et al.
1994). DF was not able to recognize objects or to identify shapes or orienta-
tions. Although she was able to preshape her hand in-flight when performing
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immediate responses to visual objects, her grip size was no longer related to
object size when a delay between object viewing and movement initiation was
imposed.

A related observation was made on a blindsight patient (N.S.) performing
a motor task at different paces (Rossetti et al. 1995). It was observed that N.S.
performance was at chance level as she was reacting slowly to the stimuli.
Performance improved significantly under speed constraints, when movement
latency decreased from about 500 ms to about 300 ms. This result suggests
that sensory information responsible for blindsight in action is available only
during a short period following stimulus presentation. An inverse relationship
between the latency of the response and performance was also reported in
another blindsight patient (G.Y.) in an experiment comparing several types of
response with several delays (Marcel 1993). It was found that the several
detection reports made to identical trials could be dissociated. An eye blink
response (latency about 290 ms) provided more accurate detection than button
press (latency about 365 ms). In addition, a speeded condition produced better
performance in both motor responses.

The same effect of time was also observed for touch and proprioception
(Rossetti and Rode 1996). Patient J.A. demonstrated that latencies up to 1 s for
tactile stimuli and up to about 4 s for proprioceptive stimuli were compatible
with above-chance performance in motor tasks, but longer delays completely
disrupted his performance.

There is thus converging evidence arising from three sensory modalities
that the pragmatic representation can only be expressed within a short delay
following stimulus presentation. These results may lead to a reinterpretation
of the data obtained in the verbal and the matching tasks. In spite of encour-
agement to perform faster, it took more time to subjects to respond in the
verbal task or in the matching task (in some trials between 1 and 2 s) than it
took for the reaching and grasping tasks (see Perenin and Rossetti 1996). It
could therefore be argued that time is the decisive variable for explaining the
difference between the fast reaching and the matching task. However, results
obtained with numb-sense are not compatible with this interpretation. Indeed,
J.A. performed at chance level when asked to point on the arm drawing,
although the latencies observed in these cases were shorter than 2 s. This result
suggests that the failure to perform above chance in semantic tasks cannot be
specifically attributed to a problem with time but should be, at least partly,
attributed to the nature of the response made to the stimulus. Rapid aiming
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movements directly performed toward the stimulus therefore seem to be of
particular status.

Conclusion

The deleterious effect of time on motor representations suggests that delayed
action may be based on more cognitive representations than immediate action.
When pointing was delayed or associated with a verbal response about the
target (either visual, tactile or proprioceptive stimulus), the motor perfor-
mance dropped to random. These findings first suggest that the implicit
processing observed in these patients is specifically observed during aiming
movements rapidly and directly oriented toward the stimulus. They also
confirm that attempts to elaborate a semantic representation of the stimulus
location can have detrimental effects on the relatively intact sensori-motor
processing. Whether this may be due to interconnections between the dorsal
and the ventral streams or to convergence of their ends in the pre-motor cortex
remains to be further investigated.

The above ideas lead to a clear prediction. As described above, a patient
with visual agnosia has been shown to perform accurately immediate actions
whereas she was impaired for delayed responses (Goodale et al 1994). Recip-
rocally, patients with a lesion of the posterior parietal cortex responsible for
optic ataxia (dorsal stream), shown to be impaired for the production and
control of visually guided aiming movements, should be able to produce
accurate actions in the delay condition (via the ventral stream). We have
recently tested specifically such patient in a simple pointing task to visual
stimuli. When several stimulus-response delays were tested (0, 2, and 8 s), only
a slight increase in variability was observed along time, as compared to
normals. However, no improvement was observed for the two delays as
compared to the 0 s condition, which did not comply with the above prediction.

Because optic ataxia patients are primarily impaired for reaching per-
formed in the peripheral visual field (Perenin & Vighetto 1988), the same
experiment should be performed in peripheral vision by restraining eye move-
ments (so that an error reduction may be observed after a delay). But this lack
of effect in central vision is contrasting with results observed when the target
location was unexpectedly modified during the patients reaching movement.
Whereas normals can update the direction of their movement without signifi-
cantly increasing its duration, optic ataxia patients are clearly deprived of such
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automatic visuo-motor processing, even without constraints imposed on eye
movements (Pisella et al. 1999, 2000; Gréa et al. in preparation). The apparent
contradiction between these two lines of results indicates that the implication
of the posterior parietal cortex in immediate vs. delayed action remains to be
further investigated before we can draw an accurate picture of how the
continuum of responses ranging from fully automatic sensori-motor transfor-
mation to fully conscious verbal reports are handled by the nervous system
(Figure 1).
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Figure 1. Neuroanatomical basis for dissociated perception and action systems

A: Schematic drawing of the two main neural pathways in the visual system. From the main
visual input to area 17, two segregated streams of processing have been described project-
ing respectively to the posterior parietal cortex (dorsal pathway) and to the inferotemporal
cortex (ventral pathway). While the ventral pathway is specialized in processing colour and
form, and is assumed to play a key role in object identification (‘What'), the dorsal pathway
is known to be primarily involved in the computation of places (‘Where’) and in the sensori-
motor processing of the object metrics (‘How’).

B: Cortical neuronal networks allowing visual inputs to be transformed into motor output.
Although the dorsal and the ventral streams can be individuated from this network, this
illustration emphasises the reductionism presented on Figure 1A, and displays possible
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substrate for interactions between these two main pathways driving information from V1
to M1. The dorsal and the ventral projections are depicted here in plain and dotted lines
respectively. Bold arrows arise from areas receiving convergent dorsal and ventral
inputs, either directly or indirectly. Further projections from areas receiving these mixed
convergent inputs have also been represented in bold lines. Even though the posterior
parietal cortex and the inferior temporal cortex receive a single direct projection from
each other, they were not considered as mixed recipient areas. By contrast, areas in the
frontal lobe receive parallel dorsal, ventral, and mixed projections. Interestingly, M1
receives only pure dorsal projections and mixed projections, but no pure ventral projec-
tions. Since recent reviews have focused on the role of sub-cortical areas in visuo-motor
processing, such as the projections from the superior colliculus via the pulvinar to the
posterior parietal lobe and the inferior temporal lobe (e.g. Milner and Goodale 1995;
Rossetti 1998), this figure primarily depicts cortical networks.

Abbreviations: AIP: anterior intraparietal area; BS: brainstem; Cing.: Cingulate motor
areas; d: dorsal; FEF: frontal eye field; FST: floor of the superior temporal sulcus;
Hipp.: Hippocampus; LIP: lateral intraparietal area; M1: primary motor cortex; MIP:
mesial intraparietal area; MST: medial superior temporal area; MT: medio-temporal
area; PF: prefrontal cortex; PM: premotor cortex; SC: superior colliculus; SEF:
supplementary eye field; SMA: supplementary motor area; STS: superior temporal
sulcus, STP: superior temporal polysensory area, TE: temporal area; TEO: temporo-
occipital area; v: ventral; V1: primary visual cortex, VIP: ventral intraparietal area.
(derived from Morel & Bullier, 1990; Schwarz, 1994; Schall et al., 1995; Tanné et al.,
1995; Van Hoesen, 1982).

Explicit - implicit interference in normals

Movements aimed to the same physical target in space can also be affected by
different biases according to the delay and the experimental set-up (review in
Rossetti 1998). As in patients, it seems that the target is encoded as part of the
visual context in the delay condition. Several experiments have confirmed the
dissociation between sensori-motor sub-systems on the basis of temporal
variables.

For example, Goodale et al. (1994) applied the delay paradigm used with
their patient D.F. to a group of healthy subjects. They reported that many
kinematic landmarks of the grasping movement were affected by a 2 s delay
introduced between stimulus viewing and movement onset. In particular, the
opening and closure of the finger grip was altered and maximal grip size was
reduced as compared to normal movements. Strikingly, movements delayed
by 30 s and pantomimed movements performed beside the object were similar
to those observed after 2 s. Allowing a good comparison with experiments
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performed on patients, this study further supported the view that brain mecha-
nisms underlying perceptual representations are quite independent of those
activated during action, and stressed the necessity for motor representations to
have an on-line access to target parameters.

This and other experiments strongly support the existence of two distinct
ways of encoding spatial information for action. As has been suggested earlier
by Bridgeman (1991), an immediate sensori-motor system would depend on
an egocentric frame of reference, whereas a second, slower system would
represent the target within an external context. As a function of the delay
between target encoding and the motor response, the result of the action would
exclusively reflect one type of organization. Alternatively, and according to
Gentilucci et al. (1996), responses observed for intermediate delays suggest
that the two systems can gradually interact. The experiment reported below
attempted to explore reference frames of the two types of representations on
the one hand, and to co-activate them in order to test for their interactions on
the other hand.

Dissociation of semantic and pragmatic representations, previously ex-
plored in brain-damaged patients, was also investigated in healthy subjects
pointing to memorized proprioceptive targets (Rossetti and Régnier 1995). In
these experiments, subjects were required to point with the right hand to a
location previously encoded by a displacement of the left hand, guided by the
investigator. Subject’s response was randomly triggered as immediate (0 s) or
delayed response (8 s). Pointing scatters produced for each target position
were analyzed separately for the two delays. The orientation of these pointing
scatters was the most sensitive parameter in this experiment. As expected, the
scatter surface systematically increased with the response delay. This experi-
mental paradigm allowed us to demonstrate a dissociation between immediate
and delayed responses in terms of the reference frame used to produce the
action (Rossetti and Régnier 1995; Rossetti et al. 1996; Rossetti and Procyk
1997). Specifically, scatter orientations obtained for the delayed response
were aligned with the target array used during the experiment (arc, horizontal
or vertical lines), whereas it tended to be circular for single target sessions. In
the immediate condition, this alignment was never observed. It was concluded
that delayed responses were computed in an external frame of reference
whereas immediate actions would be prepared in an egocentric reference (see
Rossetti 1998).

Later experiments were aimed at testing interactions between the two
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action systems at work for the two delays studied, using again a simultaneous
activation of semantic and pragmatic representations. Prior to the test session,
subjects were taught a number associated with each of the six target positions
from an arc array. As in patients, they were then required to speak aloud the
number corresponding to the pointed target during each movement (target
number condition). In a control condition, subjects were required to count
backward aloud (from 6 to 1 and so forth), so that an utterance (without spatial
content) would accompany each movement (number condition). Distributions
of scatter orientations are shown on Figure 2. It can be seen that the “target
number condition” modified the distribution obtained for the 0 s delay, so that

it became similar to the 8 s pattern. Results of the “number condition” were
comparable to those previously obtained without verbal response or with a
less specific verbal response (Rossetti and Régnier 1995), suggesting that
producing an arbitrary number had no effect on the reference frame used for
action. This finding suggests that activation of a semantic representation of
target position had the same effect as the memory delay. Indeed similar
distributions were observed (1) after a delay but without verbalization and (2)
without delay but with verbalization of target position. In other words, it is
likely that the specific verbalization forced the motor system to immediately
use the same frame of reference as was normally used after the delay, namely
an external frame dependent on the target array (Pisella et al. 1996).

Conclusion

Experiments performed on healthy subjects were aimed at replicating the
situations found to activate sequentially or simultaneously a motor and a more
cognitive representation of the goal in patients. A great convergence is found
between these two lines of results. Patients could perform accurately only in
the “natural” condition, in which they neither delayed the response, nor
attempted to represent the stimulus at a higher cognitive level (matching,
pantomiming, verbalizing). The performance observed in healthy subjects in
the same “natural” condition may also suggest that a motor representation was
used, whereas the representation used after the delay or the verbalization
became contingent upon the external context. The effect of the simultaneous
verbalization was crucial to demonstrate that segregation of the two represen-
tations is based not only on the response delay.
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Figure 2. Immediate vs. delayed action

Blindfolded healthy subjects were required to point to proprioceptive targets presented
along various arrays. For each trial the target fingertip was briefly placed on one location
and the subject was instructed by a computer-generated tone when to point at it with the
other hand. Confidence ellipses were calculated for the pointing distributions obtained for
each target location and each delay. For the sake of clarity, only one confidence ellipse was
represented out of two target locations. As expected, these confidence ellipses were larger
for the 8 s delay (lower panel) than for the 0 s delay (upper panel). The most interesting
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observation was made on the ellipse orientation: delayed responses were influenced by the
target array, whereas immediate responses did not. Panel A and B provide a schematic
representation of the main results:

A: For delayed pointing, the influence of the target array on ellipse orientation was
demonstrated by testing different target arrays: three different arrays of 6 locations and one
single target condition. The pointing distribution obtained for one given target (the same
absolute point in space across conditions) was different when it was presented as single
target or among three types of arrays of 6 targets, such that the ellipse’s major axes tended
to be aligned with the target array. Memorization of the target location therefore used the
target array as reference frame.

B: For immediate pointing, ellipses exhibited a random orientation, showing that the target
array is not used as reference frame. The effect of different types of verbalization on ellipse
orientation is illustrated with targets presented along an arc array. Verbalization of a
“texture number” or arbitrary “backward counting” do not affect the ellipse orientation for
immediate pointing. The spatial verbalization of the “target number” simultaneous to the
immediate pointing exerts a specific influence on the reference frame used for the pointing,
such that the ellipse’s major axes tended to be aligned with the arc as for delayed pointing.
(From Rossetti and Régnier 1995).

Implicit - explicit interference in brain-damaged patients

We have reviewed so far empirical work investigating possible interactions
between sensori-motor and cognitive representations involved in action at the
level of a single movement. However, dynamical properties of sensori-motor
representation allow to modify not only the course of an ongoing action but
also the correspondence between sensory inputs and motor outputs. For
example, exposure to an optical alteration of the visual field is known to
produce an initial disorganization of visuo-motor behavior, which can be
corrected through visuo-motor adaptation. Such adaptation has been used
widely to demonstrate the plasticity of coordinate transformations involved in
multisensory and sensori-motor integration (e.g. Rossetti et al. 1993). One
major compensative effect of short-term wedge-prism exposure is a shift of
proprioceptive representations, which can be demonstrated by requiring sub-
jects to point straight-ahead in the dark (e.g. Redding and Wallace 1992,
1996). After adaptation, this finger straight-ahead demonstration is shifted in a
direction opposite to the optical deviation, indicating that internal visual and
proprioceptive ‘maps’ have been realigned.

Interestingly, this after-effect resembles one of the consequences of
parietal lesions in human. Hemispatial neglect is a neurological deficit of
perception, representation, and/or performing actions within the left-sided
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space. The frequent parietal locus of the lesion producing neglect reflects the
impairment of coordinate transformation used by the nervous system to repre-
sent extrapersonal space. Given that prism adaptation can be considered as a
way to stimulate neural structures responsible for the transformation of sensori-
motor coordinates, the effect of prism adaptation were explored on various
neglect symptoms, including the pathological shift of the subjective straight-
ahead to the right.

In a first experiment, we measured the adaptability of neglect patients to a
lateral shift of the visual field. Manual body-midline demonstration was used
to evaluate adaptation to base-left wedge prisms (inducing a 10° shift of the
visual field to the right) by a simple target-pointing task. A group of eight
neglect patients and a group of five control subjects produced 10 straight-
ahead pointing trials before and after a short period of adaptation. The
patient’s mean straight-ahead was initially shifted to the right. Following the
adaptation, straight-ahead were shifted to the left in both groups, and thus the
patient’s pathological deviation was greatly improved. This first result dem-
onstrated that neglect patients can easily adapt to a lateral shift of the visual
field to the right. A second experiment investigated whether prism adaptation
could also improve the main clinical manifestations of neglect. Twelve ne-
glect patients were randomly assigned to the prism group and the control
group. All patients underwent a similar procedure. A series of traditional
neuropsychological tests (Halligan and Marshall 1989) was performed on
three sessions. After the first session (Pre-test), patients had to perform the
elementary pointing task with the prismatic goggles used in experiment 1, in
order to adapt to the visual-proprioceptive discrepancy. Patients in the Prism
group were exposed to the optical deviation to the right. Patients in the Control
group wore neutral goggles with thick flat glasses. Immediately after remov-
ing the goggles, a second session was performed with the same battery of tests
(Post-test). Patients were again tested after a delay of about two hours follow-
ing the goggle exposure (Late-test). The standard neuropsychological proce-
dure included: line bisection, line cancellation, copying a simple drawing,
drawing of a daisy from memory, and reading a simple text.

All patients in the Prism group exhibited a clear improvement following
prism exposure. A dramatic improvement was observed for all tests following
prism exposure and was fully maintained two hours later. By contrast, there
was no significant improvement in the Control group. Figure 3A shows results
obtained for the copying test (Gainotti et al. 1972) by one representative
patient of each group.
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Figure 3. Effect of visuo-motor adaptation on space representation in unilateral neglect.

A: One of the most classical tests used to assess hemispatial neglect referred to as the
Gainotti test, in which the patient is required to copy a drawing made of five items. In the
representative example of one patient of Prisms group (left panel), the drawing made prior
to prism exposure (Pre-test) demonstrates complete neglect of three items. In the Post-test
(on prism removal) one item is added to the patient’'s drawing, and in the Late-test (after 2
hours) all items are drawn. Please note that no decrease of performance was observed
between the Post-test and the Late-test in this particular test, as well as in others. In the
Control group (right panel), patients wearing neutral goggles did not significantly im-
proved. (From Rossetti et al. 1998).

B: Towns evoked during the mental evocation of the maps of France in two conditions:
prior to a prism exposure (Pre-test), and immediately after removing the goggles (Post-test).
The filled circles indicate the geographical loci of the different responses and the numbers
indicate the first (1) and the last (22 and 40) town given in 2 minutes. It is obvious that
towns from the western part of France are evoked only after prism adaptation. (From
Rossetti et al. 1999; Rode et al. 2000).
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Recent experiments have focused on the exploration of other levels of
space representation, ranging from postural control and wheel-chair driving
(Jacquin et al. 1998) to mental representations of space (Rossetti et al. 1999;
Rode et al. 2000). Our preliminary results suggest that various other levels of
space representation can be altered by prism adaptation in patients. Figure 3B
shows the effect of adaptation on mental representation of a geographic space.
The patient was asked to mentally visualize the map of France, and was then
given 2 minutes to name as many towns of France as possible. A clear neglect
of the western part of the map was initially observed (see Rode and Perenin
1994). After adaptation, the map was more extensively explored, and the
western part was normally described (Rode et al. 2000).

Conclusion

Alteration of the perception-action loop can affect in deep functions partici-
pating in space representation, so that higher level spatial function may be
modified following sensori-motor adaptation procedures. It is interesting to
stress that performing a single action does not seem to affect perceptual
experience in blindsight and numbsense patients, and that the explicit system
was affecting the implicit motor function in that case. For a reverse interaction
to appear between from the sensori-motor to the perceptual system, a deeper
modification is required, which implies changes to occur over a much longer
time scale. The same conclusion is reached by Bhalla and Proffitt (2000: This
volume), when they show that long-term changes in sensori-motor coordina-
tion due to aging also affect the cognitive processing of another type of spatial
information, that is slope perception. This idea is in accordance with the
notion that action, and its sensory correlates such as reafference, is the basis
for many aspects of sensory organization. It is also to be emphasized that this
type of implicit — explicit interaction is worth considering with respect to the
claim that interaction between sensori-motor and cognitive framing of space
can occur only in the explicit: implicit direction (Rossetti 1998; Bridgeman
2000: this volume).

Implicit — explicit interference in normals ?

We have reviewed experimental data suggesting that a communication can be
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observed from the explicit to the implicit action processing system at the level
of a single action in both brain-lesioned and healthy subjects. We have also
shown that a modification of implicit sensori-motor representations can affect
cognitive space representation in neglect patients. The question now arises
whether similar implicit— explicit interference can be observed in normal
subjects in the field of perception and action. In the same way as double-
dissociations have been reported between the two levels of sensory processing,
it would be extremely interesting and informative to test whether double-
interactions can occur between them. It should be reminded that despite 100
years of active research on wedge prism adaptation, shown to be very active on
the neglect patients cognitive framing of space, no such cognitive after-effect
seem to be available in the literature on healthy subjects. We have therefore
initiated a series of experiments aimed at investigating possible effects of prism
adaptation on cognitive space representations in normals. Preliminary results
suggest that no significant after-effect can be observed on the highest level of
space representation, that is mental imagery. Normal subjects do not seem to be
affected by prism adaptation when they perform a mental evocation of the map
of France, as already tested in hemispatial neglect. However, lower level
perceptual responses could be affected. In a preliminary experiment, we have
shown that a significant proportion of subjects exhibited an effect of prism
adaptation on simple reaction-time (key press) to visual stimuli (Farné et al.
unpublished). Itis noteworthy that although the level of these responses is rather
low in the hierarchy of cognitive space representation, they do not pertain to the
category of direct sensori-motor transformations involved in goal-directed
actions which are spared in blindsight and numbsense. More extensive testing
is now required to explain why some subjects did not show any after effects on
this simple reaction time task, and to explore other cognitive responses indepen-
dent from direct sensori-motor transformations. A first experiment has already
shown that prism adaptation can affect a perceptual line bisection task in
normals, by inducing a bias in the same direction as observed in hemispatial
neglect (Colent et al. 2000).

Discussion
The data reviewed here demonstrate that implicit and explicit sensory repre-

sentations involved in action, which have been shown to be clearly dissociated
in numerous instances on the basis of temporal parameters, can interact in
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several ways which are also dependent on temporal factors. It has been
previously proposed that interaction between sensori-motor and cognitive
processing of spatial information can occur only from the cognitive to the
sensori-motor system (Rossetti 1998; Bridgeman 1999). More recent experi-
ments have shown that the reverse pattern of interaction can be observed on a
longer time scale, through adaptative changes (Rossetti et al. 1998; Bhalla and
Proffitt 1999: this volume). To synthesize these data, several stages of sensori-
motor control have to be emphasized. Before to initiate a possible synthesis,
let us first consider recent experiments exploring the temporal constraints of
interaction between motor and cognitive functions.

All experiments reported above investigated explicitmplicit interfer-
ence on response production. Effect of time was explored by comparing
between immediate and delayed responses. The co-activation of cognitive and
sensori-motor representations seems to affect response production in an “all or
none” pattern, the semantic representation of the target overwhelming the
sensori-motor representation. However, some reaction time inevitably pertain
to the production of motor responses, whether produced immediately or
delayed. Although reaction times may be short (about 250 ms in normals), one
cannot exclude that this period of time is likely to favor an early effect of delay
and/or of early semantic representations on sensori-motor processes. In order
to explore possible interactions within a shorter range of time following the
stimulus onset, we made use of specific target perturbations during ongoing
aiming actions. To co-activate the direct sensori-motor representation of the
target responsible for automatic on-line motor control and higher level cogni-
tive representation of the same stimulus, we designed an experimental device
producing double-perturbations of a visual target. These double perturbations
were made of a change in location, mainly processed in the dorsal stream and
known to trigger a fast updating of the ongoing action, and a simultaneous
change in color, known to be mainly processed in the ventral stream and
implying a categorization process. The change in color could be associated
with an instruction to immediately stop the ongoing movement. Unperturbed
trials (80%), simple perturbations in either location or color and double
perturbations were intermixed in each session (Pisella & Rossetti, 1998;
Rossetti & Pisella 1998). The purpose of the double-perturbation was to
explore the interplay between intentional and automatic motor control during
the execution of an overt action.

Because of the expected faster processing obtained for the location
attribute as compared to the color attribute (Pisella et al. 1998), it can be
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predicted that this double-perturbation will create a conflict between the fast

correction response to the location perturbation, and the instructed stop re-
sponse to the color change. Analysis of the performance of six subjects
showed that for pointings which duration was shorter than about 200 ms, no
effect of the perturbation was observed (cf. Pisella et al. 1998). Surprisingly,

for movement times ranging from 200 to about 280 ms, subjects actually

pointed to the forbidden, displaced and turned red target and reached this
secondary target as frequently as for the simple location perturbation (Pisella
et al. 1999). Movement interruptions began to progressively appear only for

slower movements. This shows that on-line motor corrections can be pro-
duced even when subjects are explicitly instructed to block their motor re-

sponse in response to this perturbation (Figure 4).
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Figure 4. Time constraints on implicit and explicit sensori-motor processing

The three phases of responses to the double-perturbation (target location and colour
simultaneously changed) are represented along a time axis. Subjects planned their move-
ment to target 1. Double perturbation was triggered unexpectedly by movement onset.
Subjects had to modify their programmed movement in response to the perturbation.
Trajectory correction was associated to the location perturbation and initiated for movement
times as short as 200 ms (upper arrow). Movement interruption was instructed in response
to the colour change and was possible only for slower movements lasted about 280 ms
(lower arrow). Movements ranging between these two durations were guided by an auto-
matic pilot without upper control. Movements produced in this temporal window led to
correction responses instead of the instructed response of movement interruption.

(From Pisella et al. 1999)
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However, because the instructions given to the subjects delineated two
stimulus/response combinations (location/correction and color/interruption),
the fact that automatic motor corrections were initiated more quickly than the
movement interruption can be related to either the different stimulus attributes
(location vs color change) and/or to the requested responses (correction vs.
interruption).

To investigate whether a single stimulus could also produce a conflict
between an automatic and an instructed response, we performed a further
experiment with a simple perturbation (Pisella & Rossetti 1997; Pisella et al.
2000). Two groups of subjects received different instructions: in a location-
stop condition, interruption was requested in response to a target change in
location. In a location-go condition, a third group of subjects was instructed to
reach the secondary target. As expected, errors were close to 100% in the
fastest sessions (100% touch to initial target), and close to 0% in the slowest
sessions (i.e. about 100% of pointings redirected to the new target location or
interrupted, according respectively to the ‘go’ or to the ‘stop’ instruction). But
a surprising result was obtained in the intermediate range of movement time:
corrections made towards the second target were as numerous in the go and
the stop condition between about 200 and 250 ms, which revealed that
corrections can be observed even by subjects who have never been required to
produce corrections (Pisella et al. 2000). Then only the instructed interruption
began to progressively take over the automatic corrections.

These recent results and the experimental work described in the previous
sections suggest that several time ranges have to be considered in the discus-
sion of interactions between sensori-motor and cognitive processing of spatial
information, that is respectively between mostly implicit and explicit spatial
representations. Figure 5 attempts to describe these time ranges. Let us first
consider the level of a single action. For the shorter reaction time, and for tasks
performed without delay, we have seen that at the implicit processing provides
the only representation, which can affect the motor outcome. This exclusive
influence of sensori-motor representation might be sustained by the dorsal
stream of visual processing. Then the voluntary control, which is activated
more slowly, can influence the motor response, and gradually supplant the
pure sensori-motor system. This influence might be supported by the ventral
stream, probably through indirect projections made to the motor cortex via the
prefrontal and premotor cortex. Then let us consider a much larger time scale,
which allows slow adaptative processes to take place through sensori-motor
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plasticity. Both visuo-motor adaptation in neglect patients (Rossetti et al.
1998, 1999) and aging (Bhalla and Proffitt 1999) have been shown to affect
the elaboration of explicit cognitive representation of spatial information. It is
likely that the cerebellum is involved in this type of deep modification of the
several levels of space representation, because this brain structure is the best
candidate for the neurological substrate of adaptation (Jeannerod and Rossetti
1993 for a review, Desmurget et al. 1998 for a recent account).

Stimulus

Single oc’rion> < Plasticity >

[ vPUCTONY | EXPLICIT— IMPUCIT | IMPLICIT — EXPLICTT |

[ Dosal | [ Vental? | [ Cerebelum? |

Figure 5. Time constraints and implicit-explicit processing.

Tentative synthesis of the temporal constraints impinging on the relationship between
implicit and explicit processing. As reviewed in the present chapter, implicit processing can
be performed faster than explicit processing, which is particularly useful for on-line motor
control. The plausible neural substrate for this particular speed seems to be the dorsal
pathway. Slower action can be supervised by the voluntary control, which implies a transfer
from the explicit to the implicit system. For example the verbalization of the movement goal
location during the action induces a loss of the implicit residual abilities observed in
blindsight and numbsense patients and a change in the reference frame used to control the
action. Interestingly these effects are similar to the effect of a delay between the stimulus
delivery and the action. Several other chapters provide examples of such interaction
(Bridgeman, Hommel, Bhalla and Proffitt). These interactions might involve the posterior
or the anterior portion of the ventral pathway. To evoke a transfer from the implicit to the
explicit mode of sensory processing, one has to study a more extended time scale. This time
scale allows for plasticity to gradually develop and thus implies that several movements are
involved. Prism adaptation provides an example of such transfer from an implicit sensori-
motor level to an explicit space representation.
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At the end of this tentative synthesis, it appears that explicit and implicit
processing of space representations involved in action are not completely
dissociated and that there are multiple interferences between them. Following
several reports of simple interaction between implicit and explicit sensory
processing in the context of action (review in Rossetti et al. 1998; Bridgeman,
this volume), we demonstrate here that a double-interaction is possible be-
tween an implicit sensori-motor level of processing and an explicit cognitive
level of space representation. The relationship between these two main sys-
tems that can give rise to action is more complex than it has been thought
previously, and its precise understanding constitutes a real challenge for the
understanding of how the whole brain is able to deal with multiple sub-
systems specialized for processing specific aspects of the interplay between
the environment and the body in action. Therefore we propose that the concept
of double-interaction should play a complementary role to that of double-
dissociation in the understanding of the complex brain networks involved in
the generation of consciousness.
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Conscious and Nonconscious Processing
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Priming as implicit memory

Recognizing a perceptual stimulus improves with familiarity. This experi-
ence-specific facilitation is termemiming. In a typical priming experiment,
subjects are initially exposed to a set of briefly presented stimuli in the prime
block and their performance in naming, for example, is recorded (usually
reaction times and correct responses). In a subsequent test block, subjects are
presented with either the same stimuli or stimuli that have some defined
relationship to the prime stimuli. Any improvement that is specific to the
stimulus is taken as a measure of priming.

Priming is considered an implicit type of memory because it does not
involve explicit recollection of previous experience. It is believed to exist as
an independent mechanism, while closely interacting with other memory
systems (Tulving & Schacter 1990). Amnesic patients, for example, can show
almost intact priming while their explicit recognition memory (as measured in
an old/new judgment task) has been severely impaired (Weiskrantz &
Warrington 1970; Warrington & Weiskrantz 1974; Cave & Squire 1992). In
other types of experiments, it has been shown that elaborating the study
material improved explicit memory (e.g., measured by a cued recall of stem
completions), but not priming (Graf & Mandler 1984). Priming and explicit
memory have also been suggested to have different retention time courses
(Jacoby 1983). Priming of object naming can last 48 weeks after a single
exposure to a picture (Cave 1997), and priming of word completions can even
last as long as 16 months (Sloman, Hayman, Ohta, Law & Tulving 1988).
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Although the contribution of priming is implicit, it has been shown to
facilitate tasks that require explicit knowledge, such as object na(Biagram
1974; Biederman & Cooper 1991; Schacter, Delaney & Merikle 1990). The
mechanisms subserving the interaction between priming and explicit reports, as
manifested in object recognition, will be the focus of this chapter.

Working definitions

The termssubliminalandvisual awarenessre being used extensively. The
following are working definitions for these concepts.

Subliminal is taken here in its literal meaning: below-threshold. The
threshold is defined by the task. Therefore, if subjects are required to detect
the presence or absence of a certain stimulus on the screen and they cannot do
it above chance, this detection is considered to be below their threshold, and
therefore subliminal. However, if the task is naming briefly presented objects,
the threshold is identification. A trial in a naming task is then considered
subliminal if subjects cannot name the objects, even if they are above chance
in detecting their presence. The tasks of detection and naming differ largely in
the information that they require for successful performance, and the thresh-
olds are expected to be different. In addition, in light of the priming phenom-
enon, this threshold should not be considered as fixed but rather as a measure
that can vary with experience. As demonstrated by the experimental work
reviewed here, subjects could gain from subliminal presentations information
that can render the same stimuli supraliminal in subsequent trials.

Work on signal detection theory (Swets 1961; Green & Swets 1966)
challenges the existence of a sensory threshold. The threshold is described
instead by a bell-shaped curve representing the distribution of the probability
for correct performance. In the present context, “subliminal” is used to de-
scribe success (or, rather, failure) in performing the task at hand, and in that
sense it is a binary concept. “Visual awareness,” on the other hand, is taken to
be more like a continuum, and therefore closer to the threshold definition of
signal detection theof/If a presentation of an object is too brief for identifi-
cation, it is subliminal in that subjects cannot identify it, and therefore they are
unaware of the name. At the same time, however, they might be aware of other
aspects of the identity, such as orientation and texture. In that sense, awareness
is a set of dimensions on which a threshold may be defined.
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Such “intermediate-awareness” of the identity is often hard to infer from
subjects’ reports. In trying to estimate the awareness of subjects with regard to
different aspects of the stimulus, the experiment should be designed so that the
report will be minimally affected by subjective factors. When subjects cannot
name the stimulus, intermediate reports can vary significantly, and they are
likely to depend on individual differences in verbal articulation, visual
memory, etc. In addition, subjects can make accurate discriminations even
when they believe that their knowledge is insufficient for a correct judgment
(reported as early as Sidis, 1898, and more recently, Kolb & Braun 1995).
Indeed, Cheesman and Merikle (1984) distinguish between “subjective-
threshold,” when subjects believe they are guessing while their performance is
above chance, and an “objective-threshold,” which is chance-level perfor-
mance. Self-judgments of awareness and confidence are thus highly subjec-
tive, and should be augmented with objective measures of performance.

Subliminal perception and visual awareness

Direct tests such as recognition are likely to involve effects of both explicit
and implicit processes. To distinguish their contribution, Jacoby (1991) devel-
oped the process dissociation task. He assumed that “implicit” and
“nonintentional” are representing unconscious processes, and that “explicit”
and “intentional” are representing conscious processes. The rationale behind
Jacoby’s task is that the contribution of intentional and nonintentional pro-
cesses can be inferred by comparing performance between conditions in
which they are acting together and conditions in which they are competing.
For example, after studying a list of words, subjects were required to complete
stems of words with either words from the study listlisioncondition), or

with words not from the study listexclusion condition) (Jacoby, Toth,
Yonelinas 1993). The difference in performance between the two conditions
was taken to indicate an intentional retrieval, and any study items that are
provided in the exclusion condition to indicate nonintentional use of memory.
The results show that study words that were presented very briefly (Debner &
Jacoby 1994), or in a divided attention taglacobyet al. 1993) were given
equally often on inclusion and exclusion conditions, and at a rate that was
significantly higher than baseliftélherefore, under these conditions, all the
priming was nonintentional.
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This technique has been proven useful and is extensively used for similar
assessments of conscious and unconscious effects. Other demonstrations,
using various paradigms, have shown that the effect of subliminal presenta-
tions might range from the bias of judgment and affect to the facilitation of
visual object recognition.

In one type of such studies (Marcel 1983; Merikle, Joordens & Stolz
1995), subjects were required to name the color of a target patch that was
presented on the screen until they responded. The patch was preceded by a
subliminal (individually determined for each subject) color name (e.g.,
‘GREEN’). Performance was affected by the congruency between the name
and the color patch (Stroop effect) such that color-congruent words shortened
reaction times (RTs), and color-incongruent words delayed RTs. Therefore,
although the prime was not recognizable it affected responses in the subse-
guent naming task.

Another example is the effect of subliminal presentations on subsequent
liking judgments (Zajonc 1968). In one such study (Kunst-Wilson & Zajonc
1980), subjects were first presented with irregular octagons for a very brief
duration (1 ms). Then, pairs of such octagons — one new and one from the set
that had been presented previously — were displayed on the screen for 1 sec.
Subjects were required to: (a) choose which octagon they liked more, and (b)
judge which of the two octagons they had seen before (old/new judgment).
Although they were at chance in the old/new judgment task, they tended to
like the old stimuli more than the new ones. Consequently, the authors
concluded that the subliminal presentations only affected judgments of liking.
Experiments reviewed here show that subliminal presentations can also facili-
tate object identification (Bar & Biederman 1998; 1999). An implication of
these results is that priming of perception may be more affected by a sublimi-
nal stimulus than the explicit measure of old/new judgments.

Finally, in a recent study of subliminal semantic activation (Greenwald,
Draine Abrams 1996), a prime word was presented very briefly before the
presentation of above-threshold target words. Subjects were required to judge
whether the target was a pleasant or unpleasant word, or whether it repre-
sented a male or female name. Their judgments were biased by the subliminal
prime. For example, a prime word “kill” biased judgments of a target word
“bomb” towards unpleasantness, while a prime word “happy” biased the
judgment of the same word towards pleasantness. This subliminal priming,
which was purely semantic (as the prime and the target were different words
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that could only be semantically related), has been found to be very short-lived:
the target word had to be presented within 100 ms following the prime in order
to obtain the effect. Subliminal visual priming, on the other hand, is suggested
later to persist for longer durations. Therefore, this ephemeral nature might be
unique to subliminal semantic priming.

We turn now from studies of subliminal priming to consider the related
issue of visual awareness. While studying visual awareness in general has a
long history, the underlying neural mechanisms have been addressed only
recently. Two related phenomena that have been studied extensively are
blindsightandbinocular rivalry.

Blindsight is the ability of patients with a damaged primary visual cortex
(or the projections to it) to report aspects of a stimulus that is presented to the
blind area of their visual field (Weiskrantz 1986). Such patients perform
reliably above chance (typically in localization tasks), often despite their low
confidence in their response. Blindsight may thus be considered as an example
of perception without awareness.

Experimental methods have been devised to induce behavior similar to
blindsight in healthy human observers (Meeres & Graves 1990; Kolb & Braun
1995). For example, when subjects had to locate an open circle that was
presented very briefly in one of six possible positions (Meeres & Graves
1990), they were significantly better than chance in guessing its location, even
when they reported that the circle was absent. In such studies, however, the
relation between subjective confidence judgments and awareness is not com-
pletely defined.

The capacity of blindsight is likely mediated by alternative connections to
other areas. Hypotheses regarding the anatomical basis of blindsight include
the retinocollicular pathway (i.e., the pathway from the retina to the superior
colliculus), the direct projections from the thalamus to extrastriate cortex, and
residual projections that survived the damage (Stoerig 1993). Each patient
might have a different type of damage, and therefore blindsight might have
different substrates in each instance. The important common aspect is sub-
jects’ ability to perform successfully in spite of their low confidence.

Findings from studies of form-agnosia further extend the blindsight
phenomenon. One striking example is patient D. F. (Milner & Goodale 1995),
who has suffered damage to her visual cortex following carbon monoxide
intoxication. While visual areas V2, V3 were severely damaged, area V1
remained mostly intact. D.F. is unable to recognize familiar faces, line draw-
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ings of objects, or even simple geometric shapes. She also cannot discriminate
between objects that differ in size or orientation. Her basic visual abilities
(e.g., contrast sensitivity, visual field), however, are relatively intact. In one
study (Goodale, Meenan, Bilthoff, Nicolle, Murphy & Racicot 1994), D.F.
was required both to discriminate between blob-like wooden objects (same/
different task), and grasp them using shape information. Although she failed
to discriminate between the shapes, she had no difficulty in choosing stable
grasping points on the circumference of the object. These results suggest that
D.F. could match her grasping points to the specific object form without being
aware of its shape.

Another class of studies related to visual awareness is binocular rivalry.
When the two eyes are presented with conflicting information, our perception
alternates between the two interpretations rather than combining them into
one percept.This phenomenon turned out to be an excellent tool for correlat-
ing neuronal activity with subjective experience. In a series of experiments,
Logothetis and his collaborators (Logothetis & Schall 1989; Logothetis &
Leopold 1996) presented monkeys with motions in different directions in each
eye while recording from area MT (medial temporal cortex; believed to
process primarily visual motion). Many neurons fired as a response to the
retinal stimulus (i.e., they fired whenever their preferred direction of motion
was presented to either eye, regardless of the perception of the monkey).
However, the activity of other neurons reflected the reports of the monkey
(i.e., fired to their preferred direction of motion only if it was presented to the
“active” eye). These neurons are likely to reflect the subjective rather than
sensory experience. Similar findings were obtained from cells in V4 (Leopold
& Logothetis 1996), when the conflicting stimuli were gratings in different
orientations. Because these neurons reside in the deeper layers of the cortex,
this activity is likely to be projected to other areas. Tracking the destination of
these projections has a good potential of revealing areas that are more closely
involved in visual awareness (Koch & Braun 1996).

Subliminal visual priming — The basic phenomenon
Priming is often used as a tool for studying representations, but it can also be

considered as a mediating phenomenon that allows the study of visual aware-
ness during the different stages of object recognition. While recognizing
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objects is often immediate and unambiguous, it is not clear at what stage do we
become aware of the interpretation of the visual input. Studies addressing this
and related questions will be reviewed here, as well as speculations regarding
mechanisms and cortical localization.

In typical demonstrations of visual priming (Bartram 1974; Biederman &
Cooper 1991; Schacter, Delaney & Merikle 1990), observers are generally
able to name the stimulus on its first presentation. Priming is then manifested
by improved performance in subsequent encounters with this stimulus (i.e.,
supraliminal priming). Can visual priming be evidenced even if the observer
cannot recognize the prime, or even guess its name from among a few
alternatives? As will become clearer in this section, priming of object recogni-
tion is possible although subjects are not aware of the identity of the prime,
and a considerable amount of time and intervening information buffer be-
tween the prime and the test images.

In a study by Bar & Biederman (1998), line-drawing images of objects
and animals were flashed very briefly (at an average of 48 ms), and were
followed by a highly effective mask. Following each stimulus presentation,
subjects were required to identify the object by name, even if they had to
guess, and then to choose from four object names in a 4-alternative forced-
choice (4AFC) test. The subsequent 4AFC task was used in order to assess the
information extracted from unidentified presentatiori$ie experiment in-
cluded two blocks of pictures of objects. The objects in the second block had
the same names as the objects in the first, and were presented in one of four
possible conditions relative to the image with that name on block 1: either at
the same or different position, and either with the same shape or as a different
exemplar of the same object (Figure 1). Changes in position were incorporated
to study translation invarianta subliminal priming, and to compare it with
the complete translation invariance reported for supraliminal priming
(Biederman & Cooper 1991). Different exemplars were used to assess a
possible semantic component in the priming (Bartram 1974). (Stimulus-spe-
cific improvement can stem from either visual or semantic priming. Subtract-
ing the priming of different-exemplar conditions from same-exemplar priming
provide an assessment of visual and semantic priming.) Two control blocks
were incorporated: one before the first experimental block, and the other after
the second experimental block. The images of the second control block had
different names than those in the first control block. Any improvement in
naming objects in the second control block, compared with the first control
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block, would represent general improvement that cannot be attributed to
priming. Twenty images and fifteen minutes, on average, intervened between
the first and second presentations of the same object.

VI | P 2 | P | b

2nd

Block z}
Original Shape Original Shape Different Exemplar Different Exemplar
Same Position Translated Position Same Position Translated Position

Figure 1: Each object from the first block repeated on the second block in one of four
possible conditions. Shift in position was used to study translation invariance in subliminal
priming, and different exemplars were used to estimate the semantic component in the
priming.

Most of the experimental objects (86.5%) could not be identified on their
first presentation (Figure 2). Accuracy increased substantially (21%) for nam-
ing objects of the same shape (i.e., same exemplars) when they repeated at the
same location on the second block. The 4% increase in accuracy of naming the
control objects over the course of the experiment reflects general improve-
ment that is not attributable to priming. The 17% advantage of the same shape,
same position objects over the second block control objects is therefore a
manifestation of priming. When the same shape was repeated at a different
position, the magnitude of priming was reduced to 8%. No priming was
evident for the different exemplar conditions. Therefore, all the priming of the
same-shape objects was visual; none could be attributed to verbal or semantic
factors?

Performance in the 4AFC test on the first block for objects that could not
be named was at chance (25%). Consequently, we can assume that subjects
were not aware of the identity of the objects that they could not name.
Therefore, the priming was subliminal. This is the first demonstration of
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Figure 2:Percent correct in the naming task. Repeating the same image in the same position
improved identification markedly. Translating the second presentation of the same image
reduced but did not eliminate the priming. Objects with the same name but different shape
(i.e., different exemplars) demonstrated no significant priming. (After Bar & Biederman
1998, with permission.)

facilitatory visual recognition priming by unidentified pictures when the
subject could not anticipate if, when, or where the previously unidentified
picture was to be shown again.

It is always possible to argue that subjects experienced a fleeting aware-
ness (Crick & Koch 1990) during a subliminal presentation but could not
report it. Theattentional blinkis one such example. In a rapid serial visual
presentation (RSVP) of words, it has been demonstrated that subjects are
“blind” to stimuli appearing during the first 400-600 ms following the target
they have to detect (Shapiro, Raymond & Arnell 1994). For example, if the
sequence of images includesA-B-F-G-H-K-J-Y —T (where
different letters here represent different stimuli in the experiment), and sub-
jects have to detect both H and K, the K would be detectable only if it is
separated by more than 500 ms (on average) from the H. Using event-related
potentials (ERP), it was later shown that subjects can, in fact, recognize the
stimuli presented during the attentional blink (Luck, Vogel & Shapiro 1996),
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but fail to report it. This result suggests that subjects were aware of the identity
for some time but could not report it when asked. Further experiments are
required in order to determine whether the backward masking used with the
brief presentations of stimuli in the Bar & Biederman (1998) study interfered
with processing or reporting.

Cortical regions mediating awareness of object identity

Little is known about the neural mechanisms underlying visual priming.
Nevertheless, the studies reviewed above allow for several conjectures and
speculations that will be described here, following a brief introduction on the
functional organization of visual cortex.

From the primary visual cortex, V1, information is propagated along two
main pathways: the ventral and the dorsal (Ungerleider & Mishkin 1982). The
dorsal pathway processes information such as object position, size, and orien-
tation, that is typically used for motor interactions. The ventral pathway, V1
V2 - V4 - inferior temporal (IT), is believed to be responsible for the
processing of shape and other cues of identity, and is largely invariant to
transformations in position, size, and (to a certain extent) depth rotation. The
anterior part of IT (area TE) is the last solely visual area. It is thus considered
the “output” of the ventral visual pathway, and is the main source of projection
to areas outside the visual cortex such as the hippocampus, prefrontal cortex,
amygdala, and basal ganglia. Lesion studies suggest that while area IT serves
short-term memory for shape, the projections to the hippocampus are vital for
long-term coding (Miyashita 1993).

Neurons of the temporal visual cortex in the macaque are ordered in a
rough hierarchy along two dimensions: cells in anterior areas have larger
receptive fields (RFs), and they prefer more complex features than cells in
posterior areas. Therefore, cells in the primary visual cortex (V1) have small
RFs (typically < 1°; Roe & Ts'o 1995), and are sensitive to simple stimuli
(e.g., oriented lines). On the other hand, cells in IT are sensitive to complex
stimuli (e.g., faces), and have large RFs (averaging 26°; Desimone & Gross
1979). RFs in IT, however, vary largely within its subdivisions: RFs in its
posterior part (area TEO) are similar to those of cells in V4 (Boussaoud,
Desimone & Ungerleider 1991), whereas RFs in its anterior part, area TE, can
be as large as 60° (Desimone & Gross 1979). Lesion studies in the subdivi-
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sions of IT indicate that TEO is important for pattern discrimination while TE
is vital for object memory (lwai & Mishkin 1968; Iwai & Mishkin 1969).
Furthermore, stimulus familiarization affects the tuning of IT cells (Ringo
1996), and object naming produces enhanced activation in that area (Martin,
Wiggs, Ungerleider & Haxby 1996). Consequently, area IT is believed to have
a fundamental role in visual object recognition (Kobatake & Tanaka 1994;
Miyashita 1993).

In light of this cortical organization, Bar and Biederman (1998) proposed
that one possible interpretation of their results is that the first presentations
that were not identified did not affect a sufficient number of the cells repre-
senting that object in TE. Therefore, it is possible that the subliminal priming
is a consequence of a change in intermediate areas prior to TE. These interme-
diate representations might not be available for conscious report such as
naming, but, when combined with the activity of a second presentation of the
same stimulus, the resultant activity might be sufficient for identification.

Bar and Biederman (1998) noted that this hypothesis is consistent with
the size of RFs of cells in the ventral visual pathway, and the effect of
translation on subliminal visual primirt§Cells with larger RFs have a greater
chance of being activated by translated presentations, and cells in different
visual areas have RFs of different sizes. Therefore, priming that is mediated by
different areas will result in different degrees of position invariance. For
example, when most of the objects were recognizable also on the first block
(i.e., supraliminal), priming has been shown to be completely translation
invariant for a translation extent of 4.8° (Biederman & Cooper 1991). Supral-
iminal visual priming is therefore likely to affect an area with RFs large
enough to accommodate such translation (e.g., TE).

The 4.9° shift that was used in the Bar & Biederman (1998) experiment
cannot be accommodated at all by the small RFs of cells in early areas such as
V1/V2, but would be fully accommodated by the large RFs of most cells in
TE, resulting in a complete translation invariance. Therefore, we proposed
that partial translation cost indicates that the effect of subliminal visual prim-
ing may be concentrated in a cortical area where cells have RFs of intermedi-
ate size. Likely candidates are the human homologues of areas V4, where the
RFs size, 0.7° — 10° (Tanaka, Weber & Creutzfeldt 1988puld straddle
the 4.9° shift, and TEO in which cells have RFs similar to those of V4.

This hypothesis was later tested (Bar & Biederman 1999) by comparing
the properties of subliminal visual priming with known physiological charac-
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teristics of cells in intermediate visual areas. Namely, using the propensity of
cells in V4 and TEO to have RFs that are confined to a single quadrant of the
visual field (Boussaoud, Desimone, & Ungerleider 1991). Cells in area TE, on
the other hand, have RFs that often cover multiple quadrants. In this experi-
ment, images were translated either between different quadrants or within the
same quadrant. Subliminal priming was obtained only for images that re-
mained within the same quadrant in both prime and test trials. In other words,
although the extent of translation and eccentricity were identical in both
conditions, crossing a midline of the visual field eliminated the priming.
Therefore, subliminal visual priming is likely mediated by cortical areas in
which cells have RFs large enough to respond to both presentations of a
stimulus shifted 4.8°, but at the same time are confined to a single quadrant
(e.g., V4, and TEO). Consequently, visual awareness of object identity might
be associated exclusively with activity at area TE or beyond.

A recent functional Magnetic Resonance Imaging (fMRI) study was
designed to address the cortical mechanisms associated exclusively with
conscious object recognition (Ber al 1999), using subliminal visual prim-
ing as a tool. The specific goal was to image the cortical activity elicited by
trials in which participants were able to recognize pictures of familiar objects,
and to compare it with the activity elicited by trials in which they could not
recognize the same set of objects. The visual stimulation and the task require-
ments were identical in both cases; the only difference was subjects’ ability to
identify the objects. Consequently, any resulting differential activity should
reveal the cortical focus and dynamics directly associated with the moment
when subjects can first recognize an object explicitly.

Participants were scanned while they performed an object recognition task.
In this task, pictures of familiar objects were presented very briefly, interposed
between two masks. Participants were required to recognize each of the objects
and to respond by pressing one of four buttons, indicating their level of
confidence as to the identity of the object. The same object image was repeated,
intermixed with the presentation of the other objects, for up to five times. As
demonstrated by reports of subliminal visual priming (Bar & Biederman 1998,
1999), presenting the same objects repeatedly provides participants with
multiple opportunities for successful recognition of those objects.

A visual cortical focus in the anterior fusiform gyrus was identified that
was modulated exclusively by the ability to recognize objects. As subjects
gained more information regarding an object’s identity, activity in the tempo-
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ral lobe intensified and propagated anteriorly and laterally. These findings
support reports of single-unit studies in monkeys that revealed a cortical
hierarchy of object representation in the temporal lobe. We suggested that
information about objects is also represented in the fusiform in a hierarchical
manner, such that shape properties and appearance-related information are
represented in the posterior parts of the fusiform, whereas knowledge about
object name and meaning is represented in the anterior parts.

Furthermore, these results suggest that the frontal cortex may have a
special role in coping with difficult tasks such as recognition of briefly
presented objects. Because the activity in the frontal lobe was more substantial
in the masked presentations, it may reflect a general increased effort during
the recognition attempt, or the manifestation of feedback signals and top-
down processes, which may have had a more central role in the masked trials.
This activation is possibly related to the semantic analysis involved in recog-
nition. At the moment, it cannot be determined whether this frontal activity
started only after recognition has been accomplished, or already before that
moment. However, it is conceivable that when recognition is difficult (e.g.,
brief and masked presentations), top-down processes could facilitate success-
ful recognition (Ullman 1995), and therefore may be expected to be active
even before recognition has been accomplished.

Dissociation and cooperation in visual cognition

Priming in general, and subliminal visual priming in particular, can be seen as
empirical support for the possibility that processes of which subjects are
unaware can nevertheless facilitate performance. Before turning to describe
more examples of facilitatory nonconscious contribution, two exceptions will
be mentioned. The first isegative primingIn a typical study of negative
priming (Tipper 1985; DeSchepper & Treisman 1996), two superimposed
shapes, in different colors, are presented on each trial. Subjects are required to
ignore one of them (e.g., the red) and attend the other (e.g., the green). If the
stimuli are pictures of familiar objects, the task is often to name the attended
object as fast as possible. If the stimuli are novel unfamiliar shapes, a typical
task is a match-to-sample. The general finding is that when a previously
ignored object becomes the relevant object in another trial (by switching its
color to green), response time is significantly slower. Although the increase is
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often modest (tens of ms), the effect has been found to be robust. Therefore, in
negative priming, implicit knowledge from the priming stage interferes with
subsequent performance without subjects’ intention.

A second exception is the inclusion-exclusion dissociation task of Jacoby
(1991). As reviewed earlier, Jacoby and his colleagues (Jatcdly1993;
Debner & Jacoby 1994) found that subliminally presented words were given
equally often in inclusion and exclusion tasks, suggesting a nonintentional use
of memory. Both instances are taken to reflect involuntary processing that
degrades, rather than facilitates performance.

In addition to visual priming of object recognition, in which subjects gain
information of which they are not aware, there are other examples of sub-
threshold stimuli that affect performance in a way that supports a “dissociation
but cooperation” principle. Two studies that will be reviewed in this context
represent two extremes: one involves cognitive judgments of liking, and the
other includes low-level perceptual tasks such as orientation detection of basic
spatial cues.

In the first study (Murphy & Zajonc 1993), non-Chinese speakers
were required to rank their liking of Chinese ideographs. The ideographs were
preceded by a prime stimulus: a face with either an angry or a happy expres-
sion. The primes were presented half of the time above threshold and half of
the time subliminally (such that subjects could not even detect that there was a
prime on those trials). The affective prime biased the judgment so that priming
with a happy face resulted in an increased liking of the ideographs, and
priming with an angry face resulted in a decreased liking of the ideographs.
While the influence of subliminal priming on affective judgments has been
demonstrated in the past (Zajonc 1968), it is interesting that in the study of
Murphy & Zajonc the prime itself is a highly complex stimulus and is likely to
be analyzed by cells in IT (Rolls & Tovee 1994). Therefore, durations that
were too fast for detecting the presence of the prime were nevertheless
sufficient for interpreting the face expression.

In another study (Tanaka & Sagi 1998), subjects had to detect oriented
gratings (a Gabor signal in this case) that were presented for 90 ms, and that
were preceded by a prime stimulus that had the same spatial frequency but a
different contrast. The contrast of the prime could be either very low (near-
threshold), or high enough to be detectable. Priming the target with a sublimi-
nal prime facilitated detection by 40%. This priming effect could persist for as
long as 16 seconds. High contrast primes (supraliminal) did not facilitate the
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detection of the target. Therefore, a sub-threshold stimulus may facilitate
performance with targets of different complexity, and in various tasks.

Stimuli such as gratings are usually analyzed and resolved by earlier
visual areas (e.g., V1/V2). On the other hand, subliminal visual priming in
object recognition has been suggested by Bar and Biederman (1998; 1999) to
take place higher along the ventral pathway (e.g., V4 or TEO), whereas
supraliminal priming is likely to affect even higher areas such as TE. In spite
of the different loci, these different types of priming all seem to manifest
similar cooperation between nonconscious gain and subsequent explicit re-
ports.

Correlating visual awareness with cortical activity

If we could measure all the activity elicited by a brief presentation, and could
define the visual properties to which this activity corresponds, then we could
compare it with subjects’ report. Any difference is likely to represent activity,
and possibly knowledge, of which subjects were not aware. For example, if
we know that a certain stimulus elicited activity in an (imaginary) area that is
dedicated to, say, “circles-processing,” and at the same time the subject cannot
report seeing circles, we can say that the subject is unaware of the activity in
that area. Using picture naming and 4AFC tests provided one end of this
contrast: an assessment of subjective awareness of object identity. A compari-
son will now be made between this behavioral assessment and physiological
data obtained in similar experimental designs.

In an imaging study of the cortical activity during object classification,
subjects had to judge if there was an animal in a briefly presented picture
(Thorpe, Fize & Marlot 1996). The stimuli were color photographs of natural
scenes that were presented for 20 ms. An ERP signal in the frontal cortex was
found to be discriminative even for such brief exposure durations. Therefore,
20 ms presentations were sufficient for processing the visual information
required for performing this detection task. However, the images in this study
were not masked. It might be that the same discriminative activity would not
develop when a mask follows the stimuli.

In another study (Rolls & Tovee 1994), pictures of faces were presented
for 16 ms, and were either followed by a mask or not. Activity of single cells in
the visual temporal cortex of macaques (superior temporal sulcus; STS) was
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recorded while the animals viewed these brief presentations. When there was
no mask, the response of the cells lasted for 200—300 ms, perhaps to allow
memory consolidation (Potter 1976; Biederman, Subramaniam & Madigan
1994). However, this prolonged activity was reduced by masking, such that
cells fired for 20—30 ms before the mask interrupted their activity. Analysis
using techniques from information theory (Tovee, Rolls, Treves & Bellis
1993) suggested that the first 20 ms of activity contained 64.9% of the
information available from the total prolonged response of the cell, and 50 ms
contained 87%? Therefore, (a) masked presentations in the range of 20—40
ms can be sufficient for performing high-level visual tasks (though it is not
clear that these durations would suffice for more complicated tasks such as
object naming), (b) the response of cells in IT to a brief stimulus is sustained
for much longer than is required for certain discrimination tasks, and (c) this
response is gradually more diagnostic of the object.

The stimuli in those experiments were faces, rather than objects. Faces
differ from other objects in many respects (e.g., frequency of occurrence,
social and ecological importance, and class-similarity), and they thus might
have different cortical substrates and underlying mechanisms. The next study
that will be described in this context, then, is a study where the stimuli were
masked line drawings, and thus more similar to the stimuli of Bar and
Biederman (1998).

In studying the cortical correlates of visual masking in IT, Kovacs,
Vogels, and Orban (1995) demonstrated that the mask does not reduce the
response of cells in TEO and TE to the target, but rather shortens it. Before the
effect of the mask, the activity during the first 20 ms was shape-specific. In
addition, the average number of spikes in the first 20 ms period of the response
was not significantly different in the masked and unmasked conditions. How-
ever, when a mask did not follow the 20 ms presentation, the shape-selective
response persisted much longer. Therefore, these results extend those of Rolls
and his colleagues to masked line drawings.

It seems that during the initial response the cells “know” more than the
monkey can report. One possible, though speculative, account is the follow-
ing: Assume that it takes cells in area TE (or an area to which TE is projecting)
some time to reach the “final decision” as to the identity of the stimulus, such
that eventually only the population that represents the specific object contin-
ues to fire. This interval is likely to stem from a need for integration of
incoming information over time, for binding complex features, or for selecting
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the correct identity from among multiple possible interpretations of the input,
and is often very short. Indeed, recent physiological evidence (Tamura &
Tanaka 1997) suggests that the response of cells in the visual cortex to an
image of an object is initially broad and less selective, and gradually reduces
while becoming more stimulus-specific.

A similar fine-tuning process is assumed to take place in all areas of the

visual ventral pathway such that each area processes over time the information
that is projected to it from other areas, and gradually (though within a short
interval) projects information that is more and more accurate. We may con-
sider the initial, coarse activity as a set of multiple hypotheses regarding the
identity (see also Ullman 1995). For example, if the initial (possibly crude)
information will be first interpreted as a “circle,” the cells that represent a ball,
a coin, and a plate will all be active because they all have the “circular’
property. As the incoming information is becoming more accurate (or fine-
tuned), only one representation will remain active, the one that best corre-
sponds to the specific object, while the others will be suppressed.

Projecting these results, analysis, and proposal to the findings of Bar &
Biederman (1998), it seems that the brief presentation durations are capable of
activating cells probably even in TE. This activity might have contained
sufficient information to specify the identity of the object. The reason subjects
could not report the stimulus might be that they were not aware of this activity
as it was not sufficiently “fine-tuned,” and that the mask interfered before the
fine-tuning has been completed (Bar, submitted).

Summary

In the studies reviewed here, performance was often improved in spite of the
dissociation between the implicit gain and explicit reports. The phenomenon
of subliminal visual priming was reviewed here as an instance of such noncon-
scious interaction that promotes conscious knowledge.

The effect of a primed image, even if it is unidentified, is robust over time
and intervening information. It is therefore likely to be accompanied by long
lasting synaptic modifications. A hypothesis as to the cortical localization of
subliminal visual priming suggests that the locus of this interaction be in an
intermediate site along the visual cortex (Bar & Biederman 1998; 1999).
Nevertheless, priming demonstrated in different tasks might affect different
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cortical areas, and therefore such interaction might take place in several
possible loci along the visual cortex. The level at which subjects are aware of
the prime stimulus likely depends on the area in which priming has concen-
trated. Consequently, the information subjects can report explicitly is deter-
mined by the complexity of the visual information that is processed by the

primed area.

In addition, it was also suggested that observers become aware of certain
visual aspects of the input only after their analysis have been accomplished to
a certain degree. This can be achieved via a gating mechanism that projects
information to areas such as the prefrontal cortex only after the sensory
information has been fine-tuned sufficiently to allow an unequivocal interpre-
tation of the input. Such gating mechanism should exist in conjunction with
other mechanisms that permit quick and coarse analysis of the input to
facilitate processes that aid survival (e.g., fight-or-flight).
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Notes

1. In word stem completion tests, the task is usually to complete a stem with the first word
that comes to mind. This test might be preceded by a study phase in which subjects are
presented with a list of words.

2. Objectnaming identification andrecognitionare all considered equivalent here. In all
three, subjects have to recognize the identity of an object by providing its name.

3. The discussion here is limited to visual awareness, which is narrower than self-aware-
ness.

4. In the divided attention condition, subjects were also required to add two digits that flank
the study word.

5. Baseline performance was defined as the frequency of providing a word from the study
list as a completion in a non-match trial.

6. The conflicting information is initially fused, and the alterations begin only after a few
seconds.
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7. In one of the most comprehensive critiques of subliminal (semantic) perception,
Holender (1986) asserted that forced-choice tests are exclusive measures of awareness.
Tasks such as forced-choice are optimal as they rule out effects of intention, and by this
are likely to “filter” the subjective component of the response.

8. Translation invariance is the invariance in the magnitude of priming to changes in
position between prime and test presentations.

9. The subjective impression, occasionally volunteered by the participants, was that the
primed images (those that were recognized correctly only on the second block) were
presented for a longer duration. Interestingly, Witherspoon & Allan (1985) have found
that when subjects had to judge temporal durations of briefly presented words, they
tended to overestimate the duration of words that were presented before, compared with
their judgment of novel words.

10. It is assumed that priming requires reactivation of the same cells that were initially
activated by the prime. Consequently, translation invariance is obtained when the new
stimulus position allows activation of the previously activated cells.

11. Assuming that the size of RFs of humans are similar to those of monkeys.

12. Inthis regard, it is interesting that it is difficult to associate the 87% knowledge contained
in the first 50 ms of activity reported by Toveeal. (1993) with subjects’ performance.
For example, does 87% include figural detail? Global shape? Aspect-ratio? Being able to
name the object might require exactly 100%.
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Full dissociation between conscious and non-conscious processing

Stimulus awareness is considered to be the subjective or phenomenal experi-
ence of the existence of the stimulus and consequently of the recognition of its
physical and semantic properties.

Awareness of a stimulus is usually inferred from the subject’'s overt
behaviour or verbal report, consequent to stimulus presentation. If the subject
is aware of the stimulus then he or she can act upon it. As a consequence, in the
neuropsychological domain, the lack of any action upon stimulus presentation
has been taken as evidence of the patients’ unawareness of the event. For
instance, patients with visual neglect who miss objects on the left side of the
environment, who do not interact with people when they are on the left side of
the room, and do not even eat the part of meal on the left side of the plate, have
been considered to lack phenomenal experience of left presented stimuli.
Many experimental studies confirmed, through formal testing of left space
events, that patients with neglect may not be able to overtly detect any kind of
left stimulus characteristic. The same pattern of results has been found in the
extinction phenomenon, in which the patient fails to detect a contralesional
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stimulus (as in neglect) but only when another stimulus is concurrently

presented at a more ispilesional location (Critchley 1949; De Renzi 1982).

When an isolated contralesional stimulus is presented, detection is normal or
close to normal (Ladavas et al. 1990).

An assumption that was initially made in the neglect literature is that,
since the patient does not show any phenomenal experience of the neglected
stimulusthenthe stimulus is not processed by the brain. This assumption was
neither logicallynor experimentallyjustified and prevented a better approach
to the comprehension of the mechanisms of space representation for many
years. Recently, the assumption has been, in fact, falsified by many evidences
showing that both extinguished and neglected stimuli can be processed up to a
high level.

Volpe, LeDoux and Gazzaniga (1979) asked four patients with right-
parietal lesion and visual extinction to report whether or not two words or two
line-drawings of objects, one on each side of the fixation point, were the same
or different. Not only did two patients show extinction (i.e. they did not name
any stimulus on the left side when presented simultaneously with another one
on the right side), but they even claimed that the test was ‘silly’, since there
wasno stimuluson the left with which to compare the right stimulus. Nonethe-
less, the patients, asked to guess, gave almost perfect correct same/different
judgements. This was interpreted as the presence of non-conscious processing
of left side extinguished stimuli. Since in the study referred to when the stimuli
were “the same” they were actually identical and when they were “different”
they were by all means different, the implicit processing originating the
correct judgement might have occurred at a very low level. In other words,
patients implicit processing might have been based only on the computation of
the physical characteristics of the stimuli. However, Berti and colleagues
(1992) replicated the observation made by Volpe et al. (1979) by using stimuli
with a different degree of complexity. Their study showed how correct same/
different judgement could be achieved also when stimuli were physically
different in the “same” condition and physically similar in the “different”
condition. In other words, in order to give correct same/different judgements
to such a complex comparing task, the implicit processing had to be carried
out at the level of stimulus category.

In the neglect domain, Marshall and Halligan (1988), using a different
experimental paradigm, also suggested that neglect patients can process the
neglected stimuli beyond the perceptual level. They described the results of a
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patient with severe left neglect to whom they repeatedly presented two draw-
ings of a house. The drawings were identical but for the presence of bright red
flames appearing from a window on the left-hand side of one house. The
patient denied any differences between the houses, but when asked which
house she would have preferred to live in she tended to choose the one without
flames. In other words, despite her inability to detect the difference between
the two stimuli, the patient showed a consistent preference for a picture of a
normal house over a picture of the same house with flames coming from its
left side. According to the authors, the patient implicitly recognised the left
salient features of the stimuli, but the outcome of such semantic processing did
not reach the conscious level. However, the authors did not carried out any
control test (i.e., direct questions, association tasks) in order to verify the
presumed semantic elaboration. It is possible that the patient’s choices were
perceptually and not semantically based. Since the traced “flames” were
graphical features which altered the canonical shape of the house, the patient
may have rejected the “burning” house because it was physically anomalous
and not because it was dangerous to live in.

After the seminal paper of Marshall and Halligan (1988) a number of
studies have been published confirming the possibility of implicit processing
in neglect patients. Berti and Rizzolatti (1992) showed that five patients with
severe neglect always denied the presence of line drawing of objects tachisto-
scopically presented to the left visual field. Presentation of left stimuli was
followed by the presentation of a stimulus to the right visual field. Patients had
to decide whether right-side stimuli belonged to the animal or fruit category.
The authors found that reaction times to stimuli presented to the right visual
field were influenced by the kind of relation existing between the right and the
left stimulus. A facilitatory priming effect was observed when the two stimuli
were either physically identical or, although not identical, they belonged to the
same category of objects (fruit or animal). This result was interpreted as an
evidence that, despite the lack of awareness of the presence of left stimuli,
patients were able to extract enough information for their correct categorisa-
tion. A similar priming effect of left-side stimuli on centrally presented
pictures was shown by McGlinchey-Berroth and collaborators (1993) on four
patients with visual neglect.

Ladavas, Paladini and Cubelli (1993) described a patient with neglect
who was not able to detect the presence, to read aloud or to judge the lexical
status and semantic content of left sided words. Nevertheless, this patient
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showed an associative priming effect from the neglected stimulus. Indeed,
reaction times to words presented to the right visual field were influenced by
the stimulus presented to the left visual field. When the word presented on the
left was semantically associated with the word on the right, patients were
faster in judging the lexical status of the words presented to the right visual
field. The fact that reaction times were influenced by the relation between the
meaning of the right and the left visual stimulus clearly shows that the left

visual field stimuli were processed up to the semantic level.

Berti, Frassinetti and Umilta’ (1994) showed that a patient with neglect
dyslexia made omission errors on the left side in reading regular words and
colour words. For instance, he read the ltalian word for brown, ‘MARRONE’,
as ‘ONE’, which has no meaning in this language. Forced to say what word it
might be, the patient said that it had some relation with power energy, a word
like ‘NEUTRONE’ or ‘PROTONE’. However, when asked to name the
colour in which colour words were written (Stroop 1935), naming time was
found to be longer when the meaning of the word was non congruent with the
colour in which the word was written (e.g. the word ‘MARRONE’ written in
red). In other words, the meaning of those words he was not able to read
influenced his naming performance, showing that even though he did not
seem to be aware of the existence of the left part of the words, the left side was
processed up to the level of meaning.

The above reviewed studies show that a patient with a brain damage that
prevents an overt detection and recognition of contralesional stimuli can
nevertheless carry out many cognitive processes on stimuli which have been
neglected. Not only can low-level physical characteristics be extracted, but
even the level of meaning can be achievathout stimuli reaching the
threshold of awarenesdA tentative explanation of how it is possible to
achieve a semantic representation of an object without being aware of it will
be given in the following paragraphs.

Dissociation between the ‘What’ and the ‘Where’ of conscious
experience

The findings discussed in the previous paragraph clearly demonstidte a
dissociation between conscious and non-conscious processing in the neglected
field. Patients are unable to overtly idengifyyattribute of the stimuli, in spite
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of being able to covertly perform a post-perceptual processing of neglected
stimuli. However, there are cases in which the dissociation between conscious
and non-conscious processes can be drawn with respect to the representation of
the “what” and the “where” of the stimulus attributes. It is well known that
neglect patients may report contralesional sensory information as being per-
ceived on the ipsilesional side and usually in a mirror-symmetrical location.
This phenomenon has been termed ‘allochiria’ by Obersteiner (1982). Al-
though it had formerly been known to occur only with respect to very
elementary stimuli in the extra somatic domain, two recent observations have
shown that allochiria may also manifest itself with complex visual stimuli.
Halligan, Marshall and Wade (1992) described a patient who in copying a
figure of a butterfly, although omitting the left wing, transposed some details of
the missing wing to the right side of the drawing.

Similar results were found by Vallar et al. (1994) with asymmetrical
chimeric figures. RG, a patient with left visual neglect, remarked that the
animal depicted on the unidentified left side of the chimera could have been
traced on its right side. While tracing the head of a kangaroo on a deer-left/
kangaroo-right chimera, the patient said: “Here one could draw a deer”.
Likewise, while tracing the head of a swan on a shark-left/swan-right chimera,
he said: “Here one could draw a shark”. In both cases the patient had not
recognised the chimeric nature of the drawing.

In a recent study (Ladavas, Bisiach, Perini & Bosinelli, in preparation),
the previous observation has been confirmed by showing that information in
the neglected field may be consciously processed up to the level of meaning
attribution, even though localisation of the information is not consciously
available. In other words, in this study the authors report a further example of
a dissociation between the ‘what’ and the ‘where’ of conscious experience.
The Rorschach cards were presented to right brain-damaged patients with left
visual neglect without directional limb hypokinesia. The patients were re-
quired to tell what the picture looked like (interpretation task), to point to
(pointing task) and to outline the contour of the whole configuration appearing
on each card (outlining task).

The results showed that, in the interpretation task, patients provided
responses based on the perception of the whole card. In contrast, when patients
were required to point at, or outline, the configuration of which they had given
an interpretation, they confined the manual responses to the right side of the
configuration. It is worth noting that patients had visual neglect without
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directional limb hypokinesia and that information on the right side of the card
was not sufficient to support recognition of the total configuration. When
patients were presented with the half right-side of the card only and they were
asked to give an interpretation, this was confined to elements located on the far
right of the half card and, accordingly, the responses were qualitatively
different from those given in the full card condition. In the pointing and
outlining tasks, responses were limited to the far right of the half card, as it was
found for the full card condition. It can therefore be concluded that whole
responses given by the patient in the full card condition were based on the
perception of the left half of the card and not on a phenomenological comple-
tion (Kaniza 1980), or on the information available on the right side of the card.

The overt processing of the left side of the original card can be explained
considering the perceptual structure of the stimuli. Stimuli in the full card
condition were perceptually very well structured because symmetry is a strong
organisation factor. It has been shown in normal subjects that symmetry about
the vertical axis exerts powerful effects on figure-ground segregation (Rock
1983). Therefore, sensitivity to symmetry in our patients can be considered as
evidence of the representation of both left and right sides of the figures.

Of special interest were responses (double responses) suggesting al-
lochiric-type phenomena whereby the content of the ‘neglected’ side of the
picture is localised on the opposite (ipsilesional) side. These type of responses
can (also) be considered as evidence of overt processing of the left objects
presented in the neglected space. This would suggest that symmetry is not a
necessary condition for overt processing of the neglected side.

We can conclude that in all these studies patients were ableetty
process left side stimuli even though the localisation of the information was
not consciously available. In other words, patients were able to perceive
objects located in the impaired spatial representation, but, due to the impair-
ment of this representation, they could not locate the perceived object in that
space. As a consequence, they located the objects in the intact space repre-
sentation. This phenomenon corresponds to a dissociation between the ‘what’
and the ‘where’ of the conscious experience.

The issue ofmplicit processingof neglected stimuli and the finding of
complexallochiric phenomenan neglect patients are important for they have,
for the first time, raised the problem of how a full conscious experience of
extrapersonal visual events may depend on the interaction between different
cognitive representations. In the studies reviewed in the first paragraph (e.qg.
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Marshall & Halligan 1988; Berti & Rizzolatti 1993; McGlinchey-Berroth et

al. 1993; Ladavas et al. 1993; Berti et al. 1994), the overt behaviour of neglect
patients suggests the absence of stimulus awareness, whereas the implicit
processing of left-side stimuli up to semantic level suggestsiiett recog-

nition is intact or quasi-intact. The notion that object recognition may be
unimpaired is dramatically shown in the studies reviewed in the present
paragraph ((Vallar et al. 1994) and Ladavas et al. (in preparation)), in which
patients showed aexplicit knowledgeof objects presented in the neglected
field, although they were not awarewfierethe stimuli have been presented.

The extensive preserved object processing in neglect can be understood
in terms of the known organization of the primate visual system. Two streams
of cortical visual processing can be distinguished (Miskin et al. 1983; Milner
& Goodale 1995): a ‘dorsal’ stream, which projects from the primary visual
cortex via extra-striate regions into the upper regions of the parietal lobe, is
thought to be involved in the spatial control of action. A more ‘ventral’ stream,
which projects from the striate cortex via extra-striate regions into the tempo-
ral lobe, is concerned with object recognition. Damage to primary visual
cortex (as in blind-sight cases) will disrupt the ventral object-recognition
stream. As a consequence, blindsight patients are not able to recognize objects
presented in the impaired portion of the visual field, although they can overtly
localize the object that has been presented (Corbetta et al. 1990). By contrast,
damage to the ‘dorsal’ stream leaves much of the ventral object-recognition
stream intact, and, as a consequence, a preserved object recognition is found
for the neglected objects.

The challenge for current neuropsychological studies is in explaining the
dramatic loss of awareness despite the considerable processing that the ne-
glected stimuli received within the ventral object-recognition system. A pos-
sible interpretation of the phenomenon of implicit knowledge of left-presented
objects is that coding of space is a necessary prerequisite for conscious
perception of the objects located in that space. In order to have conscious
experience of spatially presented events, one needs a full activation of at least
two representations: space representation and object representation. If the
representation of space is impaired (as it is in neglect patients and patients
with extinction) the activation of only one representation (object representa-
tion) is not enough to give the subjects the awareness of left-side presented
stimuli. Object representation, carried out by brain areas which are different
from those that carry out space processing, may be activated by the left
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stimulus and may be sufficient to accomplish unconscious processing of left
presented stimuli but not conscious processing, and the patient remains un-
aware of what has been presented.

If the activation of left object representation is sufficient to gaiplicit
knowledgeof the stimulus, the absence of a synergetic activation of left space
representation induces the allochiric phenomenon. In this case, the patient has
a full knowledge of what is presented but the impaired space representation
does not allow a correct localisation of the stimulus. The synergy between the
operation of different brain representations is therefore fundamental to achieve
the ideal level of awareness of the external world for the subject’s action.

How can overt responses be elicited in the neglected field

If awareness is strictly linked to the impairment of space representation, then
stimulus awareness in neglect patients can be obtained by the activation of
different spatial maps whose level of activation were diminished by the brain
lesion. It is well known that stimulus awareness in neglect patients can be
obtained through neurophysiological manipulation. If we induce caloric stimu-
lation in patients with severe visual neglect, we may obtain a temporary
remission of the symptomatology, during which the patients become aware of
left presented stimuli (e.g. Cappa et al. 1987). One possible interpretation of this
phenomenon is that central vestibular projections activate different spatial
maps whose level of activation were diminished by the brain lesion. In this case
the activation of these spatial maps is a direct consequengehgs$ialogical
reflex However, phenomenal experience of the contralesional stimuli can be
alsobehaviourallyinduced by specific manipulation of the experimental tasks,
aimed at producing an activation of the damaged space representation.
Space perception is strictly related to the joint activity of multiple brain
maps, which co-operate through mutual excitation or inhibition . If we con-
ceive neglect as a representational deficit due to the competition between left
and right space representatidiigard et al. 1994; di Pellegrino et al. 1997;
Cohen et al. 1994; Ladavas et al. 19%®ecomes clear how the competition
might operate on a number of different topographically mapped brain areas
encoding both the input and output components of responses, each of them
contributing to the construction of the perceived space representation. The
unilateral damage of a brain area with a contralateral field representation
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results in a reduction of competitive weights in the affected field. After a right
brain damage, the activation of the representation of contralateral sectors of
space is weak and, as a consequence, the competition with intact ipsilesional
space representations induces neglect in that sector of space. The antagonism
between left and right space representation may be reduced (a) by the activa-
tion of an intact left space representation mapped in another right brain
structure, which co-operates, through mutual excitation, with the damaged
representation, (b) by the activation of an intact left representation of space
integrated with the damaged one at the level of a single neuron, and (c) by an
attentional strategic control of space coding. The reduction of this antagonism
will produce a better level of activation of the left side representation of the
space and, as a consequence, it will increase the level of awareness for stimuli
presented in that portion of space.

Interaction between different space representations coded in different areas

As previously said, the antagonism between left and right space representation
may be reduced by the activation of an intact left space representation mapped
in another right brain structure, which co-operates, through mutual excitation,
with the damaged representation. For example, the level of awareness of left-
sided stimuli presented in the extrapersonal space can be increased by the
activation of an intact left spatial representation, like the proprioceptive sig-
nals specifying the current hand positions. But, this can occur only if the two
spatial maps are parts of an integrated system, i.e. the intact map is function-
ally linked to the damaged one. An example of this integrated system is given
in recent studies by Halligan, Manning and Marshall (1991), Robertson and
North (1992) and Ladavas, Berti, Ruozzi and Barboni (1997).

Halligan, Manning and Marshall (1991) showed that neglect in a line-
bisection test was less severe when the left hand was used, although the effect
disappeared when the subject was required to begin the task with his/her left
hand positioned in the right space. Therefore, it seems that the spatial position
of the hand, more than the responding hand, be the crucial factor in determin-
ing the modulation of neglect. However, this conclusion has been contradicted
by Robertson and North (1992). Indeed, when patients with neglect were
asked to make minimal finger movements in the left hemispace with either
hand, a reduction of neglect was fowordy in the condition in which the left
hand was making little movements in the left hemispace. This means that, in
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order to obtain a reduction of neglect, the hand (left) and the spatial position of
the hand (left) have to be combined: neither right hand responses in the left
hemispace nor left hand responses in the right hemispace produced an amelio-
ration of neglect.

The amelioration of neglect under these circumstances (Robertson &
North 1992) may be due to proprioceptive or visual aspects of spatial cueing.
The left hand located in the left space may act as a powerful visual cue for the
enhancement of the left visuo-spatial representation, in the same way as a
visual stimulus presented in the periphery of the visual field (Ladavas et al.
1994; Posner et al. 1987; Posner & Rafal 1988). Alternatively, it is possible that
the perceived hand location (due to the activation of the proprioceptive system)
acts as an attentional field able to enhance the representation of the left space.
In a recent study (Ladavas et al. 1997), in order to disentangle these two
hypotheses, a sheet of paper, on which 42 line drawings of objects were
printed, was positioned on a table in front of a mirror, and one patient’s hand at
a time, located on the table on the left or on the right side of the page, was
passively moved by the experimenter. The direct view of the hand and of the
stimuli was prevented by the use of a board placed above the hand. In this way,
the hand, as well as the stimuli, could be seen only by looking at a 90° angle
mirror (see Tégner & Levander 1991): the objects on the left side of the display
were seen on the right half of the mirror, whereas the objects on the right side
of the display were seen on the left half of the mirror. The patient’s task was to
name the objects projected on the mirror. In this study, the authors found that
neglect patients were more accurate in naming left side objects when the left
hand located in the left space was passively moved in comparison with the
condition in which the left hand was located in the centre or in the right space.
Since the stimuli and the hand were reflected in a mirror that inverted right and
left space and the direct view of the stimuli and of the stimulated hand was
prevented by a board, the better performance was clearly due to the propriocep-
tive information related to the limb position and not to visual cueing. This study
clearly shows that the activation tie intact proprioceptive information
related to the position of the limbas able to modulate the impaired represen-
tation related to extrapersonal space. Thus, the antagonism between left and
right extrapersonal space was reduced in this study by the activation of one
intact representation of the space, which co-operates through mutual excitation
with the damaged representation, and, as a consequence, patients were able to
detect the previously ignored left-sided stimuli.
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As already said, in this study the effect was due to the interaction between
two different spatial representations, each coded in separate brain areas.
However, the modulatory effect of one intact representation on a damaged one
can also be achieved at the level of a single neuron.

Interaction between different space representations coded at a level of a
single neuron

In a study by Ladavas, di Pellegrino, Farné and Zeloni (1998a, see also di
Pellegrino et al. 1997 and Ladavas et al. 1998b), the authors addressed the
question of whether the competition between left and right representations of
space in one sensory modality (i.e., touch) can be reduced or exacerbated by the
activation of an intact spatial representation in a different modality, function-
ally linked to the damaged representation (i.e., vision). This hypothesis was
tested in ten right-hemisphere lesioned patients who suffered from reliable
tactile extinction. The authors found that a visual stimulus presented near the
patient’sipsilesional handor face (i.e., visual peripersonal space) inhibited

the processing of a tactile stimulus delivered on the contralesional hand (or
face) (cross-modal visuo-tactile extinction) to the same extent as an ipsile-
sional tactile stimulation (unimodal tactile extinction). Moreover, and more
important to the aim of the present paragraph, it was also found that a visual
stimulus presented near tbentralesional handor face)improved the detec-

tion of a tactile stimulus applied to the same hand (or face). In striking contrast,
only very week modulatory effects of vision on touch perception were ob-
served when a visual stimulus was presented far from the space immediately
surrounding the patient’s hand (or face) (i.e., extrapersonal space).

This study clearly demonstrates the existence of an integrated visuo-
tactile system for coding visual peripersonal space, centred on the hand or the
face, which is responsible for the modulatory effects of visual spatial informa-
tion on tactile perception.

Results from animal research help to illuminate the nature of the mecha-
nism underlying the inhibitory and facilitatory effects of vision on touch
perception reported here, and to clarify how such a mechanism operates to co-
ordinate visual and tactile representations of space. Single-cell recording
studies in monkeys show that the ventral hpiaaietal area (VIP area), the
premotor area 6, and the putamen, a large subcortical nucleus forming part of
the basal ganglia, appear to represent visual space near the body (Duhamel et
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al. 1991; Gentilucci et al. 1988; Graziano & Gross 1994; Graziano & Gross
1993). These areas have tactile neurons that respond also to visual stimuli:
their bimodal cells have visual receptive fields which match in space the
location of the tactile receptive fields, and are confined in depth to a region
near the animal. Since the tactile fields are arranged somatotopically, the
associated visual receptive fields form a map of the visual space immediately
around the body, which is thus coded in body-part-centred co-ordinates and
not in retinal or other egocentric reference systems. Therefore, these areas
provide an integrated (visuo-tactile) system for coding peripersonal space. As
a consequence of this sensory integration, the activation of these bimodal
neurons by a visual stimulus presented near the hand also activates the
corresponding somesthesic representation of the hand.

Since extinction, as well as neglect, become manifest when there is a
competition between two (Ward et al. 1994; di Pellegrino et al. 1997; Cohen et
al. 1994) or more spatial representations (Ladavas et al. 1997), the simulta-
neous activation of the somatosensory representation of the left hand (or face)
by a tactile stimulus, and of the right hand (or face) by a visual stimulus
produces an extinction of the stimuli presented in the weaker representation,
i.e. the left hand (or face). Likewise, the stimulation of the visual space near
the left hand (or face) results in the enhancement of the damaged (and hence
weak) somatosensory representation of the left hand (or face). This stimula-
tion is thus able to correct the abnormal bias towards the ipsilesional hand (or
face) representation and, as a consequence, left tactile extinction improves
substantially.

Single-neurons studies also showed that visuo-tactile bimodal cells are
less active when visual stimuli are administered far from the hand (or face),
i.e., in the extrapersonal space (Gentilucci et al. 1988; Graziano & Gross
1994). This neurophysiological evidence is consistent with the impressive
reduction of cross modal extinction and the absence of visuo-tactile facilita-
tion, found in the study by Ladavas et al. when the visual stimulus was
presented far from the hand (or face). Visual events presented far from the
ipsilesional hand (or face) (extrapersonal space) did not compete with left
tactile stimuli, as did visual events presented near the hand (or face). Thus, this
study suggests the existence of a unified attentional system that controls both
visual and tactile inputs within peripersonal space, and it shows how this
system is functionally separated from the one which controls visual informa-
tion in the extrapersonal space.
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Due to the existence of this integrated visuo-tactile system, the antago-
nism between left and right space representations may be reduced, and, as a
consequence, the level of awareness of tactile stimuli presented in the con-
tralesional side is increased, and patients are able to detect the previously
ignored left sided tactile stimuli. In contrast, due to the fact that tactile and
visual extrapersonal space are not functionally linked, and, therefore, they do
not interact, no changes in the level of awareness for tactile stimuli are
observable by activating the intact extrapersonal visual map.

Strategically different attentional control of stimulus processing

As previously said, the antagonism between left and right space representation
may be reduced by using a strategic attentional control, on the basis of which
a stimulus might be perceived as a single perceptual input instead of multiple
perceptual units.

In neglect patients one manifestation of the lack of responsiveness to
contralesional stimuli can be the failure to read verbal material that appears in
the space opposite to the damaged hemisphere. This phenomenon is termed
neglect dyslexia. Patients with neglect dyslexia usually make errors in reading
the left part of the written word and non-word (i.e., the beginning in Western
scripts). They may omit some of the letters (e.g., tabléable”) or insert
letters that are not present (e.g., love“glove”). They may also substitute
some or all of the letters on the left side (e.g., bedpear”).

Interestingly, the number of erroneously substituted letters often matches
the number of letters actually present in the letter string (Ellis et al. 1987;
Warrington 1991). This finding shows that the patient has some knowledge
about the letters presented on the left side. Perhaps, on the left there is an
impaired visuo-spatial representation that, however, conveys sufficient infor-
mation about the word length. The fact that errors tend to be more numerous
for non-words than for words (Behrmann et al. 1990; 1991) seems to suggest
that lexical information too may in part be preserved in neglect dyslexia.

These suggestions have been verified in recent studies (Ladavas et al.
1997; Ladavas, Umiltd and Mapelli 1997) showing in neglect patients a
preserved lexical and semantic access for words they are not able to read.
When patients were required to judge the lexical status and to make semantic
judgement of the letter string they were not able to read, their performance was
as good as ithe condition in which the pair of words as well as the target
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were read aloud by the experimentdtoreover, patients were able to read
words immediately following a semantic decision at a far higher level than in
the simple reading task. In other words, immediately after the semantic task,
patients were able to read the letter string on which they had made the
semantic judgement. This improvement, however, was not maintained in the
final reading task and it was confined to words. Non-words showed only a
minor improvement.

One way to explain the results is to consider a possible interaction
between the attentional system and the classical dual-route model of reading
aloud (e.g., Coltheart 1985; Seidenberg & McClelland 1989). According to
this model, a written letter string can be read by a non-lexical phonological
route that implies grapheme-to-phoneme conversion (i.e., the compiled or
assembled phonology), and by a lexical and semantic routes (addressed pho-
nology), that imply direct access to the mental lexicon through the visual
representation of words. The better performance of neglect patients in reading
words after the semantic task in comparison with the normal reading task can
be interpreted in terms of an interaction between the attentional system and the
different reading routes, and provides evidence that lexical/semantic routes
are less affected by neglect.

In the basic reading task, the responses of the patients were generally
non-words indicating that a non-lexical phonological procedure was used. In
the semantic taskand also inthe semantic+reading task the semantic route
was presumably used. It seems plausible that the use of the semantic route
requires, but also leads to, a broadening of the attentional focus, while the use
of non-lexical phonological correspondences involves a narrower attentional
focus. As far as a broader attentional focus being involved when the semantic
route is used, this is compatible with the way that latency for semantic
category decisions is unaffected by word length even when multi-syllabic
words are used (Green & Shallice 1976). In contrast, it seems plausible that
the use of the non-lexical phonological route would be linked to a narrower
attentional focus, if we assume that the transmission of information about the
relevant level of units — sub-syllabic or syllabic — is at least partially serial
and results in achieving the so-called “assembled” phonological representa-
tions. Therefore, the existence of multiple perceptual units of the relevant
level within the same display could well lead to a greater bias on the right in
comparison with the single perceptual unit, that is the input to the addressed
phonology route. The existence of multiple perceptual units in a display has
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been shown to lead to severe neglect in many other perceptual tasks (Ladavas
et al. 1990; Ladavas et al. 1993).

The notion that the assembled phonological route has much more difficul-
ties than the addressed phonological route in dealing with a spatial attentional
deficit can also be applied to the lexicality effect. Words suffer little from
neglect because they can be coded as a single lexical object, whereas non-
words may only be coded using sub-string segment (letters and letter clusters),
each of which must be attended in sequence (see Riddoch et al. 1990, for a
similar argument). Thus spatial attentional deficit will have more serious
consequences for non-words. This also explains why most patients manifest
neglect dyslexia for non-words, and only a few patients manifest it for words
(see Ladavas et al. 1997b). This notion is also compatible with the distinction
between object-based and location-based attentional effects (Humphreys &
Riddoch 1993; Farah 1994), whereby object representations to which attention
can be allocated may include such abstract objects as words, that is the input to
the lexical routes.

In conclusion, these studies show how patients with neglect dyslexia may
be able to report the previously ignored left side stimuli by using a strategic
attentional control, on the basis of which the letter string is perceived as a
single perceptual input instead of multiple perceptual units.

Conclusions

In 1986 Smith-Churchland wrote: ‘So long as the brain functions normally,
the inadequacies of the common-sense framework can be hidden from view,
but with the damaged brain the inadequacies of theory are unmasked’. From
this point of view, the studies of implicit processing in neglect patients
reviewed above have challenged the traditional assumption on what being
aware of something means. We have seen that subjects who are not aware of
stimuli, or of some of their characteristics, can nonetheless use, under certain
conditions, the same stimuli for purposeful behaviour (giving, for instance,
correct same/different judgements). It has been assumed very often that be-
haviour at this level of sophistication implies subject awareness and that if a
subject can systematically give correct answers to the same/different tasks
then he/she must have a full visual experience of the stimulus. This has turned
out to be not the case.
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The study of implicit processing in neglect, not only has induced a re-
thinking of the idea of awareness, but has also stimulated the proposal of new
models of space coding, dealing with the counterintuitive aspects of patients
behaviour. The model we outlined to explain implicit processing and al-
lochiric phenomena in neglect is also able to predict that awareness at a given
moment, and in the same patient, can vary according to different ways of
testing, which in turn activate different brain maps in a competitive manner.
As a result, visual awareness, after a brain lesion, cannot be considered as a
definite state of the mind but, instead, it would be better conceived as a result
of a dynamic process involving different space maps interacting with one
another to offer the subject a representation of the external world which
represents the ‘winner’ view emerging from the competition (see Crick &
Koch 1995, for a similar view).
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Overt and Covert Face Recognition

Andrew W. Young and Hadyn D. Ellis
University of Cardiff

Introduction

The human face carries an exquisite range of social signals — informing
among other things about the age sex, identity and feelings of its bearer (Bruce
& Young 1998). The use of these different types of facial information prob-
ably has a long evolutionary history, but until recently the possibility that
regions of the human brain might play specialised roles in face perception was
widely resisted. However, striking findings have demonstrated localised neu-
ral responses to faces (Kanwislkatral. 1997), interest in faces by newborn
infants (Johnson et al. 1991), highly selective deficits of face recognition after
brain injury (De Renzi 1986; McNeil & Warrington 1993), and the existence
of several regions of face-selective cells in primate temporal cortex (Gross
1992; Perrett et al. 1992). Taken together, such results make a persuasive case
that, even though there are undeniable and important contributions of learning
and experience, there is something special about human face perception (Ellis
& Young 1989).

Without the ability to recognise other individuals, the members of any
primate species would be severely handicapped — unable to modify their
behaviour according to whom they are interacting with. Since the face forms
an especially important source of information for human recognition, studies
of face recognition present an interesting opportunity to try to tease apart
conscious and non-conscious contributions to this fundamental social task.

Here, we discuss a number of pertinent lines of evidence, including
studies of covert recognition in prosopagnosia, simulations of covert recogni-
tion, autonomic responses to faces, and our account of the Capgras delusion.
We use these to explore how overt and covert systems might interact in normal
cognition.
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Prosopagnosia

Prosopagnosia is a neuropsychological condition in which a brain-injured
person loses the ability to recognise familiar faces. The recognition deficit can
be very severe, encompassing famous faces, friends, family, and even the
patient's own face when they look in the mirror. The loss of any sense of
recognising the face is usually complete — with not even a feeling of familiar-
ity. Even the simplest of overt face recognition tasks is failed — even just
deciding which of two faces (one highly familiar, one unfamiliar) you have
ever seen before. For example, case PH was shown a photograph of a famous
face and a photograph of an unknown person, both presented together, and
given as long as he wanted to decide which one was the familiar person.
Across 128 such trials, he scored 65/128 correct — a perfectly chance-level
performance (Young & de Haan 1988).

Face recognition is a capacity most of us take for granted, and it is hard to
imagine what life must be like without it — how disconcerting it must be not
to recognise people you have known all your life, or to stand before a mirror
and shave or put make-up on the face of an apparent stranger. The recent
creation of a number of internet support groups for prosopagnosics shows the
level of distress.

The potentially devastating impact of this loss is mitigated by the fact that
recognition from non-facial cues remains possible — acquaintances can still
be recognised from their voice, their name, sometimes by the way they are
dressed, or even (though the evidence here is anecdotal only) the way they
walk. In other words, prosopagnosia does not involve any severe loss of non-
facial forms of knowledge of familiar people. It is therefore usual to draw a
distinction between the domain-specific recognition failure that characterises
prosopagnosia and the kind of problem which involves failure to recognise
familiar people from all input domains — i.e. from face, name or voice (Ellis
et al. 1989; Hanley et al. 1989; Young 1992).

Prosopagnosia is by no means common, but it is sufficiently striking that
it has received a lot of attention from neurologists and neuropsychologists.
There are now hundreds of case reports in the literature, ranging from very
sketchy descriptions to incredibly thorough and painstaking investigations.
Although there are many details which can vary, it is quite easy to identify
recurrent themes and findings.

Before the mid-1980s, four questions were regularly addressed in studies
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of prosopagnosia. These concerned:

1. whether it forms a distinct neuropsychological condition;

2. the location of the underlying brain lesions;

3. whether it can be reduced to a more general visual deficit; and
4. whether only faces are affected.

There was (and still is) less consensus as to the correct answer as one moves
down this list, and the same issues are with us today. At present, the balance of
neuropsychological opinion is strongly inclined to accept prosopagnosia as a
distinct condition whose aetiology usually involves lesions of mesial occipito-
temporal regions, especially in the right hemisphere. Left upper quadrant
visual field defects and achromatopsia (loss of colour vision) are fairly fre-
quently found to accompany prosopagnosia, but these visual deficits are
usually considered to reflect damage to contiguous anatomical regions rather
than to have any primary causal role (Meadows 1974). This is because both
types of visual deficit can occur without prosopagnosia, because vision is
sometimes remarkably good in the unaffected parts of the visual field (Rizzo
et al. 1986), and because there is no reason to think that colour (unlike
shading) is particularly important in face recognition (Bruce & Young 1998).
There are as yet no consistent reports of any visual deficit which might have a
causal role in prosopagnosia, but the issue is complicated by the fact that many
people think that a distinction can be drawn between prosopagnosias which
are of apperceptive origin and those which are more like a loss of the stored
memories for the appearances of familiar faces (De Renzi et al. 1991; Young
et al. 1994a). The possibility of a common perceptual deficit for the appercep-
tive cases should certainly not be overlooked, and ingenious hypotheses
continue to be suggested (Kosslyn et al. 1995).

The question of whether only faces are affected in prosopagnosia has
proved particularly tricky. In the opinion of many neuropsychologists, loss of
ability to recognise faces is simply the most obvious manifestation of a more
general problem in recognising the members of perceptual categories which
contain many items of similar appearance. To bolster this argument, they point
out that when recognition of items from categories such as cars or flowers is
tested in cases of prosopagnosia, it is very often noted to be defective. The
prosopagnosic person can know that a face is a face, or a car is a car, but has no
ideawhoseface it is,which typeof car, and so on (Damasio et al. 1982).
Moreover, there are a number of reports indicating that people with expert
recognition abilities can lose these together with their ability to recognise
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faces — bird species are not recognised by prosopagnosic bird watchers, or
livestock by prosopagnosic farmers (Bornstein 1963; Bornstein et al. 1969).

The main limitation of this line of reasoning is that it relies on an inference
from associated deficits — the fact that loss of ability to recognise faces is
highly correlated with problems in recognising members of other visually
homogeneous categories is taken to imply that there is a common underlying
cause. However, although such deficits do frequently co-occur, they can
dissociate in some (very rare) cases. Examples include De Renzi's (1986)
description of a person with prosopagnosia who could recognise individual
items from all categories tested except faces, Sergent and Signoret’'s (1992b)
prosopagnosic patient who was exceptionally good at recognising cars, and a
prosopagnosic farmer who was able to recognise individual sheep from their
faces (McNeil & Warrington 1993). These remarkable dissociations show that
face recognition and other forms of within-category recognition are not inextri-
cably intertwined.

We think that there is in any case a need to rethink what the more
common co-occurrence of face recognition and within-category recognition
deficits might imply. The question whether prosopagnosia is really specific to
faces is usually seen as a way of exploring whether there is an evolved neural
substrate for face recognition, and as we have noted it actually forms only one
of a number of lines of evidence relevant to this question (Ellis & Young
1989). The starting assumption tends to be that if a specialised neural system
has evolved for the important social purpose of face recognition, then that
system will deal with faceand no other stimuliWe think this assumption
need not be correct. Any specialised system which could underpin the learning
of face recognition must be highly plastic — we are continually learning new
faces, or having to update our representations of existing faces as people age
and change in appearance. There is no reason why a plastic system which
originally evolved in response to the demands of face recognition should not
be utilised for related purposes when there are strong environmental influ-
ences, and in fact there is good evidence that the acquisition of significant
expertise at recognising stimuli from other visual categories leads to the
creation of a recognition system with face-like properties (Diamond & Carey
1986) and which draws on the activity of neurons in regions of the cortex
which contain other cells responses to faces (Logothetis & Pauls 1995). From
this perspective, the co-occurrence of face recognition and within-category
recognition deficits may simply point to the extent to which within-category
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recognition can be achieved by parasitising on to a highly-evolved but plastic
neural substrate.

Covert recognition in prosopagnosia

In the 1980s, the agenda for research on prosopagnosia was broadened by
important papers by Bruyer and his colleagues (Bruyer et al. 1983) and by
Bauer (1984). Bruyer et al. (1983) reported a very thorough investigation of
prosopagnosic patient Mr.W., documenting that many of his face perception
skills remained intact — he could recognise facial expressions, match the
identities of unfamiliar faces, and correctly state whether they were male or
female, even though he failed to recognise many familiar faces. Part of their
study involved comparing Mr. W’s ability to learn to associate names with
various types of stimuli, and it was found that Mr. W was better able to learn to
pair correct names than incorrect names with photographs of familiar faces he
no longer recognised. This led Bruyer et al. (1983) to conclude that Mr. W.
showed some ‘covert remembrance’ of the familiar faces he no longer recog-
nised.

Bauer’s (1984) results were more dramatic. He showed patient LF slides
of famous faces, and read out five alternative names for each, one of which
was the correct choice. As would be expected for a person with prosopagno-
sia, LF was unable to choose which name belonged with each face. However,
Bauer also measured LF’s skin conductance response (SCR) to each face-
name combination. The SCR is a measure of autonomic nervous system
activity. It is usually recorded by measuring electrical conductivity from the
finger or the palm of the hand. When we have an emotional response to
something, the secretions from sweat glands caused by activity of the auto-
nomic nervous system alter skin conductance; even very small degrees of
emotional arousal can be measured in this way. Remarkably, LF's SCRs
tended to show the greatest change when the name matched the face pre-
sented. In other words, although LF could not consciously choose which name
went with which face, his autonomic responses were sensitive to the correct-
ness of the pairings.

The technique used by Bauer (1984) is the same as that of the ‘guilty
knowledge’ test employed in lie detection — a guilty person will often show
an autonomic nervous system response to material pertaining to the crime,
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even if they deny committing it. Of course, no-one is suggesting that people
with prosopagnosia are lying when they say that they cannot recognise famil-
iar faces — it is just that Bauer’s (1984) research exploited the same principle
that autonomic responses are to some extent independent of conscious control,
using it to demonstrate some form of non-conscious, covert recognition.

A number of subsequent studies have reported findings of covert recogni-
tion of familiar faces in prosopagnosia, across a wide range of tasks. These are
summarised in Table 1, which lists appropriate references. The methods first
used to demonstrate the phenomenon are still employed. Bruyer et al.’s (1983)
technique of exploitingavings in relearningpy comparing learning rates for
correct and incorrect pairings of faces with names has become the most
commonly used procedure (because it is so easy to carry out). Bauer's use of
the guilty knowledge rationale has been developed by Tranel and his co-
workers into a simpler procedure which compaB&Rs to familiar and
unfamiliar faces.

Other methods which rely on comparisons of responses to familiar and
unfamiliar faces have also been introduced; further findings include differ-
ences irevoked potentialandeye movementsetween familiar and unfamil-
iar faces, and better performance with familiar face$afoe matchingasks.

Several methods make use of the fact that prosopagnosic patients can still
recognise names of familiar people, by examining the influence of ‘unrecogn-
ised’ faces on name recognition usingerference(a face can interfere with
the semantic classification of a simultaneously presented naetiepriming
(a face can facilitate recognition of the subsequently presented name of the
same person), arassociative primindga face can facilitate recognition of the
subsequently presented name of a closely associated person). In all of these
tasks, the face exerts its influence indirectly, since the instruction is generally
to ignore it and concentrate on recognising the name. For neurologically-
normal people, however, the identity of the distractor face cannot be com-
pletely ignored, and it influences the performance of the name recognition
task. Remarkably, the same pattern is found in prosopagnosia — even though
the person with prosopagnosia does not consciously recognise the distractor
faces, they affect his or her ability to recognise names.

A different variant of face-name interaction paradigms involussd
recognition in which a person with prosopagnosia is asked which of two
names belongs to a familiar face — for example, whether the face of John
Lennon is John Lennon or Paul McCartney. Performance is not perfect, but it
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Effect

Brief description

Reported by

SCR

Skin conductance response
to familiar faces, or to face
paired with correct name.

(Bauer, 1984; Bauer, 1986;
Tranel & Damasio, 1985;
Tranel & Damasio, 1988;
Tranel, Damasio & Damasio,
1995).

Evoked potentials

Difference between familiar
and unfamiliar faces.

(Renault, Signoret, Debruille,
Breton & Bolgert, 1989).

Eye movements

Difference between familiar
and unfamiliar faces.

(Rizzo, Hurtig & Damasio,
1987).

‘Mere exposure'
effect

Preference for faces seen
previously in judging which of
two faces is 'more likeable'.

(Greve & Bauer, 1990).

Face matching

Better performance at
matching photographs of
familiar than unfamiliar faces.

(de Haan, Young &
Newcombe, 1987a; Sergent
& Poncet, 1990; Sergent &
Signoret, 1992)

name of a closely associated
person.

Savings in Faster learning of correct (Bruyer, Laterre, Seron,

relearning than incorrect face+name or Feyereisen, Strypstein,
face+occupation pairings. Pierrard, et al., 1983; de

Haan et al., 1987a; 1991,
Diamond, Valentine, Mayes &
Sandel, 1994; McNeil &
Warrington, 1991;
Schweinberger, Klos &
Sommer, 1995; Sergent &
Poncet, 1990; Sergent &
Signoret, 1992; Young & de
Haan, 1988)

Interference Faces can interfere with (de Haan, Bauer & Greve,
semantic classification of 1992; de Haan et al., 1987a;
simultaneously presented de Haan, Young &
names. Newcombe, 1987b; Sergent

& Signoret, 1992)

Self priming A face can facilitate (de Haan et al., 1992).
recognition of the
subsequently presented
name of the same person.

Associative A face can facilitate (Schweinberger et al., 1995;

('semantic’) recognition of the Young, Hellawell & de Haan,

priming subsequently presented 1988).

Cued recognition

Above-chance performance
at guessing which of two
names is correct for a
familiar face.

(de Haan et al., 1991,
Diamond et al., 1994;
Sergent & Poncet, 1990;
Sergent & Signoret, 1992)
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has consistently been found to be above chance-level for people who show
other phenomena indicating covert recognition — usually there are around
70% correct responses, in contrast to the expected chance rate of 50%. Despite
their above-chance performance, the patients maintain that they are guessing
(de Haan et al. 1991; Sergent & Poncet 1990) — they express no more
confidence in their correct than their incorrect choices, and are just as willing
to choose when both names are incorrect (e.g. if asked whether John Lennon’s
face is Paul McCartney or George Harrison).

One of the interesting things about cued recognition is that it forms a
parallel with some of the procedures used to investigate blindsight, which also
rely on forced-choice and encouraging ‘guessing’ (Weiskrantz 1986). How-
ever, this parallel needs to be approached cautiously. As we have already
noted, the same prosopagnosic patients perform at chance level when asked to
choose between a simultaneously presented famous and unfamiliar face, even
if encouraged to guess. Hence, it is not simply the combination of forced-
choice procedure and guessing which leads to above-chance performance in
the cued recognition task, but more likely the possibility of some form of
interaction between information derived from faces and names (Young 1994).

Even so, there are some circumstances in which responses to faces alone
can be shown in forced-choice. To demonstrate this, Greve and Bauer (1990)
used thémere exposurephenomenon, in which people develop preferences
for things simply by virtue of their having been seen before (Bornstein 1989;
Zajonc 1980). Prosopagnosic patient LF (the person who had participated in
Bauer’s original SCR study) was shown faces of unfamiliar people for 500 ms
each, interspersed among a task which involved rating verbal personality
descriptors for how much he would like to meet a person with that attribute.
Later, LF was shown these faces again, and each was paired with a new
unfamiliar face which had been rated as of similar ‘likeability’ by neurologi-
cally-normal controls who had not seen the faces before. When LF was asked
which member of each pair of faces he had seen before, he performed at
chance-level (choosing the face he had seen before on 53% of trials), but when
asked which face he ‘liked’ the best, LF tended to choose the face he had seen
before (choosing this face on 70% of trials). This instructive study both
showed clearly the contrast between LF’s performance of a direct test (“which
face have you seen before?”) and an indirect test (“which face do you like
better”) of recognition, but also established that he was able to create new
representations of faces — all of the faces were unfamiliar to LF when the
experiment began.
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Understanding covert recognition

We have seen that a wide range of procedures can be used to demonstrate
covert recognition of familiar faces in cases of prosopagnosia. The existence
of the phenomenon of covert recognition therefore is no longer disputed —
what remains controversial is how best to interpret it.

Two important pointers come from aspects of the literature we have not
yet introduced. First, not all people with prosopagnosia show covert recogni-
tion effects. Findings of lack of covert recognition by some patients have been
reported with SCR (Bauer 1986; Etcoff et al. 1991), associative priming
(Newcombe et al. 1989), and learning tasks (Etcoff et al. 1991; Humphreys et
al. 1992; McNeil & Warrington 1991; Newcombe et al. 1989; Sergent &
Villemure 1989; Young & Ellis 1989). The fact that some prosopagnosic
patients show covert recognition and some do not fits with a point we made
earlier, that there is probably more than one form of prosopagnosia. In general,
the patients who do not show covert recognition seem to have the more
‘apperceptive’ types of deficit. Presence or absence of covert recognition may
thus be used alongside other methods (Young et al. 1994a) to determine the
nature of the functional impairment in each case.

Second, most covert recognition effects seem to reflect the same underly-
ing cause. In a number of the case studies reported in the literature, multiple
measures of covert recognition were used. When this has been done, dissocia-
tions between different measures of covert recognition have not been found. In
other words, it seems that a prosopagnosic patient who shows associative
priming from unrecognised faces will also show interference, savings in
relearning, cued recognition, better matching for familiar than unfamiliar faces,
and so on. The implication is that these various effects may have a common
source — although there are different forms of prosopagnosia, there do not
(yet) seem to be different forms of prosopagnosia with covert recognition.

A possible caveat concerns the relation between autonomic measures of
recognition (in this context, SCR) and the more behavioural techniques such
as associative priming, interference, and savings in relearning. These tend to
belong to different laboratory traditions, and have only once been tested
together. In an enterprising international collaboration, de Haan, Bauer and
Greve (1992) assessed patient LF (from Bauer’'s 1984 SCR study) with some
of the behavioural tests developed by de Haan and his colleagues (specifically,
interference and self priming). LF was found to show covert recognition for
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these tasks, showing a clear parallel to the previously reported SCR findings
(Bauer 1984). This is an important finding, but whether this parallelism of

autonomic and behavioural indices of covert recognition holds more gener-
ally, or was simply coincidental in the case of LF, remains a question of

central theoretical importance.

The reason why this particular issue is so important is that are two main
accounts of covert recognition, one of which focuses on SCR (Bauer 1984),
whilst the other focuses on behavioural measures (Burton et al. 1991). These
theories have important differences, and better understanding of the empirical
relation between autonomic and behavioural indices of covert recognition
would assist in deciding whether each account is valid for its own domain or
whether a more integrated theory is needed.

Bauer’'s (1984) theory was linked to his original insight of using the
guilty knowledge technique to examine non-conscious responses to familiar
faces in prosopagnosia. He viewed SCR and other autonomic measures as
reflecting orienting responses to stimuli of high social and biological signifi-
cance. Although non-conscious, these orienting responses prepare the person
for what is likely to happen next whereas overt, conscious recognition is
required for intentional, non-automatic reactions. In Bauer’s (1984) account,
orienting responses and conscious recognition are mediated through distinct
neurological pathways — orienting responses via a dorsal cortico-limbic
pathway, and conscious recognition via a more ventral pathway. Each path-
way can be dissociably impaired, giving rise to the phenomenon of orienting
responses (and hence SCR changes) without overt recognition when the
ventral pathway is especially affected.

In discussing Bauer's model, it is important to keep separate his general
conception that autonomic and conscious recognition involve dissociable
pathways and his specific proposals concerning the underlying neurology.
The neurology of Bauer's (1984) proposals has been questioned by other
experts (Hirstein & Ramachandran 1997; Tranel & Damasio 1988; Tranel et
al. 1995) who have none the less accepted what we think is the more important
proposition that autonomic and overt indices of recognition effectively tap
different neural systems.

Bauer’'s dual-route approach to the SCR findings contrasts with the
dominant account of the behavioural effects, which involves demonstrating
how they can be simulated by damaging a connectionist model of normal face
recognition. Two such simulations have been offered, first by Burton and his
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colleagues (Burton etl. 1991), then by Farah and her co-workers (Farah et al.
1993). Although the techniques used to create these simulations are very
different, they have in common the aim of showing how a network which
(because of damage) no longer ‘recognises’ face inputs can still pass activa-
tion or tap into residual function in ways which closely mimic the patterns of
behaviour found in studies of covert recognition in prosopagnosia. Because of
the common underlying purpose, and the fact that we consider it to be the
more successful, we will only discuss Burton’s model here — a full discussion
of the differences between these models, their successes and limitations, can
be found elsewhere (Burton & Young 1999; Young & Burton 1999).

Figure 1 shows the central architecture of the model used by Burton et al.
(1991). The system uses interactive activation and competition (IAC) prin-
ciples. It has pools of units corresponding to the appearances of known faces
(face recognition units, or FRUS), the orthography of familiar names (hame

Figure 1.Central architecture of the interactive activation and competition (IAC) model
developed by Burton and his colleagues (Burton et al., 1990, 1991). Reproduced by kind
permission of Professor A.M. Burton and the British Psychological Society.
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recognition units, or NRUs), and stored knowledge about these people (se-
mantic information units, or SIUs). In addition, a pool of person identity nodes
(PINs) acts as an amodal interface between the input pools (FRUs and NRUSs)
and semantic information (the SIUs). Within each pool, units are intercon-
nected and inhibit each other, whereas the connections between units in
different pools are excitatory. The weights of these excitatory and inhibitory
connections are determined by a set of rules, and the extent to which a unit will
try to excite units in adjacent pools and inhibit other units in the same pool is
proportional to its own activation.

This IAC model was developed by Burton and his colleagues to account
for some of the properties of normal face recognition (Burton et al. 1990),
using an implementation which was as close as possible to the theoretical
proposals of Bruce and Young (1986). The IAC model has undergone further
development since — the most important change is that the original *hand-
wired’ version has been replaced by a version which incorporates a learning
rule (Burton 1994). However, Burton has taken care to show that each revised
version of his IAC model retains the properties of the original alongside
whatever new capabilities have been added, so for present purposes we do not
need to concern ourselves too much with this point.

To get a clearer idea of how this system works, we will look at how it
generates associative priming effects. Recall that in associative priming, seeing
the face of (say) Paul McCartney will facilitate recognising the name of John
Lennon. Suppose, then, that we ask a person to decide whether or not a series
of names are those of familiar people, and precede each name with a face
prime. Responses to familiar target names will be faster if the face prime was
a close associate (e.g. when Paul McCartney’s face precedes John Lennon’s
name) than if the prime face and target name are unrelated (e.g. when Paul
McCartney'’s face precedes Tony Blair's name).

In the IAC model, recognition of an item’s familiarity is modelled by its
being able to generate sufficient activation at its corresponding PIN. When the
FRU for Paul McCartney is activated (which corresponds to presenting Paul
McCartney'’s face) it starts to inhibit the other FRUs and to pass activation to
the PIN for Paul McCartney. As Paul McCartney’s PIN becomes active, it in
turn inhibits the other PINs and passes activation back to Paul McCartney’s
FRU and forward to the SIU for Beatles. As it gains in activation, the Beatles
SIU inhibits other SIUs, but passes activation back to other PINs to which it is
linked — Paul McCartney, John Lennon, George Harrison, Ringo Starr. The
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consequence of this is that, although only Paul McCartney’s PIN accumulates
sufficient activation to cross the threshold for the input's being deemed
familiar, the PINs for the other Beatles are gaining some activation from the
associated Beatles SIU even though they are simultaneously being inhibited
by each other (and especially by the more active PIN for Paul McCartney). As
a result, when John Lennon’s NIU is activated (corresponding to the subse-
guent presentation of John Lennon’s name), the John Lennon PIN is already
above its resting level of activation, and it is correspondingly easy for the John
Lennon NIU to raise the Lennon PIN’s activation across the threshold for
recognition as familiar. In contrast, if Tony Blair's NIU was activated after
presentation of Paul McCartney’s face, the Blair PIN would at the time be
receiving no supporting semantic activation from Paul McCartney, and there-
fore maximally inhibited by its PIN competitors, making it correspondingly
slow to gain sufficient activation for recognition as familiar.

Although Burton and his colleagues developed the IAC model as a
simulation of properties of the normal face recognition system, it turns out that
a simple modification produces a plausible account of some of the main
features of prosopagnosia (Burton et al. 1991). This modification involves
reducing the strengths of the excitatory connections between FRUs and PINs
— reducing these connection strengths is in line with the obvious hypothesis
that prosopagnosia involves some kind of malfunction on the input side of the
face recognition system.

For example, consider what happens when the strengths of the FRU-PIN
connections are halved. When a face’s FRU is activated, the reduced FRU-
PIN connection strength means it can no longer pass sufficient to raise the
excitation of its corresponding PIN above threshold. Overt recognition of the
input face therefore does not occur. Yet sufficient activation is passed to raise
the activation of the PIN above its resting level, as are also the activation
levels of PINs associated via common SlIUs. In consequence, associative
priming can be found even though there is no overt recognition (Burton et al.
1991).

Several other effects found in the covert recognition research literature
can be modelled in the same way. Of the list given in Table 1, Young and
Burton (1998) showed th&ice matchingsavings in relearningnterference
self priming, associative primingndcued recognitiorwere all amenable to
an account in terms of reduced FRU-PIN connectivity.
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Mirror images of prosopagnosia

Although Burton’s IAC model provides a plausible account of a number of
covert recognition effects, it achieves this in a different way from Bauer’'s
‘dual-route’ approach. The obvious difference is that from Bauer's perspec-
tive double dissociations are possible between deficits affecting overt and
covert recognition, whereas from Burton’s account there can be covert with-
out overt recognition, but overt recognition without covert recognition could
not arise.

We suspect that both positions are correct, with respect to the phenomena
they are interested in. That is, we think that Burton’s account is valid for the
more obviously ‘behavioural’ effects (associative priming, etc.), whereas the
dual-route approach has much to commend it for SCR.

There is certainly evidence of double dissociations between overt recogni-
tion and SCRs. Tranel and his colleagues have documented this for people with
brain injuries (Tranel et al. 1995), and we have studied what we think is an
equivalent dissociation in people who have experienced the Capgras delusion.

The Capgras delusion is an unusual but striking neuropsychiatric symp-
tom (Enoch & Trethowan 1991), named after the psychiatrist who first brought
it to widespread attention (Capgras & Reboul-Lachaux 1923). People who
experience the Capgras delusion claim that one or more of their close relatives
is an impostor who is a near-perfect look-alike.

We chose the Capgras delusion as a focus of interest for a number of
reasons. It was manifestly bizarre, many cases had been described in the
literature without any convincing explanation, some of these reports linked the
delusion to brain injury, and it had been suggested that it might be related to
prosopagnosia. Since we were actively researching prosopagnosia, it seemed
like a reasonable first step to explore the possibility that face processing
impairments might be involved in the Capgras delusion.

During the last 12 years, we have had the opportunity to meet and carry
out tests with people who have experienced the Capgras delusion (Ellis et al.
1997; Young 1998; Young et al. 1994b; Young et al. 1993). From this work, a
constellation of features has stood out, and these are also evident in other
published case reports. People who experience the Capgras delusion usually
claim that they can see that their relative is an impostor, though they have
great difficulty explaining just what this visible difference entails. On tests of
face perception, they tend to perform less well than normal controls, but
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seldom at chance level. When questioned carefully, they report a more wide-
spread feeling that things have changed in a way that makes them seem not
quite right — strange, somehow unfamiliar, almost unreal. Their mood is
often one of some suspiciousness.

This pattern does not form a close parallel to what is found in cases of
prosopagnosia. For people with prosopagnosia the impairment of familiar face
recognition can be very severe (affecting the recognition of faces as familiar as
their spouse’s face or their own face when seen in the mirror), but other
aspects of face perception (such as recognition of emotion from facial expres-
sion), may remain relatively spared. In Capgras delusion, recognition of
familiar faces is much less severely compromised in absolute terms (sufferers
can recognise their spouse’s face, even if they maintain it is not the real
person), and it does not seem to be any more affected than other aspects of face
perception, most of which are somewhat abnormal.

A more promising approach seemed to us to think of Capgras delusion as
something akin to a mirror-image of prosopagnosia (Ellis & Young 1990). In
prosopagnosia, overt recognition of familiar faces is severely affected but, as
we have discussed, some non-conscious forms of response to familiar faces
can still be demonstrated (Bruyer 1991; Young 1998; Young & Burton 1999).

In particular, autonomic nervous system responses to familiar faces can be
shown (Bauer 1984; Tranel & Damasio 1985) by measuring changes in skin
conductance. These autonomic responses are usually interpreted as reflecting
some form of emotional orienting to stimuli which have personal significance.

If one lost these autonomic responses, it seemed to us conceivable that
familiar faces would seem strange, unusual, not quite right.

In prosopagnosia, then, overt recognition of familiar faces is profoundly
impaired, whereas autonomic responses to the same faces can be relatively
spared. We hypothesised that in Capgras delusion the opposite pattern applies
— autonomic responses to familiar faces are lost, whereas overt recognition is
relatively preserved (Ellis & Young 1990). The delusion that relatives have
been replaced by impostors then is an attempt to make sense of the fact that
they no longer generate appropriate emotional responses, i.e. a form of con-
fabulation.

This account explains why the Capgras delusion is mainly found for close
relatives, since these are the people who would normally produce the greatest
autonomic response, and hence for whom the absence of this response is the
most noticeable and disconcerting. It also explains why the delusion occurs in
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a background of more pervasive feelings that things are not as they should be.
More importantly, it made the prediction that people who experience the
Capgras delusion will not show differential skin conductance responses to
familiar compared to unfamiliar faces. Since this prediction did not follow from
any other theory as to what might cause the Capgras delusion, it was non-trivial.

Two recent studies have demonstrated the predicted loss of differential
skin conductance response (Ellis et al. 1997; Hirstein & Ramachandran 1997)
in Capgras delusion. Hirstein and Ramachandran (1997) investigated a person
who developed the Capgras delusion after sustaining a head injury in a traffic
accident; across 3 separate test sessions he showed no difference in SCR
between familiar and unfamiliar faces. Ellis et al. (1997) investigated 5 people
who had experienced the Capgras delusion and had received psychiatric
diagnoses, comparing their SCRs to those of 5 other psychiatric patients
taking similar anti-psychotic medication and a group of 5 psychiatrically-
normal controls. The Capgras delusion cases showed low overall SCRs to
faces, and no differential SCR to familiar faces. In contrast, their SCRs to a
loud tone were normal in magnitude and rate of habituation, showing that the
loss of responsiveness to faces was to some extent circumscribed.

These findings are exactly as would be predicted from Ellis and Young's
(1990) account of Capgras delusion. In addition, Hirstein and Ramachandran
(1997) also noted that their patient claimed his parents were impostors when
he was looking at them, but treated them as his real parents when talking to
them on the telephone — as might be expected if the cause of the delusion is a
discrepant response to visual information.

A plausible hypothesis which has received empirical support is therefore
that the basis of the Capgras delusion lies in a loss of appropriate emotional
orienting responses to familiar visual stimuli. However, there seems to be
something missing.

A minor discrepancy is that people who suffer the Capgras delusion also
tend to be poor on a range of face perception tasks — it is not just their
autonomic responses to faces that are impaired. It is the loss of autonomic
responses, however, which is the most severe problem, and it is possible that
the other defects of face perception simply reflect anatomical proximity
between the pathways involved in the different aspects of face perception — it
would be unusual for brain malfunction to compromise one of these pathways
without affecting the others to some extent.

The more serious issue concerns why people with Capgras delusion
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should arrive at such an unlikely account of their experiences as to think that
relatives have been replaced. Why, for instance, don’t they just accept that
other people seem a bit strange for reasons they can't figure out? Two points
seem pertinent here. First, it seems likely that many people who suffer this
type of anomalous perceptual experience may well generate more plausible
explanations of what has happened to them — but those who do will not
attract as much interest from psychiatrists or neurologists. Second, the suspi-
ciousness noted in people with Capgras delusion may be one of the factors
which limits the possibilities they consider to those which involve changes in
other people rather than changes in themselves and disposes them to think
they are the victims of some kind of trick (Ellis & Young 1996).

We think therefore that the Capgras delusion reflects an unfortunate
interaction of impairments involving anomalous perceptual experience and
reasoning biases of the type noted in other people with delusions, and para-
noid delusions in particular (Dudley et al. 1997a; Dudley et al. 1997b; Huq et
al. 1988; Kaney & Bentall 1989). The relative balance of these differing
contributory factors may vary according to the aetiology underlying the
delusion, as has been noted by Fleminger and Burns (1993). We think that the
Capgras delusion represents just one among a number of ways in which
people might try to explain similar anomalous perceptual experiences to
themselves, and that to understand this delusion properly we need to under-
stand not just the perceptual anomaly but also the factors which create and
sustain the relatively bizarre impostor explanation.

The Capgras delusion may have important implications for modelling
face recognition processes, as has been pointed out by Ellis (1998). Recall that
we drew attention earlier to the difference between Bauer’'s dual-route model
of overt face recognition and SCRs, and Burton’s IAC model of the more
behavioural forms of covert recognition. Burton’s model, in common with
certain other proposals (Farah et al. 1993), tries to account for covert recogni-
tion in some prosopagnosics by arguing that the system, though damaged at
some stage, may still yield sufficient information to elicit covert activity. This
type of model, however, cannot accommodate the finding of overt face
recognition coupled with the absence of covert signs, as is observed in the
SCRs of people with Capgras delusion. The issue of whether all indices of
covert face recognition may stem from the same source is therefore of interest.
We noted that LF showed both autonomic and cognitive signs of covert
recognition (de Haan et al. 1992), and so a crucial empirical question yet to be
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tested is whether patients with Capgras delusion who do not evince differen-
tial skin-conductance responses to familiar compared with unfamiliar faces
also fail to show covert recognition effects with behavioural measures. Pre-
liminary data that we have collected in fact do reveal such effects — our
results indicate that although they lack SCRs to familiar faces, people who
experience the Capgras delusion still show priming, interference, etc. —
suggesting that it may be necessary to distinguish among the various signs of
covert face recognition. If substantiated by further work, this will have some
interesting theoretical ramifications.

Interaction of overt and covert recognition abilities

Face recognition usually proceeds automatically. We cannot look at a familiar
face and decide not to recognise it; the processes involved are not open to
introspection or conscious intervention. We are only aware of the outcome of
the recognition process.

Even so, there are findings that show differences between overt and
covert recognition for normal people. Consider, for example, the implications
of the fact that repetition priming effects do not cross stimulus domains (Ellis
1992). Repetition priming refers to the facilitation in recognising an item due
to having encountered it before. It turns out that recognising a particular face is
made easier if that face has been previously seen, but is unaffected by having
seen the person’s name or even her or his (clothed) body (Bruce & Valentine
1985; Ellis et al. 1987). It follows that repetition priming is not due to
participants’ deliberately remembering which people have been encountered
in the experiment. Explicit memory would be little different across faces,
names, or bodies, yet it is only seeing faces that affects subsequent face
recognition. Thus there is an independence between repetition priming and
explicit memory for the items that have been seen, which is consistent with the
idea that the priming effects have a relatively automatic, non-conscious origin.
This claim is borne out by findings of preserved face repetition effects in
amnesic patients (Paller et al. 1992).

What seems to be involved in repetition priming are those aspects of
recognition whose operation is relatively automatic and does not require
conscious initiation; there is a clear parallel between the findings for normal
and prosopagnosic participants (Young 1988). Another example of this paral-
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lel comes from Greve and Bauer’'s (1990) use of the ‘mere exposure’ para-
digm with LF, described earlier (see Table 1). Recall that LF performed at
chance-level when asked which member of a pair of faces he had seen before,
but tended to choose the face he had seen before when asked which face he
‘liked’ the best. An equivalent phenomenon of preference for briefly pre-
sented stimuli (including faces) without overt recognition of which stimuli
have been seen before can be demonstrated in neurologically-normal people
(Bornstein 1989; Bornstein et al. 1987; Kunst-Wilson & Zajonc 1980; Zajonc
1980).

This parallel between prosopagnosia and phenomena found when neuro-
logically-normal people fail to recognise familiar faces overtly is also found
for SCRs. Ellis, Young and Koenken (1993) adapted the method used in
Tranel and Damasio’s (1985) study of prosopagnosia to demonstrate differen-
tial SCRs to familiar as compared to unfamiliar faces for neurologically-
normal participants when the faces were masked to prevent overt recognition.

There are thus a number of grounds for thinking that covert recognition
phenomena happen in everyday life — they are not unique consequences of
prosopagnosia. In daily life, though, the integration of covert and overt
abilities is relatively seamless — in prosopagnosia, it is much easier to see the
join. This is dramatically apparent from the failure of people with prosopagno-
sia to act on the covert abilities so readily demonstrated in the laboratory. In
everyday life, they just do not seem to recognise familiar faces at all.

Of course, the relative preservation of non-facial forms of recognition
often allows the person with prosopagnosia to avoid excessive social embar-
rassment with a modicum of luck, strategy, and ingenuity. We have noticed
that some of the people who participate in our own studies are quite good at
keeping an affable but open-ended conversation going until they have figured
out who you are, and De Renzi (1986) remarked that one of his patients was
able to continue to work as a public notary because his secretary introduced
clients by name. But such techniques do not always work. There are equally
striking instances where face recognition failure has obvious and sometimes
very distressing consequences — including people who have stood aside to let
themselves pass when seeing a reflection in a shop window, people who have
introduced strangers as their spouses at parties, and a particularly disconcert-
ing incident in which someone lost his court case after discussing its details
with his opponent’s lawyer because he could not tell these similarly-dressed
individuals apart (Pevzner et al. 1962).
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In such cases, whatever covert recognition contributes did not influence
intentional actions. This is slightly surprising in that a remarkable discovery by
Sergent has shown that the boundary between covert and overt recognition in
prosopagnosia can be surmounted under certain conditions in the laboratory.

Sergent and Poncet (1990) found that their prosopagnosic patient, PV,
could achieve overt recognition of some faces if several members of the same
semantic category were presented together. This only happened for some
semantic categories, and it reflected genuine recognition rather than laborious
deduction. It wasn’'t due to PV thinking things like ‘if they’re film stars, |
guess the blonde one could be Marilyn Monroe’, because when PV could not
identify the category herself she continued to fail to recognise the faces even
when the occupational category was pointed out to her. This observation of
overt recognition provoked by simultaneously presenting multiple exemplars
of a semantic category has since been replicated with cases PH (de Haan et al.
1991), PC (Sergent & Signoret 1992a), and ET (Diamond et al. 1994). The
phenomenon is very striking; the patients themselves tend to be highly sur-
prised at being able to recognise faces overtly.

Such findings in prosopagnosia show that the boundary between aware-
ness and lack of awareness is not as completely impassable as it seems to the
patients’ everyday experience. Sergent and Poncet (1990) suggested that their
demonstration shows that ‘neither the facial representations nor the semantic
information were critically disturbed in PV, and her prosopagnosia may thus
reflect faulty connections between faces and their memories’. They thought
that the simultaneous presentation of several members of the same category
may have temporarily raised the activation level above the appropriate thresh-
old. This account bears a striking resemblance to the Burton et al. (1991)
account of prosopagnosia with covert recognition, but at present the Burton
model has not proved able to reproduce these results (Young & Burton 1998).
The reasons for the Burton IAC model’s current lack of success in this respect
are to be found in the fact that interactive activation and competition networks
use within-pool inhibitory links to help stabilise activation in each pool. The
advantage which accrues through sharing semantic information (SIUs) with
other stimuli presented at the same time is therefore balanced, or even out-
weighed, by the disadvantage which accrues from within-pool inhibition. It
remains to be seen whether further work on the IAC account can rectify this
problem.

Although it is clear that there are many outstanding questions to be
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resolved, research on face recognition has produced findings which are cer-
tainly of interest with respect to covert and overt abilities, and which may have
wider implications for issues in philosophy (Stone & Young 1997; Young &
Block 1996). The advantages of using the face as a tool for investigating these
questions lie in its long evolutionary history, the wide range of social signals it
can carry, and our incredible expertise in interpreting them. This may be a
unique combination, offering potentially privileged insights.
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Intentional Control of Automatic
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Introduction

Human behavior is not so much driven by immediate stimulation from the
environment, but steered by intentional states representing short- and long-
term goals. Of course, this does not imply that environmental information is
irrelevant for action control. In fact, adaptive action does not only require
intentions to take into account the environmental conditions for and the
context adequacy of action, it also heavily relies on the availability of environ-
mental information for on-line control. That is, to successfully tailor an action
to a given situation there must be a whole wealth of interactions between
internal and external states, presumably on many different levels at the same
time.

Although intentional action is almost by definition bound to the con-
scious representation of the action goal(s), many processes subserving the
realization of this goal are not. In fact, authors such as Lotze (1852) or James
(1890) have claimed thainly action goals can be consciously represented,
while the remaining processes are more or less automatic consequences of the
assumed intentional state — processes that are not accessible to consciousness
and, thus, not under its direct control (for an elaboration of this theme, see
Baars 1987). Meanwhile, it has become less fashionable to speak of phenom-
enal experience and subjective states, and so the functional aspects of what
was previously discussed under the heading of conscious versus unconscious
states was translated into the dichotomy of intentional (or controlled) versus
automatic processes.
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This chapter deals with the relationship and the interplay between inten-
tional and automatic processes in the translation of environmental information
into overt action. In everyday action, this interplay produces perfect outcomes
most of the time: Actions typically come out as wanted, and they do so very
efficiently. Although this is certainly a great achievement of (not only) human
evolution, failures of this interplay are of greater theoretical interest as they tell
us something about the structure and the modes of operation of the underlying
cognitive mechanisms. The most obvious expressions of such failures are
action errors, and there is an increasing literature on which kinds of action
errors are likely to occur under which circumstances (e.g., Heckhausen &
Beckmann 1990; Reason 1990). Milder forms show up as hesitations in
reaction time experiments in the face of ambivalent stimuli. A well-known
example is the Stroop task, where subjects are to name the ink of color words
(Stroop 1935). As one may imagine, responding is much easier in terms of
reaction times and errors if the meaning of the word is congruent with the to-be-
named color and the required response (e.g., the word RED written in red ink)
than if it is not (e.g., the word GREEN written in red ink). Obviously,
presenting an incongruous word leads to a conflict between the intended
translation of stimulus color into the appropriate color-naming response and
the unintended, but highly overlearned and automatized translation of the word
into the corresponding color name. Although conflicts of this sort are rarely
observed in everyday life, where intentional and automatic processes usually
complement each other, they are highly interesting for the study of intentional
and automatic processes. If it were possible to selectively influence the
intentional or the automatic part of such a conflict, we would be able to
experimentally dissociate and study them — or at least their relative contribu-
tion — in isolation.

| will describe two paradigms that turned out to be very helpful in
separating and dissociating intentional and automatic processes of S-R trans-
lation. The first is a rather old and unknown one — the so-called combined
method, developed by Narzi3 Ach, which requires subjects to overcome
overlearned, automatic response tendencies. The second is more recent and
better known — the Simon effect and its variants, which makes use of
people’s automatic tendency to respond to stimuli in a spatially corresponding
manner. | will show that and how both paradigms are well suited to analyti-
cally dissociate intentional and automatic processes of S-R translation, so that
their characteristics can be studied more or less independently. Eventually,
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however, | will also point out that the relationship between intentional and
automatic translation processes is much more intricate than available ap-
proaches seem to admit, and | will sketch how a more realistic approach may
look like.

Dissociating intentional and automatic stimulus-response translation
Ach’s combined method and the interplay of will and habit

Recent reviews dealing with the relationship and interactions between inten-
tional and automatic S-R translation processes (e.g., Allport et al. 1994;
Ouellette & Wood 1998; Monsell 1996; Shallice 1994) typically assume that
the systematic treatment of this issue began somewhere in the seventies,
motivated by the classical papers of Atkinson and Shiffrin (1968), Posner and
Snyder (1975), and Shiffrin and Schneider (1977). In fact, however, the
guestion of how “will” and “habit” (the terms preferred in the earlier days)
interact launched extensive experimental research and theoretical work be-
tween 1910 and 1935 already, with Narzil3 Ach and Kurt Lewin being the
main opponents in a furious debate (for a less selective English overview of
this German literature, see Gibson 1941).

The debate was initiated by a book of Ach (1910), in which the author
proposed what he called thembined methoffkombiniertes Verfahren”) as
a means to experimentally investigate intentional processes (i.e., the will).
These processes can be studied best, so he argues, if the intention to act is
opposed to an overlearned habit that calls for another, conflicting action — not
unlike the Stroop task. Consequently, the combined method was designed to
induce a habit in a practice phase, which then had to be overcome in a test
phase. A typical practice phase required subjects to read lists of consonant-
vowel-consonant nonsense syllables that were structured in particular ways.
Some lists consisted of rhymed syllable pairs (e.g., “zup, tup, tel, mel, ...”),
some of pairs with the first and second consonant exchanged (e.g., “dus, sud,
rol, lor, ...”), and some were unstructured. Reading those lists again and again
was assumed to form increasingly strong associations between succeeding list
members, so that seeing and reacting to the syllable “zup” from the rhymed
list, say, would automatically evoke the next response “tup”, and so forth.
After several days of practice subjects were presented with, for instance, the



224 BERNHARD HOMMEL

first, third, fifth, ..., syllable from the learned lists (i.e., the first members of
the syllable pairs in the rhymed and rearranged lists), or with new syllables,
and were asked, in separate blocks, to respond to that stimulus with either a
rhymed word, the syllable with the two consonants exchanged, or any word
(so-called “reproduction task”).

Figure 1 shows typical results from four subjects working on a restricted
version of the combined method. First look at the findings obtained with little
practice in list reading before (and during) the test phase (20 repetitions
overall, see dark bars). Although syllables from rhymed lists yield better
performance than those from unstructured lists, this is true for both the
reproduction task and for the rhyming task, hence there is no specific effect of
learning on performance. Things are different, however, if practice increases
(110 repetitions overall, see bright bars). In the reproduction task, practice has
improved performance for both kinds of syllables, but more so for those from
the unstructured list. The opposite pattern is obtained in the rhyming task,
where performance improved with practice only with syllables from rhymed
lists but was impaired for syllables from unstructured lists.
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Figure 1. Median reaction times for syllable reproduction (free association) and syllable
rhyming in Ach (1910, Designs | and Il), as a function of the syllables’ previous list

membership (rhymed vs. unstructured list) and practice (20 vs. 110 repetitions of list
reading). Data are taken from, and averaged across, subjects B-E.
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According to Ach, this outcome pattern reflects the conflict between will
and habit. Practice in pairing particular stimuli with particular responses
should strengthen the associations between the corresponding stimulus and
response representations, so that presenting the stimulus another time will
automatically induce the tendency to repeat the associated response. To
overcome this habit, some amount of “will power” is required, the more the
stronger the respective S-R association is. As applying will power arguably
takes time, reaction time should in fact increase with increasing conflict
between willed and automatically activated response, hence the better prac-
ticed a conflicting response to a given stimulus (or the underlying S-R associa-
tion) is. High degrees of practice should also call up habit-related errors — a
prediction that is also nicely confirmed by Ach’s findings.

Following the pioneer study of Ach (1910), the combined method was
continuously improved and refined, mostly by Ach’s students (for a review,
see Ach 1935). For instance, Glassner (1912) showed that syllables from a
previously learned fixed-order list (i.e., items which are presumably highly
associated) facilitate performance in a reproduction task (“name any associ-
ate”) but impair performance in a rhyming task, as compared to syllables from
a varied-order list (i.e., weakly associated items). Muller (1932) manipulated
the strength of S-R associations by varying the type of interitem relationship,
ranging from arbitrary pairings (e.g., “pin-jor”, “wad-tim”) to identical syl-
lables combining to a legal word (e.g., “bon-bon”, “dum-dum”). As expected,
reproduction performance monotonously increased with hypothesized asso-
ciation strength, whereas performance in a task requiring a novel response to
each item (“replace vowel by ‘au”) showed the opposite effect.

The theoretical considerations of Ach and his students did not go without
challenge, however. In his dissertation work, Lewin (1917, 1922a, 1922b) not
only made a (rather unsuccessful) attempt to replicate Ach'’s findings with the
original combined method, he also investigated the impact of practicing the
rhyming and rearranging of syllables on their later practice-consistent versus
inconsistent use in rhyming and rearranging tasks. Whereas the original
method required subjects to read through structured or unstructured syllable
lists in order to induce associations between succeeding list members, Lewin
attempted to induce those associations by having subjects actually perform
rhyming and rearranging tasks on syllables. So, instead of presenting his
subjects with pairs of rhymed or rearranged syllables, he presented only one
syllable and asked the subjects to produce the rhyme or rearranged member
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themselves. There were several blocks of practice for the rhyming and the
rearranging task. Some syllables only appeared under the rhyming instruction,
some only under the rearranging instruction, and some under both instructions
(control items). After nine days of practice, all syllables were tested under

either instruction. However, there was hardly any difference between reaction
times and error rates for practice-consistent and practice-inconsistent task
instructions, suggesting that S-R associations were not formed or not opera-
tive under these circumstances (Lewin 1922a). Interestingly, though, practice
consistency did have the predicted effect if during practice the control items

were not presented among the consistent items (Lewin 1922D).

Lewin (1922b) attributed his findings to different task sets, presumably
induced by the occurrence versus non-occurrence of control items. Note that,
in the practice phase, consistent items always validly specified the corre-
sponding task and, therefore, the correct response. In contrast, control items
can occur under either instruction, so that each of these items becomes
associated with two tasks and two responses. Consequently, Lewin argues, if
no control items appear during practice subjects can rely on the automatic
retrieval of responses through stimulus presentation, that is, they can follow
where their habits lead them. If they adopt this kind of automatic mode, the
presentation of inconsistent items in the experimental test phase is likely to
result in the automatic retrieval of the practiced, but incorrect responses, this
leading to many errors and/or considerably prolonged reaction times — the
outcome predicted by Ach’s theory. However, if ambivalent control items do
occur during practice, subjects are unable to rely on automatic retrieval,
because this would produce too many errors. Therefore, they adopt a more
controlled S-R translation mode, which is much less susceptible to the presen-
tation of inconsistent stimuli. If so, automatic S-R translation processes would
not be as independent from intentional processes as Ach'’s original approach
suggests. In fact, it may be exactly those intentional processes that actually set
the stage for automatic translation.

It should be noted that the empirical basis for Lewin’s arguments is not
watertight. Simoneit (1926) and Ach (1935) pointed out that having people
not read through pairs of syllables but practice a particular task is likely to call
up task-specific strategies that may work against strong interitem associations.
For instance, practicing the rhyming task might lead one to focus onto the
rhyming-relevant letter position only and to ignore the remaining letters,
which may not allow for strong associations between the whole stimulus
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syllable and the response. In fact, Simoneit (1926) demonstrated pronounced
practice-consistency effects even in Lewin’s original design by only increas-
ing the frequency of task switching, that is, by introducing a condition that is
likely to counteract the development of task-specific strategies. So, it would
be premature to settle the Ach-Lewin debate without further systematic ex-
perimenting, the more so as the original findings are based on very few (often
single) subjects without any formal statistical testing. However, we will also
see that the figures of thought that arose in this debate are still topical today,
after having been rediscovered, if not reinvented, several times already.
Moreover, the available studies also demonstrate that S-R translation is not
only determined by intentional processes, but strongly affected by over-
learned, automatic translation processes as well. Obviously, these automatic
processes can be experimentally manipulated and even induced independently
from intentional processes. Nevertheless, whether their behavioral effects are
also independent from intentions remains to be seen.

The Simon effect and the rediscovery of dual routes

Ach’s combined method was designed to bring intentional and automatic
processes into conflict, so that their relative contribution to action control can
be determined, compared, and investigated. A very similar method was discov-
ered accidentally by Simon and Rudell (1967). While exploring the role of
handedness and left-vs.-right-hemispheric processing in man-machine interac-
tions, they presented the words “left” and “right” to signal left- and right-hand
keypressing reactions. To manipulate the cortical hemisphere responsible for
stimulus processing, the words were presented randomly to the left or right ear
through earphones. Surprisingly, stimulus location strongly interacted with
response location, such that left responses were much faster if the command
signal was presented to the left than the right ear, whereas right responses were
faster with right-side presentation. Follow-up studies by Simon and colleagues
demonstrated that this effect is much more general than one might assume (for
an overview, see Lu & Proctor 1995). Similar effects were observed with tone
pitch (Simon & Small 1969), visual color (Craft & Simon 1970), or other
nonspatial features as relevant stimulus, showing that what matters is the
relationship between (irrelevant) stimulus location and (relevant) response
location, and not that between (relevant) stimulus meaning and (irrelevant)
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stimulus location. Furthermore, hemisphere-specific processing does not sub-
stantially contribute to the effect, as it can be obtained even if both stimulus
locations fall into the same visual field (e.g., Craft & Simon 1970) or if
unimanual pointing responses are employed (e.g., Simon 1968).

Over the years, several explanations have been suggested to account for
the “Simon effect”, as it is called since Hedge and Marsh (1975), but the
differences between existing models are rather subtle (see Hommel & Prinz
1997, for a recent overview). The very first account proposed by Simon (1968,
1969) attributes the effect to a “natural tendency” to respond toward the
source of stimulation. If, for instance, a signal indicating the left response
appears on the right side, this automatically induces the tendency to respond
“toward the right side”. As this tendency is misleading, it needs to be over-
come by time-consuming processes, which are not required if the signal had
appeared on the response-corresponding left side. Although this approach
goes not much further than to redescribe the empirical findings, it is interest-
ing to note that it follows the same line of reasoning than that by Ach (1910):
Stimuli might activate overlearned (or even inborn) habits that compete with
intentional translation processes for action control. If such a description really
captures the essence of the Simon effect, the Simon task might be a useful tool
to investigate the relationship and interplay between automatic and intentional
processes of S-R translation.

In fact, the distinction between parallel automatic and intentional routes
from stimuli to responses plays a prominent role in most models on the Simon
effect and similar phenomena, the perhaps most comprehensive approach
being the dimensional-overlap model proposed by Kornblum and colleagues
(Kornblum 1992, 1994; Kornblum et al. 1990). According to the model, the
intentional route works as assumed by most other information processing
models, with stimuli being encoded and translated into the correct response,
followed by retrieval and execution of the corresponding motor program. The
automatic route comes into play if stimulus and response features overlap.
Then the stimulus will automatically prime the feature-overlapping response,
whether this response is correct or not. If it is correct, the same motor program
is activated via two routes, resulting in a speed-up of program retrieval. But if
it is the wrong response, two responses will be active and compete for
execution, which calls for a time-consuming conflict-resolution process that
delays eventual responding.

Although the details of this model are still under debate and in need of
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clarification, its basic assumption of parallel intentional and automatic routes
of S-R translation are shared by many other models in the S-R compatibility
domain (e.g., Barber & O’Leary 1997; De Jong et al. 1994; Eimer et al. 1995;
Hommel 1993a). This is the more interesting as those dual-route models can
be seen as mere translations (though with somewhat more detail) of Ach’s
theory on the relationship between will and habit from an outdated, phenom-
enologically inspired language into more fashionable information-processing
terms. Of course, the theoretical focus differs slightly between these ap-
proaches: Ach was mainly interested in practice-induced automatic transla-
tion, whereas compatibility approaches rather focus on automaticity due to
feature overlap. However, even though it makes sense to treat practice and
feature overlap as distinct factors capable of producing automatic response
activation (Hommel 1998; Kornblum et al. 1990), this has no obvious implica-
tions for how one conceives of the relationship and interplay between inten-
tional and automatic translation processes as such.

Strong support for the dual-route conception comes from psychophysi-
ological studies. For instance, presenting a lateralized stimulus has been found
to prime the corresponding response up to a level that can be observed in
lateralized readiness potentials (LRPs; De Jong et al. 1994; Sommer et al.
1993), electromyographical recordings (Zachay 1991), and registrations of
subthreshold movements (Zachay 1991) — even when stimulus location is
completely irrelevant and even if the correct response is eventually performed.
Furthermore, Eimer (1995) showed that merely presenting cues with a spatial
meaning (i.e., left- or right-pointing arrow-heads) activates the spatially corre-
sponding response, and this is true even if those cues are not consciously
perceived (Eimer & Schlaghecken, 1998; Leuthold & Kopp 1998). So, there is
little doubt that stimuli can be translated into response activation even if this
runs counter to one’s current intention to act, this strongly suggesting parallel
intentional and automatic translation.

More evidence on the existence of more than one route from stimulus to
response comes from studies on the temporal dynamics of the Simon effect. In
several experiments in my lab | consistently observed that the size of the
Simon effect decreases with increasing task difficulty. For instance, when |
varied the lateral retinal eccentricity of a form stimulus from 0.2° to 6.1°, |
found the benefit of S-R correspondence over noncorrespondence to decrease
from 23 to -5 ms (Hommel 1993a: Exp. 2) — a rather counterintuitive result.
One possible explanation, also suggested by De Jong et al. (1994), assumes a
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spontaneous decay of automatically induced response activation. Figure 2
shows the logic of this explanation. Assume that presenting a lateralized
stimulus automatically activates the corresponding response, but this activa-
tion quickly decays over time, just as indicated by the leftmost activation
function (see broken lines) in Figure 2. If the relevant stimulus feature is easy
to process, it is soon translated into the correct response, as indicated by the
activation function in the middle (fast intentional). As the activation of this
response temporally overlaps with the automatically activated response, a
pronounced Simon effect is obtained: fast responses if both activations refer to
the same response, slow responses if they refer to different responses. How-
ever, if one makes processing the relevant stimulus feature more difficult (e.g.,
by presenting it at retinal locations with suboptimal spatial resolution), inten-
tional S-R translation will be delayed, as indicated by the rightmost activation
function in Figure 2. With increasing delay the temporal overlap of intentional
and automatic activation decreases, so that it becomes more and more likely
that the automatically induced response activation has already decayed at the
time the response is selected. If so, automatic response activation does no
longer affect performance, hence no Simon effect.

According to this temporal-overlap account, intentional and automatic
translation processes are independent and can thus be experimentally manipu-
lated separately. This allows for a number of predictions, some of which have
already been empirically confirmed. First, one would expect that any manipu-
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Figure 2. A temporal-overlap model of the Simon effect. Fast automatic translation
produces temporary, subthreshold stimulus-induced activation of the corresponding re-
sponse, followed by quick decay. If intentional translation is fast, there is temporal overlap
of automatic and intentional response activation, this yielding facilitation if both converge
onto the same response, and conflict if not. If intentional translation is slow, there is no
overlap and, hence, no facilitation or conflict.
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lation that prolongs the processing of the relevant stimulus feature and/or the
activation of the correct response (without affecting location processing)
reduces the size of the Simon effect. In fact, marked reductions of effect size (up
to the elimination of the effect) have been demonstrated as a consequence of
reducing the visual quality of the stimulus through pattern masking (Hommel
1993a), of making the alternative stimuli less discriminable (Hommel 1994; Lu

& Proctor 1994), of increasing the size of the memory set the stimuli belong to
(Hommel 1995), or of introducing a secondary task (McCann & Johnston
1992).

Second, the Simon effect should not only decrease between conditions of
different difficulty, but also within a condition, namely from fast to slow
responses of the same subject. That is, if we compute the Simon effect
separately for the lower and the upper tails of individual reaction-time distribu-
tions, we would expect the Simon effect to be the smaller the longer the
reaction times are. In fact, the effect size can be shown to continuously
decrease from fast to slow portions of the reaction time distribution (De Jong et
al. 1994; Eimer et al. 1995; Hommel 1997; see, however, Zhang & Kornblum
1997, for some caveats as to this kind of analysis).

Third, if the decrease of the Simon effect with increasing task difficulty is
really due to the spontaneous decay of automatic response activation, one
should be able to work against the effect’'s decrease by introducing task
features that make the location of the stimulus more relevant to the task.
Again, the evidence is positive. If one asks the subjects in a Simon task to
report the location of the stimulus after each trial, the effect gets even larger
than normal (Hommel, submitted a; Simon 1982).

Fourth, the temporal-overlap model suggests that, under certain stimulus
conditions, one should be able to completely invert the Simon effect’s tempo-
ral dynamics. In the standard task, the relevant stimulus feature often takes
much longer to process than the irrelevant location information, which is why
the “intentional” function in Figure 2 begins to rise only some time after the
“automatic” function. However, what if we came up with a relevant stimulus
feature that can be processed even faster than stimulus location? Then, the
intentional function would start before the automatic one, so that the effect of
S-R correspondence should be the more pronounced the longer the relative
reaction times are — hence increase from the lower to the upper tail of the
reaction time distribution. This prediction is supported by Hommel (1996:
Exp. 1), where subjects responded to the mere onset of a lateralized stimulus
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by performing an already prepared response. Reaction times were not only
very quick, they also showed the expected distribution, with longer reaction
times being associated with a larger correspondence effect.

Taken in sum, there is ample evidence from Simon tasks that intentional
and automatic processes coexist and compete for action control. They are
likely to exhibit different time courses — depending on the particular stimulus
features and task context — that can be dissociated and selectively manipu-
lated. Although the genesis of automatic translation processes due to S-R
feature overlap on the one hand and those due to S-R practice on the other may
be different, the implications from compatibility studies and from learning
studies nicely converge onto the same theoretical conclusions.

Intentional control of automatic translation processes

The evidence discussed so far clearly rules out the perhaps more intuitive idea
that S-R translation is a direct reflection of human will. Rather, it seems that
human performance emerges from the interplay of both intentional and auto-
matic translation processes. But does this necessarily imply that intentional
and automatic translation processes are of comparable status except that the
former are more related to intentions than the latter? Is it really true that
automatic processes are autonomous operations that do in no way depend on
the intentional states of an acting person, as assumed, among others, by Ach
(1910), De Jong et al. (1994), or Kornblum and coworkers (1990)? | will now
go on to discuss several empirical reasons — mostly taken from S-R compat-
ibility research (for a broader review, see Hommel, in press) — to doubt the
assumption that automatic translation is completely independent from inten-
tions. There is evidence that automatic translation is a more or less direct
function of intentional preparation, suggesting that intentional processes do
not really compete with, but rather set the stage for automatic processes.
Hence, in the words of Bargh (1989), automaticity may (always?) be condi-
tional automaticity, just as suspected by Lewin (1922b).

To begin with, let me use the example sketched in Figure 3 to organize
the further discussion. It refers to a typical situation in a Simon task, which in
this case requires pressing a left versus right key in response to the green or red
color of a visual stimulus, respectively. Let us now assume that a red stimulus
appears on the left side, an incompatible situation that induces competition
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Figure 3.lllustration of possible influences of intentional preparation processes on auto-
matic stimulus-response translation.

between the correct response activated via the intentional route from color to
response and the automatically activated, but incorrect stimulus-correspond-
ing response. Logically, there are at least three ways in which translation via
the automatic route could be affected by, or depend on, intentional processes.
First, intentional processes may be able to influence, or even to determine,
whether and how stimuli are cognitively coded (e.g., as LEFT or RIGHT), and
thus be able to control the input side of the automatic channel. Second,
intentional processes might have an impact on how responses are coded (e.g.,
as LEFT or RIGHT), and thus be able to control the output side of the
automatic channel. Third, intentional processes may even have a direct or
indirect influence on the automatic translation process itself, or even have
control over its effect on response selection and related processes. In fact,
there is evidence for all three kinds of influence.

Stimulus coding and attention
Outside the lab, there are many ways to control even our strongest habits, with

one of the best being distraction and ignoring: We avoid getting in touch and
view with the stimuli we know to trigger inefficient, unwanted, or unaccept-
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able behavior. But there are more subtle means also, such as ignoring a
stimulus we are confronted with, or concentrating on a less critical stimulus
attribute. Hence, the way stimuli affect our behavior strongly depends on
whether we attend and how we perceive them, which is nicely demonstrated
by studies on the impact of perception and attention on the Simon effect.

In the standard Simon task, only one stimulus appears at a time, and it is
usually presented to the left or right of a central fixation mark. However,
Simon effects can also be obtained with more complex visual displays,
displays that require attentional selection of the stimulus. For instance, Grice,
Boroughs, and Canham (1984) presented their subjects with two stimuli in
each trial, one on either side, one being a to-be-discriminated response-
signaling letter and the other a neutral distractor letter. Pronounced Simon
effects (i.e., better performance if the target letter corresponded with the
response it signaled) were obtained in this study, as well as in studies where
target and distractor differed in color (Hommel 1993b; Proctor & Lu 1994) or
meaning (O’Leary & Barber 1993). Inasmuch as the Simon effect indicates
automatic S-R translation, these findings show that it is not the stimulus
information per se that is translated into response activation battémeled
stimulus information only. Therefore, “automatic” translation processes criti-
cally depends on the intention to process a particular stimulus (Stoffer &
Umilta 1997). This is also obvious from a study of Hommel (submitted b),
where the stimulus displays looked like the one shown in panel A of Figure 4.
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Figure 4.Schematic illustrations of the stimulus displays used in the studies of (A) Hommel
(submitted a) and (B) Nicoletti and Umilta (1989). See text for further explanations.
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The display always consisted of four differently colored objects, whose form
signaled left and right responses. The actual target was cued by coloring a
frame that surrounded the display, hence by presenting the color of the
relevant stimulus. Although the stimulus display as such was more or less
symmetrical, performance was much better if the cued target was on the same
side as the response it required.

Another fine demonstration of the role attentional processes play in
controlling automatic S-R translation was provided by Nicoletti and Umilta
(1989), who used a stimulus display as sketched in panel B of Figure 4.
Subjects kept their eyes at a fixation mark to the left or right side of a row of
six boxes, in which the stimulus appeared. Attention was to be focused on a
small solid square located in between two boxes, with the particular location
of the square varying randomly from trial to trial. Interestingly, performance
did not depend on the side of the fixation mark or the stimulus, but on whether
the stimulus appeared to the left or right side of the currently attended location,
that is, it was best with correspondence between the location of the stimulus
relative to the attended square and the location of the response.

Obviously, the very same stimulus condition can trigger very different
responses depending on which part of the stimulus configuration is attended,
which stimulus is searched for, and so forth. Given that in the described
studies attention was induced and manipulated by means of instruction and,
thus, was under voluntary control of the subjects, this means that automatic S-
R translation as indicated by the Simon effect cannot be completely automatic
and unconditional. Rather, intentional/attentional processes seem to imple-
ment a particular state or task set to code, analyze, and perceive the reaction
stimuli in a particular way, and it is only this set that allows automatic
translation processes to take place.

Response coding and intention

In addition to the input part of overlearned or compatible S-R couplings the
output part also provides a means to control S-R translation and its effect on
behavior. In fact, there is evidence that S-R compatibility effects strongly
depend on the response part, on how a response is coded and interpreted, and
on whether it is prepared in advance of the stimulus.

The role of response preparation has been investigated in the study of
Hommel (1996). In one experiment, subjects responded during a whole block



236 BERNHARD HOMMEL

by pressing the same response key to the onset of a temporally unpredictable
green square coming up on the left or right side. On very few occasions, a red
square also appeared immediately after a response key was depressed. This
signaled a further response with either the same key or, in a separate session,
with the opposite key. That is, subjects were required to hold only one
response in preparation in one condition, but two responses in the other —
although the two responses were no real response alternatives. Interestingly,
the two-key condition yielded a much more pronounced effect of (green) S-R
correspondence than the one-key condition. This suggests that holding two
responses in preparation results in, or even requires, much stronger spatial
response coding than preparing only one response. Response coding, in turn,
strongly affects automatic translation because, for obvious reasons, translating
a left stimulus into a left response, say, only works if one of the responses is
actually coded as left.

Further evidence that compatibility phenomena cannot only be affected,
but are even determined by response coding, can be taken from the study of
Hommel (1993c). In this study, subjects performed left and right keypresses in
response to the pitch of a tone. Like in a typical Simon task, the tone was
randomly presented through a left or right loudspeaker. In addition, each
keypress flashed a light-emitting diode on the opposite side. In one group, the
instruction referred to the response keys, hence subjects were asked to “press
the left/right key in response to the low/high pitch”. A second group performed
exactly the same task, but they were instructed to “flash the right/left light in
response to the low/high pitch”. Given that flashing the right/left light was done
by pressing the left/right key, one might not expect any impact of the instruction
on atruly automatic translation process. Yet, the typical benefit of stimulus-key
correspondence was only obtained under key instruction, whereas the light
group showed exactly the opposite result (i.e., better performance with stimu-
lus-light correspondence). Obviously, the light group had coded their responses
in terms of light location and as these were always opposite to the keys, the
effect was also the opposite.

In sum, processes of response coding and preparation are as effective as
stimulus-coding processes in controlling both the degree and direction of
“automatic” S-R translation. Given that response coding was a rather direct
function of task instructions and the way these instructions were implemented,
we see once more that automatic translation strongly depends on intentional
processes.
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Stimulus-response translation, practice, and task set

Clearly, both stimulus and response coding processes play a decisive role for
the occurrence of automatic translation. But there are even more direct influ-
ences on the effect of automatic translation processes, as well as on the
likelihood and the time of their occurrence, just as indicated by the middle
vertical arrow in Figure 3. For example, in the study of Hommel (1994),
subjects performed a standard Simon task, except that the frequency of
noncorresponding (incompatible) trials was varied from 20% to 80%. As a
consequence, the location of the stimulus was no longer as uninformative as
with 50% probability. In fact, frequency of noncorrespondence trials had a
strong impact on the Simon effect: The effect sharply increased with low
frequencies and was eliminated with the highest frequency. Obviously, then,
(strategically?) using the information provided by a task-irrelevant stimulus
attribute can overrule the effect of automatic S-R translation.

Interestingly, S-R contingencies and the associations and strategies they
induce can even transfer to a different task. In the study of Proctor and Lu
(1999), subjects performed a Simon task after receiving practice in a standard
spatial compatibility task, with either a compatible mapping (left stimulus
left response, right stimulus right response) or an incompatible mapping
(left stimulus — right response, right stimulus left response). The group
practicing with the compatible mapping exhibited a normal Simon effect, with
S-R correspondence yielding faster responses than noncorrespondence. How-
ever, the group practicing with the incompatible mapping showed the opposite
pattern, that is, S-R noncorrespondence was now faster than correspondence.
Hence, the association of stimulus and response locations strategically ac-
quired in the practice task must have been involuntarily transferred to the
Simon task, where the respective S-R associations counteracted the effect of
S-R compatibility.

Strategies and task sets cannot only counteract, but also effectively
eliminate automatic translation. An impressive demonstration of that phenom-
enon comes from Eimer and Schlaghecken (1998). As already mentioned,
these authors presented their subjects with subliminal left- and right-pointing
arrow-heads before the actual target stimulus, which again signaled a left-vs.-
right keypress. If the target was also an arrowhead, the arrow primes produced
LRPs indicative of automatic activation of the hand that corresponded to the
prime’s direction. Of course, this is what one would expect from an automatic-
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translation approach to S-R compatibility. However, when the arrow targets
were replaced by single-letter stimuli, the primes no longer produced an LRP.
Therefore, if one attributes the effect of arrowhead primes on lateralized
responses to automatic S-R translation, this kind of automaticity must strongly
depend on whether and how a person intends to act to a given stimulus. This
conclusion is also suggested by a study of Valle-Inclan and Redondo (1998),
who measured LRPs in a Simon task with a trial-by-trial variation of the
mapping between the relevant stimulus feature (i.e., color) and the response
keys. If the mapping appeared before the stimulus, the stimulus elicited the
usual LRP related to the spatially corresponding hand, but not if the stimulus
preceded the mapping. Inasmuch as LRPs induced by stimulus location can be
taken as an indicator of automatic S-R translation, this finding strongly
suggests that automatic translation is tightly coupled to, and apparently even
depends upon, the subject’s intention to act at the time of stimulus presenta-
tion. Although this does not always seem to be the case (Eimer 1995), it at
least demonstrates that under some circumstances task sets can have full
control over automatic translation processes.

Conclusion

To sum up, we have seen that intentions by no means shield our response
tendencies from being activated by environmental stimulation. Responses
may become automatically activated by a stimulus if they were often paired
with that stimulus in the past, and/or if they are compatible (i.e., share
features) with it. Automatic S-R translation processes can be experimentally
dissociated from intentional processes, they can be independently manipu-
lated, and they can be shown to have different characteristics. Nevertheless,
automatic translation processes are not completely independent from inten-
tions. Indeed, intentions can affect automatic processing in many ways, for
example by determining whether and how stimuli and responses are cogni-
tively represented, or by defining and preparing intentional translation pro-
cesses. That is, intentional processes do not so much compete with automatic
processes, as assumed by Ach (1910) or later dual-route models, but rather set
the stage for automatic processing to take place (Hommel, in press), which is
more in line with the position of Lewin (1922b). If this is so, one may doubt
whether there is such a thing like a pure intentional or pure automatic process
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at all. Intentional processes apparently install automatic processes and can
therefore never have complete control over their results, whereas automatic
processes depend on intentional preparation and are therefore always con-
trolled. Thus, it seems that speaking of intentional and automatic processing is
always relative and in a sense even wrong. However, to find out in which
sense it is wrong requires a much better understanding of both how intentions
are implemented into the human cognitive system, and how this implementa-
tion and its consequences are shaped by previous experience.
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Affect Infusion and Affect Control

The Interactive Role of Conscious and Unconscious
Processing Strategies in Mood Management

Joseph P. Forgas & Joseph Ciarrochi
University of New South Wales

This chapter argues that unconscious infusion of affect into cognitive processes
during constructive, substantive processing, and the conscious cognitive con-
trol of affect during motivated processing can be conceptualised as distinct,
dissociated mental processes. Nevertheless, these two mental processes interact
to produce an automatic, homeostatic mood management system that helps to
calibrate and maintain an affective equilibrium in our daily lives. The first part

of this chapter reviews the considerable empirical evidence suggesting that
even low-key, temporary moods can produce significant mood-congruent
cognitive biases . Furthermore, considerable evidence suggests that these affect
infusion effects are largely unconscious.

As negative affect produces negative thoughts, and negative thoughts in
turn are likely to generate and intensify negative affect, these automatic affect
infusion processes clearly must be self-limiting in normal, well-adjusted
people. Once a threshold level of negativity is reached, a complementary
affect-control strategy is triggered designed to reduce affective extremity to
manageable levels. The second part of the chapter reviews extensive comple-
mentary evidence indicating that in many circumstances, more conscious and
motivated processing strategies may be adopted by people, leading to affect-
incongruent cognitive outcomes.

Most of the previous literature looked at affect infusion and affect control
as distinct, dissociated cognitive strategies that operate in isolation from each
other. In a break with this tradition, the recently proposed Affect Infusion
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Model (Forgas 1995) suggests that these processing strategies are selectively
recruited in predictable — and testable — situational and psychological
circumstances. The mood management model outlined here goes one step
further: It suggests that affect infusion and affect control are in fact interactive
cognitive processes, representing two aspects of an automatic, homeostatic
affect management system.

The notion that affective states such as mood can unconsciously influ-
ence our judgments and behaviour has been a source of fascination to artists,
philosophers, and lay people since time immemorial, and has been the subject
of psychological theorising for nearly a century (Freud 1915). More recently,
psychologists have begun to apply systematic experimental methods to inves-
tigate this phenomenon (Fiedler 1991; Forgas 1995; Zajonc 1980). An affec-
tive state is considered to be unconscious when a person is not aware either of
its source, its target, or both (Murphy, Monahan and Zajonc 1995). There is
considerable evidence suggesting that unconscious affect is not only very
common in everyday life, but also that it has a widespread influence on many
cognitive processes (Forgas 1995; Forgas and Moylan 1987; Kunst-Wilson
and Zajonc 1980; Murphy and Zajonc 1987; Murphy, Monahan and Zajonc
1995). For example, millions are afflicted with free-floating anxiety, a condi-
tion in which the person is unaware of the origin of anxiety (Beck 1976), and
everybody may be influenced, at times, with free-floating sadness or joy (Isen
1990). Numerous mundane everyday experiences appear capable of inducing
unconscious affect. For example, watching a movie, taking a walk on a sunny
day, listening to music, watching a football game, receiving a small gift,
drinking a cup of coffee, succeeding or failing at a task, and getting (or not
getting) a date on a Friday night can all generate subtle, enduring and fre-
qguently unconscious affective states (Forgas 1995).

There is strong evidence that these everyday moods have an automatic,
unconscious, mood-congruent influence on many cognitive tasks involving
attention, learning, memory, associations and judgments (Bower 1991; Fiedler
1991). There is also strong evidence, however, that once people become aware
of their moods, they frequently switch to more targeted, conscious processing
strategies designed to limit or eliminate the prevailing affective state (Forgas
1995; Berkowitz 1990; Ciarrochi and Forgas 1997). Such more or less con-
scious affect control strategies include trying to distract ourselves (Wegner and
Petty 1993), focus attention on mood-incongruent information, make affec-
tively rewarding choices (Forgas 1991), or retrieve mood-incongruent informa-
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tion (Forgas & Ciarrochi 1997).

Although there has been growing evidence for the operation of both
unconscious, affect-congruent processing strategies, and more conscious, af-
fect-control processes, little attempt has been made previously to link these
mechanisms within an integrated affect management model. In other words,
affect infusion and affect control have been traditionally understood as inde-
pendent, dissociated processes. In contrast, this chapter will argue that these
mental processes should be considered as interactive, interdependent cogni-
tive mechanisms that jointly constitute a homeostatic mood management
system. How do the processes of unconscious affect infusion and conscious
affect control interact? Under what conditions will unconscious infusion
versus conscious control dominate a processing outcome? This chapter will
argue that the mechanisms of unconscious affect infusion and conscious affect
control represent two sides of a single, integrated mood management system.
Whether a prevailing affective state leads to affect infusion or affect control
often depends on subtle contextual differences that may selectively trigger one
of two different information processing strategies: elaborate, substantive pro-
cessing (the major vehicle for affect infusion), or directed, motivated process-
ing (the mechanism for affect control). Extrapolating from the recently
proposed Affect Infusion Model (Forgas 1995), the chapter will suggest that
affect infusion in the course of substantive processing, and affect control
during motivated processing function as two complementary cognitive strate-
gies that together form the dual components of a self-correcting affect man-
agement mechanism.

The first part of the chapter presents a detailed interactive model of
spontaneous mood management, integrating unconscious and conscious pro-
cesses within a comprehensive affect management system. It will be argued
that this mood management system operates to maintain affective fluctuations
within individual limits in the course of normal everyday activities. The model
makes specific predictions about when unconscious affect infusion versus
conscious control will be likely to dominate a processing outcome. The
second part of the chapter will summarise some of the most recent evidence
for both the automatic, unconscious and the controlled, conscious aspects of
these processes, placing the findings within the context of the mood manage-
ment model. We will also specifically consider the role of individual differ-
ence variables in the operation of such a dual-process mood management
system.
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The Affect Infusion Model (AIM): When affect is likely to unconsciously
colour judgments

Experiences of positive or negative affect accompany us throughout our daily
lives. Most of the time these underlying mood states are not intense or salient
enough to command conscious attention. Yet there is growing evidence
suggesting that transient mood states do have a significant influence both on
the content of cognition (what people think), as well as the process of cogni-
tion (how people think) (Bower 1981; Forgas 1995a; Schwarz & Clore 1983).
For the purposes of this discussiaffect infusiormay be defined as a process
whereby affectively loaded information exerts an influence on, and becomes
incorporated into a person’s cognitive processes, entering into their construc-
tive deliberations and eventually coloring the outcome in a mood-congruent
direction (Forgas 1995a). As we will see shortly, affect infusion in memory,
social cognition and judgments is a largely unconscious process.

Affect infusion occurs because processing novel social information usu-
ally requires high-level inferential cognitive processes. The classic work of
Asch (1946), Heider (1958), and Kelly (1955) established that even the
simplest kinds of judgments of brief lists of adjectives are subject to such
highly constructive biases. Social information processors can only create a
meaningful pattern or Gestalt of the confusing information available to them
by the constructive use of their pre-existing thoughts, memories and associa-
tions to create a meaningful cognitive representation of the social world.
Under certain conditions, the prevailing affective state of a person can become
part of the constructive informational base used when interpreting informa-
tion, producing a judgment or planning a behavior (Fiedler 1991).

There is now clear evidence suggesting that unconscious affect infusion
is most likely to occur in the course of sucbnstructive processinthat
involves the substantial transformation rather than mere reproduction of exist-
ing cognitive representations. In other words, affect “will influence cognitive
processes to the extent that the cognitive task involves the active generation of
new information as opposed to the passive conservation of information given”
(Fiedler 1990, pp. 2—-3). Research has also shown however that affect infusion
is not an invariable phenomenon. Frequently, the affective state of a person
appears to have no influence on the content of cognition, and may even have
an inconsistent, mood-incongruent influence (Erber & Erber 1994; Sedikides
1994). How can we explain these apparently contradictory findings?
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The recently proposeaffect Infusion Model (AIMJForgas 1995a) argues
that the nature and extent of unconscious affect infusion into cognition depends
fundamentally on what kind of cognitive strategy is adopted by a person in
dealing with a particular task. The model identifies four distinct processing
strategies, each characterized by different affect infusion potentials. Two of
these processing strategies, (1) divect acces®f pre-existing information,
and (2)motivated processinig service of a pre-existing goal, represent highly
predetermined and directed information search patterns that require little
generative, constructive processing, limiting the scope of unconscious affect
infusion effects. In contrast, when a cognitive task requires a degree of open,
elaborate, constructive processing, people may adopt eitherh@)restic
simplified or a (4) ssubstantiveelaborate processing strategy to compute a
new outcome. These are high-infusion strategies, which involve some degree
of constructive thinking (Fiedler 1990; 1991; Forgas 1995a) and allow affect to
unconsciously infuse outcomes either indirectly (through primed associations;
Forgas & Bower 1988) or directly (when people misattribute their affective
state to a mistaken source; Schwarz & Clore 1983). A complete description of
the AIM and the evidence supporting it is presented by Forgas (1995a), so it
will not be reviewed in detail here. The major relevance of the Affect Infusion
Model to our discussion is that it seeks to provide a framework within which
instances of unconscious affect infusion, as well as instances of more con-
scious affect control — based on motivated processing — can be characterized
within an integrated framework. Together, these two complementary pro-
cesses may also be considered as part of a single, interactive mood manage-
ment system.

According to the AIM, most unconscious affect infusion occurs when
people employsubstantive processinghis involves selecting, learning and
interpreting novel information, and relating this information to pre-existing
knowledge structures. Substantive processing is more likely when the task is
complex or atypical, there is adequate cognitive capacity, and there are no
specific motivational goals to pre-determine the outcome. Most cognitive
theories in psychology implicitly assume that such exhaustive, elaborate and
‘dutiful’ information processing is the norm. In contrast, the AIM suggests
that substantive processing will be adopted only when simpler and less effort-
ful strategies prove unequal to the task. Affect infusion during substantive
processing is best understood in terms of memory principles that can account
for the role of affect in the selection, learning, interpretation and assimilation
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of novel information into a pre-existing knowledge base (Bower 1981). The
more elaborate and constructive the processing strategy required, the more
likely that affectively primed information will become accessible and be
incorporated in the cognitive process, eventually infusing its outcome (Fiedler
1991; Forgas 1992b; 1993b).

In contrast, more conscious, targeted amadivated processintypically
occurs when processing is guided by a specific goal, leading people to employ
highly selective, motivated information search and integration strategies de-
signed to produce a preferred outcome. As motivated processing precludes
genuinely open, constructive information search and selection strategies, the
likelihood of affect infusion is reduced. Motivated processing is the prime
technique for achieving mood control, as suggested by several recent studies
(Clark & Isen 1982; Erber & Erber 1994; Forgas 1990, 1991; Forgas & Fiedler
1996; Wegner & Erber 1993). Motivated processing as defined here involves
more than just a motivation to be accurate (cf. Kunda 1990): It involves a
specific goal (such as mood-control) which dominates and guides information
search strategies. Motivated processing is particularly likely to occur when
people become consciously aware of the causes or consequences of their mood
state (Berkowitz & Troccoli 1990; Murphy & Zajonc 1987, 1993; Schwarz &
Clore 1983). We shall have more to say about this in the next section.

Distinguishing between the four processing strategies identified by the
Affect Infusion Model, and between substantive and motivated processing in
particular, has considerable benefits for our understanding of the delicate
interplay between affect and cognition, and unconscious affect-infusion and
conscious affect-control in particular. Since different processing strategies do
imply different affective influences on cognition, and ultimately, behavior,
affect control can now be seen as specifically linked to a particular processing
strategy — motivated processing — and not to others. Affect infusion in turn is
most likely to occur in the course of substantive processing. The AIM predicts
that constructive processing (substantive processing in particular) is the pre-
requisite for unconscious affect infusion to occur, while conscious mood-
control should be limited to conditions conducive to motivated processing.

Mechanisms of unconscious affect infusion

Affect infusion occurs because moods can either indirectly (through primed
associations) or directly (through the direct use of affect as information) infuse



AFFECT INFUSION AND AFFECT CONTROL 249

cognitive outcomes. Affect-priming (Bower 1981; Forgas & Bower 1988) is

more likely when substantive processing is adopted, while affect-as-informa-
tion (Schwarz & Clore 1983) should be limited to conditions when heuristic

processing is used.

The affect-as-informatiomechanism suggests that “individuals may . . .
ask themselves: ‘How do | feel about it?’ and in doing so, they may mistake
feelings due to a preexisting state” as informative about the current situation
(Schwarz 1990: 529). Supporting evidence comes from studies reporting
mood congruence in certain evaluative judgments (Clore & Parrott 1991).
However, many of these results can be equally well explained by alternative,
affect-priming models. Further, the affect-as-information model also lacks
parsimony, as it deals with mood effects at the retrieval-judgmental stage
only. The kind of simple, heuristic processing implied by the affect-as-
information approach is most likely when processing resources are limited,
prior knowledge and evaluations are not available, and the task is unfamiliar,
non-specific, and of little personal relevance. Importantly, affect is only likely
to be used as information if people are completely unaware of the source of
their mood (Schwarz & Clore 1983; more on this later).

In contrast to the affect-as-information mechanism, affiect-priming
mechanism suggests that affect can indirectly infuse cognitive processes by
facilitating access to related memories and cognitive categories (Bower 1981;
Isen 1984). According to this view, affective states have a specific node or unit
in memory that is linked with propositions describing events from one’s life
during which that emotion was aroused. Activation of an emotion node
spreads activation throughout the memory structures to which it is connected,
increasing the chance that those memories will be retrieved (Bower 1981).
The priming model predicts mood congruent biases in attention, encoding,
learning (Bower 1981; Forgas & Bower 1987; Forgas 1992b), memory re-
trieval (Bower 1981; Forgas & Bower 1988), and interpretation (Forgas &
Bower 1987).

There is now strong evidence supporting this model. Despite some initial
difficulties (Blaney 1986), many studies using rich and elaborate encoding
and retrieval cues have reliably demonstrated the predicted mood priming
effects (cf. Bower 1981; Forgas 1990, 1992b; Forgas & Bower 1987, 1988;
Salovey et al. 1991). The prediction of mood-congruence in conditions that
are conducive to substantive processing has also been supported in numerous
studies looking at selective attention, learning, retrieval and associative pro-
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cesses (cf. Bower 1981; Forgas 1992b; Forgas & Bower 1987, 1988; Mayer et
al. 1992; Salovey et al. 1991). In particular, counter intuitive evidence indi-
cates that the more people engage in substantive processing, the greater the
affect infusion and the mood-congruency effects obtained (eg., Forgas 1992b,
1993b, 1995b).

Unlike the affect-as-information mechanism, the affect-priming mecha-
nism may unconsciously influence cognition and judgments even when people
can correctly identify the source of their mood (Forgas 1995). Numerous
experimental studies demonstrate that mood leads to subtle mood-congruent
biases in attention, recall, and judgment even in circumstances when people are
certain to be aware of a recent mood induction responsible for their mood states
(eg., Forgas 1995). It appears, then, that even people who are likely to be
consciously aware of the causes of their moods, may be unaware of the
cognitive consequences of their affective states (eg., affect-priming), and do
display unconscious affect infusion effects.

Basic predictions of AIM

According to the AIM, choice of processing strategy (and thus, subsequent
unconscious affect-infusion or conscious control outcomes) should depend on
three sets of factors: features of (1) tiask (2) thepersonand (3) the
situation respectively (Forgas 19953)ask featuretnclude familiarity, typi-

cality, and complexityperson featuregclude specific motivation, cognitive
capacity, motivation to be accurate, affective state, individual difference
variables, and awareness of affective sw&itaational factorsnclude features

such as degree of critical scrutiny expected, accuracy expectations, etc. Sev-
eral testable principles may be derived from this model. For example, cogni-
tive tasks that are highly familiar should be processed using a direct access
strategy precluding affect infusion, unless further processing is recruited by
other variables (Srull 1983; 1984). A strong prior motivation should also lead
to directed and truncated information search strategies, and the absence of
affect infusion. Such a pattern was found in several recent experiments
looking at mood effects on motivated partner choices (Forgas 1991c) and
intergroup decisions (Forgas & Fiedler 1996). Motivated processing however
is the primary mechanism that can reverse the usual mood-congruent pattern,
as judges selectively process mood-incongruent information, often as a result
of growing conscious awareness of the deleterious effects of the prevailing
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mood state (Erber & Erber 1994; Sedikides 1994).

In the absence of task familiarity or specific motivation, atypical, unusual
or complex tasks should recruit more substantive and elaborate processing,
and typical or simple targets should recruit more simple, truncated processing.
This pattern was supported in several recent studies, showing greater uncon-
scious affect infusion linked to the more substantive processing of complex or
atypical targets (Forgas 1992b; 1993b). The model also predicts that all things
being equal, personally relevant tasks are more likely to be processed using
the motivated strategy (if a prior objective exists), as found in some recent
experiments (Forgas 1989, 1991b). Finally, pragmatic situational demands
(eg. expected publicity or scrutiny, expectations of accuracy) also impact on
processing choices, triggering substantive rather than heuristic or direct access
processing (Wegner & Erber 1993).

Within the AIM framework, the ongoing task of mood management can
be understood as people routinely and automatically switching between two
complementary information processing strategies: substantive processing that
results in unconscious affect infusion, and motivated processing that results in
conscious affect control outcomes. The mood management model proposed
here is thus a refinement and development of the relevant aspects of the earlier
and more general Affect Infusion Model (Forgas 1995a). A schematic sum-
mary of the mood management hypothesis is presented in Figure 1. As this
figure shows, the choice of either a substantive (affect infusion) or motivated
(affect control) processing strategy is determined by a combination of input
variables, and the extremity of the prevailing affective state of the person.
Most of the variables that feed into the mood management system are personal
rather than situational. So far, we know that motivated rather than substantive
processing is more likely when (a) the task is of direct personal relevance
(Forgas 1991c), (b) people are aware of the cause or consequence of their
mood (Berkowitz & Troccoli 1990; Schwarz & Clore 1983), (c) they score
high on individual differences measures that indicate motivated processing
tendencies (Forgas, in press) and (d) they experience extreme or aversive
affective state (Weary et al. 1994). Situational variables may also impact on
processing choices (Forgas 1995; Wegner & Erber 1993). For example,
persons who expect to engage in a demanding interaction with a stranger often
prefer to tone down their mood by reading articles that are the opposite in
affective tone to their own mood (Wegner & Erber 1993).

A critical feature of this mood management model is that it incorporates a
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Task Features Person Features Situational F (]
--typicality --prevailing mood --need for accuracy
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--familiarity --Awareness of difficult task

cause or consequence
of mcod state

Substantive, Constructive Motivated, Directed
Processing Processing
Unconscious (Often Conscious)
Affect Infusion Affect Control

\/

Processing Outcome

Figure 1. The mood management model, showing the predicted relationship between
unconscious affect infusion (during substantive processing) and conscious affect control
(during motivated processing), and the variables influencing processing choices.

feedback loop between the valenced outcome of the existing processing
strategy and subsequent processing choices. As a consequence, the model
provides for the possibility of continuous changes in processing style as a
function of the prevailing mood state, a suggestion that is supported by
empirical evidence (Clark & Isen 1982; Forgas 1995a; Sedikides 1994). In
practical terms, this means that if as a result of an existing substantive
processing strategy and ongoing affect infusion processes the level of negativ-
ity in a person’s thinking — and mood — reaches a threshold level, an
automatic correction may take place, that consists of a switch to motivated
processing. In the next section we will briefly survey some of the evidence
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illustrating affect infusion processes in the course of substantive processing.
Then, we will discuss the different types of conscious, motivated processes
that are often used to counteract unconscious affect infusion.

Evidence for unconscious affect infusion

Numerous studies have found that a person’s affective state is likely to infuse
cognitive processes in circumstances that, according to the AIM, should trigger
constructive, substantive processing strategies. In a particularly challenging
early test of the affect infusion hypothesis, even basic interpretations of
observed social interactions were significantly distorted in a mood-consistent
direction (Forgas et al. 1984). Other researchers used a more realistic personnel
selection task and found an almost identical pattern of affect infusion in
interviewers’ reactions to job applicants (Baron 1987). Affect infusion may also
distort highly important personal judgments, such as perceptions of health and
illness (Croyle & Uretzky 1987; Salovey & Birnbaum 1989). As implied by the
AIM, “negative mood can affect subjective appraisals of health by increasing
the accessibility of illness-related memories” (Croyle & Uretzky 1987: 239).

Affect infusion has been demonstrated not only in the laboratory, but also
in many real-life situations. In one of the largest unobtrusive field studies on
this topic, involving almost a thousand subjects (Forgas & Moylan 1987), we
approached people who were just leaving movie theatres having seen happy or
sad films and asked them to make a number of judgments about topical issues,
political figures, and their life satisfaction in a “street survey”. On all ques-
tions, happy subjects made significantly more positive and lenient judgments
than did sad subjects, without any conscious awareness of the distorting
effects of their film-induced moods. Significant affect infusion was also found
with stereotype judgments, “consistent with the affect-priming explanation”
(Haddock et al. 1994: 203).

Given that affect does indeed colour judgments, what evidence is there
that such colouring occurs unconsciously? A number of experiments have
now demonstrated that people must be unaware of the consequences of their
mood if it is to infuse their judgments (Berkowitz & Troccoli 1990; Murphy &
Zajonc 1987, 1993; Schwarz & Clore 1983). For example, Murphy and
Zajonc (1990) found that when positive and negative facial expressions were
presented subconsciously, neutral Chinese ideographs targets were influenced
by the affective prime. If the prime was positive, the otherwise nondescript
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ideographs were judged more positively; if the prime was negative, the
ideographs were judged negatively. However, when the primes were pre-
sented consciously, they had no impact on the ideographs. Thus, when people
became aware of the source of the affect (the facial expressions), they pre-
vented it from influencing their judgments.

Other studies specifically suggest that if people become consciously aware
of their affective states, they will tend to counteract its affects (Berkowitz et al.
1994; Schwarz & Clore 1983). Schwarz and Clore (1983) found, for example,
that when survey respondents were asked about their well being, they gave
more positive answers on sunny days, presumably because they were in a good
mood. However, the effect disappeared when respondents were made to
consciously focus on the source of their mood, the weather, by answering a
casual question about the weather that day. In another set of studies, Berkowitz
et al. (1994) found that negative mood led people to evaluate a target person
unfavourably, a typical mood congruence effect. However, when subjects were
made to focus on their internal states, and as a result became consciously aware
of their negative mood, this eliminated mood congruent responses, and led them
to evaluate the target person méaeourably Thus, consciously aware sub-
jects not only corrected, but also overcorrected, for potential affective biases in
their thinking and judgments.

The examples discussed thus far suggest that when people are unaware of
their moods, they are more likely to allow that mood to infuse an unrelated
cognitive process and judgments. Thus, moods seem to become easily “de-
tached” from their true source. Schwarz, Servay and Kumpf (1985) provide
another striking illustration of this. They had smokers watch a fear-arousing
anti-smoking movie and observed the effects of the film on attitudes towards
smoking. Before the film, smokers were given a placebo and told that it had
either arousing, tranquillizing, or no side effects. Relative to the no side effects
group, the subjects who could attribute the fear arousal to the pill reported less
intention to quit smoking, and those who expected the pill to be tranquillising
reported more intention to quit smoking. In addition, the self reported number
of cigarettes smoked during the two-week period that followed the film
decreased in both the tranquillizing and no side effects condition, but did not
decrease in the arousing side effects condition. These findings suggest that
people are often not consciously aware of the true source of their affective
states and can be easily misled to misattribute it to an irrelevant source.
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Evidence that unconscious affect infusion occurs under substantive
processing

Specific evidence for the role of processing strategies in unconscious affect
infusion comes from the direct analysis of processing latency and memory
data. In one relevant study, happy, control or sad moods were induced by
bogus feedback about performance, followed by impression formation judg-
ments and a recall task about persons presented on a computer screen (Forgas
& Bower 1987). The experiment found significant mood-congruence. It also
found that people took longer to process and encode mood-congruent infor-
mation into a presumably more extensive, activated associative base, but were
faster to produce mood-congruent judgments using a pre-activated mood-
congruent associative base, consistent with affect-priming theories and the
AIM in particular (Bower 1981; Forgas 1995).

One of the more important and counter-intuitive predictions of the Affect
Infusion Model is that the longer and more extensively a person needs to
substantively process a task, the more likely that unconscious affect infusion
will occur. This prediction was supported in several recent studies. In these
experiments, the time required for processing was manipulated and recorded
through varying the complexity and typicality of targets to be judged, using
people (Forgas 1992b), relationships (Forgas 1995b; Forgas & Moylan 1991;
Forgas et al. 1994) and conflict episodes (Forgas 1994) as stimuli. One set of
experiments found greater unconscious affect infusion in memory and judg-
ments about atypical rather than typical people (Forgas 1992b), and these
greater mood effects were consistently linked to more prolonged processing
latencies.

Another series of studies demonstrated greater affect infusion into judg-
ments about unusual, mismatched rather than well-matched couples, due to the
more substantive, elaborate processing recruited by such targets (Forgas
1995b; Forgas & Moylan 1991). In one experiment, several features of the
target couples were simultaneously manipulated to create various degrees of
‘match’ between them. Results showed that the size of mood effects on
judgments was proportional to the degree of mismatch between the partners,
and the length of processing required to produce a reaction (Forgas 1995b; see
Figure 2). Thus, more ‘mismatched’ couple took longer to process, and pro-
duced greater affect infusion than did targets that were better matched. Interest-
ingly, these affect infusion effects also occur in highly complex and personally
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Figure 2. Mood effects on the perception of well-matched, partially matched and badly-
matched couples: the size of the mood effect is proportional to the degree of mismatch
between the couples (After Forgas, 1995b).

relevant cognitive tasks, such as perceptions of one’s real-life intimate rela-
tionships (Forgas et al. 1994), and people’s explanations for their more or less
serious interpersonal conflicts (Forgas 1994). Once again, these mood effects
were most extensive for serious, involving conflicts that required longer, more
extensive processing, rather than for simple, superficial conflicts, as suggested
by the AIM (Forgas 1994, see Figure 3).

To summarize, we have argued that low-level, fluctuating affective states
and moods that are typically experienced by all of us in everyday life have a
continuous, and often imperceptible cognitive influence on the way we think
about, remember and evaluate complex social information. Such unconscious
affect infusion processes seem most marked when a person needs to engage in
constructive, substantive information processing in response to a problematic
task. Several of the experiments described here confirm that the longer and more
constructively we need to think about a task, the more likely that affect infusion
will have a mood-congruent impact on the outcome. Specifically, mood has
been shown to have a significantly greater distorting effect on tasks that are rare,
unusual, atypical or complex. Importantly, mood seems to have a distorting
affect only when it is unconscious. Unconscious affect infusion is only one side
of the mood management equation, however. We now turn to the complemen-
tary process of conscious affect control during motivated processing.
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Figure 3. Mood effects on explanations about simple and serious relationship conflicts:
mood has greater impact on judgments about serious, complex conflicts requiring longer,
more substantive processing (After Forgas, 1994).

Affect control: Motivated processing strategies

Unconscious affect infusion represents one important aspect of the delicate
interrelationship between affect and cognition. While affect can and does
impact on our cognitive processes, often in ways that we don’t realize, the
opposite can also occur: targeted, motivated cognitive activity can influence
and control our affective states. This reverse process, affect control, occurs in
conditions when a motivated processing strategy is adopted in terms of the
Affect Infusion ModelMotivated processinig most likely to be employed by

a person when there are strong and specific motivational pressures for a
particular cognitive outcome to be achieved. The defining feature of moti-
vated processing is that people engage in highly selective, guided, and tar-
geted information search and integration strategies designed to achieve a
pre-existing motivational objective. Motivated processing is not only a low
affect infusion strategy, but is also the major vehicle for balancing affect



258 JOSEPH P. FORGAS AND JOSEPH CIARROCHI

infusion and achieving mood-incongruent outcomes, often in the service of
personal control. Motivated mood control strategies are often, but not always,
conscious (Forgas & Ciarrochi 1997). To stay close to the theme of the present
paper, we will focus on more conscious mood control strategies and the ways
that such strategies are used to counteract and control unconscious affect
infusion processes.

There are a number of factors that determine whether or not people will
engage in motived mood control. For example, when a task requires high
accuracy, people may be motivated to engage in a thorough, unbiased search
for information, a motivational drive that may overcome any unconscious
affect-infusion processes (Forgas 1995; Janis & Mann 1977). Also, if a person
becomes aware of the cause or consequence of a mood, they may become
motivated to recall mood-incongruent information in order to counteract
mood congruent biases (Berkowitz & Troccoli 1990; Ciarrochi & Forgas
1997). Other factors that predict motivational processing include high per-
sonal relevance, strong external pressures or expectations, the likelihood of
external scrutiny or evaluation, and an internal need to balance or rectify
aversive states (such as aversive mood states). A more detailed discussion of
these factors can be found in Forgas (1995), and in Forgas & Ciarrochi (1997).

According to the mood management model proposed here, substantive
processing and motivated processing can be regarded as two dissociated, but
interactive cognitive strategies that jointly constitute a homeostatic mood
management system. Affect-infusion processes lead to increasingly mood
congruent biases and increasingly intense mood until a threshold level is
reached, at which point more conscious and motivated mood control processes
take over. Why might a person spontaneously switch to mood control? One
reason is that a negative mood might reach a level of aversiveness that is in
excess of what the person can tolerate, thus prompting that person to try to
alleviate it. A second reason, more relevant to the present paper, is that a good
or bad mood might reach a sufficient level of intensity that a person becomes
consciously aware of it, triggering motivated strategies to control and counter-
act an aversive state (Berkowitz et al. 1994; Schwarz & Clore 1983).

It is important to note that motivated processing, as understood here, does
not simply refer to a generic motivation to be careful and accurate (cf. Kunda
1990). Rather, it assumes that information search and processing strategies
are directed in the service of a specific, pre-existing goal. Recent studies
have demonstrated motivated processing in the service of such goals as mood
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repair and mood maintenance, self evaluation maintenance, ego enhancement,
achievement motivation, and affiliation (Berkowitz 1993; Erber & Erber
1994; Forgas 1991c; Forgas et al. 1990; Tesser 1986). In fact, most of these
goals relate to more or less conscious personal control objectives, and affect
control in particular.

Despite growing interest in motivated processing (Forgas 1995; Janis &
Mann 1977; Kunda 1990; Martin 1986), the precise processing consequences
of this strategy have received insufficient attention in the psychological litera-
ture, as most studies of social cognition use artificial and relatively uninvolv-
ing tasks. Nevertheless, several studies have now shown that affect infusion
effects disappear under conditions that are conducive to motivated processing.
These conditions include high self-relevance or a high level of awareness
about the primed material, when attention is directed to the mood state, in
tasks requiring deliberate processing, or when subjects compensate for unbal-
anced information by “resetting” the input array (Berkowitz et al. 1994; Erber
& Erber 1994; Martin 1986). We turn now to a brief discussion of the kind of
conscious strategies people use to control their affect. We will then consider
the circumstances when, according to the AIM, such conscious control pro-
cesses are likely to occur and the role of awareness in such processes.

Strategies of conscious affect control

People may use one of a number of motivational strategies to consciously
control their affective states. First, they may selectively expose themselves to
mood incongruent information, either by putting themselves into mood-incon-
gruent situations (Cialdini & Kenrick 1976; Forgas 1991) or by recalling
mood-incongruent memories (Erber & Erber 1994; Parrott & Sabini 1990;
Forgas & Ciarrochi 1997). Conscious behavioral strategies can also play a role
in affect control, for example when people try to reduce a negative mood by
helping others (Baumann et al. 1981; Cialdini & Kenrick 1976; Manucia et al.
1984) or by interacting with rewarding as opposed to competent partners
(Forgas 1991). They also may try to reduce bad mood by selectively retrieving
positive memories, adjectives, or self-descriptors (Erber & Erber 1994; Parrott
& Sabini 1990; Forgas & Ciarrochi 1997).

Another way people may control their moods is by distracting themselves
from the source of their mood (Nolen-Hoeksema 1993; Wegner, Erber, &
Zanakos 1993). For example, Erber and Erber (1994) put people into a sad or
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happy mood and then had them engage in either (1) effortless mood-incongru-
ent recall, (2) effortful (ie., distracting) mood-incongruent recall, (3) or no
recall. The results indicated that high-effort, mood incongruent recall led to
greater reduction of aversive mood than low-effort mood incongruent recall,
which supports the idea that cognitive load itself reduces mood effects,
presumably by disrupting the kind of substantive, constructive processing
strategies affect infusion requires. In another illustration of this effect, Wegner
et al. (1993) had subjects recall a sad life event under high load (ie., ‘remem-
ber a 9 digit number’) or low load instructions. The sad recall instruction
increased negativity of mood in the low load condition, but had no affect on
mood in the high load condition. Again, this study suggests that cognitive load
(distraction) can be used to control mood. In more “real world” settings,
Nolen-Hoeksema (1991) has demonstrated that people who ruminate or focus
on their depression tend to show longer depression than people who take
action to distract themselves from their symptoms. These results suggest that
open, constructive processing and the availability of cognitive resources
enhances affect infusion, while a reduction of processing resources has the
opposite effect.

Yet another way people may control affect is through cognitive distortion
(Janis & Mann 1977; Mann et al. 1969; Pervin & Yatko 1965) or cognitive “re-
appraisal” (Nolen-Hoeksema 1992). For example, Pervin and Yatko (1965)
demonstrated that smokers try to reduce negative affect by cognitively mini-
mising the validity of smoking-related findings or by minimising the personal
danger of smoking. In related study, Mann, et al. (1969) demonstrated that
people will try to reduce the anxiety related to a difficult decision by exagger-
ating the value of one choice alternative and minimizing the value of the other
alternatives. In their study, subjects were forced to choose between two similar,
unpleasant physiological stimulants and were told that they either would or
would not be given additional information about the side effects of the
stimulants. Physiological measures indicated that the choice was stressful to
subjects. The main results indicated that subjects in the no-information-
expected condition showed significant spreading of alternatives, which indi-
cated that they engaged in biased, motivated processing aimed at increasing the
“attractiveness” of one alternative and decreasing the attractiveness of the
other. Subjects in the information expected condition showed no such biases.
The findings are consistent with the idea that if individuals feel aversive affect,
but do not believe that they can do anything ‘rational” about it, then they will



AFFECT INFUSION AND AFFECT CONTROL 261

attempt to reduce their aversive affect by engaging in motivated thinking to
bolster one alternative over another. It is important to note that the cognitive
reappraisal strategy may have both conscious and unconscious elements.
People may be aware of their aversive mood and may consciously try to re-
appraise the information at hand (eg., information about the hazards of smok-
ing), but may be unaware that they are actually distorting that information in
mood-incongruent directions.

The evidence for conscious affect control and motivated processing

Having considered the kinds of conscious strategies people may use to control
their affect, we turn now to the evidence concerning when they use such
strategies. The mood management model (Figure 1) predicts that negative
mood leads initially to unconscious affect-infusion and mood congruent recall
until a threshold level of negativity is reached, at which point people are likely
to become aware of their mood. This awareness is expected to prompt them to
switch to conscious mood control and mood-incongruent, positive recall. In an
initial test of this hypothesis, Sedikides (1994) gave sad subjects a guided
imagery mood induction; subsequently, they were asked to generate open-
ended self-descriptions. Initial responses showed a clear mood congruent
pattern, consistent with the operation of unconscious affect infusion mecha-
nisms. With the passage of time self-descriptions in the negative mood group
changed, becoming more positive and less negative. This result suggests that
subjects came to adopt a motivated affect control strategy to “repair” their sad
mood, but only after the initial negative mood effects due to affect infusion
generated a sufficiently aversive state. One potential limitation of this study,
however, was that it does not allow us to determine conclusively whether the
effects were due to the motivated recall of incongruent materials (as hypoth-
esized in our mood repair model), or simply to sad mood wearing off over time.
To remedy this limitation, Forgas and Ciarrochi (1997) conducted 3
additional studies, which attempted to test the hypothesis that mood leads first
to unconscious affect infusion, and that once mood reaches a threshold level of
intensity, a more conscious, mood-incongruent affect control strategy will be
adopted. In study 1, subjects were put into a good or bad mood by having them
recall a sad or happy event from their past. Then, they were asked to generate,
as quickly as possible, trait adjectives (eg., “gloomy,” “intelligent”). We
found that people in a negative mood tended to initially generate mood
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congruent adjectives, but that over time, they switched to generating mood
incongruent (positive) adjectives in a pattern that is consistent with a con-

scious affect control strategy. People in a positive mood, in contrast, generated
first congruent adjectives, and gradually reverted to more neutral adjectives.
These findings are consistent with the idea that negative, but not positive,

mood prompts people to overcome unconscious affect infusion by intention-

ally recalling mood incongruent information (Figure 4).

In study 2, we attempted to replicate study 1 using the same mood
induction but a different and more time sensitive dependent measure. Happy
and sad subjects were asked to complete words given a starting letter (eg., “t”
might lead to “terrible” or “terrific””). A time-series regression analysis was
used to assess subtle changes in the valence of generated words (as rated by
two independent raters) over time. The analyses revealed that sad subjects
rapidly changed from affect-congruent to affect-incongruent recall. Happy
subjects, in contrast, more gradually changed from affect-congruent to neutral
recall. Thus as in study 1, after affect infusion was the dominant pattern in the
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Figure 4.Evidence for motivated mood management over time: initially mood-congruent
associations (indicating affect infusion) spontaneously become incongruent over time, as
participants seek to control their affective states.
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early stages of this generative cognitive task. It appears that once a threshold
level of negativity was reached due to affect infusion processes, sad subjects
switched to motivated, incongruent recall as if seeking to control and elimi-
nate their aversive mood.

Study 3 attempted to extend the previous findings by using different
mood induction procedures and different dependent measures. This study also
explored the role of individual difference variables such as self-esteem in
these affect management strategies. Previous work suggests that people low in
self-esteem are less likely than others to engage in conscious affect control
(Smith & Petty 1995). Thus, we expected that such people would be less likely
and slower to switch from congruent to incongruent recall. That is, we
expected their thoughts to be dominated by unconscious affect infusion and
not by conscious affect control. To induce mood, participants performed a
false feedback task, in which they were led to believe they did very well (good
mood) or very poorly (bad mood) on a spatial abilities task. Next, they were
asked to complete as fast as possible a long series of sentences beginning with
“I am_."” Results again indicated a clear ‘first congruent, then incongruent
pattern’, and this result was particularly marked for high SE people. Those
scoring high on self esteem were able to rapidly eliminate a mood-congruent
bias in their associations by producing mood-incongruent, positive words
after initially negative responses. Low SE people showed mood congruent
recall across the entire time period. This finding suggests that, at least when
the cognitions are self-referencing (eg., ‘Il am a loser’), low SE people are
unable or unwilling to effectively adopt conscious and motivated affect con-
trol strategies to stop affect from infusing their cognitions.

In summary, the pattern or results found by both Sedikides (1994) and
Forgas and Ciarrochi (1997) are consistent with the kind of homeostatic
feedback-loop model of affect control proposed here as part of an integrated
mood management system (Figure 1). Initially, unconscious affect-infusion
dominates processing. Over time, people overcome such processes by engag-
ing in more conscious, mood incongruent recall (Figure 4).

One of the important assumptions of the mood management model is that
becoming aware of a mood can prompt a person to switch from unconscious
affect infusion to conscious affect control. What evidence is there for this?
Numerous studies (Clore & Parrott 1991; Schwarz 1990; Schwarz & Clore
1983) suggest that simply making people aware of the source of their mood
will lead them to counteract its effects. For example, Schwarz and Clore put
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people into a good or bad mood by having them write about a happy or sad
event in their recent past. Later, participants answered questions about how
satisfied they were with their life. In addition to mood, the salience of a
possible external cause for their feelings was varied. The experiment was
conducted in a small and unusual soundproof room with its own ventilation
and lighting system. Before beginning, half the subjects were led to believe
that the sound proof room might make them tense. Thus, they had something
salient on which to blame their mood. The results indicated that making
people aware of a plausible external cause of the their feelings eliminated the
normal mood congruency effect. Aware people stopped mood from influenc-
ing their judgments.

The most dramatic evidence that conscious awareness leads to affect
control is provided by studies that show people over-controlling for the mood
once they become aware of it (Berkowitz 1993; Berkowitz et al. 1994; Martin
et al. 1990). Berkowitz et al. (1994), for example, had subjects listen to a job
applicant talk about herself while they were either relatively comfortable
(their extended arm rested on a table) or much more uncomfortable (because
their arm was unsupported for several minutes). Half the subjects rated their
feelings so that they were made highly aware of their discomfort, whereas the
remaining subjects were given an equally long extraneous task and presum-
ably were less conscious of their unpleasant feelings. Immediately afterward,
when all of the subjects indicated their impressions of the job applicant’s
personal qualities, only those who were not consciously aware of their feel-
ings allowed their negative mood to infuse the judgments: the more negative
they felt, the more negative were their judgments. The relationship was
actually reversed for subjects who were made consciously aware of their
feelings. The worse they felt, the mgresitivebecame their judgments. As
Berkowitz et al. (1994) put it, it was as if aware subjects “leaned over
backwards” to avoid letting their bad feelings affect their judgments.

Being aware of one’s mood is not always sufficient to prompt a person to
engage in conscious mood control. Martin, Seta, and Crelia’s (1990) research
suggests that people must also have sufficient cognitive resources. These
authors asked subjects to read and then write about statements that were either
positive or negative. Immediately afterwards, they gave subjects a written
description of a target person and required them to form an impression of the
person. Importantly, the researchers distracted half the subjects as they read
the description by also having them listen to a voice read a random string of
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numbers or letters. The distracted subjects displayed the usual affect-priming
result: they assessed the target more positively after the positive as compared
to the negative priming experience. In contrast, the non-distracted subjects
showed an affect-incongruent effect, making more positive judgments follow-
ing the negative priming experience. These results are consistent with the idea
that all subjects were aware of the potential biasing influence of the affective
prime but only subjects that were undistracted had the cognitive resources to
actually correct for them

Most research so far considered shows that conscious processing can be
triggered to control negative, aversive affective states. There are also situations,
however, in which excessively positive mood states may have equally delete-
rious effects, calling for motivated thinking to tone down euphoria (Parrott
1993). For example, when people expect to undertake a complex, demanding
task (such as meeting a stranger for the first time), they may prefer to enter this
situation in a calm, low-key affective state. The role of the surrounding social
situation in the regulation of both good and bad moods was first emphasized by
Goffman (1974), and this point was recently reiterated by Wegner and Erber
(1993). In aninteresting study illustrating the engagement of motivated process-
ing to control positive mood, these authors used music to induce good or bad
mood in subjects, who expected to either interact with a stranger or spend some
time alone. They then had an opportunity to chose to read either depressing,
neutral or cheerful newspaper articles. Results showed that people who ex-
pected to be alone preferred mood-consistent articles. However, subjects who
expected a demanding interaction with a stranger preferred to read articles that
were the opposite in affective tone to their own mood, as if trying to tone down
their prevailing affective state. These results nicely illustrate that when people
are aware of their mood and believe the mood will interfere with a future social
interaction, they will engage in conscious, motivated affect control (eg.,
selective reading of negative articles) in order to eliminate the mood.

Individual differences, awareness, and mood control

Individual differences may play an important role in determining the extent to
which people who are aware of their moods have sufficient resources to
engage in conscious mood control. Steele, Spencer, and Lynch (1993) have
argued that low self-esteem (SE) people have fewer “affirmational resources”
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on which to draw when their self-concepts are threatened. This hypothesis

suggests that low SE people may be less able to repair a negative mood,
especially when that mood is related to their self-esteem (eg., a bad mood due
to a failure experience). Consistent with this hypothesis, Smith and Petty

(1995) found that sad mood prompted high SE subjects to generate more
positive than negative stories in response to TAT items and recall more

positive memories from their school days, consistent with the idea that they

were engaging in mood repair. However, low SE people showed the opposite
pattern of responding, generating more negative information when in a nega-

tive mood. Thus, low SE people seemed more susceptible to unconscious
affect infusion. In a related study, Forgas and Ciarrochi (1997) found that sad

mood led high SE subjects to initially generate mood congruent associations
(consistent with unconscious affect-infusion mechanisms), but as time passed
to generate increasingly mood-incongruent associations (consistent with con-
scious affect-control mechanisms). Low SE people, in contrast, never over-

came their mood biases, generating mood-congruent associations throughout
the entire time period. These results are consistent with the idea that low SE
people may be less able to switch to conscious mood control strategies, and
are thus more susceptible to unconscious affect-infusion.

Trait Anxiety is another important individual difference variable that may
influence whether or not people overcome unconscious affect infusion with
conscious affect control. High trait anxious people experience aversive moods
more often than low trait anxious people do (Spielberger 1983) and as a
consequence, may become more skilled at recognizing their own aversive
moods. If they do become more aware, then they should be more likely to
engage in conscious affect-control (Berkowitz 1993). In a study relevant to
this hypothesis, Ciarrochi and Forgas (1997) placed high and low trait anxious
subjects into an aversive or neutral mood and then asked them to make
judgments related to a racial out-group (eg., “How dangerous is this group”).
The findings indicated that aversive mood led to unconscious affect-infusion
among low trait anxious people but affect-control (consistent with mood
awareness) among high trait anxious subjects. That is, bad mood led low trait
anxious people to evaluate the racial out-group as more dangerous, untrust-
worthy, and racist, but led high trait anxious people to evaluate the out-group
as relatively less dangerous, untrustworthy, and racist. High trait anxious
people appeared to be more aware of their aversive moods and “bent over
backwards” in an attempt to prevent it from infusing their judgments.
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Conclusions

This chapter proposed that two processes that were previously considered
dissociated, affect infusion and affect control, may in fact be best conceptual-
ised as complementary parts of an interactive, homeostatic affect management
system. The evidence reviewed here lends considerable support to this hy-
pothesis, even though specific research on this topic is relatively recent. Affect
management and the role of consciousness in this domain remains one of the
more intriguing areas of contemporary psychological theorising. It is hoped
that the ideas outlined here will stimulate further interest in this important and
promising domain.
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Introduction

“Theory of mind” means the field that investigates the nature, evolution and
development of the conceptual system underlying our mental state attributions
like knowing, thinking (believing), wanting, feeling, etc. It is named after a
paper by Premack and Woodruff (1978) who asked whether chimpanzees
have a theory of mind. Whether our (or the chimpanzee’s) body of knowledge
about the mind (i.e., our naive folk psychology) deserves to be eatlexbry

is controversial. We use “theory” here only as the usual descriptor of the field
of investigation.

Our theory of mind is often referred to by its two core concepts as “belief-
desire psychology”. Belief and desire are core concepts because — as reflected
in Aristotle’s Practical Syllogism — information of a person’s desire and belief
about how to reach the desired state allows one to predict how that person is
likely to act. Children’s acquisition of these two concepts, in particular, that of
belief has been extensively investigated (for reviews: Astington 1993; Mitchell
1996; Perner 1991, 1995; Wellman 1990). Most investigations of children’s
grasp of belief employ variations of the false belief task (Wimmer & Perner
1983) in which children typically are told a story about a protagonist who does
not witness an unexpected transfer of an object from one location to another.
Children’s understanding that the world looks different in the protagonist’s
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mind from how it really is as a result of the unseen and unexpected transfer, is
tested by asking them directly, “where does the protagihirdtthe object is”,

or by asking them to predict where the protagonistladlk for the object. The
typical finding is that very few children at the age of 3 years (3;0) give correct
answers. Almost all answer incorrectly that the protagonist will look for the
object where it really is, i.e., in the object’s current location. By about 4 or 4%
years most children answer correctly that he will look in the now empty,
original location of the object.

Although the knowledge the child has to acquire to be able to give correct
answers may not be a theory in the sense of scientific theories, it certainly is
abstract knowledge. It is abstract because it is not simply knowledge about the
physical world but knowledge — once removed — about how the physical
world is seen by other people. It is, therefore, interesting that Clements and
Perner (1994) reported a dissociation between the younger children’s visual
orienting responses to the correct location (suggestively an expression of
precocious implicit knowledge) and their wrong answers to the explicit ques-
tion.

The dissociation between an earlier and later understanding of false
belief

In the study by Clements & Perner (1994) children were told a false belief
story and a true belief (control) story. In the false belief story Sam the Mouse
put some cheese into the box in front of the left entrance to his dwellings
(location A). While Sam is asleep inside, his friend discovers the cheese and
carries it over to the box in front of the right entrance (location B). Then Sam
wakes up hungry and declares a wish to retrieve the cheese. At this point
children’s eye gaze was monitored within a 2 second time window on video in
order to record whether they looked at location A or B in expectation of Sam’s
reappearance. In order to be able to interpret children’s looking at A (where
Sam erroneously thinks his cheese is) as a sign of understanding Sam’s
mistaken belief a control condition is required, in which everything is the
same except that Sam witnesses the transfer of his cheese to B before going to
sleep. Thus, he knows that his cheese is in B (true belief control). Only to the
degree that children do not look at location A in this control condition can their
looking to A in the false belief condition be interpreted as indicative of
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understanding false belief. In fact, only children in the youngest group, who
were younger than 3 years ever looked to A in the control condition.

The upper line in Figure 1 shows the number of children who looked to A
in the false belief condition but not in the true belief condition. As one can see,
although there was no sign of such ‘implicit’ understanding of belief in the
under 3s, after a sharp developmental onset almost 80% of children at the age
of 3 years (2;11-3;2) did show implicit knowledge. And there was a large gap
at this age between visually orienting to A and answering the question where
Sam will go to look for his cheese with A, as the lower line in Figure 1 shows.
In fact it takes practically a full year (at 4 years) before the level of 80%
correct responses is reached in their responses to the direct question.

In further studies Clements and Perner (1997) found similar levels of
precociously correct responses in children’s spontaneous action. This was
possible in a new action condition in which Sam made his way to each box by
a slide. To soften his arrival the child had to move a mat to the slide which the
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child thought Sam might come down on. In the analysis of results it became
apparent that one had to distinguish between responses that were given
spontaneously and quickly, and those where children hesitated and needed
some prompting before responding.

Figure 2 shows that in the verbal condition (where children had to answer
the question “Which slide will Sam come down on?”) the original result of
more children looking to the correct location A than children answering with
A was replicated. And it made little difference whether their answers were
given quickly or after some prompting. In contrast, as many — if not more —
children spontaneously moved the mat to location A as looked at A. For this
response mode it mattered a great deal whether responses were given quickly
or after promptind. This pattern of results can be summarised as follows:

1. The precociously correct A response occurs more often in action (visual
orienting responses and manual manipulations) than in answers to questions.
2. Action responses are only precociously correct when they are given quickly.
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Figure 2. Percentage of children responding with location A in false belief story and with
location B in true belief control storffrom: Clements & Perner 1997 Exp. 2)
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This summary brings out an interesting parallel between the two knowledge
bases underlying precociously and later developing correct responses and the
two streams of visual information processing posited by, e.g., Milner and
Goodale (1995). The one feature is that the implicit knowledge is not acces-
sible to declarative expressions (saying or pointing) of where something is, yet
is used for moving something to a location. The other feature is that time
delays reduce the successful use of the implicit knowledge.

Wong and Mack (1981) report that despite the phenomenal appearance of
a dot’s movement in one direction and participants’ indication that the dot
moved in that direction, saccades remain fixed at the dot’s actual location or
followed the actual movement in the opposite direction.. However, when
instructed to look to the original, remembered location participants had to rely
on the conscious illusory location of the dot. Bridgeman (Bridgeman 1991;
Bridgeman et al. 1981, this volume) reported for a similar visual illusion (the
induced Roelofs effect) that all participants are subject to the illusion in their
verbal report of where the dot has moved but that only half the participants
show it in their pointing and that none show it in their hand movement to the
dot’s location (Bridgeman, personal communication). Again, after a delay of
some seconds even the hand movement to the dot becomes subject to the
illusion.

Blindsight patients (Weiskrantz 1988) who have no phenomenal aware-
ness of most events in their blind field are able to move their finger to a visual
event quite accurately. Their accuracy in detecting the presence of an event is
higher for an action response like an eye blink than a verbal yes-no response
and the accuracy of quick blinking responses is higher than for delayed
blinking responses (Marcel 1993). Blindsight patients can also bring their
hand into the right orientation in order to insert it into a slot within their blind
field but fail to indicate verbally or with their hand what the direction of the
slot is (Perenin & Rossetti 1993, 1995, Rossetti 1998; Pisella & Rossetti, this
volume). Similarly a numb-sense patient (Paillard et al. 1983) who has no
phenomenal awareness of being touched on her right hand can fairly accu-
rately move her left finger to the point of touch. However, if the pointing is not
a movement to the actual point of touch but an indicative action of showing on
a drawing of her hand where the touch occurs, this ability is lost (Rossetti,
1998). Further evidence that implicit knowledge is only available for immedi-
ate action but not for delayed action or symbolic acts is reviewed in Rossetti
(1998; Pisella & Rossetti, this volume).
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The dominant explanation of these dissociations is physiological, namely
that these characteristics are due to the information being processed by differ-
ent, to a large degree independent processing strands. For visual information
the dorsal path (visual cortex to dorsal parietal areas) processes information
for how to act and this information remains unconscious, while the ventral
path (from the visual cortex to the inferior temporal lobe) represemas
there is in the perceived environment (Milner & Goodale 1995). The fact that
the observed dissociation of knowledge about understanding false belief
shows such a parallel to these perceptual dissociations is then particularly
interesting, because it suggests that the characteristics of the different infor-
mation processing strands are not due to the physiology of perceptual informa-
tion processing. It makes it more likely that it is due to functional differences
that become relevant for quite distinct information processed in quite different
parts of the brain, e.g., for perceptual information about one’s immediate
surroundings and for knowledge about what goes on in someone else’s mind.

This parallel between our developmental findings and these findings
from adult psychology provide important support for the intuition that the
knowledge base for the earlier understanding of false belief is ‘implicit’. For,
to establish that it is ‘implicit’ it would be critical to ascertain whether children
lack awareness of their thought of Sam going to location A which governs
their visual orienting responses and spontaneous mat movings. We know for
the implicit knowledge phenomena gained from adults that they are based on
implicit knowledge because of the phenomenal experience of not being aware
of this correct information. If we were dealing with adults, who like three year
olds predicted that Sam would go to location B, we could validate that their
looking and mat movings to location A are based on implicit knowledge by
probing their phenomenal experience. If they deny altogether having looked at
A and wonder themselves why they moved the mat to A (e.g.: “Oops, | made
a mistake — no idea why | moved it to A when Sam is coming down the B
slide”) then we could conclude that the knowledge that made them look to A
and move the mat to A is ‘implicit’ and unconscious. Unfortunately, this direct
validation of probing phenomenal experiences is not possible with 3 year old
children. Validation can, if at all, only be gained indirectly. One way of
indirectly assessing that knowledge is ‘implicit’ is to show that it behaves like
knowledge in adults that is in their phenomenal experience unconscious. And
what we have shown is that the precocious understanding of false belief
behaves like implicit knowledge of perceptual information: it is not available
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for answers to questions, only for spontaneous, quick actions.

There is one aspect in our findings that appears to differ from the
dissociation between two knowledge bases in visual information processing.
In one experiment (Clements & Perner 1997; Exp. 2) we also checked where
children looked AFTER their answers to the question. Of particular interest
are those children who in the false belief condition looked to A but then
answered wrongly that Sam would appear at B. Of the 8 children who showed
this pattern of behaviour 7 looked back to location A right after their B answer
to the question. In contrast, of those 11 children who had not looked to A
initially and answered with B only one looked subsequently to A. This strong
tendency to look back to A after a verbal or gestural (pointing) response to B
could mark a difference to the dissociation found in psychophysical studies. In
particular, as described above, Wong and Mack (1981) found that eye move-
ments to remembered locations were based on the explicit (conscious) repre-
sentation and not, like the spontaneous saccades, on the implicit (unconscious)
representation. In analogy one might expect that eye movements after the
explicit B response should also be to B.

However, that our children move their eyes to A instead need not be a
violation of the parallel to Wong and Mack’s results because there is an
important difference in instructions. Eye movements to remembered locations
are voluntary eye movements in response to an instruction: “Look to where
the dot was before it moved!” The strictly corresponding case in our study
would be eye movements in response to instructions: “look to where Sam is
coming down!” There is then no reason to suspect that in response to this
instruction children would look anywhere but to B, where they said he’d come
down. So, the fact that children’s spontaneous (and presumably unconscious,
unreflected) eye movements go back to A does not constitute a difference
from how eye movements behave in Mack and Wong’s psychophysical study.

We have now described our findings that indicate an earlier implicit
understanding of false belief. We now turn to speculation of how this earlier,
implicit understanding might relate and integrate with the later, explicit under-
standing. This speculation is based on the theoretical analysis by Dienes and
Perner (1996, 1999) of the different ways in which knowledge can be ‘im-
plicit’ and finds some support in our pilot data. We first try to lay out the basic
intuition behind Dienes and Perner’s analysis.
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A theory: Implicit and explicit predication

A central distinction in Dienes and Perner’s analysis hinges on the notion of
‘predication’, as familiar from predicate logic where the logical form of
sentences is given as a Predicate (P, Q,...) being predicated to an individual or
particular (a, b, x, y, ...), i.e., Pa. The most common examples are quantified
sentences like “All humans are mortal,” which are formalised_s(Hx [

Mx).” In this formula H stands for being human, M for being mortal @rfidr
material implication and it means something like, for every individual x it
holds that if x is human then x is also mortal. Elaborating Strawson’s (1959)
word playing game, imagine a situation where one is presented with an
individual and one has to identify it, e.g., when presented with a cat, one has to
say “cat”. What the utterance “cat” represents is the fact that the presented
individual is a cat, but only the property of being a cat is made explicit (is
reflected in the linguistic expression of “cat” as opposed to “dog”, etc.). The
fact that it is the presented individual that is a cat is left ‘implicit’. In contrast,

a sentence like “This is a cat”, would also make the predication of cat-ness to
the presented individual explicit.

Similarly, if by looking at a cat one forms the mental representation “cat”
then this mental representation represents that the individual which gave rise
to this representation is a cat, but only its cat-ness is represented (known)
explicitly. The fact that it is a particular individual that is a cat remains
implicit. Dienes and Perner (1996, 1998; Perner 1993, 1996) speak of ‘predi-
cation implicit’. For our purposes this basic idea needs to be extended from
individual objects and their predicates to event sequences (which is not
common in standard predicate logic but corresponds to the distinction be-
tween situations and situation types in situation semantics, Barwise & Perry
1983). For instance, | can observe a particular happening which is of the type
of a dog chasing a cat. If | represent this event by “dog chasing cat” then |
make the event type explicit but leave implicit that this type of event applies
(is predicated) to the particular event | am observing. As in the case of objects
the predication does exist in the causal link of the particular event causing the
representation. One could, therefore, say that it represents the particular event
in a ‘causally indexical way’ (Campbell 1993, 1994).

The claim we want to make is that the dissociations between im- and
explicit knowledge that we have discussed can be mapped onto the distinction
whether predication is left implicit or made explicit. An important question,
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then, is when it is important to make predication explicit and when we can get
away with leaving it implicit. This should enable us to explain why answers to
guestions draw on explicit representation and why spontaneous action draws
on implicit representations.

Predication needs to be explicit when information about the same indi-
vidual in different mental spaces (Fauconnier 1983/ 1985; mental models,
Johnson-Laird 1983) needs to be co-ordinated. Different mental spaces are
needed to enable representation of contradictory basic propositions. This is
best explained by one of the prime examples: change with time. If the lovely
big balloon pops then it is not big anymore. So we have two contradictory
propositions: The balloon is big. The balloon is not big. To avoid confusion
these propositions must be put into different spaces or contexts. Since they
represent the size of the balloon at different times, the needed contexts are
temporal. At tl: the balloon is big. At t2: the balloon is tiny. Now the problem
is that this representation loses the distinction between one balloon being big
at t1 and another being tiny at t2, versus the same balloon being once big then
tiny. For this reason it is essential to represent that balloon-ness and different
sizes are predicated to the same individual over time. The for us important
implication is that memory of past states needs explicit predication.

Another relevant case where different mental spaces become necessary is
the co-ordination of what we perceive to be the case and what we are told
about it. Verbal information can easily be wrong and therefore needs to be
separated from perceived information in a different mental space. Hence, the
second important implication for us is that verbal communication needs
explicit predication.

A third, particularly relevant case that requires different mental spaces are
representations of what people think, want, believe as distinct from what is the
case. This provides a link to consciousness if one accepts at least a weak version
of the Higher-Order-Thought theory of consciousness (e.g., Carruthers 1996;
Rosenthal 1986), at least for ‘access consciousness’ (if not for phenomenal
consciousness, Block 1995). The basic insight behind different variants of this
theory is that to be conscious of some state of affairs (e.g., that the animal in
front of me is a cat) then | am also aware of the mental state by which | behold
this state of affairs (i.e., thaskethat the animal is a cat). There is something
intuitively correct about this claim, because it is inconceivable that | could
sincerely claim, “I am conscious of this being a cat” and at the same time deny
to have any knowledge about whether | see the cat, or hear about it, or just know
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of it, or whether it is me who sees it, etc. That s, it is a necessary condition for
consciousness of a fact X that | entertain (or at least: to be able to entertain) a
higher mental state (second order thought) that represents the first order mental
state with the content X. Now, to represent my mental state about X requires a
separate mental space, which in turn requires explicit predication. Hence a third
important implication for our purposes is that conscious awareness requires
explicit predication.

Explaining the dissociations in visual information processing

We can now see how the distinction between representations that make
predication explicit and those that leave it implicit can be related to the
different paths of visual information processing. Much of visual information is
about the current state of the immediate environment within which we move
and act. The dorsal path( Milner & Goodale 1995) processes information for
action. Since action takes place within the current state of the world a single
mental space (model of the world) is required. According to our argument, it
does not need explicit predication of properties to individiAssuming that

it does not have explicit predication we can explain why one cannot use it for
communicative purposes, verbal or gestural answers to questions, why it
remains inaccessible to consciousness, and why it does not support memory of
previous locations (Wong & Mack 1981). One can also understand why the
information fades with time (Bridgeman 1991; this volume; Rossetti, 1998;
Pisella & Rossetti, this volume; Rossetti et al. 2000), since it is useless, or even
dangerous, to represent in one’s state of the world model the last location of a
potentially moving object that has become invisible.

In contrast, the ventral stream (Milner & Goodale 1995) processes the
incoming information by making predication explicit. This allows representa-
tion of the state of the world at different times, makes this information
accessible to communicative exchanges and to conscious awareness. Now it is
clear why neurological patients whose ventral stream is severely impaired, as
in blindsight patients, can show correct action above guessing when their
action is not delayed for too long, and why they have no awareness of the
stimulus and cannot indicate its location or shape in communication (see
Rossetti, 1998, for condensed review).

In the case of observed dissociations under perceptual conditions that
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create illusions, an interesting question is why only the information along the
ventral path is subject to the illusion but not the information along the dorsal
path. In the case of the movement induced illusions used by Wong and Mack
and by Bridgeman our analysis provides a straight forward reason. Since the
dorsal path only processes information about the current state of the world and
does not attempt to relate it to previous states it is not subject to the illusion
which critically depends on the perceived changes over time. To explain the
dissociation for static illusions like the Titchener circles used by Agliotti et al
(1995) is less straight forward and much more speculative. Perhaps the
illusion occurs when the stimulus is analysed beyond a three dimensional
layout into objects that have individual identity and can be moved indepen-
dently. We do not know any evidence for this possibility for the Titchener
illusion but one of the explanations of the Muller-Lyer illusion, for which the
dissociation between action and conscious experience has also been reported
(Gentilluci et al. 1995), might fit that explanation. One suggested reason
(Gregory 1966) why the line with arrows is seen as shorter than the line with
inverted arrows is that the visual system tries to interpret the lines as part of a
three dimensional object of which the line connecting the arrows is the nearest
part with the arrow lines receding into depth. Since retinal images of objects
judged near are interpreted as larger than same size retinal images of objects
judged distant, the two lines (interpreted as parts of objects) appear to be of
different length. The depth cue leading to the illusion only affects the ventral
system that tries to "interpret” the scene as objects. The dorsal path might only
use depth cues that are not dependent on identifying objects in the scene.

Explaining the developmental gap in understanding belief

Itis clear that explicit predication is required to understand a story that unfolds
over time. So the implicit understanding of belief identified in our experiments
cannot be without some explicit predication. However, one can apply this
analysis at a higher level. The complicated temporal sequence of events itself
can be a higher order predicate (event type) that can be predicated to a
particular event. To use our earlier example, | can predicate cat-ness to an
individual, and | can turn the event involving a particular dog and cat into a
higher order predicate, ‘Fido chasing our cat’, and predicate it to an individual
event. To individuate the event allows us to identify the event in different
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ways, i.e., ‘Fido chasing the cat’, or ‘What | just saw’. And we can use one
description to identify the individual event and then add new information
about that event: ‘Looking out the window | ssemethind. ‘ Whatl saw was
Fido chasing the cat.’

We need to individuate events in order to re-identify them across differ-
ent spaces. Unlike objects, re-identification across time is less important,
though not negligible, e.g., “the party was rather dull to begin with but in the
end it was very lively”. At time 1 the party was dull, at time 2 it was lively, and
it was the same party. And as for objects we need individuated events in order
to co-ordinate what we experience with what is being talked about (communi-
cation) and in order to represent mental states about it (a prerequisite for
conscious awareness according to the higher-order thought theory).

An important question is how one can learn that certain events tend to go
together and form a typical sequence. Such filtering of statistical patterns of
possible combinations does not need representation of individual events and
inferences from individual events to all possible events. Rather it is a process
of pattern formation and recognition for which connectionist systems are
good (e.g., to classify different feature patterns into letters, e.g., Bechtel &
Abrahamsen 1991). The encountered combinations of letters in artificial
grammar tasks have a similar effect and can be particularly well modelled by
connectionist networks (Dienes 1992). Although individual instances shape
the connections between units and, hence, the association between the proper-
ties that these units represent, there is no representation of the individual
instances. Connectionist work also shows that such pattern generalisation
also leads to pattern completion. If many elements of a typical pattern are
present then the network tends to generate representations of the missing bits.
This is important, because such pattern completion processes can produce
expectations of what is to come on the basis of what has so far happened. And
the, for us, important implication is that such associative expectation is
possible without explicit predication.

This makes it possible to anticipate correctly where Sam will go to get his
cheese in our false belief stories without explicit predication to a particular
occasion, i.e., without representitigat he will go there. So, according to our
above discussion, such a representation of the mere event form ‘Sam going to
location A’ and hence, ‘Sam at location A’ as part of a pattern completion
process, can guide visual orienting responses and spontaneous actions because
such a representation can trigger an existing action schema waiting to be
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executed. It cannot be used for communication because it lacks predication to
an individual event which can be re-identified across mental spaces, i.e.,
between the space of anticipation and the space of verbal description. It cannot
sustain uncertainty, since it does not support a self-reassuring check about
where Samwill come down since without explicit predication there is no
representation statindpat he will go anywhere. And that is the pattern of
results we observed in the precociously correct responses: they were high only
in spontaneous action and visual orienting responses.

The basis for this prediction was that the anticipation be based on ob-
served behavioural regularities. For instance, by observing persons putting
things into boxes then returning to that location even when the object has been
moved may lead to abstraction of such a behaviour pattern: “Puts object into
location A, looks for object, returns to where he had put object.” Another
observed regularity may be: “Tells another person to put object into a location,
then looks for object in that location.” By way of pattern completion, observ-
ing the first part of these patterns may associatively evoke the typical ending.
If we now construct a story where typically observed patterns are mixed so
that each initial pattern would predict a different ending, then no clear — or at
least much weaker — anticipation should result. This is what Clements (1995,
Chapter 5) undertook.

A pilot test of our explanation

Clements (1995) used variations of the false belief story employed by Perner,
et al. (1987) to test the generality of explicit understanding of belief. One story
is the traditional (Unexpected Transfer) story in which the desired object is put
by the protagonist in location A and is then unexpectedly moved without the
protagonist witnessing the move to location B. This is contrasted with a new
(Forget Transfer) story in which the protagonist puts the object in location B
and later tells a friend to move the object to location A but the friend forgets
without informing the protagonist. Now notice, in the traditional story ob-
served regularities like “looks where last put” or “looks where last seen” all
support the correct anticipatory response of looking to location A. Whereas, in
the new Forget Transfer story these regularities support a wrong response of
looking to B. Only the regularity “looks where he told other to put object”
supports the correct anticipatory looking. Figure 3 shows that of 38 children



286 JOSEF PERNER AND WENDY A. CLEMENTS

between the ages of 2 years 5 months and 4 years 6 months, as predicted, about
20% more children looked at location A in the traditional Unexpected Trans-
fer story than in the new Forget Transfer story.

Figure 3 also shows that the difference between stories is fairly minimal
for answers to questions — replicating the original finding by Perner et al.
(1987, a difference of 63% vs.50%) and also Doherty & Perner (1998, 50% vs.
48%). This provides some support for the claim that explicit responding is less
dependent on observed regularities than implicit responses. Rather, explicit
responses reflect children’s understanding of the causal information process-
ing mechanism underlying belief (Leslie 1988; Perner 1991; Wimmer et al.
1988). The child’'s theory might consist of pieces like the following: “If a
person sees an object put into a box, the person believes the object is in that
box and remains there until one has information about a transfer. If a person
instructs another to transfer an object and the person does not receive informa-
tion to the contrary, the person believes the object to be in the new location.
People look for objects where they believe them to be.” This theory reflects a
deeper understanding of belief than the mere generalisations of observed
regularities and yields the correct answer in both stories.

60
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Figure 3. Percentage of children responding with location A in false belief story and with
location B in true belief control storfClements 1995, Chap. 5)
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We do not know how such a theory is acquired, but it seems that such a
theory goes beyond mere generalisations of observed regularities and consti-
tutes genuine causal understanding of the underlying processes (see Gopnik,
1993; Perner, 1991, for indications of theory use). Causal understanding
cannot be achieved by mere pattern matching and pattern completion but must
employ explicit predication since causal reasoning is counterfactual support-
ing (Lewis 1986; Salmon 1984). Counterfactual support means that one
understands that if the conditions were different then the result would be
different, and such reasoning requires different mental spaces for contrasting
the actual facts with their counterfactual oppositions. For these reasons,
responses that are based on a causal theory of belief should also be accessible
to communication (answers to questions) and be robust against doubt (hesitat-
ing action). The available findings for answers to questions support this
connection. Correct answers to questions (requiring explicit predication) tend
not to differ much between the Unexpected Transfer and the Forget Transfer
conditions which indicates that children go beyond mere pattern generaliza-
tion and use a proper causal understanding of belief (requiring explicit predi-
cation).

But interaction?

We have not said much about ‘interaction’ between the earlier implicit and the
later explicit understanding of belief. Correct responding of one kind simply
precedes the other. There may, however, be a more intimate connection,
namely that implicit understanding is a precondition for training explicit
understanding. This claim has been made and tested in a somewhat different
domain of knowledge where a dissociation between gesture and speech has
been reported.

For instance, the gesture-speech mismatch literature (e.g., Church &
Goldin-Meadow 1986; Goldin-Meadow et al. 1992; Goldin-Meadow et al.
1993b) reports precocious expression of Piagetian conservation concepts and
arithmetical notions in gesture over verbal answers. On the surface this seems
different from our findings since we did not report a gesture vs. speech
mismatch but rather a gesture/speech vs. looking/action mismatch. However,
if one considers that the gestures that mismatch with speech are spontaneous
concomitants of the thinking process and not a means of declarative communi-
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cation, then the same difference in knowledge could underlie the observed
dissociation in these and in our studies.

The interesting claim about interaction is that the onset of implicit under-
standing marks the Vygotskian (1978) ‘Zone of Proximal Development’
where explicit mastery of a concept can be profitably trained. For instance,
Church and Goldin-Meadow (1986) found that children who show in their
gestures implicit understanding of the to be acquired concept could be suc-
cessfully trained to acquire this concept also for their explicit verbal interac-
tions whereas children who did not show any implicit gestural understanding
could not be thus trained.

Clements, Rustin and McCallum (2000) tested this claim with reference
to false belief understanding. Children were given a pre-test which consisted
of one false belief story as used in Clements and Perner (1994). Eye gaze was
monitored as well as verbal responses. In the training phase, children were
allocated to one of three groups: In tBeplanationgroup, two false belief
stories were administered and feedback together with explanations was given
about why the correct answer was correct and why the incorrect answer was
incorrect. In thé”racticegroup, two false belief stories were administered but
no explanations were given. Children simply received feedback in form of
seeing the outcome of the story (i.e. the protagonist re-appearing at location
A). In the Control group, children listened to two stories which were com-
pletely unrelated to false belief. At post-test, seven to ten days later, children
were administered one false belief story.

Table 1 shows for each training condition how many children gave the
same response in pre- and post test, how many improved from answering with
B on the pretest to answering A on the post test, and how many deteriorated
from A to B. In the Control group there was no systematic improvement.
About as many children deteriorated (4) from pre- to post test as improved (3).
In the Practice group only one child improved. The only training that had a
reliable and sizeable effect was the Explanation condition. Here 11 children
improved and only one child deteriorated: McNemg#(4, N=29) = 8.33, p <
.01.
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Table 1 Number of children classified according to their improvement from Pre- to Posttest
(from Clements, Rusttin & McCallum, 2000)

Change from pre- to posttest

Condition No change B. A A - B
Control 25 3 4
Practice 29 1 0
Explanation 17 11 1

The fact that only children in the Explanation condition but not in the Practice
condition improved on the post test underlines our earlier discussion about
explicit answers depending on a causal understanding of belief. Observing the
behavioural regularities in the Practice condition does not influence answers
to questions on the post test. Only when an explanation is given of why the
protagonist goes to the wrong place does the training have an effect on
answers to questions. Unfortunately, children’s looking responses on the post
test were not recorded. The prediction would be that in the Practice group
children should show more looking to A on the post test than on the pretest
since they experience behavioural regularities during Practice training.

Table 2 shows the importance of initial implicit understanding for the
effectiveness of explanation training. The first column shows children’s ex-
plicit understanding on the pretest, i.e., whether they answered the question
with A or B. If we concentrate on those children who gave wrong B answers
(last two rows), we see that 13 of them did not show any implicit understand-
ing in their looking. For these children training had a minimal effect. Only 3 of
the 13 improved their answer from pre- to post test (23%). In contrast, of the 8
children who gave a wrong B answer but did show implicit understanding
(looking to A), all 8 of them improved on the post test (answering with A). A
reliable difference to those who did not show any implicit understangfifig:

N=21) = 11.75, p < .001.

Table 2 Children in the explanation group classified by their implicit and explicit under-
standing in the pre- and posttest performa(foem Clements, Rusttin & McCallum, 2000)

Posttest answer

Pretest explicit answer Looking n A B
A A 8 7 1
B 0 0 0
B A 8 8 0
B 13 3 10
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Conclusion

We have found a dissociation between an earlier, precocious understanding of
the behavioural consequences of a false belief (where someone will go on the
basis of such a belief) expressed in visual orienting responses and spontaneous
action, and a later understanding expressed in answers to questions and
deliberate action. Since the earlier knowledge does not influence deliberate
action and declarative communication it is reminiscent of implicit knowledge

in perceptual information processing.

We speculated that implicit knowledge of this kind consists of knowledge
that does not make predication to particular instances explicit. With this
assumption we tried to account for the fact that implicit knowledge cannot be
used for symbolic expression (communication), cannot represent changes
over time, cannot be used for deliberation (indicated by hesitant action), and
escapes access to consciousness. Another consequence is that such knowledge
is limited to being acquired through abstraction of observed regularities. In
line with this speculation, pilot data indicated that implicit knowledge ex-
pressed in visual orienting responses is more likely when the mistaken
person’s future action can be anticipated on the basis of observed regularities
(traditional Unexpected Transfer condition) than when such regularities pro-
vide contradictory anticipations (Forget Transfer condition). We also found
that experience of behavioural regularities (Practice group) had no effect on
explicit answers in a post test but explanations of the deeper (causal) reasons
did have a clear effect. Since understanding of causal reasons requires explicit
predication it is to be expected that knowledge thus gained is expressible in
answers to questions.

The training study also showed that the earlier, implicit knowledge is not
unrelated to the later emerging explicit understanding. Rather it constitutes a
necessary prerequisite for achieving explicit understanding. Only children
who had prior implicit understanding profited from explanation training in
their explicit answers.

Notes

1. Figure 2 suggests that the difference between spontaneous and prompted responses
influences the number of A responses more strongly in the action than in the verbal
condition. However the data were not strong enough to show a statistically significant
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interaction term. Both main effects of verbal versus action conditi¢h, N=71) = 7.87,
p=.02) and spontaneous versus prompted respoy&és l=71) = 8.19, p=.004) were
significant after potentially confounding age differences had been partialled out.

2. This holds only for action for which a response schema s set up (Perner, 1998). If the action
has to be computed on the basis of fresh verbal instructions of what to grasp or move one’s
finger to then explicit predication is required for co-ordinating the verbal description (one
mental space) with the perceived world (second mental space). Accordingly, one claim
inherent in this analysis is that the psychophysical type experiments show a dissociation
between action information and declarative responses (e.g., Bridgeman, 1991; Aglioti, et
al., 1995) because they are based on a large number of repetitions of the same response, so
that the response does not have to be computed on each single trial on the basis of a verbal
goal description but can be executed on the basis of an existing response schema that is
triggered by the presented stimulus.

3. For this reason one can speak of association but not of inference. For, inferences go from
state of affairs to state of affairs, i.e., reasoning of the form ‘whenever X is the case then
Y must be the case.’ But that means X and Y are predicated to particular occasions. That
associative processes are possible implicitly and without consciousness but not infer-
ences is reminiscent of Sloman’s (1996) suggestion that implicit knowledge is tied to
associative processes and explicit knowledge to rule governed inference processes.

References.

Aglioti, S., DeSouza, J.F.X. & Goodale, M.A. (1995). Size-contrast illusions deceive the
eye but not the han€urrent Biology 5(6), 679—685.

Astington, J.W. (1993)The child’s discovery of the min€ambridge, MA: Harvard
University Press.

Barwise, J. & Perry, J. (19833imulations and attitude€ambridge, MA: MIT Press. A
Bradford Book.

Bechtel, W. & Abrahamsen, A. (1990onnectionism and the min@xford: Blackwell.

Block, N. (1995). On a confusion about a function of consciousBebsswioral and Brain
Sciencesl8, 227-287.

Bridgeman, B., Kirch, M. & Sperling, A. (1981). Segregation of cognitive and motor
aspects of visual function using induced motiBerception and Psychophysjic9,
336-342.

Bridgeman, B. (1991). Complementary cognitive and motor image processing. In G. Obrecht
& L.W.Stark (Eds.)Presbyopia research: From molecular biology to visualadaption
New York: Plenum Press, 189-198.

Campbell, J. (1993). The role of physical objects in spatial thinking. In N. Eilan, R.
McCarthy & B. Brewer (Eds.)Spatial representatiarOxford: Blackwell, 65-96.

Campbell, J. (1994Past, space and selfambridge: MIT Press.

Carruthers, P. (1996).anguage, thought and consciousness. An essay in philosophical
psychologyCambridge: Cambrige University Press.

Church, R.B. & Goldin-Meadow, S. (1986). The mismatch between gesture and speech as
an index of transitional knowledg€ognition 23,43-71.



292 JOSEF PERNER AND WENDY A. CLEMENTS

Clements, W.A. (1995). Implicit theories of mind. Unpublished doctoral dissertation,
University of Sussex.

Clements, W.A., Rustin, C. & McCallum, S. (2000). Promoting the transition from implicit
to explicit understanding: A training study of false beli2évelopmental Science, 3,
81-92.

Clements, W.A. & Perner, J. (1997). When Actions Really Do Speak Louder Than Words
but only implicitly: Young Children’s Understanding of False Belief in Action. Unpub-
lished Manuscript, University of Sussex.

Dienes, Z. (1992). Connectionist and memory-array models of artificial grammar learning.
Cognitive Sciencel6, 41-79.

Dienes, Z. & Perner, J. (1996). Implicit knowledge in people and connectionist networks. In
G.Underwood (Ed.)Implicit cognition Oxford: Oxford University Press, 227—-255.

Dienes, Z. & Perner, J. (1998). A theory of implicit and explicit knowleBgbavioral and
Brain Sciences, 22,35-755.

Doherty, M. & Perner, J. (1998). Metalinguistic awareness and theory of mind: Just two
words for the same thindg?ognitive Development, 1279-305.

Fauconnier, G. (1985Mental spaces: Aspects of meaning construction in natural lan-
guage.Cambridge, MA: MIT Press.

Gentilucci, M., Chieffi, S. & Daprati, E. (1995). Visual illusion and actieuropsycholo-
gia, 34,369-376.

Goldin-Meadow, S., Nusbaum, H., Garber, P. & Church, R.B. (1993). Transitions in
learning: Evidence for simultaneously activated stratediesrnal of Experimental
Psychology: Human Perception and Performari® (1), 92-107.

Goldin-Meadow, S., Alibali, M.W. & Church, R.B. (1993). Transitions in concept acquisi-
tion: Using the hand to read the mikychological Reviewd00, 279-297.

Johnson-Laird, P.N. (1983)lental modelsCambridge: Cambridge University Press.

Leslie, A.M. (1988). Some implications of pretense for mechanisms underlying the child’'s
theory of mind. In J.W. Astington, P.L. Harris & D.R. Olson (EdBgveloping
theories of mindNew York: Cambridge University Press, 19-46.

Lewis, D. (1986). Causal Explanation. In D. Lewis (EBhjlosophical PapersOxford:
Oxford University Press.

Marcel, A.J. (1993). Slippage in the unity of consciousnedsxerimental and theoreti-
cal studies of consciousne&hichester: Wiley, 168—186.

Milner, D.A. & Goodale, M.A. (1995)The visual brain in actionOxford: Oxford
University Press.

Mitchell, P. (1996).Acquiring a conception of minddove, East Sussex: Psychological
Press.

Paillard, J., Michel, F. & Stelmach, G. (1983). Localization without content. A tactile
analogue of ‘Blindsight’Archives of Neurology40, 548-551.

Perenin, M.T. & Rossetti, Y. (1993). Residual grasping in a hemianoptic Eefdpean
Brain and Behaviour Society (EBBS)

Perenin, M.T. & Rossetti, Y. (1995). Saisir sans voir dans un champs hémianopsique: un
autre exemple de dissociation entre perception et aétiorual meeting of the French
Neuroscience Society

Perner, J. (1993). Implicit, explicit, ... and even consciousness. Paper presented at the



FROM AN IMPLICIT TO AN EXPLICIT “THEORY OF MIND” 293

Biennial Meeting of the Society for Research in Child Development, New Orleans.

Perner, J., Leekam, S.R. & Wimmer, H. (1987). Three-year olds’ difficulty with false
belief: The case for a conceptual defiBititish Journal of Developmental Psychology
5, 125-137.

Perner, J. (1991)nderstanding the representational mit@ambridge, MA: MIT Press.

Perner, J. (1995). The many faces of belief: Reflections on Fodor’s and the child’s theory of
mind. Cognition 57, 241-269.

Perner, J. (1996). Simulation as explicitation of predication-implicit knowlegde about the
mind: Arguments for a simulation-theory mix. In P.Carruthers & P.K.Smith (Eds.),
Theories of theories of min@ambridge: Cambridge University Press, 90-104.

Perner, J. (1998). The meta-intentional nature of executive functions and theory of mind. In
P. Carruthers & J. Boucher (EddJanguage and Thought: Interdisciplinary themes
(270-283). Cambridge: Cambridge University Press.

Premack, D. & Woodruff, G. (1978). Does the chimpanzee have a theory of Tied?
Behavioral and Brain Science$, 516-526.

Rosenthal, D.M. (1986). Two concepts of consciousrisiosophical Studies49, 329—

359.

Rossetti, Y. (1998). Implicit short-lived motor representation of space in brain-damaged
and healthy subject€onsciousness and Cognition, 520-558.

Rossetti, Y. (2000). Implicit perception in action: short lived motor representations of
space. In P. Grossenbacher (EBihding consciousness in the braijpp. 131-178).
Amsterdam: Benjamins.

Rossetti, Y., Pisella, L., Pélisoon, D. (2000). Eye blindness and hand sight: temporal
aspects of visuo-motor processiMisual Cognitionin press.

Salmon, W.C. (1984)Scientific explanation and the causal structure of the world.
Princeton, NJ: Princton University Press.

Sloman, S.A. (1996). The empirical case for two systems of reasdpsyghological
Bulletin, 119 (1), 3-22.

Strawson, P.F. (1959ndividuals.London: Methuen.

Vygotsky, L.S. (1978)Mind in societyCambridge, MA: Harvard University Press.

Weiskrantz, L. (1988). Some contributions of neuropsychology of vision and memory to
the problem of consciousness. In A.J. Marcel & E. Bisiach (E@snsciousness in
contemporary scienc®xford: Clarendon Press, 183-199.

Wellman, H.M. (1990).The child’s theory of mindCambridge, MA: MIT Press. A
Bradford Book.

Wimmer, H. & Perner, J. (1983). Beliefs about beliefs: Representation and constraining
function of wrong beliefs in young children’s understanding of decep@iognition
13, 103-128.

Wimmer, H., Hogrefe, G.J. & Sodian, B. (1988). A second stage in children’s conception of
mental life: Understanding sources of information. In J.W.Astington, P.L Harris &
D.R.Olson (Eds.)Developing theories of mindNew York: Cambridge University
Press, 173-192.

Wong, E. & Mack, A. (1981). Saccadic programming and perceived locAtiten Psycho-
logica, 48, 123-131.






Consciousness and the Zombie Within

A Functional Analysis of the Blindsight Evidence

Ullin T. Place
University of Leeds and University of Wales Bangor

The evolution of a theory

In this chapter | develop a theory of consciousness and its unconscious
counterpart which | call the “zombie-within”. It has its source in two lines of
research both of which originated in the 1950s, now more than forty years,
ago. One of these was an attempt made by the present author in two papers
published in théritish Journal of PsychologyThe concept of heed’ (Place
1954) and ‘Is consciousness a brain process?’ (Place 1956), to examine the
implications for the science of psychology of the work of Wittgenstein (1958;
1953) and Ryle (1949) on the linguistic analysis of what Ryle calls “the logical
geography of our ordinary mental concepts”. The other was the late Donald
Broadbent's (1958) experimental and theoretical analysis of the phenomenon
of selective attention in his bo®erception and Communication

Place ‘The Concept of Heed’ (1954) and ‘Is Consciousness A Brain
Process? (1956)

In The Concept of Min®&yle (p.cit) shows that many of our most common
psychological verbs, verbs such as ‘know’, ‘believe’, ‘understand’, ‘remem-
ber’, ‘expect’, ‘want’ and ‘intend’, dmot, as had been traditionally supposed,
refer to processes within the individual of whom they are predicated to which
he or she has “privileged access” through the process known as “introspec-
tion”. These verbs refer wispositionsor performance characteristiasf the
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individual which are manifested as much in what he or she publicly says and
does as in his or her private mental processes. However, the application of
these same techniques of linguistic analysis also shows

“an intractable residue of concepts clustering around the notions of con-

sciousness, experience, sensation and mental imagery, where some sort of
inner process story is unavoidable.” (Place 1956: 44)

It was this “intractable residue” to which | was referring when | argued in the
same paper that

“the thesis that consciousness is a process in the brain is a reasonable
scientific hypothesis, not to be dismissed on logical grounds alone” (Place

1956: 44)
Central to this concept of consciousness was the idea that the verb phrase
‘paying attention to ' refers to arternal non-muscular activitwhereby
the individual

“exercises a measure of control over the vividness or acuteness of his con-
sciousness of (a) the sensations to which he is susceptible at that moment, or
(b) such features of the environment as are impinging on his receptors,
without necessarily adjusting his receptor organs or their position in any
way.” (Place, 1954: 244)

In contrast to Ryle who had argued that to pay attention was to perform
whatever task one was engaged in at the time with a disposition to succeed in
it, | pointed out that

“close attention to his own activity will be of no avail to the unskilled person
because he has not learnt to discriminate between the relevant and irrelevant
features. On the other hand an acute consciousness of the details of his own
activity in relation to the environment may actually detract from the effi-
ciency of performance in the case of an individual who has learnt to make
many of the adjustments involved automatically.” (Place 1954: 247)

Here we have the germ of two ideas which are fundamental to the theory
expounded below, (a) the idea that conscious experiemog &s it has been

too often portrayed by philosophers, a mere passive spectator of what is going
on inside and outside the organism, but, when properly focussed, is an integral
part of the process whereby the behaviour of the organism is brought into an
adaptive relation to the environmental contingencies, and (b) the idea that in
order to perform that function successfully, the implementation dattieal
detailsof a skilled performance must be handed over, as it were, to what | am
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here calling the “automatic pilot” or “zombie-within” in order to free con-
sciousness to concentrate on those features of the task where important
strategic decisionare called for.

Although | did not emphasise this point at the time, it will be apparent that
the role assigned in this account to consciousness in general and conscious
experience in particular is one which has as much application to the control of
animal behaviour as it has to that of human beings. What | did not then
appreciate is that the other function of consciousness which | emphasised both
in ‘The concept of heed’ and in ‘Is consciousness a brain process?’, that of
enabling the individual to give a verbal description of those aspects of the
current situation on which attention is focussed, also has its roots in a mecha-
nism which plays a key role in animal problem-solving. For, as is shown by
research on the effects of lesions of the striate cortex in man and monkey
(“blindsight”), without conscious experience of the stimuli involved a monkey
is unable to categorize and thus recognise either individuals or things of a kind
(Humphrey 1974). Whatdid emphasise, particularly in ‘Is consciousness a
brain process?’, was the idea that the remarkable ability of human subjects to
give a running commentary on their private experiences, either at the time or
shortly thereafter, is hy-productof the ability to give a description of and
running commentary on that individual’s current stimulus environiimesd
far asattention and consciousness are focussed upon it.

Broadbent’s ‘Perception and Communication’ (1958) and ‘Decision and
Stress’ (1971)

This theory of the functions of attention and consciousness, as | was later to
discover (Place 1969), bears a remarkable resemblance to the theory of
selective attention expounded by the late Donald Broadbent (1958) in his
book Perception and CommunicatioBasing his conclusions on results ob-
tained from thedichotic listening experimerih which conflicting auditory
messages are fed by earphones into the two ears, Broadbent introduced the
idea that there is a central information processing unit in the brain that is a
“limited capacity channel”’in the sense that it can only process a limited
amount of information coming in from the sense organs at any one time. Such
a limited capacity channel or LCC requiresedective attention mechanism
which protects it from overload, partly by excluding aspects of the current
total input which are unproblematic and thus do not need to be processed, and
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partly by holding other inputs that need to be processed in a short term
memory store otbuffer” until the LCC-entry bottleneck clears.

In Decision and StresBroadbent (1971) introduced a number of modifi-
cations to the model he had outlined in the 1958 book. Three are particularly
important for our present purpose:

(1) He introduced the termstate of evidence(i.e. “evidence” about the
current state of the environment) to refer to the output of the selective attention
mechanism and the input into the limited capacity channel, a notion which
corresponds to that of “raw” or uninterpreted experience in traditional psy-
chology.

(2) He proposed that the function of the limited capacity channel is to “pigeon-
hole” and “categorize” the “evidence” passed through from the selective
attention mechanism, where ‘to pigeon-hole’ is to routinely assign an unprob-
lematic input to its classification and ‘to categorize’ is either to create a new
classification or to extend or otherwise modify an existing classification so as
to accommodate an otherwise unclassifiable input. However, as is shown by
the “blindsight” evidence described below, the kind of routine automatic
behaviour which on the present hypothesis is assigned to the zombie-within
requires no conscious experience to supply the “evidence” and no categoriza-
tion of objects in the affected part of the visual field. Nevertheless, the
individual is able to perform routine visually guided tasks, such as reaching
for objects and, in the case of the monkey at least, avoiding obstacles. | infer
from this that no classification of the input is necessary for the automatic
routine control of behaviour by visual stimuli or those in the other sensory
modalities which, on this hypothesis, is mediated by the automatic pilot or
zombie-within, and that, therefore, Broadbent's routine “pigeon-holing” of
non-problematic inputs does not exist. The only classification of sensory
inputs that occurs is the categorization in consciousness of problematic inputs.
(3) He proposed that the parts of the input that are not in the current focus of
attention are not filtered out completely, as proposed in 1958, but rather
contribute, to a lesser extent than the part that is in the focus, to what
Broadbent callsthe category state; the final outcome of the categorization
process. Although Broadbent himself does not use that terminology, another
way of putting the point would be to say that the input in the focus of attention
stands a$igure to the inputs outside the focusg@esund
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Humphrey’s ‘Vision in a Monkey without Striate Cortex’ (1974)

In his 1974 paper Nicholas Humphrey writes:

“In 1965 Weiskrantz removed the visual striate cortex from an adolescent
rhesus monkey, Helen. In the 8 years between the operation and her death in
1973 this monkey slowly recovered the use of her eyes, emerging from virtual
sightlessness to a state of visual competence where she was able to move
deftly through a room full of obstacles and could reach out and catch a passing
fly.” (Humphrey 1974: 241)

Nevertheless,

“After years of experience she never showed any signs of recognizing even
those objects most familiar to her, whether the object was a carrot, another
monkey or myself’. (Humphrey 1974: 252).

The full significance of this observation for the theory of consciousness has
only become apparent in the light of two subsequent discoveries. The first of
these was Weiskrantz’s (1986) demonstration that in addition to retaining the
same visual abilities (apart possibly from the ability to avoid obstacles which
is not demonstrable in a subject with only a partial lesion of the striate cortex)
lesions of the striate cortex in man have the effect of completely abolishing
visual conscious experience in the affected part of the visual field. The second
discovery was Cowey and Stoerig’s (1995; 1997; Stoerig & Cowey 1997)
demonstration that lesions of the striate cortex in the monkey have the same
effect in abolishing visual conscious experience of stimuli in the “blind” field
as they do in human subjects, despite the fact that the animal can reach for
objects in that part of the visual field with almost the same accuracy as for
objects in the intact field.

When combined with these subsequent discoveries and interpreted in the
light of Broadbent’s model, Humphrey’'s observations show (a) that the func-
tion of conscious experience is to provide the “evidence” on which categoriza-
tion of current inputs is based and without which no categorization of those
inputs is possible, (b) that relying only on the sub-cortical visual inputs
available to it, the unconscious “automatic pilot” or “zombie-within” can learn
by the process of trial-and-error to make many very accurate visual discrimi-
nations including the ability to reach for objects and avoid obstacles by sight,
and (c) that the behaviour controlled by the unconscious “automatic pilot” or
“zombie-within” (e.g., reaching for “unseen” objects and avoiding “unseen”
obstacles in the visual field) doest require any categorization of the inputs
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to which system is responding (human subjects describe such responses as
“pure guesswork”).

Weiskrantz'Blindsight (1986)

As already mentioned, Weiskrantz has shown that the effect of lesions of the
striate cortex in man is to abolish conscious experience in the affected part of
the visual field. It does so, presumably, by depriving the cortex of the “raw
material” from which the “evidence” on which categorization of inputs is
based. Nevertheless, as we have also seen, patients such as Weiskrantz’'s
subject D.B., show some remarkable visual discrimination abilities, such as
the ability to reach for objects in the blind field with considerable accuracy,
the phenomenon to which Weiskrantz has given the name “blindsight”. For
our present purposes, the two most important additional points to emerge from
Weiskrantz’s study are (a) that the visual discrimination abilities displayed by
the blindsight patient always fall short of the ability to judge spontaneously
what kind of a stimuluhias been presented to the “blind” field (thereby
confirming Humphrey’s observation that without striate cortex categorization
of a visual input is impossible), and (b) that human subjects with striate
cortical lesions can only be induced to display the considerable discrimination
abilities they retain in the “blind” part of the visual field, by persuading them
to guessthe location of something or which of two specified alternatives was
present in a case where they insist that tisay nothing”, showing thereby

that without conscious experience of the inple subject has no way of
checking his judgment against “evidence” on which such judgments are
normally based.

Cowey and Stoerig’s ‘Blindsight in Monkeys’ (1995)

In addition to showing that we can use Humphrey’s (1974) study as evidence
of the effect of completely depriving an organism of its visual conscious
experience, Cowey and Stoerig’s (1995) paper also provides us with the first
conclusive evidence that Descartes was mistaken in thinking that, because
only humans have language, because thdy can describe what their con-
scious experienceare like, conscious experience is an exclusively human
phenomenon. It also provides us with a methodology which, when suitably
adapted to the species in question, should allow us to demonstrate the “blind-
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sight” phenomenon in other species of mammal, in birds, in other vertebrates,
and perhaps even in some invertebrates. If this latter prediction is fulfilled, it
will show beyond serious doubt that conscious experience has been present in
the brains of free-moving living organisms for a very long time indeed. Even
with only the monkey evidence available, the idea, supported by many con-
temporary philosophers, that conscious experience is a functionless epiphe-
nomenon which appears only with the emergenchoofio sapiengan no
longer be sustained.

The ventral and dorsal visual pathways

Recent neuropsychological research on visual agnosias (Farah 1990; Milner
& Goodale 1995) has drawn attention to the functional significance of an
anatomically identified bifurcation within the visual areas of the brain be-
tween two “streams” or “pathways”, tentral streanand thedorsal stream

As originally defined by Ungerleider and Mishkin (1982), these two pathways
bifurcate downstream of the striate or primary visual cortex (V1). The ventral
stream travelsia the extra-striate visual areas (V2-V5) to ifero-temporal
cortex The dorsal stream travels upwards to “terminate” ingbsterior
parietal cortex In other words, the bifurcation between the two pathways lies
entirely within the cerebral cortex.

Studies of the behaviour of patients with lesions restricted to one or other
of these two pathways show that lesions of the ventral stream result, depend-
ing on the site and extent of the lesion, in a variety of functional disorders
involving the loss or disturbance of visual conscious experience associated
with a loss or disturbance of the ability to recognise objects and the situations
in which they occur, conditions such @®sopagnosigloss of the ability to
recognise faces) ansimultanagnosialloss of the ability to recognise the
relations between multiple objects in a visually presented scene). Lesions of
the dorsal stream, on the other hand, result in disturbances of the visual control
of voluntary movement.

Since the two pathways bifurcate downstream of the striate cortex (V1),
they cannot be invoked to explain the phenomena of “blindsight”, i.e., the
visual functions that survive lesions of V1. However, as is shown on Figure 1
which is reproduced with the permission of the authors and publisher from
Milner and Goodaledp.cit, p. 68), there isnotherpathway converging on
the posterior parietal cortex most of which consists of structures lying outside
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Figure 1 The ventral and the dorsal streams (After Milner & Goodale, 1995, Figure 3.1,
p.68)

the cortex in the midbrairs@perior colliculusandpulvinar). | call this the
“sub-cortical (S-C) to dorsapathway. For although it is shown for conve-
nience on Figure 1 above both the dowsadl ventral streams properly so-
called, in fact, until it reaches its “destination” in the posterior parietal cortex,
it is composed of structures (tkaperior colliculusandpulvinar) which lie
below the cortex in the midbrain and thus below both doasal ventral
streams.

As is apparent from Figure 1, identifying the S-C to dorsal pathway gives
us a second pair of visual pathways with the same “destinations” as the dorsal
and ventral streams (the posterior parietal and infero-temporal cortices respec-
tively), but bifurcatingat the retinarather than downstream of the primary
visual cortex (V1). Balancing the S-C to dorsal pathway is what we may call
the *“ventral pathway (to distinguish it from the ventral stream which forms
part of it) consisting of thdateral geniculate nucleysthe primary visual
cortex(V1), theventral stream(V2-V5) and thenfero-temporal cortexThe
two pathways so-defined differ in two respects:

(1) Apart from the lateral geniculate nucleus, all the structures composing the
ventral pathway are in the cortex, whereas all the structures composing the S-
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C to dorsal pathway, apart from its final “destination”, the posterior parietal
cortex, are sub-cortical.

(2) Unlike the ventral pathway all of whose component structures apart from
its “destination”, the infero-temporal cortex, are concerned only with the
processing ofvisual information, all the structures composing the S-C to
dorsal pathway without exception process information from all sensory mo-
dalities.

Recent work on attention

Recent work on the phenomenon of selective attention within conceptual
analytic philosophy, experimental cognitive psychology and neuroscience has
shown that Broadbent's conclusions are in need of considerable modification
and elaboration. A recent development which supports the notion that one of
the functions of selective attention is to protect consciousness, considered as a
limited capacity channel, from overload by alerting it only to those inputs that
are problematic for one reason or another comes from conceptual analysis as
practised by philosophers in the ordinary language tradition. At a one day
conference on ‘Attention and Consciousness’ held in the Department of
Philosophy, University College, London, on 26th May 1995 the Oxford
philosopher Paul Snowdon presented an analysis of the concept of attention in
ordinary language in which he drew a distinction between what he calls
“Attention-N" (“N” for ‘noticing’) represented by passive voice expressions
such asHer attention was caught by an unusual __and what he calls
“Attention-A” (“A” for ‘active’) represented by active voice expressions such
asShe paid close attention to the colour and shape of the abjertwhat she
was doing It looks as though Attention-N is an unconscious involuntary
mechanism for ensuring that problematic inputs and only such inputs are
processed by consciousness, while attention-A is mechanism for ensuring that
the focus of consciousness is maintained on a problematic input until it has
been adequately categorized. There is evidence to suggest that the involuntary
catching of attention by problematic inputs is a midbrain function mediated
primarily by the superior colliculus and pulvirfamhile the conscious volun-
tary active holding of the focus onto an input until adequate categorization is
achieved is mediated by the posterior parietal cértex.

From a neuroscientific perspective, Michael Posner (Posner & Petersen
1990; Posner & Dehaene 1994) has adduced evidence that in addition to the
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function which it shares with the intra-cortical dorsal pathway of mediating

the visual control of voluntary movement, the S-C to dorsal pathway “(poste-
rior parietal cortex, pulvinar and superior colliculus)” also has an important
role in the control of selective attention, constituting, as it does, what he calls
(Posner & Dehaenep.cit: 76) “the posterior attention system”.

The posterior system would seem to have two functions, (a) that of
bringing problematic inputs into the focus of attention in the first place
(Snowdon’s “Attention-N"), and (b) that of maintaining such inputs in the
focus attention until an adequate categorization is achieved (Snowdon’s “At-
tention-A"). Of these two functions the first involves a mechanism which is
necessarilyunconsciousand involuntary in the sense that the individual
cannot decide or, in the true sense of that word, be instructed to notice things.
We often sayNotice thisor Notice that but such instructions only work if they
are accompanied either by pointing at or otherwise highlighting the feature in
guestion or by a verbal description of what is to be noticed, thereby creating an
expectation of what is to be noticed. In either case the effect of the instruction
is to facilitate rather than directlynducethe noticing which remains essen-
tially involuntary. By contrast the function of maintaining the focus of atten-
tion on a problematic input, once it has been noticed, until an adequate
categorization has been achieved is an activity which is subject to conscious
and voluntary control. If, as the evidence seems to suggest, tasks involving
conscious and voluntary control are mediated by the cerebral cortex, while
those that are unconscious and involuntary are mediated by the mid- and
hindbrains, it looks as though Snowdon’s Attention-A is mediated by the
posterior parietal cortex and his Attention-N by the superior colliculus and
pulvinar, with superior colliculus controlling the peripheral aspects (the orien-
tation of the receptor organs) and the pulvinar the ingate into consciousness.

The other attentional system which Posner distinguishes, “the anterior
attention system (anterior cingulate and basal ganglia)” would seem, in light
of the evidence adduced by Pashler discussed below, to have the function of
initiating and maintaining concentration on the processes of response-selec-
tion and response-execution. This type of selective attention, like that which
maintains focus of attention on a problematic input until adequate categoriza-
tion of it is achieved, is under conscious and voluntary control and is to that
extent also part of Snowdon’s Attention-A.

Finally there is the recognition for which | am personally indebted to
Harold Pashler (1991; 1997) that Broadbent's threefold systelimiéd
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capacity channelith a“bottleneck” or“filter” which protects the LCC from
overloading by restricting input access to it, amadifierwhich holds prospec-

tive inputs until the bottleneck clears has more than one embodiment in the
brain. Pashler has shown in his experimental studies of dual-task that the
response-selection system is also a limited capacity channel protected by a
filter or bottleneck restricting access into it from what Broadbent calls the
“category states” generated hig limited capacity channel, the input categori-
zation system. A similar bottleneck is to be expected restricting access into the
response-execution system. Similar bottlenecks may also exist in the human
cerebral cortex to control access to the name-concept selection system
(Wernicke's area) and the sentence articulation system (Broca’'s area). As we
have seen, controlling access into the response-selection and response-execu-
tion systems and maintaining the focus of attention on these tasks until an
appropriate response has been selected and its execution is complete would
seem to be functions performed by Posner’s anterior attentional system.

The complementary functions of consciousness and the unconscious
zombie-within

The picture that emerges from the various strands of evidence described above
is of two parallel, but complementary and continuously interacting input-to-
output transformation systems in the brain which | shall refer to respectively as
“consciousness” and the unconscious “automatic pilot” or “zombie-within”.

Consciousness as an input-output transformation system

On this hypothesjsconsciousness a ‘limited capacity chann&l(LCC) or

rather a sequence of three such channels which, together with what | call “the
emotion-servg have four sequentially ordered functions, (a) the function of
categorizingon the basis of what Broadbent (1971) calls the “evidence” and
which | equate with conscious experience any input that is identified by the
zombie-within agproblematic in that it is eitheunexpecte@r motivationally
significant i.e., significant relative to the individual's current or perennial
motivational concerns (LCC 1), (b) the functionrefcting emotionallyto

inputs which have been identified as problematic, both before (“physical”
pleasure/pain) and after they have been categorized (“mental”’ pleasure/pain),
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thereby ensuring that the subsequent processes of response-selection and
response-execution are brought into an adaptive relation to the individual's
current and perennial motivational concerns (the Emotion-Servo), (c) the
function ofselecting a responsgppropriate both to the presence of a thing of
that kind and to the individual’s motivational concerns with respect to it (LCC

2), and (d) the function of initiating and monitoring teeecutionof the
response selected (LCC?3B).

The evidence suggests that although much of what goes on is uncon-
scious (in the sense that the details are not available to be described or reported
by the human subject), the whole of the cerebral cortex in mammals is devoted
to the implementation of consciousn@sshis functional sensén general it
would seem that what the human subject reports areute@mmesof the
processes of selective attention, categorization, emotional reaction, response-
selection and response-execution, rather than the processes themselves. The
exceptions to this rule are the processeafsory conscious experienghich
can, to some extent, be described independently of the way it is finally (as
opposed to tentatively) categorized, and the thoughts (images and sub-vocal
speech) which contribute to, but do not exhaust, the process of response-
selection, just as conscious experience of the feedback from the output as it
develops contributes to, but does not exhaust, the process of response-execu-
tion.

The unconscious “automatic pilot” or “zombie-within”

The functions of theinconscious automatic pilor zombie-withirare (a) that

of continuouslyscanningthe total current input so as to alert consciousness to
any input it identifies aproblematic (b) that ofprotecting consciousness
from overloadeither by ignoring those non-problematic inputs which require
no response or by responding appropriately, but automaticallyvahdut
categorizationto those for which there already exists a well practised skill or
other “instinctive” response pattern.

Like its namesake in popular mythology, the zombie-within is a creature
of habit, routine and unquestioning conformity to the instructions it receives
from consciousness. Anything out of the ordinary is immediately passed on
for processing by consciousness. The one respect in which it differs from the
traditional picture of its mythical namesake is in its capacity to learn from
experience, limited though that is to the progressive shaping of minor varia-
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tions in behaviour by their immediate consequences.

The evidence suggests that, with one possible exception, all the functions
of the zombie-within are mediated by structures in the midbrain and brain-
stem. The one possible exception is in the case of the visual functions of
reaching for objects and avoiding obstacles which are retained when visual
conscious experience is abolished by lesions of the striate cortex (V1), thus
occluding the ventral visual pathway and yielding the phenomenon of “blind-
sight”. The dorsal visual pathway which is known to mediate these functions,
though composed in the main of midbrain structures such as the superior
colliculus and pulvinar, also includes the posterior parietal cortex. It may be,
however, that although the functions of reaching for objects and avoiding
obstacles do not requivésual conscious experience and are, to that extent, to
be regarded on the present hypothesis as functions of the zombie-within, they
do require the integration of visual information supplied by the zombie along
the S-C to dorsal pathway with conscious experience oftneaesthetic
feedbackrom the movements involved as they develop, and that this integra-
tion is the contribution to these functions made by the posterior parietal cortex.

Interactions between the two systems

Although, as the blindsight phenomenon shows, there are other forms of
interaction between the two systems, the three most important interactions
between consciousness and the zombie-within are (a) the action of the zombie
in alerting consciousness in general and conscious experience in particular to
problematic inputs, (b) the gradual transfer to the zombie-within of stimulus-
stimulus expectations and stimulus-response connections formed within con-
sciousness as they become habitual (for PET scan evidence of this process, see
Raichle et al. 1994), and (c) the integration of the two systems in a well-
developed motor skill where, as the syntactic organization of movement
becomes increasingly automatised, i.e., gets taken over by the zombie, the
easier it becomes for the mechanisms of selective attention to ensure that
consciousness is focussed on those aspects of the task that are crucial from the
point of view of effective strategic decision-making and the timely initiation

of the selected response.
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Modules within consciousness and the zombie-within

The multiple functions identified within both consciousness and the zombie-
within imply a multiplicity of modules within both systems. Figure 2 shows
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the arrangement of these modules as | currently construe it. As you will see,
the diagram shows the output from the sense organs splitting into two streams,
consciousnessn the left, theombieon the right.

Modules within the zombie

The zombie is shown as consisting of four functionally defined modules, (a)
the problematic input detector (PIDyhich separates inputs into problematic
and non-problematic on the basis of relatively coarse criteria of unexpected/
expected and motivationally significant/insignificant, and transmits the former
via (b) theinvoluntary attention-focuser (peripheralyhich mobilises and
directs movements of the head eyes and body so as to brisgutteeof the
problematic input within the range of all relevant sense organs, (ovtbian-

tary attention-focuser (centralyhich attracts the focus abnscious experi-
enceto that part of the sensorium where the problematic input is located, while
either ignoring or routing non-problematic inputs to outgat(d) theauto-
matic pilot

Modules within consciousness

Consciousness, as shown here, consists of three sequentially ordered limited
capacity channels (LCCs), concerned respectively injtht-categorization
(perception) response-selectioandresponse-executiohe concept of the
limited capacity channetomes from Broadbent (1958) whose 1971 book
Decision and Stres®stricts its application to the process of input categoriza-
tion. The evidence that there is more than one such channel in the brain comes
from Pashler (1991; 1997). In order to protect it from overloading, Broadbent’s
model requires that each LCC be provided with a system of subordinate
modules, including (a) an “ingate” whiaontrols access$o the LCC, (b) a
bufferor short term memory store in which inputs waiting to obtain access to
the LCC are held until the ingate clears, (c) atention-focuserwhich
maintains the focus of attention on the task in hand until it is satisfactorily
completed, and (d) avutput evaluatorhich checks the candidate outputs of

the LCC and allows the attention-focuser to open the ingate to a new input once
the previous information processing task has been satisfactorily completed,
while at the same time opening (e) amgatewhich allows the approved
output schema to proceed either directly to the initiation of a response or into
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the buffer of the next LCC in line.

In the case of the input-categorizing LCC the limited capacity channel is
shown as divided into two separate modubesiscious experienaghich, to
use Broadbent’s (1971) term, provides the “evidence” on which categoriza-
tion is based and without which the blindsighted subject’s judgments become
“pure guesswork” and theategorizatiorresponse itself. A similar division is
shown within the response-executor LCC betwessponse initiationand
feedback control

Lying outside this system of three limited capacity channels are two
modules, thenALyzerand theemotion servoThe existence of thenALYZER
is suggested by the known functions of the visual cortical areas V1-V5.
Recordings from individual cells in these areas have revealed what are known
as “feature detectors”, cells which fire in response to the presence within the
current retinal input of various features and patterns which are relevant for the
identification of objects and situations in the organism’s visual environment.
The features which are detected in this way become more and more abstract
and involve responding to activity spread over a wider and wider area of the
visual field the further they are from V1. Recent research by Steve Luck and
Nancy Beach (1996) confirming the Feature Integration Theory (FIT) of Ann
Treisman and her colleagues (Treisman 1988; Treisman & Gelade 1980;
Treisman & Gormican 1988) suggests that the effect of the module here
identified asconscious experiengs to “bind” the “information” provided by
these individual feature detectors into a sirgéstalt thereby generating the
“evidence” on which categorization or interpretation of the input is subse-
quently based.

Whereas theNALYZER is construed as a module which precedes and
prepares the ground for the process of input-categorizatioantb#on servo
is brought into play by the action of the input-categorization LCC. This
activation occurs both before categorization in response to “raw” uninterpreted
conscious experience, as in the case of “physical” pleasure and pain, and after
categorization, as in the case of “mental” pleasure and pain. Its function is to
provide motivation both for response-selection and for response-execution.

The problematic input detector (PID)

Fundamental to the system whereby behaviour is controlled by the brain as set
out on Figure 2 is theroblematic input detectdPID). The PID is that part of
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the zombie-within which determines whether a current input is or is not
problematic, alerting consciousness to it if it is, either ignoring it or allowing it
to proceed automatically to the selection and execution of a response if it is
not.

In order to understand how the PID works two questions need to be
answered:
(1) What sorts of input qualify ggoblemati®
(2) How, given that input-categorization does not occur before consciousness
has been brought into play, are such inpletectecby the zombie?

Varieties of problematic inpuf\n input is problematic if (a) it isnexpected

or, (b) if expected, it isnotivationally significanti.e., significant relative to

the individual’s current or perennial motivational concerns. An inpuonois-
vationally significanif it is (c) something the individual gearchingoron the

look outfor, (d) a stimulus which igtrinsically pleasanior unpleasanti.e.,

one whose pleasantness or unpleasantness does not depend on how it is
categorized or interpreted) e.g., the pleasantness of the sensation of being
stroked or the unpleasantness of the sensations of pain and nausea, and (e) a
stimulus which has been associated with a motivationally significant past
event, such as Plato’s lyre that reminds the lover of his beloved.

How different varieties of problematic input are detected

The unexpectedsiven the principle of association by contiguity, it can be
predicted that an organism will build up a vast numbestiofiulus-stimulus
expectationdased on observed regularities in the way an input of one type is
invariably succeeded by an input of another type. Given a background of such
expectations, a second input which differs from that expected on the basis of
past experience, given the first input, is going to stand out like a sore thumb.

Objects of searchiVe may suppose that the PID is sensitized to respond to the
objects of search by thactive disposition which initiates the searahd
guides it until either the object is found or the search is abandoned.

Intrinsically pleasant and unpleasant stimuAilithough any such effect, if it

exists, is concealed by the fact that intrinsically pleasant and unpleasant
stimuli immediately attract conscious attention, there is some evidence to
suggest that emotional reactions elicited by conscious experience of the
stimuli before categorization may also be elicited by the alternative input
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system which serves the zombie-within. A study by Zihl, Tretter & Singer
(1980) cited by Weiskrantz (1986: 125-6) reports “an autonomic electroder-
mal response . . . to [moving] visual stimuli in the absence of ‘seeing™ in a
case of blindsight; while Tranel & Damasio (1985), also cited by Weiskrantz
(1986: 137-8), “showed that two prosopagnosic patients who failed to recog-
nize familiar faces verbally nevertheless displayed a clear and strong skin
conductance response to photographs of familiar faces relative to control
faces.” This evidence raises the possibility that emotional reactions to intrinsi-
cally pleasant and unpleasant stimuli may not be, as it subjectively appears, a
response to conscious experience of the stimuli in question. It may rather be
response to a preconscious input reaching the zombie-withich, in turn,
attracts the focus of conscious attention to the stimulus and emotional reaction
as a unitangGestalt It suggests that these emotional reactions are triggered by
a direct connection between the problematic input detector (PID) and the
emotion servo. But since its only function would appear to be to ensure a more
rapid mobilisation of motivational resources than if it were routed through
consciousness, this connection has been omitted from Figure 2 in favour of the
phenomenologically more significant contrast between emotional reactions
which do and do not depend on the way the experience is conceptualised.

Associations with motivationally significant past evelhis.suggested that the
function of thedream imagerycharacteristic of REM sleep is to “stamp in”
associations between events that have occurred during previous waking peri-
ods and mativationally significant past events at the expense of motivationally
neutral associations formed during the same period. In REM sleep conscious
experience is, as it were, being allowed to “freewheel” when decoupled from
sensory input, thus leaving it free to generate images, particularly visual ones,
whose form is determined only by the nassociative link§ormed as a result

of the attention-focusing and categorizing of problematic inputs which has
taken place during the preceding period of waking, and by the individual's
currentemotional preoccupations

Conscious/Phenomenal Experience

Conscious/phenomenal experienca this view, is the first stage in the
process whereby problematic inputs are processed by consciousness. Its func-
tion is to provide the “evidence” on which the categorization of problematic
inputs is based, by modifying thHigure-ground relationgFigure 3) within
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the central representation of the input until an adequate categorization is
selected.

Figure 3 Figure-ground reversal{ter Rubin 1915)

Intrinsic figure-ground differentiatiowersusimposed figure-ground organi-
zation. Two kinds of figure-ground relation need to be distinguished. On the
one hand there is thetrinsic figure-ground differentiationvhereby one part

of the current input (the figure) stands out from, is more salient and thus
catches the attention more readily than, the rest (the ground), simply by virtue
of the sharpness and magnitude of the contrast between the two. The other is
the figure-ground organizatiorproperly so-called which isnposedon the

input from the sensory projection areas of the cortex by the process whereby
conscious/phenomenal experience is generated.
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The two forms of figure-ground differentiation are connected in that the
sharper the intrinsic figure-ground contrast the nstrenglystructuredand,
therefore, less malleable is the input which is available for moulding by
conscious experience. In other words, the larger and simpler the intrinsic
contrast between figure and ground (salience) the less room there is for
conscious experience to impose a different pattern of figure-ground organiza-
tion.

Conscious/phenomenal experience as imposed figure-ground organization.
We have seen that on the present hypothesis it is the outpuidericeg’ as
Broadbent (1971) calls it, which is generated by the proceselettive
attention which constitutes theonscious/phenomenal experiertecewhich

the introspecting subject is responding when she describes what it is like either
to receive sensory input from a particular input source in the environment or to
imagine being exposed to it. The “luminosity” or “phosphorescence” which is
the most striking feature of conscious/phenomenal experience from the stand-
point of the introspective observer enables a linguistically competent human
to give a running commentary both on the sequence of events in her stimulus
environment and her conscious/phenomenal experience of those events at the
time and to provide a first hand report on some of them subsequently. It also
enables the organism to check its categorization of a problematic input against
the “evidence” on which the categorization is based. Without this check the
blindsighted subject loses all confidence in the sometimes remarkably accu-
rate discriminations he is able to make relying solely on the sub-conscious
system. Such discriminations, he insists, are “pure guesswork.” This lack of
confidence may also explain the inability of blindsighted patients to initiate
voluntary action based upon their blind field discriminations to which Marcel
(1988) has drawn attention.

Mental imagery Mental imageryis a form of conscious experience which
occurs in a variety of different contexts, in dreams, in daydreaming, in the
recollection of past events and in planning the future. Phenomenologically it
resembles and can sometimes be confused with the kind of sensory conscious
experience which provides the “evidence” for the categorization of an input.
Moreover, there is evidence from a study (Kosslyn et al. 1995) using positron
emission tomography (PET) that when a subject forms a visual image of a
picture he or she has just been shown, the same pattern of activity develops in
all the principal visual areas of the cortex, including V1, as occurs when the
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subject is looking at the actual picture. This re-instatement of the cortical

activity involved in sense perception in the absence of the input otherwise
required for its occurrence is undoubtedly the substance behind Hume’s much
criticised claim

“That all our simple ideas in their first appearance are deriv'd from simple
impressions, which are correspondent to them, and which they exactly repre-
sent” (Hume 1740/1978: 4).

Aside from the fact that its form is not determinedchyrent sensory input,

the principal difference between a mental image and a perceptual experience
is its relation to the process of categorization. We have seen that in sense
perception conscious experience precedes and provides the “evidence” on
which categorization is subsequently based. In the case of a mental image, as
Kant (1781/1787/1929, pp. 182-183) demonstrates in developing his concept

of the “schema”, the construction of a mental image presupposes a prior

categorization or conceptualization of what the image is to be an image of.

In order to account for this kind of control over the process of conscious
experience on the present model as laid out on Figure 2, we would have to
include a number of “re-entrant” (Edelman 1987) or “recurrent” (Jordan 1986)
circuits feeding back from theanTEGORIZATION andRESPONSESELECTIONMOd-
ules® Not only are such circuits well-attested anatomically, Jordartif)
has shown that, along with the reverberatory circuits (Hebb 1949) required to
bridge the gap between the offset of the first stimulus and the onset of the
second, such circuits are an essential feature of any neural network that can
learn to “expect” or “anticipate” theecondof two sequentially ordered
stimuli on presentation of thiirst. As we have already seen, an extensive
repertoire of such expectations is required as a background against which an
unexpected input will stand out as the figure and thus be referred to conscious-
ness by the zombie-within.

It seems that the recurrent circuits required to account for the generation
of mental imagery would need to feedback from ¢theecorizaTion and
RESPONSESELECTION modules to theENSORYPROJECTIONAREAS (such as V1 in
the case of a visual image) to ensure that conscious experience is supplied with
the necessary “raw material”, to tARALYZER to ensure that it is given the
necessary structure, to the relevew®#ATE to ensure access iNntNSCIOUS
EXPERIENCE and to the/OLUNTARY ATTENTION FOCUSERtO ensure the mainte-
nance of the image until it has served whatever purpose it was intended to
fulfil. However, in order to avoid too much complication these circuits are not
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shown on Figure 2. The only recurrent circuits shown are those connecting the
OUTGATE of each of the three LCCs to its respectv@TE and theexTERNAL
FEEDBACK LOOP connecting the motor output to sensory input.

It is suggested that in the case ahantal imagehese recurrent circuits
impose a pattern of figure-ground organization on a field thatrissically
weakly structuredFigure 4) and does not, therefore, restrict the pattern of
organization that can be imposed on it in the way a more salient and strongly
structured input would do. This results in a pattern of figure-ground organiza-
tion which in the extreme case bears no relation to any objective structure in
the input source. In the case of vision, the Rorschach (1932/1942) ink blots
provide a classic example of a series of such weakly-structured fields which
permit and thus promote the formation of a wide variety of such infages.

Figure 4 A weakly-structured field



CONSCIOUSNESS AND THE ZOMBIE WITHIN 317

We know from the introspective reports of human subjects that such images
occur both in waking consciousness as part of the thought process whereby
solutions to problems are generated and as the predominant feature of the
dreams that occur during the rapid-eye-movement (REM) phase of sleep. In
the latter case there is strong circumstantial evidence for the occurrence of
such imagery in the sleep of those mammals in which it oécAilthough

there is at present no corresponding evidence for the occurrence of mental
imagery as an aid to animal problem-solving, it would be surprising if an
ability which is almost certainly present during sleep were not exploited for
more obviously practical purposes during waking.

Categorization

Categorization is the process whereby problematic inputs are classified ac-
cording to the kind of object or situation of whose presence in the organism’s
stimulus environment the input is a reliable indicator. It is the function of
categorization to ensure that the universal, kind or category under which an
input is subsumed lines up with what Skinner (1969) calls the “contingencies”
operating in the organism’s environment.cAntingencyfor Skinner is a
sequence of events whereby under cegatecedentonditionsbehavingn a
certain way will have certain predictabtensequencesBy classifying its
problematic inputs in a way that enables it to anticipate the consequences of
selecting one form of behaviour rather than another, the organism puts itself in
a state of readiness to select a successful behavioural strategy appropriate both
to the presence of an object or situation of that kind and to whatever may be
the organism’s current behavioural objectives as and when the occasion for
action arises.

Two components of categorization: the input filter and the output ré¥ay.

have seen that Broadbent (1971) distinguishes two processes within what we
are here calling “categorization”, namely, “pigeon-holing” and “categoriza-
tion” proper. On his view, “pigeon-holing” is simply a matter of slotting an
input into a pre-existing category, whereas “categorization” in his sense
involves either creating a new category altogether or modifying the bound-
aries of an existing category so as to fit a new instance. This way of construing
the matter is mistaken in so far as it assumes that the organism cannot respond
adaptively to an input without specifically classifying it as an encounter with
an object or situation of a particular kind. On the present hypothesis, it is only
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problematic inputs that require classification in this way. Once a behaviour
pattern has become habitual, direct input-to-output transformations replace
responses mediated by categorization and motivational choice. Evidence for
just such replacement of one pattern of brain activity by another as behaviour
becomes habitual comes from the recent study by Raichle et al. (1994)
mentioned above.

The categories which make up an individual's conceptual scheme to one
of which every problematic input must be assigned in order for the process of
categorization to succeed have two components. One componenfilieithe
which selects those inputs which satisfy the entry criteria for the concept in
guestion and rejects those otherwise similar inputs which do not satisfy them.
The other component is what we may think of aslay which pre-selects all
those behavioural strategies which can be relied on to yield a predictable
consequence, when emitted in the presence of an object or situation of that
kind. Once this set of behavioural strategies has been pre-selected, a choice is
made between them in the light of subsequent environmental conditions and
the organism’s motivational attitude to the expected consequences of adopting
one course of action rather than another. In the case of a linguistically
competent human being, an important group of behavioural strategies which
are pre-selected in this way are strategies for selecting appropriate words and
sentence frames for describing objects and situations of the kind in question.

The emotion servo

Skinner’s concept of the “three-term contingencghtécedentconditions,
behaviour called for under those conditions and #@nsequencesf so
behaving) not only provides a clue to the nature of the concepts or categories the
organism uses in classifying its problematic inputs, it is also the key to
understanding the operation of what we are calling the “emotion servo.” As we
have seen, the function of this module is to modulate behaviour in such a way
as to bring it into conformity with the organism’s motivational objectives. As
the contingency unfolds and as its conformity or lack of conformity to those
objectives becomes apparent, so the organism’s emotional reaction changes.
The same sequence of events will evoke a different sequence of emotional
reactions depending on the organism’s motivational attitude to the anticipated
or actual consequences of its behaviour. If the consequence is attractive,
anticipating its appearance produces excitement, its actual occurrence, plea-
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sure, its failure to appear when expected, first anger then misery or depression.
If the consequence is repulsive or, as Skinner would say, “aversive”, anticipat-
ing its appearance produces fear or anxiety, its actual occurrence, first anger
then misery or depression, its failure to appear when expected, relief.

Each different variety of emotional response is characterized (a) by the
type of situation that evokes it, i.e., whether piespectiveas in excitement
and fearretrospectiveas in anger, relief and depressionfamussed on the
momentas in pleasure and disgust, (b) by its position on plleasant-
unpleasantlimension, pleasant in the case of excitement, pleasure and relief,
unpleasant in fear, disgust and depression, mixed in the case of anger and
apathy, (c) by its position on therousal dimension, high in the case of
excitement, anger and fear, moderate in pleasure and disgust, low in relief,
apathy and depression, and (d) by a characteinspialse the impulse to sigh
in relief, to smile in pleasure, to jump for joy in excitement, to attack in anger,
to freeze or run away in fear, to vomit in disgust, to do nothing or punish
oneself in depression.

Locating these modules within the brain

Evidence from a variety of sources, neurology, electrophysiology, and, most
recently, the newly discovered brain-imaging technigues, makes it possible to
propose a tentative identification of the modules shown on Figure 2 with

specific anatomically defined structures within the brain.

The ventral and S-C to dorsal pathways

For the most part, | shall confine my remarks on this score to the “upstream”
portion of Figure 2, that which precedes the transition within consciousness
from CONSCIOUSEXPERIENCEtO CATEGORIZATION. For this is the area to which

the neurological evidence described in Section 1.6 above relates. That evi-
dence shows that in order to account for the visual functions which survive
lesions of primary visual cortex (V1) and the consequent loss of visual
conscious experience, the phenomenon known as “blindsight”, we must sup-
pose that the residual visual functions are mediated by what we are calling the
“sub-cortical (S-C) to dorsal pathway” which proceeds by way détiperior
colliculus and pulvinar to theposterior parietal cortexThis S-C to dorsal
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pathway bifurcates at the retina from thentral pathwayconsisting of the
lateral geniculate nucleygheprimary visualor striate cortex (V1)and the
extra-striate visual areas (V2-V5 theinfero-temporal cortexThese two
pathways, together with the intra-cortical dorsal and ventral streams distin-
guished by Ungerleider & Mishkin (1982) which bifurcate “downstream” of
V1, are shown on Figure 1 (taken from Milner & Goodale 1995: 68).

Whereas all the structures composing the ventral pathway, with the
doubtful exception of the infero-temporal corfeare exclusively visual in
function. Those composing the S-C to dorsal pathway (superior colliculus,
pulvinar and posterior parietal cortex) subserve all sensory modalities. This is
consistent with Posner’s (Posner & Petersen 1990; Posner & Dehaene 1994)
hypothesis that the function of these structures, in their capacity as the “poste-
rior attention system”, is to control the focus of sensory attention as it switches
from one modality to another or concentrates different modalities on the same
area of environmental space. This concatenation of evidence allows us, in the
case of the visual modality, to identify the bifurcation between consciousness
and the zombie-within as shown on Figure 2 with the bifurcation at the retina
between arentral pathway consisting of thiateral geniculate nucleyghe
primary visualor striate cortex(V1), theextra-striate visual areagv2-V5)
and theinfero-temporal cortexorresponding to the upstream portion of what
| am calling “consciousness”, and t8eC to dorsal pathwagonsisting of the
superior colliculusandpulvinar, but almost certainly excluding its “destina-
tion”, the posterior parietal cortex corresponding to the zombie. These
relationships are shown on Figure 5. It is a re-drawing of Milner & Goodale’s
diagram (Figure 1 above) which, for the sake of clarity, omits the dorsal
stream properly so-called (connecting V1 to the posterior parietal cortex) and
is arranged in the same format as the upper part of Figure 2 with the ventral
pathway on the left and the S-C to dorsal pathway on the right.

Given the identification of the ventral pathway as the route whereby
information is passed from the retina into consciousness and the S-C to dorsal
pathway as the route into and through the zombie-within, what are we to say
about the one exception, the posterior parietal cortex, which is the terminus of
both the S-C to dorsal pathway and the intra-cortical dorsal stream? There
would seem to be a connection here between the posterior parietal and the
visual functions of reaching for objects (Weiskrantz 1986; Cowey & Stoerig
1995) and avoiding obstacles (Humphrey 1%7#hich are retained when
visual conscious experience is abolished by lesions of the striate cortex (V1),
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thus occluding the ventral visual pathway and yielding the phenomenon of
‘blindsight.” Although it is clear from the performance of human subjects with
lesions of the striate cortex (“blindsight”) that the functions of reaching for
objects and avoiding obstacles do not requiseal conscious experience of

the relevant stimuli and are, to that extent, to be regarded on the present
hypothesis as functions mediated by the zombie-within, the fact that the
subject in such cases is induced to reach for an object he does not “see” by an
appropriate instruction tguesswhere it was shows that conscious experience

of somekind is involved in the production of such behaviour. A plausible
hypothesis would be that reaching and obstacle-avoiding behaviour, though it
does not requirgisual conscious experiencdpesrequire the integration of
visual information supplied by the zombie along the S-C to dorsal pathway
with conscious experience of teemaesthetic feedbaflom the movements
involved as they develop, and that this integration is the contribution to these
functions made by the posterior parietal cortex. However, some recent evi-
dence (Rossetti, Rode and Boisson 1995; Rossetti 1997) on the somaesthetic
counterpart of blindsight which the authors refer to as “numb-sense” shows
that a patient (J.A.) with this condition can use his “normal” left hand to point
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accurately at the location of stimuli applied to the “numb” right hand which he
cannot consciously feel. This shows that, provided the blindsight or numb-
sense subject can be induced to guess at the location of the target object by
pointing at it, successful voluntary movement does not require conscious
experience, whether visual or somaesthetic, of the target towards which the
movement is directed. What the evidence does not show is that such voluntary
movement is possible without conscious experience of the feedback from the
movement itself, whether visual, somaesthetic or both.

Although, as this evidence clearly demonstrates, the S-C to dorsal path-
way has aecondaryunction in the visual control of voluntary movement, the
fact that all its structures process information fralihsensory modalities,
when combined with the brain-imaging and neurophysiological data reviewed
by Posner and Dehaene (1994) and the evidence of disorders of attention, such
as unilateral neglect, resulting from lesions of these structures, suggest that its
primary function is to integrate thavoluntaryalerting of conscious attention
to problematic inputs from all sensory modalities mediated by the two mid-
brain structures, the superior colliculus and pulvinar, with wbkintary
maintenance of the focus of attention on such inputs until an adequate catego-
rization of them is achieved mediated by the posterior parietal cortex. On this
hypothesis the posterior parietal is construed as having two functions, (a) a
generalfunction which is tanaintainthe focus of conscious attention within
and between the different sensory modalities (acting on structures such as
those in the ventral stream in the case of vision) on inputs to which the focus
has been initially attracted by the “zombie” (in the shape of the superior
colliculus and pulvinar) until such time as an adequate categorization of those
inputs has been achievEdand (b) aspecific function which is to control
voluntary movement by integrating, through the same mechanism of con-
scious attention focusing, the visual and somaesthetic feedback from such
movements as they develop.

Provisional anatomical conclusions

Assuming that this analysis is approximately correct, we are in a position to
make some tentative identifications of the modules shown on Figure 2 with
some of the actual structures that have been identified anatomically within the
brain as laid out on Figures 1 and 5. These tentative identifications are set out
on Figure 6 which is a re-working of Figure 2 with the names of the neural
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structures substituted for the functional descriptions of the modules with
which they have been provisionally identified in the preceding discussion in
the special case of vision.

INPUT

CORTEX MIDBRAIN

CONSCIOUSNESS RETINA “THE ZOMBIE"

¥ ¥
STRIATE
CORTEX MIDBRAIN
v1) RETICULAR
FORMATION

v2-v5 E

BUFFER T

P POSTERIOR
PARIETAL ——-hl INGATE PULVINAR p— C;‘:LECRLIIEGS C LUM R
CORTEX

INFERO-
TEMPORAL
CORTEX

E “PHYSICAL

R filters PLEASURE/ F
CATEGORIZER PAIN
1 relays E

o l MENTAL ¢
OuTPUT OUTGATE HYPO- o
THALAMUS

EVALUATOR
SELECTOR
TRACT

DORSAL
STREAM

Figure 6. Consciousness and the zombie-within — Tentative identifications in bold —
visual structures in italics

® o

-«

VOLUNTARY
ATTENTION 7—4
FOCUSER

o ©°

QOUTPUT
EVALUATOR

R

VOLUNTARY
R ATTENTION _ﬁ
FOCUSER

QUTPUT
EVALUATOR




324 ULLIN T. PLACE

Thus, in place of theenseswe have, in the case of the visual modality, the
RETINA. In place of theSENSORYPROJECTION AREAWE have, in the case of the
visual modality, thesTRIATE CORTEX In place of theNALYZER we have, in the
case of the visual modality, V2-V5. In place of thROBLEMATIC INPUT
DETECTOR (P.1.D.) we have, for all modalities, tiMeDBRAIN RETICULAR FOR-
MATION.'2 In place of theuToMATIC PILOT we have theEREBELLUM. In place
of theINVOLUNTARY ATTENTION FOCUSER— PERIPHERALWE have theUPERIOR
coLLicuLus.®® In place of theNvOLUNTARY ATTENTION FOCUSER— CENTRAL
we have theeuLviNAR.1 In place of the’OLUNTARY ATTENTION FOCUSERWE
have theeOSTERIOR PARIETAL CORTEXFinally, in place otoNscious EXPERI-
ENCE “EVIDENCE” we have, at least in the case of vision,ItlFeRO-TEMPORAL
corTEX.® You will notice that Figure 6 omits the connection between the
PULVINAR and theeOSTERIOR PARIETAL CORTEXxshown on Figures 1 and 5 and
which is needed to explain the visual control of reaching for objects and
obstacle avoidance when the relevant parts of V1 have been destroyed
(“blindsight”). This has been done in order not to obscure the functionally
much more important connection between HueviNAR and theINGATE
controlling access to theFERO-TEMPORAL CORTEXaliaS CONSCIOUS EXPERI-
ENCE Further “downstream” the only identification to have emerged at all
clearly from the preceding discussion is that betwee REBBBACK MONITOR
and theporsaL sTREAM'® However, two other identifications have been
included on the basis of what has been known for a long time, that between
RESPONSE INITIATION and therYRAMIDAL TRACT and between themoTION-
Servo and theHyPoTHALAMUS. Likewise the recent work on “numb-sense”
mentioned above will doubtless soon make possible the identification of the
somaesthetic counterparts of the purely visual structures shown on Figure 6. It
may be that similar identifications can already be suggested for other sensory
modalities. If not, future research will doubtless allow us to fill these gaps too.
But there, for the present, | shall let the matter rest. | hope | have said
enough to persuade you that we are now in a position to answer the question
which has remained unanswered since my (Place 1956) paper ‘Is conscious-
ness a brain process?’, namely, ‘If consciousigeadrain process, which of
the various processes in the brain that we now identify neuroanatomically is
it?’ It turns out in the light of what has been said above that that question is too
simplistic. But complicated though it is, | hope | have persuaded you that the
rudiments of an answer are within our grasp.
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Notes

10.

“Dorsal” here only in the sense that, like the dorsal stream properly so-called, it “termi-
nates” in the posterior parietal cortex.

The evidence described in footnotes 9 and 10 (Section 4.2 below) suggests that the
function of the superior colliculus is to control the orientation of the relevant sense organs
towards the location of a problematic input in environmental space, and that the function
of the pulvinar is to control the access of such inputs into consciousness.

See footnote 8 (Section 4.1 below).

There is reason to think that in human brain there are two more limited capacity channels,
one which selects the name assigned to the concept or category in question by the natural
language spoken by the individual concerned and another which constructs a syntacti-
cally articulated sentence appropriate to the “thought” which emerges from a further
stage in the categorization process.

| am indebted to Pim Haselager of the University of Nijmegen for drawing my attention to
the need to emphasize this point.

The “non-objects” used by Vanni, Revonsuo and Hari (1997) in their experiments are
another example.

The inhibition of the skeletal musculature during this phase of sleep makes sense only as
a device whose function is to prevent the massive and obviously maladaptive somnambu-
lism which would otherwise occur in response to such imagery.

Tim Shallice (1988; Burgess & Shallice1996) has drawn my attention to a hypothesis
proposed by Schank (1982) which suggests that the original function of mental imagery
was to allow the organism to remind itself of the past consequences of the various courses
of action suggested by the current stimulus situation as possible solutions to the problem
that situation presents.

There is evidence (Gibson and Maunsell 1997) of cells in IT which respond to cross-
modal associations between visual and auditory stimuli in a delayed match-to-sample
memory task.

There is at present no evidence that human blindsighted subjects can learn to negotiate
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11.

12.
13.

14.

15.

16.
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obstacles in the absence of visual stimulation routed via V1, as Humphrey’s monkey
subject Helen learned to do. But all the human blindsighted subjects studied thus far have
been able to rely on the unaffected portion of the visual field to do this. If, like Helen, they
had been compelled to rely on visual information arriving from the retina via the sub-
cortical route, my guess is that they too would have learned to avoid obstacles in the
absence of V1.

Evidence confirming the suggestion that the posterior parietal cortex performs this
function is provided by a recent study by Vanni, Revonsuo and Hari (1997) which shows
that the magnetic alpha rhythm generated in the parieto-occipital sulcus (POS) is sup-
pressed by object targets to a much greater degree than non-objects, a finding which is
readily interpreted as showing the persistence of activity in this area when a stimulus is
not readily categorized, as compared with the rapid shut down when it is.

As shown by Moruzzi and Magoun (1949).

For the role of the superior colliculus in coordinating, at a pre-conscious level, the
position and sensitivity of the different sense organs in relation to particular locations in
environmental space see Stein and Meredith (1995). For the role of the superior colliculus
in controlling the reflexive orientating response whose absence on the affected side of the
body is characteristic of the phenomenon of unilateral neglect see Rafal and Robertson
(1995).

A study by Vanni, Revonsuo and Hari (1997) provides evidence suggesting that the
pulvinar is involved in modulating activity in the ventral stream (V2-V5), where object
recognition or, as | would think, the preparation of the “evidence” for it occurs and that
the effect of such modulation is to “select the next target for ventral processing”. If this
may be interpreted to mean that the pulvinar controls which parts of the total visual input
are currently subject to “ventral processing” and hence in the focus of conscious atten-
tion, it supports the suggestion that the function of this structure is to regulate the
involuntary attraction of the focus of conscious attention to problematic inputs by
processes which are themselves necessarily pre-conscious, i.e., part of what | am calling
the “zombie-within”.

Evidence confirming this identification is provided by Sheinberg and Logothetis (1997).
They showed that in a binocular rivalry experiment 90% of the cells in a monkey’s IT
respond to whichever of the two rival stimuli is currently in the focus of attention;
whereas in V1, V4 and V5 only 20-25% of cells do so. But, apart from that cited in
footnote 9 above, there is no evidence of the involvement of other sensory modalities
beside the visual in IT. It is, therefore, unlikely that the “unity of consciousness” across
sensory modalities which is demanded, as much by functional considerations as by
phenomenology, is secured by concentration in a single anatomical location. For this a
better candidate is the synchronous firing of cells in different parts of the cortex.

Needless to say, this identification rides roughshod over a number of complexities. The
dorsal stream is a body of linked cortical modules connectingvtbieal] PROJECTION
AREA (V1) with thePOSTERIORPARIETAL CORTEX. It is of similar complexity to that of the
ventral stream which appears on Figures 2 and 6 asvithel[] ANALYZER (V2-V5)
connecting V1 to thesrERO-TEMPORAL CORTEX. The posterior parietal cortex appears to
have two functions (a) the function emphasised on Figures 2 and 6 where it is identified as
the VOLUNTARY ATTENTION FOocuserand the function which it presumably shares with the
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dorsal stream as a whole and which is the basis for this identification of providing the
integration of visual and somaesthetic information required fareifBBACK MONITORING

of voluntary movement. A further complexity is added by recent evidence (Gallese 1998;
Rizzolatti & Arbib 1998) demonstrating the role of the pre-motor cortex (the counterpart
of the posterior parietal on the anterior side of the fissure of Rolando), not only in the
visual feedback control of voluntary movement, but in the visual interpretation of the
movement of others. As in the case of the role of mental imagery in response selection, to
do justice to these complexities on a diagram such as that on Figures 2 and 6 would
seriously detract from the sense of a flow of information within consciousness from input
to output.
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The Zombies Among Us

Consciousness and Automatic Behaviour
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Introduction

The concept of “zombie” has been used in a variety of ways in philosophy and
consciousness studies, but the common underlying theme in all these usages
appears to be the idea that there is a living creature (or at least some sort of a
behaving system) that manifests relatively complex behaviour, but is, in one
sense or another, devoid of consciousness or subjective experience. While
philosophers have engaged themselves in debates about the metaphysical
possibilities of behavioural zombies (creatures that behave just like a normal
human being but are nonconscious) and neurophysiological zombies (crea-
tures that are physically and biologically identical with a normal human being
but nonconscious), empirical scientists have recently applied the concept of
“zombie” to such neurocognitive mechanisms that perform complex transfor-
mations of sensory input to motor output nonconsciously or implicitly. For
example, U.T Place (this volume) proposes that there is a non-conscious
automatic pilot system, “the Zombie within”, that can respond automatically
and appropriately to many stimuli for which there exists a pre-programmed
response pattern. In September 1988w Scientistfeatured research on
implicit perception and action with a cover story entitled “Zombies: They are
inside you”. In that article, the implicit processing systems revealed in e.g.
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Milner and Goodale’s well-known research were called “The (visuo-motor)
Zombie”.

Why should consciousness researchers be interested in these empirically
actual zombies? Obviously because they reveal that the control of many
aspects of our behaviour is handled by neurocognitive mechanisms devoid of
consciousness. Thus, these dissociations between consciousness and behav-
iour are bound to raise questions about the causal powers of conscious
perception and about the interaction between conscious and nonconscious
processes. If so many complex input-output functions can be handled per-
fectly well in the absence of phenomenal experience, does our brain need
consciousness at all when it guides the complex motor actions of our body?
How do conscious states interact with the nonconscious ones in the control of
behaviour? What is the special contribution, if any, that conscious phenom-
enal states bring along?

Lahav (1993) provides an illuminating analysis of implicit (i.e. noncon-
scious) and explicit (i.e. consciously experienced) information, arguing that
their effects on behaviour are profoundly different. Implicit information can
only affect “narrow and isolated islands of fixed behavioural responses” (p.
76). Nonconscious information is not integrated with other information in the
system, and is limited to exerting specific, isolated or rigid effects on behav-
iour. Lahav characterizes “automatic behaviour” as behaviour that is governed
by relatively simple input-output relationships; nonconscious information can
only give rise to automatic behaviour. By contrast, explicit knowledge, or
information represented in conscious experience, has the causal power to
evoke a wide range of behaviours; different sources of explicit information are
integrated with each other; and the response to explicit information is not
obligatory but can be selected from a huge repertoire of behavioural re-
sponses. Lahav (1993) concludes that conscious experience expresses infor-
mation that is available for an entire spectrum of global, integrated and
flexible, non-automatic behaviours. Thus, consciousness certainly seems to
have causal powers in the control of behaviour radically different from non-
conscious information.

In order that our behaviour would express this special contribution of
conscious states, conscious information needs to modulate the functioning of
several behavioural mechanisms which themselves may be nonconscious, but
can be informed by both nonconscious and conscious information. At some
stage a transformation from a conscious mode of representation to a noncon-



THE ZOMBIES AMONG US 333

scious one must happen. What happens if no such transformation occurs, or if,
for some reason, there is no conscious information available? Do we end up
with a zombie, or does all behaviour simply stop? Dissociations between
consciousness and automatic behaviour provide us with interesting clues to
these questions.

In the clinical literature several phenomena can be found that involve
curious dissociations between consciousness and the control of behaviour. For
example, sleepwalking (somnambulism), nocturnal wandering, and automatic
behaviours during epileptic seizures grema facie cases where a totally
nonconscious person engages in incredibly complex behaviours. These cases
often seem even more puzzling than implicit information in neuropsychologi-
cal patients, for here we do (at least apparently) have global and goal-directed
behaviours going on in the absence of consciousness. However, these dissocia-
tions between consciousness and behaviour and their theoretical implications
for consciousness research have not been treated with any detail in the current
discussions on consciousness. Churchland (1988) mentions sleepwalking as
problematic for the view that we consciously control our behaviour, and Searle
(1992) discusses epileptic automatisms, based on the anecdotes reported by
Penfield (1975), and concludes that such behaviours are not as flexible as those
guided by consciousness.

Our aim in the present paper is to review and analyse the dissociations
between consciousness and automatic behaviours from the viewpoint of con-
sciousness research. We will present detailed descriptions from the clinical
literature of the behaviour of such patients as well as descriptions on epileptic
automatisms collected by one of the present authors (MJ) in her clinical
practice. Based on these data we will evaluate the following questions:

(1) Are the individuals truly nonconscious when they manifest complex
behaviours, or only non-reflective or in a confused state of consciousness
during the experience, and / or totally amnesic about the experience after-
wards? The assumption in the medical and forensic science literature appears
to be that if a person is asleep, he is not conscious, and if there is no
consciousness, then acts done by the person cannot be criminal, for he does
not know what he is doing (Beran 1992; Mahowald et al. 1990). However, it
seems the term “conscious” here refers to something like “aware of one’s
surroundings and of what one is doing” which implies a degree of reflective
consciousness. This leaves open the question whether the person nevertheless
had phenomenal experience of some kind, if only vague, partial or distorted.
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(2) How complex are the actual behaviours of the patients in the alleg-
edly nonconscious state? Are there any well-documented cases of truly elabo-
rate, non-routine automatic behaviours that ordinarily are accompanied by
conscious experience and cannot be realized without it?

(3) Does the data cast doubt on the hypothesis that consciousness pos-
sesses causal powers unlike those of nonconscious processing systems? Is
automatic behaviour quite as adaptive and reasonable as the voluntary behav-
iour we execute consciously? What is the contribution of consciousness to
behaviour normally, and how is it integrated with nonconscious forms of the
control of behaviour?

There are difficult methodological problems involved in this exploration.

First, we have no independent means of checking whether or not the
person truly was nonconscious during the automatic behaviour. The only
criterion we can use is the person’s subjective retrospective report as to his
experiences during the episode. If the person is completely amnesic about the
episode, and/or reports losing consciousness before it and regaining con-
sciousness after it, and describes the episode as a complete blackout, then we
assume that she was to all intents and purposes nonconscious. But of course
there still is no absolute guarantee that this was truly the case.

Second, how should we rate the behaviours manifested during these
episodes? What is the criterion of behaviour that normally requires conscious-
ness? After all, we can carry out many highly complicated tasks, say driving to
work or walking home or eating sweets, without paying any attention to the
task and being only very dimly aware of our surroundings as our attention is
turned elsewhere, to inner thoughts or future plans, for example. Therefore, an
apparently nonconscious person carrying out a routine task that can be nor-
mally done with minimal consciousness is no evidence of true zombiehood,
but only evidence of the activation of highly overlearned action schemata.
Still, it is a remarkable achievement if a nonconscious person can successfully
move from one location to another or can accurately pick up objects from the
surroundings because such actions require relatively complex interactions
with the environment. Furthermore, this is more than what e.g. blindsight
patients can typically do, for they cannot avoid obstacles or pick up objects
they cannot see (Weiskrantz 1992). We shall regard automatic behaviours that
are routine and could be normally carried out without focal awareness as
evidence of Weak Zombiehood.

What, then, would be evidence of Strong Zombiehood? It would be: to
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successfully carry out tasks that are non-routine or otherwise require high
awareness of surroundings or objects one is in interaction with. Examples of
such tasks would be finding one’s way in unfamiliar surroundings; looking up
an unfamiliar phone number and making a phone call; writing a letter; draw-
ing a picture. These tasks are open-ended, require decisions and choices, and
the content of the task and the meaningfulness of the surrounding objects need
to be appreciated. If such tasks can be carried out by persons who otherwise, to
all intents and purposes, appear nonconscious, then we have evidence of
Strong Zombiehood.

Consequently, we will evaluate the automatic behaviour as providing
evidence of (1) No Zombiehood if the person is at least dimly conscious
during the behaviour, or if the behaviour is completely reflexlike during
nonconsciousness; (2) Weak Zombiehood if the person is nonconscious but
can only carry out routine action programs; (3) Strong Zombiehood if the
person can carry out non-routine tasks involving new decisions and the
processing of the meaning of the task and the surrounding objects. Strong
Zombiehood, if it exists, means that there are (temporary) zombies around us,
who can perform almost any task even in the absence of consciousness.

Sleep-related dissociations of consciousness and behaviour

There are several diagnostic categories referring to complex motor attacks
occuring during sleep: night terrors, sleepwalking (somnambulism), nocturnal
paroxysmal dystonia, nocturnal wandering, nocturnal seizures, and REM
sleep behaviour disorder (RBD). All of them, apart from RBD, tend to arise
during NREM sleep and it is unclear whether they are manifestations of
basically similar or qualitatively different types of phenomena occurring in the
sleeping brain. Descriptions of these automatisms are given below.

NREM-related nocturnal wandering: Case descriptions

Schenck & Mahowald (1995)

Subject: A 43-year old man who showed frequent and violent nocturnal
behaviours 1-3 hours after sleep onset.

Documented complex behaviouke often engaged in strenuous activity that
he could not duplicate in the daytime (e.qg. lifting a large mattress over his head
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or pushing a heavy dresser across the room) and running out of the house.
Once he left the house in pajamas by running through a screen door, entered
his automobile and drove eight kilometers to his parents’ home where he
awakened them by pounding on their door. He frequently injured himself
while colliding with doorways and furniture, and from falling down the
staircase.

Contents of consciousness during automatic behavidhe:subject was often

but not always amnesic about the attacks afterwards. During the attack it was
impossible to communicate with the patient or break the spell. His eyes were
wide open, but he did not actually see the environment as it was, but e.g.
instead of seeing his wife, he often perceived a dreamed object or person with
extremely threatening content. For example, the episode of somnambulistic
automobile driving was initiated by the belief, formed during dreaming, that
someone was in the house and about to attack him. While driving he was only
aware that he was driving to his parents’ home to escape an intruder at his own
home.

Zombie rating:No Zombiehood. This person is not completely nhonconscious
during the behavioural attacks; instead, he is in an altered state of conscious-
ness, involving distorted perceptions of the surroundings and delusions of
threats.

Kushida et al. (1995)

Subject:A 51-year-old man who would abruptly arise in the night and have
violent outbursts for 3—4 hours.

Documented complex behavioukte smashed dishes, threw anything within
reach, crawled on his hands and knees throughout the house, chased the cats,
removed his clothes, walked out of the house partially clothed and attempted
to drive the automobile.

Contents of consciousness during automatic behavidhe subject’'s eyes

were open, but he had a “glazed” appearance and seemed to be completely
removed from the environment. Although he often injured himself during
these episodes, he could not recall the cause of his injuries upon awakening in
the morning. Immediately after an episode of nocturnal wandering, the patient
was confused and disoriented, not able to state his name, not oriented to time
or place, and unable to repeat phrases or follow simple commands.

Zombie rating:Weak Zombiehood. There is no evidence of consciousness
during the behaviours, although an altered state of consciousness cannot be
ruled out. The behaviours are complex, involving interactions with the envi-
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ronment and its objects. However, the behaviours are manifestly bizarre and
indicate that the meaningfulness of the surroundings or its objects cannot be
appreciated. Instead, primitive aggressive and defensive behavioural pro-
grams are activated.

Maselli et al. (1995)

Subjects:12 patients with nocturnal wandering.

Documented complex behaviousstacks that were stereotyped for a given
patient and consisted of complex automatisms ranging from crawling move-
ments to running through hallways. One patient would drag his wife around
the bedroom by her hair, another would kneel at her bed and appear to be
praying.

Contents of consciousness during automatic behaviieur patients reported
stereotyped frightening images that consisted of moving objects, animals or
persons but no dream-like plot or narrative. Patients were only dimly aware of
their behaviour, and seemed surprised when the attacks were described by
outside observers.

Zombie rating:Weak or No Zombiehood. Some patients were in an altered
state of consciousness, some may have been completely nonconscious, but the
behaviours were routine and/or bizarre.

Guilleminault et al. (1995)

Subjects41 patients with nocturnal wandering.

Documented complex behaviousibjects could make series of gestures that
were very decisive or threatening (e.g. fist movements, leg kicks, assumption
of a defensive posture). One subject threw his wife on the floor, ran to his two
children, took them into his arms and ran out of the house.

Contents of consciousness during automatic behavidubjects were unre-
sponsive, appeared distant and unaware of their surroundings. They some-
times ran into furniture and objects, due to what witnesses felt was a lack of
awareness of objects that were in their way. The subjects had incomplete
memory of the episodes, but often had vague recollections of nightmarish
imagery that was always terrifying and always involved some type of per-
ceived threat to the subject or a loved one. Subjects appeared to attempt an
escape from a danger that they alone perceived, but their movements were not
appropriate for the real situation and surroundings. Onlookers were often
ignored or pushed aside. The subject who ran out of the house with his
children said afterwards that he had believed the house was on fire.
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Zombie rating Weak or No Zombiehood. As in the previous report, some
patients probably were in an altered state of consciousness and perceived a
distorted environment, some may have been completely nonconscious, but
their behaviours were routine and/or bizarre.

Plazzi et al. (1995)

SubjectsFour patients with epileptic nocturnal wanderings.

Documented complex behaviouPatient 1 gets up, walks around, opens the
door, steps into the garden and then goes back to bed. In the sleep laboratory,
he jumped out of bed, tried to open the door and started to jump on and around
the bed. When questioned immediately after the episode, he could not report
any dream. Patient 2 sat on the bed, got up and left the bed, moving around the
room with a motionless facial expression and speaking unintelligibly. After-
wards he was aware that something had happened during the night. Patient 3
would suddenly sit up in bed, scream and jump out of bed, walk around the
bedroom, unresponsive to calls and with an expressionless face. Afterwards,
he could not remember what happened. Patient 4 also gets out of bed, then
puts his clothes on, screams, and goes back to sleep. He cannot remember the
episodes the morning after. In the sleep lab, he pulled the electrodes out of his
head and tried to get off the bed. Although alert immediately after the episode,
he could remember nothing.

Contents of consciousness during automatic behavidanexistent or non-
reportable due to amnesia.

Zombie rating: Weak Zombiehood. All of the patients seem to be quite
nonconscious during the episodes, but the behaviours they manifest are not
particularly demanding.

NREM-sleep automatisms: conclusion

These cases described above represent a mixture of sleepwalking, sleep terrors,
nocturnal seizures etc. Remarkably complex behaviours are realized by these
patients during sleep, but as far as it is possible to tell, some of the patients do
not appear to be entirely nonconscious during the behaviour. In many cases
some sort of frightening imagery or perceived threat is experienced and
sometimes its content is later recalled. This mental content obviously motivates
and causes the observed, often violent behaviours. The behaviours are fre-
guently quite rational and adequate in the light of the perceived threat: the
patients attempt to save themselves and their loved ones from e.g. threatening
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intruders or a fire. For example, when aged ten, one patient had risen from
sleep, rushed into the sitting room where his parents were still sitting, and
thrown the butter dish out of the window, believing it to be a bomb (Oswald &
Evans 1985).

The patients have their eyes open and there is at least some registration of
the environment, since in many cases (if not always) objects of furniture are
bypassed or stairs negotiated safely. However, even if there is a degree of
conscious experience involved in this registration, they do not perceive the
environment properly nor can proper judgment be exercised (Mahowald
1993). There is little evidence that the patients manifesting extremely complex
automatic behaviours should be invariably regarded as completely noncon-
scious zombies. Rather the contrary: the patients seem to be in an altered and
confused state of consciousness, a mixture of wakefulness and NREM sleep
(Mahowald & Schenck 1992, 1998). In this state, one’s subjective conscious-
ness is focused on one internally generated, usually terrifying image or belief.
Appropriate threat avoidance behaviour is often realized automatically, vio-
lently and effeciently, in the absence of reflective thought, without an aware-
ness of one’s altered state, one’s actions, or their actual consequences. We
should take into consideration that such a state of consciousness coupled with
the kinds of behaviour described above might well be entirely appropriate in a
corresponding real situation.

Some cases with moderately complex behaviour coupled with dense
amnesia for the events may, however, indicate nearly complete absence of
subjective experience during the episode. Even if in those cases the patients
can be regarded as totally nonconscious zombies, their behaviour is far from
the flexible and integrated types of behaviour guided by a consciously appre-
hended model of the world. Sleep-related automatisms without any remem-
bered mental content tend to consist of routine actions or stereotyped violent
behaviours that are not particularly adaptive for the individual. The patients
may even be seriously injured by their own actions when bumping into
obstacles they are not aware of. This kind of behaviour may well be the best
that can be managed without the contribution of a consciously experienced
model of the world. There is no evidence of rational, adaptive and flexible
behaviour taking place in the complete absence of consciousness, i.e., no
evidence of Strong Zombiehood. But in our rating scale, these cases do fulfill
the criterion of Weak Zombiehood.
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REM sleep behaviour disorder (RBD)

REM sleep is normally a state of essential paralysis. Thus, for complex
behaviour to be manifested during REM sleep, the neural mechanisms respon-
sible for maintaining muscular atonia have to be defective. RBD refers to a
condition in which muscular atonia is removed during REM sleep and com-
plex, often violent behaviours are manifested. Some illustrative cases are
described below.

Dyken et al. (1995) describe the case of a 73-year old man. On occasion,
he unintentionally struck his wife. Once he jumped off the end of the bed and
awoke on the floor with a bloody lip, head, and knee. During another episode,
the patient leaped from his bed, fell, and struck the right side of his face on a
corner of a chest, causing him to wake up immediately. This accident resulted
in subdural hemorrhage. In the sleep laboratory during REM sleep, the patient
suddenly exhibited explosive running movements, followed by an arousal.
The patient’s actions clearly corresponded to what he was dreaming about at
the time of the observed behaviours. He got the subdural hemorrhage when he
dreamed of working on a loading dock and saw a man running. Someone
yelled “Stop him!”, and the patient had tried to do just that when he jumped
out of his bed with the unfortunate consequences.

Boeve et al. (1998, p. 363-370) describe a patient who, on one occasion,
“held his wife’s head in a headlock and, while moving his legs as if running,
shouted: ‘I'm gonna make that touchdown!” He then attempted to throw her
head down toward the foot of the bed. When woken up, he recalled a dream in
which he was running for a touchdown, and he spiked the football in the end
zone”.

Comella et al. (1998) describe a group of patients with RBD. If these
patients were woken up during an episode of abnormal sleep behaviour, none
of them recalled that they had executed violent movements, although all
recalled violent dreams at the time of wakening: being pursued by an enemy;
trying to protect family members from unknown intruders; or fighting off
unidentified assaillants.

Schenck (1993) describes a patient whose EEG, EMG and EKG were
polysomnographically recorded during an attack of violent behaviour. The
muscle tone was increased and the arms and legs showed bursts of intense
twitching, accompanied by observable behaviour. After a spontaneous awak-
ening, the man reported a dream in which he was running and trying to escape
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skeletons that were awaiting him.

One of the present authors (A.R.) has, during several years, recorded
three dreams in which a violent dreamed action has led to a corresponding
movement of a limb. On one occasion, he dreamed that he was lying on the
ground and somebody was coming towards him riding a bicycle. He saw the
bicycle wheel rapidly approaching his face, at which point he made a rapid
defensive motion, straightening his arm in front of him in order to stop the
bikewheel and protect his face. He woke up when his hand hit the bedroom
wall. On another occasion he dreamed that he was in a corridor in a big
unfamiliar building. From behind one corner, a gorilla suddenly appeared and
started attacking him. He tried to lift one knee in order to strike the gorilla on
the chest and to protect his own body. He woke up when his knee hit the
bedroom wall. On the third occasion he dreamed that he was trying to defend
his house against a violent intruder. He saw the intruder in the staircase going
down in front of him. He jumped and attempted to kick the intruder in the
head. He did hit the intruder's head (with the dreamed leg), but at the same
time his real leg kicked the bedroom furniture, resulting in his waking up (with
a couple of aching toes).

In conclusion, in RBD there is typically a very close correspondence
between the virtual action within the dream and the observed real action,
which thus is simply the acting out of the dreamed behaviours. During dream
enactment the dreamer is far from a nonconscious zombie. Quite on the
contrary, he is right in the center of a vivid subjective dream world, perfectly
unaware of the real surroundings. The complex behaviours observed in RBD
are guided by the contents of consciousness, but the subject’s consciousness is
totally immersed to the dream world. His actions consequently reflect his
attempts to interact with and adapt to the phenomenal world immediately
present in consciousness. As there is a radical mismatch between the real
physical environment and the model of the world in consciousness, the
physical actions of the subject are highly maladaptive in the real world, often
resulting in injuries to the patients and their bedfellows. As Schenck (1993)
notes, in RBD an ironical situation commonly occurs that in his dreamworld a
husband is desperately fighting to defend his wife from some impending threat
while in the real world he is actually beating her up in bed.

It is clear that RBD provides no evidence of zombiehood. However, it
shows that consciousness of a dream world can lead to behaviour that would
be adaptive and reasonable in that world, although it is not so in relation to the
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real world. RBD thus shows the power of phenomenal consciousness in
determining the framework of our voluntary actions.

Automatic behaviour during epileptic seizures

Dissociations between consciousness and behaviour during epileptic seizures
have been described in the literature, although it is by no means quite clear
what exactly the patients can do and whether they actually are completely
nonconscious during the episode. A well-known formulation of this dissocia-
tion is by Penfield (1975). He notes that when epileptic discharge confines
itself to one functional mechanism, it will selectively paralyze that mecha-
nism. Consequently, if the mechanisms indispensable for consciousness are
involved, then they can be selectively put out of action, which, according to
Penfield, converts the individual into a “mindless automaton”. Penfield lo-
cates these areas critical for consciousness in the subcortical grey matter in
higher brain stem (thalamus and basal ganglia); inactivation of these areas
produces unconsciousness. Epileptic discharges initiated locally in the tempo-
ral or prefrontal cortex may spread to this subcortical network and produce an
attack of automatism:

In an attack of automatism the patient becomes suddenly unconscious, but,
since other mechanisms in the brain continue to function, he changes into an
automaton. He may wander about, confused and aimless. Or he may continue
to carry out whatever purpose his mind was in the act of handing on to his
automatic sensory-motor mechanism when the highest brain mechanism went
out of action. Or he follows a stereotyped, habitual pattern of behavior. In
every case, however, the automaton can make few, if any, decisions for which
there has been no precedent. He makes no record of a stream of conscious-
ness. Thus, he will have complete amnesia for the period of epileptic dis-
charge. (Penfield 1975, p. 39).

Penfield mentions a patient who could automatically continue playing the
piano during a seizure, another one who walked home from work, and yet
another who drove the car home, although occasionally through red traffic
lights. Automatisms are realized by a sensory-motor mechanism which is
normally in interaction with but can become disconnected from conscious-
ness. The behaviour of the automaton reveals, as Penfield observes, what the
brain without consciousness can still do:
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The human automaton, which replaces the man when the highest brain
mechanism is inactivated, is a thing without the capacity to make completely
new decisions. ... The automaton is incapable of thrilling to the beauty of a
sunset or of experiencing contentment, happiness, love, compassion. These,
like all awarenesses, are functions of the mind. The automaton is a thing that
makes use of the reflexes and the skills, inborn and acquired, that are housed
in the computer. ... This automatic coordinator that is ever active within each
of us, seems to be the most amazing of all biological computers. (Penfield
1975, p. 47).

Thus, Penfield’s automaton surely deserves to be described as some sort of
zombie, evidently the kind we would classify as Weak Zombiehood.

Since little attention has been paid theoretically to the dissociations
between consciousness and behaviour in epilepsy, we collected reports of
behaviour during seizures from epileptic patients and their family members.
The patients were furthermore interviewed about their memories of experi-
ences during seizures, in order to find out whether there was any evidence of
subjective experiences during the state commonly believed to involve a loss of
consciousness. The detailed case reports will be published elsewhere, but
some of the most interesting ones are briefly described below.

Before we can assess whether the patients had some sort of consciousness
during the seizures, we need to define the concept of consciousness more
clearly. Byreflective consciousnesge mean such states in which the subject
not only experiences something but, in addition, can take this experience as an
object of further thought. Thus, the ability to somehow evaluate, compare,
classify, internally comment or verbally report one’s experience indicates
reflective consciousness. Self-awareness, voluntary control and planning re-
quire reflective consciousneg&imary consciousnessgfers to all varieties of
subjective experience, be it sensory, perceptual, emotional, or thought-like.
Peripheral consciousnesgfers to subjective experience on the borderline
between conscious and nonconscious: it is something we only vaguely or
dimly experience, although by focusing our attention on some content in
peripheral consciousness we can usually bring it to primary consciousness and
be fully aware of it. All the rest isonconsciougFarthing 1992).

Case reports

M.C. is a 35-year-old female diagnosed one year ago with complex partial
epilepsy. Prior to a major seizure she experiences a gradual decrease of
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consciousness. Perception can become distorted, but emotions, sensations and
thoughts may remain normal. For example, during a recent seizure she was
sitting at the lunch table with some other people when she noticed that she did
not understand any more what the others were saying. She also was no longer
aware of the visual surroundings in the same way as before the seizure.
However, she thought that she should try to remember her experiences in
order to report them to the neuropsychologist. Thus, M.C.’s seizure is associ-
ated with a restricted primary consciousness and an indication of preserved
reflective awareness. No automatic behaviours were reported.

W.W. is a 55-year-old female suffering from complex partial epilepsy
with secondary generalisation, diagnosed in 1994. She experiences a seizure
as a strange feeling in the head and as distance or derealization, although she
can continue to see and hear what is going on around her. She does not bump
into things around her. She is usually not capable of formulating sentences,
but she might answer with a single word. She does not do what she is asked to
do. During one seizure that she reported afterwards, she felt as if she was
wandering around in a fog and was unable to think clearly. She was unable to
lock the door with a key, although she usually manages such things during a
seizure. She kept repeating the question: “Where are the children?”, although
they were right beside her. She did not remember that part of the seizure. The
utterances may be considered as an unconscious automatism, akin to repetitive
sleeptalking.

She also has attacks during sleep: she may stand up, mumble incomprehen-
sibly, or walk into the wall. She might go to the kitchen, eat something, and
leave the refrigerator door open. She has no recall of such events in the morning.
Such attacks closely resemble sleepwalking and another sleep pathology
named “nocturnal sleep-related eating disorder” (Schenck & Mahowald 1994).
There seems to be no reflective consciousness present during such actions, and
even the presence of primary consciousness may be questioned. Automatic
behaviour such as sleepwalking and sleep-eating can probably be supported by
mechanisms subserving peripheral consciousness or unconscious sensorimotor
functions. This patient’s behaviour is a manifestation of Weak Zombiehood.

E.M. is a 37-year-old female who has complex partial epilepsy with
secondary generalization and epileptiform activity in the right temporal lobe.
Her seizures start with a nasty feeling in the stomach, followed by a blurred
consciousness, distorted images and voices, and progressively decreasing
awareness. During one seizure she was aware of her state and she realized that
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she was only able to say “yes” to whatever she was asked. Thus also M.E. can
retain even reflective consciousness during a seizure, but full voluntary con-
trol and ability to communicate are lost. No automatisms were reported.

D.D. is a 38-year-old female also suffering from complex partial epilepsy
for over 10 years, an epileptic focus in the left temporal lobe. Once she had a
seizure while on her way to lunch with her colleagues. She recalls nothing of
what happened during the seizure. When she regained consciousness she
found herself back in the office with a portion of chicken salad (which she
does not like) for lunch. Her colleagues told that she had got out of the car and
walked into a nearby restaurant where she never goes. The restaurant person-
nel told that she had not said anything, but had just pointed to the salad, bought
it, smiled, but avoided eye contact. Thus, here we have an example of complex
behaviour certainly without reflective consciousness, and possibly guided
only by nonconscious or peripherally conscious information. The goal chosen
prior to the seizure (to buy lunch) had been preprogrammed and was therefore
carried out automatically though erroneously — the patient bought something
she would not have liked to eat and would not have bought in her normal state
of mind. This is one of the most complex automatisms so far, involving object
recognition (restaurant, food), choice (chicken salad), gestural communica-
tion, and complex interaction with objects and persons when paying for the
salad. However, the whole behavioural episode constitutes a fairly well over-
learned script of “buying lunch”, so that it can still be regarded only as
evidence, even if quite remarkable, of Weak Zombiehood. The error in
choosing something one doesn't like reveals that the meaning of the surround-
ing objects was not fully available during the episode.

J.T. is a 48-year-old female with complex partial epilepsy and a left
temporal focus. She reported a seizure that began with the feeling that she was
on the point of vanishing into thin air. She did not remember anything of what
happened during the next hour. She fell sideways on the sofa, her body first
tensed and then relaxed. After about ten minutes she got up. She turned some
lights off. Then she took some children’s toys and placed them next to the
kitchen sink. Now and then she mumbled incomprehensibly. She was able to
walk without bumping into objects. She finally undressed and put her night-
gown on, although with some difficulties. The whole time her mouth was
distorted and she had a blank stare in her eyes. She went to bed and regained
consciousness after some time, but a strong sense of unreality remained long
afterwards.
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In this case we have genuine automatisms (turning off lights, picking up
things, undressing and dressing), some of which at least were unreasonable, in
the complete or near-complete absence of conscious experience. The automa-
tisms are again quite closely reminiscent of the behaviours manifested by
ordinary sleepwalkers. Placing toys next to the kitchen sink reveals that the
toys were not recognized but handled as if they were dishes. Therefore, this is
another case of Weak Zombiehood: complex interaction with the environ-
ment, nonconscious registration of the surroundings, but no evidence of
having access to the full meaning of the objects and one’s interactions with
them.

L.C. is a 26-year-old female with complex partial epilepsy. During a
recent seizure she was cooking. She wanted to buy red onion, went to the
shop, but came back with yellow onion. She placed it on the floor. She
hallucinated hearing the neighbors speaking, and then she realized that she
was having a seizure. She called a friend and then lost consciousness. She
woke up in bed, and was delighted to see her friend at the bedside. Then she
looked at her own hands and saw that they were badly burnt; she was shocked
and started to feel the pain. She thought that she must have put her hands on
the hot stove while she was nonconscious during the seizure, but she has no
recollection of this.

This seizure is very interesting, for it strongly suggests that even an
intensive painful stimulus was not consciously registered during the seizure;
the patient most likely had been deeply nonconscious — but also behaving in
a most unreasonable manner — to have burnt her hands that badly. Again,
Weak Zombiehood.

Automatic behaviours from a neuropsychological perspective

There are some neuropsychological findings which may illuminate the mecha-
nisms behind automatic behaviours. Lhermitte et al. (1986) describe two types
of behaviours that arise in connection of frontal lobe damage. Utilization
behaviour refers to the tendency of perceived objects to trigger corresponding
motor programs in which the objects are involved, although no request to use
the objects is made. Thus, a comb placed on a table induces combing of one’s
hair; a glass of water, drinking; a newspaper, reading, and so on. Imitation
behaviour refers to the repetition of whatever behaviours are observed to be
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done by the examiner (or other people). Such patients seem to be very much
dependent on environmental cues, but in the absence of external cues they often
showed apathy. Lhermitte (1986) calls this the environmental dependency
syndrome, in which the autonomy of the patient seems to be compromised.

The explanation for such bizarre behaviour is that frontal lobe mecha-
nisms normally excerting control over action schemata have become defec-
tive, which leads to the automatic activation of action programs, executed
without any reflection. This account is consistent with the theory by Stuss et
al. (1995) according to which frontal attentional mechanisms control the
monitoring, energizing, inhibiting, and competition between rival schemata.
Schemata or routine input-output transformations can become automatically
activated by sensory input or other schemata, but frontally based attentional
mechanisms can modulate this activation and thereby implement a degree of
choice.

In the absence of consciousness action schemata could still be activated
by the same triggers as normally, but since there is no inhibition or monitoring
of the activity, the action programs would be released without reflection and
perhaps in a state of a very low level of awareness of surroundings. Therefore
epileptic patients may carry out complex tasks which nevertheless are some-
how inappropriate; they do things they would not do if they were able to
control their actions and monitor their behaviour. Sleepwalkers often do the
same sort of things: the mechanisms for releasing the behaviours are basically
the same in both cases, although the reason why consciousness is suppressed
may be different in these two groups.

Weak Zombiehood is probably based on the automatic activation of
action programs that can be guided by nonconscious registration of the overall
spatial layout of the surroundings, leading to the observed interactions with
the environment.

Conclusions

Our purpose in this paper was to examine the possibility of Real Zombies or
Strong Zombiehood existing among us: pathological disorders of conscious-
ness that would abolish subjective experience but preserve complex and
entirely normal-looking behaviour. We examined various sleep-related be-
haviours and epileptic automatisms. We found that only in a few cases do we
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have reason to believe subjective consciousness to have been completely lost.
However, as far as we can tell, this may sometimes happen during sleepwalk-
ing or epileptic seizures; at least the patient reports experiencing loss and
regaining of consciousness and all memory for the events in between are
completely lost, even when the patient is interviewed only a few minutes after
the episode. Behaviour during such episodes is often surprisingly complex,
but at the same time clearly abnormal. The nonconscious registration of the
environment seems to be restricted in the way that the meaning of the sur-
rounding objects is not available for guiding behaviour. A motor program or
even an event script can be carried out, but in a mechanical way that reveals
only superficial classification of objects. The meaningfulness of objects,
surroundings and one’s own actions seems to be lost with the loss of conscious
perception. There is little reason to believe that such a zombie could manage
any genuinely novel situation requiring adaptive responses.

In many cases, especially sleepwalking and nocturnal wandering, we
found that the patients are not entirely nonconscious, but simply in a confused
state of consciousness. They may have one strong image or belief or emotion
in mind, and a somewhat distorted awareness of the surroundings. Neverthe-
less, when the patients perform complex adaptive feats, such as escaping from
their houses and driving a car, they are usually in the grips of a horrible
delusion, e.g. that somebody is after them or that their house is on fire. In some
restricted ways they are orientated to the surroundings, but their focus is
extremely narrow and they are unable to monitor or reflect on their own
behaviour or thinking. Therefore, it is fair to say that such patients do not
know or realize what they are doing: they lack reflective consciousness. They
should not be blamed or put into legal responsibility for the things they do
during such episodes. However, they are not completely nonconscious zom-
bies either; they experience emotions, perceptions, hallucinations, delusions,
and so forth. The same is true of patients with REM sleep behaviour disorder;
the difference is that the subjective world of these patients does not have any
ingredients of the real surroundings incorporated. The patients’ brains halluci-
nate a complete dream world, and the patients then try to interact with that
world, but collide with the real one. This is a powerful demonstration of how
the contents of consciousness can guide behaviour even when they do not in
any way reflect the real physical surroundings of the subject.

In conclusion, we did not find convincing evidence of any pathological
dissociation where consciousness would be completely absent but complex
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adaptive non-routine behaviour would be possible in the same way as it is
during normal waking consciousness. Thus, as Lahav (1993) argued, it appears
that consciousness possesses causal powers in the initiation or guidance of
behaviour unlike those of any purely nonconscious processing systems in the
brain. Consciousness formsreeaningfulmodel of the world in the brain, and

the brain attempts to interact with and adapt to this semantically transparent
world as represented in the content of consciousness. Even though the brain
can be said to somehaegisterthe environment nonconsciously, this registra-
tion is a far cry from the meaningful consciously apprehended model of the
world. Consciousness is needed to program, initiate, guide and evaluate
meaningful, integrated, adaptive, and flexible behavioural sequences, although
many components of these sequences are actually nonconscious.

Nonconscious registration of surroundings can initiate and guide behav-
ioural sequences whose overall goal has been preprogrammed consciously
before the loss of consciousness occurred. Nonconsciously guided behaviour
is often inflexible or unreasonable, showing a lack of insight into what the
overall meaning of the action is supposed to be. This pattern suggests that
goals, once consciously activated, can modulate behaviour through noncon-
scious behaviour, as if the goals had been translated into a sequence of action
representations that are coded and released at a nonconscious level. Goal
descriptions may thus be an important form of high-level outputs normally fed
from consciousness to nonconscious systems. A significant part of the normal
interaction between conscious and nonconscious processing might be realized
by using such representations.

If the conscious model of the world is missing or only extremely weakly
activated, all the brain can do is to let sensory stimulation guide behavioural
schemata in automatic ways that rarely lead to flexible and adaptive re-
sponses. If the model in consciousness reveals that monsters are attacking us
or that our house is on fire, the brain initiates complex patterns of defensive
behaviours, even if the world-model is based on radically incorrect or dis-
torted information. People with REM sleep behaviour disorder or nocturnal
wandering clearly demonstrate this. But for better or worse, there appear to be
no Real Zombies. Nevertheless, all the dissociations actually occurring be-
tween behaviour and consciousness that we have reviewed are remarkable in
themselves and may teach us important lessons about the role of conscious-
ness in the guidance of human behaviour.
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Dissociation and Interaction

Windows to the Hidden Mechanisms
of Consciousness

Antti Revonsuo and Yves Rossetti

1. Introduction

The dissociation between conscious and nonconscious information is one of the
main sources of empirical evidence in contemporary consciousness research.
Blindsight, numb-sense (or blindtouch), implicit memory, implicit control of
goal-directed actions, implicit processing of unseen objects in unilateral neglect
and implicit knowledge of the familiarity of faces in prosopagnosia: without the
recent discoveries of such robust but surprising phenomena, it is doubtful
whether empirical consciousness research would ever have got off the ground
(Rossetti and Revonsuo, introduction chapter).

In this concluding chapter we will try to clarify why exactly these
phenomena are so valuable for progress in the scientific understanding of
consciousness. We will argue that the study of dissociations and interactions
between conscious and nonconscious phenomena in the brain is a prime
example of a certain research strategy widely used in the biological sciences:
mechanistic explanation. It has proved to be highly successful elsewhere in
the life sciences. Therefore, if we accept the view that consciousness ulti-
mately is a biological phenomenon in the brain, we have every reason to
believe that the hidden mechanisms of consciousness can be uncovered by
using such an approach, if at all.

Although the merits of this research strategy may seem quite obvious to
the empirical cognitive neuroscientist, the same is not necessarily true across
the multidisciplinary field of consciousness studies. There are several theoreti-
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cal approaches in that field that accept neither the view that consciousness is a
real biological phenomenon in the brain nor the methodology of mechanistic
explanation in the study of conscious phenomena. To mention just a few well-
known views that do not accept the mechanistic research strategy and the
biological view of consciousness: Dennett (1991) claims that subjective phe-
nomenology does not really exist at all, and that it is impossible to draw a clear
line between conscious and nonconscious processes in the brain. Chalmers
(1996) argues that in order to explain consciousness it is not enough for us to
understand the brain as a biological organ. McGinn (1991) readily accepts the
view that consciousness has a hidden structure that should be uncovered
before genuine explanation of how consciousness is linked with the brain is
possible. However, he believes that the hidden structure of consciousness is
radically unknowable to us. We can at best have good reasons to believe that a
hidden level must exist, but we are doomed to remain completely ignorant as
to its nature.

The above views deny either the basic assumptions or the explanatory
value of empirical research on the dissociations between conscious and non-
conscious phenomena in the brain. The naturalistic biological explanation of
consciousness is, therefore, far from generally accepted in the field of con-
sciousness studies. The best way to defend the naturalistic approach against all
the philosophical naysaying is simply to show that it works. Our empirically-
based understanding of the neural correlates of consciousness and of the
borderline between the conscious and the nonconscious in the brain is increas-
ing all the time, no matter what the philosophical resistance to this empirical
progress may be. Since the naturalistic approach will anyway be advocated by
an army of cognitive neuroscientists, it would be useful for philosophers to try
to figure out what exactly is going on within empirical research, instead of
comfortably retreating back to the proverbial armchair after having philo-
sophically defeated the pitiful attempts of the empirical scientist to search for
a naturalistic explanation of consciousness.

In the present paper we will try to understand the ongoing empirical
research on the dissociation and interaction between the conscious and the
nonconscious from a metatheoretical viewpoint. In Section 2 we will describe
the research strategy of mechanistic explanation and show that studies on the
dissociation between conscious and nonconscious processes conforms to this
strategy. In Section 3 we will give an overview of what the current empirical
findings (largely covered in the other chapters of the present volume) tell us
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about consciousness, and in what theoretical direction the results are leading
us. In Section 4, we will connect the dissociation / interaction -issue with
another prominent theme in consciousness research: the binding problem.
Both of these empirical approaches to consciousness are at bottom attempts to
understand what the components of a complex biological system — the
conscious brain — are, how those components bring about their causal effects,
and how the components interact in order to generate coherent phenomenal
experience and integrated adaptive behaviour.

2. Mechanistic explanation and the study of consciousness

In the biological sciences, mechanistic explanation is coupled with the stan-
dard hierarchical view of the natural world: natural phenomena are realized at
several different levels of organization and, in order to understand a given
phenomenon, we need to describe the level of organization at which the
phenomenon is realized, and subsequently figure out how that level is realized
by the underlying lower levels of organization. To explain a complex system
mechanistically is, first, to describe the system accurately at its own level of
description and, second, to reveal the causally relevant parts that the system is
composed of, and how those parts are interactively organized to bring about
the structure and behaviour of the complex system in question.

Itis not too difficult to grasp how this sort of mechanistic explanations are
constructed in, say, molecular biology and cytology. But how are we to use a
similar strategy in the study of consciousness and the brain? One of the most
crucial stages in developing a mechanistic explanation of a system is to
determine what the components of the system are and what they do (Bechtel &
Richardson 1993). However, an intact, smoothly operating system rarely
reveals its components and their organization directly. But when the system
breaks down in one way or another, and the system is only partially functional,
the underlying mechanisms may become exposed. Neuropsychological pa-
tients who have suffered brain injury provide us with examples of permanent
lesions to the system we are interested in. And, as the vast literature on
blindsight and related implicit phenomena shows, sometimes this kind of
breakdown of the brain-mind system reveals the hidden mechanisms that
would otherwise have gone unnoticed (see Rossetti and Revonsuo (introduc-
tion chapter) ). As stated in a provocative way in our introduction breaking
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down one system (i.e. the human body) into dissociable pieces should not
prevent us from keeping in mind that the only entity we are facing in this
analysis is the whole human being. Identifying components of this entity is
nevertheless a productive approach to the relationship between implicit and
explicit processing.

One of the most significant contributions of dissociation research to
consciousness studies is the undeniable fact that consciousness (or “explicit”
information) constitutes a separable functional “component” of the human
information processing system that must be distinguished from all the noncon-
scious components of the system (Schacter et al. 1988). This component of the
system has features and causal powers that it shares with none of the noncon-
scious components of the system; it seems that in consciousness information
from several sources is brought together into one coherent representation
which is involved in the initiation of global, flexible and integrated behaviour
(Lahav 1993).

Thus, the theoretical implication derived from dissociation research is
that the human cognitive system is decomposable into component functions,
and that one of the most important divisions between them is the conscious-
nonconscious dichotomy. Most components of the human cognitive system
are completely nonconscious whereas at least one of them realizes phenomena
that are subjectively experienced. Several theoretical models have been put
forward that attempt to specify the relations between the conscious and the
nonconscious components in the human cognitive system. In a recent review
Kohler and Moscovitch (1997) divide these models into three categories:
Disconnection models, Distinct Knowledge models and Degraded Represen-
tation or threshold models.

In Disconnection models (e.g. Schacter et al. 1988), nonconscious do-
main-specific modules normally produce output that feeds into one common
Conscious Awareness System (CAS). If the nonconscious modules become
disconnected from the CAS but remain otherwise intact, they cannot feed
information to consciousness any more. However, they have other output
connections through which the same information may be implicitly processed.
Thus, disconnection models see implicit information as information that is
supposed to be fed into the conscious component of the system but, due to the
disruption of the connections, it never reaches its proper destination. In this
model, implicit information is produced by modules that are “earlier” than
consciousness in a linear, serial processing chain, but normally in tight inter-
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action with it. Implicit information is nonconscious because it resides at an
earlier stage in the processing chain; it is supposed to be transformed into
conscious information once it enters (or modulates the states of) the one and
only unified Conscious Awareness System.

In Distinct Knowledge models the idea is that implicit information re-
sides in processing systems that never were supposed to feed their information
into consciousness in the first place: they are thoroughly nonconscious by
their very nature. Such processing systems operate in parallel with the one(s)
subserving explicit knowledge or consciousness, but are usually hidden from
view, only exposed in exceptional cases where the conscious processing
system is malfunctioning. In such situations, the nonconscious parallel sys-
tems go on as ever, transforming specific forms of input into specific forms of
output, thus modulating observable behavior nonconsciously.

Degraded Representation models assume that the very same system that
generates conscious states also produces nonconscious states, if the system is
inadequately activated or partially damaged. Nonconscious states result if the
representations that the system produces are degraded or if the activation that
the system receives is insufficient. In any case, conscious and nonconscious
information (of the same stimulus) does not reside in two different systems,
but manifests two different states of the very same system.

Kohler and Moscovitch (1997) conclude that the Distinct Knowledge
model can explain most of the available data on implicit visual processing,
whereas the two other models seem more restricted. The most convincing
evidence for the Distinct Knowledge model comes from implicit processing in
blindsight and visual object agnosia, and has been argued for especially by
Milner and Goodale (1995). Several papers in the present volume also advo-
cate this kind of an interpretation of implicit processing. Bridgeman says that
there is overwhelming evidence for the existence of two branches of visual
processing, one cognitive branch supporting conscious perception, the other a
sensorimotor branch supporting visually guided behavior. Pisella and Rossetti
show that there are two distinct ways of encoding spatial information for
action: one system using perceptual or semantic representations at the explicit
or conscious level, one sensory-motor system using short-lived motor repre-
sentations at the implicit or nonconscious level (see also Bhalla and Proffitt;
Jackson). Hommel argues that the Simon effect provides evidence for the
coexistence of independent but parallel automatic (nonconscious) and inten-
tional (conscious) routes for stimulus-response transformations. In addition he
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shows that altering the focus of attention can modify implicit visual process-
ing so as to become explicit, and then produce a different effect on behaviour.
Interestingly the implicit to explicit translation of proprioceptive information
produces a similar modification of the way the same piece of information is
used to control action (Imanaka and Abernethy). Place presents a model of
visual information processing with two parallel input-output transformation
systems: consciousness and the nonconsious zombie-within. According to this
model, the nonconscious route is mostly subcortical, while the conscious route
is mostly cortical, corresponding to the ventral visual stream. Revonsuo et al.
suggest that in some forms of automatic behaviour, complex behaviour is
guided by nonconscious representations, some of which may have their origin
in information represented earlier at the conscious level.

Thus, it is nowadays generally accepted that there are completely non-
conscious systems that take in sensory input, process and transform it in
complex ways, and deliver representations that modulate external reactions or
behaviour in various ways. These nonconscious systems bypass conscious-
ness entirely, although they may be in interaction with or influenced by it to
some extent. For example, Pisella and Rossetti (this volume) present an initial
analysis of the nature of the interaction between implicit and explicit spatial
representations: it seems that time — the speed and latency of an action —is a
very important factor in determining which representations primarily guide
the action and what the degree and direction of interaction between the
explicit and implicit representations will be.

It is important to uncover the nonconscious zombie systems and their
contribution to the modulation of behavior, for those systems tell us what
consciousness definitely isot, and the anatomical basis of those systems
reveals to us which kinds of neural systems can guide behavior in the total
absence of consciousness. An understanding of the biology and the behaviour
of the nonconscious information processing systems in the brain can then be
contrasted with a positive view of consciousness: if consciousnasst is
realized intheseneural systems andlot carrying outthese sortof input-
output transformations, then it is probably realized elsewhere and its tasks are
likely to be complementary to the ones that can be carried out nonconsciously.

However, there is no compelling reason to believe that all instances of
implicit information should be explained by referring to two entirely separate
systems. Covert recognition of faces in prosopagnosia is a case in point.
Young (this volume) argues that, although the implicit effects related to
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autonomic activation (e.g. those affecting skin conductance responses) are
probably realized by neural systems different from the ones supporting overt
recognition of faces, the behavioural implicit effects, such as associative
priming, can be best explained by a Degraded Representation model. The
basic idea of such a model is that, due to dysfunctional connections, the
component modules containing the representations of face and person identity
do not receive sufficient excitation from earlier stages of processing. Thus the
activation received is not enough to reach above the critical threshold for
producing overt recognition, but it is enough to support the implicit behavioral
effects. A first argument for this model comes from the developmental studies
presented by Perner and Clements (this volume), showing that the same
information appears to be gradually transformed from implicit to explicit
representations. Also Bar (this volume) puts forward a threshold explanation,
but his paper is concerned with the effects of subliminal visual priming. He
argues that subliminal presentation of a visual image is not sufficient to induce
conscious recognition, probably because the areas subserving conscious iden-
tification in the inferotemporal cortex receive insufficient activation. How-
ever, even subliminal presentations of stimuli leave their mark at some earlier,
nonconscious stage in the processing system (possibly in V4). When the same
stimulus is presented again, this nonconscious representation facilitates the
further processing of the stimulus, leading to threshold-crossing activation in
the inferotemporal cortex.

These interpretations of implicit, nonconscious information suggest that
such information exists in several different forms in the brain. With all
likelihood no single model can account for all of them. In some cases it seems
clear that nonconscious information is routed along completely different
neural pathways from those of conscious information in the brain. The two
serve entirely different functions and the one is neither a preliminary nor a
degraded form of the other. However, in other cases it seems more reasonable
to think that the implicit information resides within the very same processing
route as conscious information does. Along this route there are stages of
completely nonconscious processing which in the normal case modulate the
conscious stage, but in a disrupted system all the effects remain nonconscious,
either because of disconnection between processing modules or degradation
of certain processing stages (or some combination of these malfunctions).

So far all this seems to tell us quite a lot about the naturermfonscious
information in the brain, and tleeparationof the nonconscious effects from
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the conscious ones in the brain. Perhaps the more intriguing question, how-
ever, is what we can learn about consciousness itself, and iofte¢hection
between the nonconscious and the conscious; defining the possible interaction
between the components of a system is a crucial step in the development of
mechanistic explanations.

3. Interactions between the conscious and the nonconscious

How far apart from each other are the conscious and the nonconscious in the
light of the data reviewed in the present volume? We must remember that the
answer to this question is dependent on the specific type of nonconscious
information we are considering. If the nonconscious information resides in a
processing system that is separate from conscious forms of information, we
are looking for interactions between two separate processing systems. But if
nonconscious information is simply a preliminary stage or weakly activated
form of conscious information inside the same processing system where
conscious information itself resides (e.g. Perner and Clements, this volume),
then we are not looking at two independent neural systems interacting with
each other, but two different stages of information processing within the same
neural system influencing each other.

Prime examples of systems transforming input into output, independent
of but in interaction with consciousness, are Hommel's automatic processing
route and Bridgeman’s sensorimotor branch of vision that uses short-lived
motor representations (see also Bhalla and Proffitt; Pisella & Rossetti, this
volume). How do these nonconscious systems cooperate with consciousness?
First, we should note that these systems do indeed most of the time cooperate
with consciousness instead of competing with it. These systems do not have
goals of their own that are fully independent of those determined at the level of
conscious intention (It should be noticed however that because of different
time constraints applied to automatic and voluntary processes, these two
systems may be in conflict over a very short range of time, as demonstrated by
Pisella and Rossetti). In fact, these systems appear to be more like slave
systems which ensure that whatever the goals determined at the level of
consciousness are, these fast zombies go for them without asking any ques-
tions. Thus, as Hommel agrees, intentional processes (i.e. the consciously
represented and attended goals of the person) set the stage for the automatic
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processes to carry out their job fast and efficiently, blindly serving the pur-
poses of consciousness. Without the conscious selection of goals, the auto-
matic system would not be able to take any behavioral initiative of its own.
And vice versa, without the automatic systems, consciousness would not be
able to guide all the details required in programming goal-directed behavior
successfully and carrying it out rapidly. For other, more complex systems,
such as mood management, the conscious and the unconscious processing
remain even more difficult to disentangle.

Second, as Bridgeman argues, information processed during a given
action can flow from the conscious system to the nonconscious one, but not the
other way round (see also Bhalla and Proffitt; Pisella and Rossetti). In some
cases, e.g. when a delayed response to the stimulus is required, the noncon-
scious system cannot store the relevant representations, but must rely on those
delivered by the conscious system. This also shows clearly that the noncon-
scious system is a servant of the consciously selected goals. Interestingly, the
information delivered by the conscious system is not as accurate for the
purposes of motor programming as the normal direct on-line input of this
system is, for the representations filtered through the conscious system include
distortions and illusions that the nonconscious system is not otherwise inclined
to generate. Unfortunately we do not know as yet what the anatomical connec-
tions are that allow such interaction to take place. Knowing the anatomy of the
connections might give us a clue to the location of the systems supporting
consciousness, for the information influencing the nonconscious system is
likely to have its origins in the neural systems that realize consciousness (e.g.
the ventral stream?). In addition, the fact that the opposite interaction may be
observed when a longer time-scale is being considered (e.g. Bhalla and
Proffitt; Pisella and Rossetti), strongly supports the idea that reciprocal interac-
tions and thus interconnections can be observed between the two systems.

The above mentioned interactions between the conscious and the non-
conscious systems are relatively straightforward. In cases where the conscious
and nonconscious information are parts of the same processing system, the
interaction is also relatively easy to model. Repeated activation of similar
NONCONSCIouUs processing stages or representations may accumulate and result
in the information subsequently crossing a critical threshold and entering
consciousness. This is how Bar (this volume) suggests that subliminal priming
works. Young (this volume) cites an interesting study in which the presenta-
tion of multiple instances of faces from the same semantic category sometimes
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led to overt recognition of a face in a prosopagnosic patient, suggesting that
the increased activation within a narrow semantic field in memory led to a
crossing of a critical threshold that could not otherwise be crossed anymore.
Converging evidence from studies on binocular rivalry suggest that activity in
areas along the ventral visual stream increase when the stimulus represented in
those areas becomes the dominant one and enters awareness (without any
changes in the retinal stimulation taking place). Sheinberg and Logothetis
(1997) showed that single cells increase their firing rate in the inferotemporal
cortex when their preferred stimulus enters awareness. Tong et al. (1998)
discovered by using fMRI that in humans during binocular rivalry between
stimuli depicting faces and places, the fusiform face area activates when the
face stimulus enters awareness, and the parahippocampal place area activates
when the place stimulus dominates in visual consciousness. Furthermore
ffytche et al. (1998) showed that areas in the ventral stream are activated
during hallucinations of e.g. faces and objects.

Taken together, the message from these findings is that for conscious
perception to occur, one needs, first, the involvement of the kind of processing
system that is specialised in generating consciousness, not the automatic slave
systems and, second, within this processing system, one needs sufficient
activation of specific processing modules or specific types of representations;
otherwise the information will not cross the critical threshold and enter
consciousness. But we are still entirely ignorant aboutkihe of neural
activation that is required for consciousness. We have little idea how the
electrophysiological activity is organized at the higher levels when millions of
neurons and billions of synapses are involved in creating complex electro-
physiological patterns and states. Single cell studies tell about what a few
neurons out of millions are doing, and fMRI reveals that a greater proportion
of oxygenated blood is flowing to some brain areas in the conscious than in the
unconscious condition. Neither of these methods can really capture those
levels of organization that directly realize consciousness. Therefore, at present
we have no idea what an area is doing when the stimulus it represents is
transformed from a nonconscious representation into a consciously experi-
enced representation. Just saying that the area is “active” amounts to no more
than saying that the area is dosmmething but we don’t have the slightest
idea what that might be. The twilight zone where the nonconscious crosses the
threshold of consciousness remains mysterious.

We have no reason to believe that the uncharted area between the non-
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conscious and the conscious will be easily explicable. On the contrary, it will
probably prove to be at least as complicated and multilayered as the path from
nonliving simple parts such as organic molecules to living entities such as
cells. We may come to realize this by exploring the borderline between
conscious and nonconscious in specific cases. Things do get a bit complicated
when we consider the evidence presented by Jackson (this volume) on blind-
sight and pathological visual completion. It shows that the so-called “blind”
visual field (scotoma) in a cortically blind patient may not be absolutely blind
after all. Specific types of visual stimulation may create visual experience that
reaches into the blind field. The stimuli that can do this involve a holistic
gestalt that at least partially extends to the intact parts of the visual field.
However, nothing that depends entirely on the damaged field can be visually
experienced. How should we interpret these findings? It appears that spatial
grouping and gestalt perception are realized at a processing stage that is not
entirely dependent on input from V1, as long as the stimulus falls at least
partly on intact parts of V1. The highly interesting questions that, unfortu-
nately, cannot be answered at this point are: What are the neural mechanisms
that provide information about those parts of the stimuli that fall into the blind
field? And what are the neural systems where the consciously perceived
gestalt is represented? Obviously, V1 is not among those systems; somehow
the gestalt information must originate and be realized in systems outside the
damaged primary visual cortex. Furthermore, the generation of the perceived
gestalt must be the result of complex interactions taking place within multiple
different visual maps, some of which, it would seem, must be activated by the
information in the blind field, but in a way that necessarily bypasses V1.

Even more curious are the findings cited by Ladavas et al. (this volume) on
unilateral neglect. They suggest that visual awareness requires the combination
of two independent and intact representations: space representation coding the
“where” aspects of the stimuli, and object representation coding the “what”
aspects. In unilateral neglect the representation of space is compromised,
whereas object representations are relatively intact. This is sometimes dramati-
cally revealed when objects or parts of objects actually residing in neglected
space are in fact perceived within the intact space. This happens presumably
because the objects can be recognised and represented, but there is no phenom-
enal space in the “correct” location where the object should appear; conse-
quently the object representation, if it is to enter consciousness at all, must be
bound to an incorrect location in the available perceptual space. Ladavas et al.
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go on to argue that space representation depends on the integration of the
activity in multiple different spatial maps. The balance between these maps is
lost in neglect, which results in a limited and sometimes changeable conscious
representation of perceptual space. Interestingly, Pisella & Rossetti (this
volume) discuss striking evidence on the effects of prism adaptation to neglect:
it seems that if the damaged spatial representations can be influenced or
activated by exposure to an optical alteration of the visual field, dramatic
improvement of neglect symptoms may follow.

These findings and theories of neglect bring the issue of conscious —
nonconscious interaction very close to the binding problem. Ladavas et al.
(this volume) argue that certain in-themselves-nonconscious representations
must be bound together in order that a conscious representation of space — the
phenomenal space around us — can be constructed in the brain. And the
phenomenal representation of space is also necessary for the conscious per-
ception of objects, for otherwise there would be no perceived space in which
the perceived objects could be located. The situation may be something like
that in dorsal simultanagnosia or Balint's syndrome, where only one object at
a time can be recognized, but even that object cannot be located in space —
space representation is severely disrupted.

4. The conscious, the nonconscious, and the levels of organisation in
the brain

The dissociation and interaction between conscious and nonconscious pro-
cesses ultimately bring us close to the deep unsolved questions in contempo-
rary consciousness studies: the neural correlates of consciousness and the
binding problem. In fact it seems that these questions cannot be completely
separated from each other.

At the beginning of this chapter we argued that the empirical study of
dissociations and interactions is an application of mechanistic explanatory
strategies in consciousness research, and that such research strategies have
proved to be quite fruitful in other branches of biological science. The strategy
aims at finding out the component parts (or functions) of a system and their
interactions and localizing such parts within the system, and finally explaining
the contribution of each part by shifting into a lower level of description and
trying to figure out how the component functions themselves are put together.
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It seems that this sort of mechanistic explanatory strategy is helping to get
a grip on consciousness as well. The studies in the present volume reveal that
the brain has several different processing systems. Some of them are intrinsi-
cally nonconscious input-output transformers: no states or representations or
stages of processing are ever conscious in those systems. There is no phenom-
enal level of organization in such systems. Then there is at least one system
that realizes a higher level of organization we call consciousness or the
phenomenal level. Even in this system (or at least in close interaction with this
system) there are several processing stages or below-threshold representations
that are intrinsically nonconscious, only preparing information for inclusion
into consciousness at later stages (cf. the unconscious brain inferences postu-
lated by von Helmholtz). However, once the information does enter the level
of consciousness, it seems to acquire qualitatively distinct properties (Lahav
1993): it can be widely integrated with other conscious information from any
sense modality or explicit memory system, it can be used to control global
behavior very flexibly; no fixed input-output transformations determine the
ways in which conscious information is used.

We do not really know what the levels of organization immediately below
and necessary for the conscious level are. Is the binding of multiple noncon-
scious spatial maps absolutely necessary for any kind of conscious visual
perception to take place at all? This reminds us of the Kantian view that the
category of space is a necessary prerequisite for human perception. Then how
can patients with Balint’s syndrome lose the awareness of visual space butretain
awareness of single objects? Does consciousness require widespread neural
synchronization to create visual awareness (Engel et al., 1999) or are con-
scious experiences realized as a multitude of “micro-consciousnesses” (Zeki &
Bartels, 1999) that need not be bound together before they can enter awareness?
By asking these questions we can begin to realize that there are several levels
of description between the conscious and the nonconscious that we are unaware
of at the moment. Somehow the level of consciousness is based on those levels.

Once we can close in on the level of consciousness itself we must face the
guestion: how is it possible to explain phenomenal consciousness by referring
to the lower levels of organization? As long as we just chartelaions
between conscious and nonconscious processing systems, we can avoid fac-
ing theinternalsof consciousness itself, but at some point we will need to start
explaining that too. The levels of description and explanation needed in that
task will probably be quite different from the ones we are currently familiar
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with in cognitive neuroscience.

In conclusion, if we strive for a mechanistic explanation of the mind-
brain, the task before us is clear enough: to describe the relatively independent
components of the system and the interaction of those components with each
other in the production of coherent behavior. Dissociations between functions
reveal, at least sometimes, what the independent components of the system
may be. Interactions reveal how the components are causally related with each
other in order to generate the causal effects that the system as a whole has. We
should expect to end up with lots of nonconscious systems and lots of
nonconscious stages of processing, and few conscious systems or stages or
only one. The nonconscious systems we might be able to describe exhaus-
tively by referring to standard cognitive and neural levels of explanation, but
in order to explain consciousness, we first need to construct a phenomenal
level of description to systematically capture the phenomenon we are trying to
explain (Revonsuo 1997). We have only faint ideas at this point how we
should go about doing that. But we should not even expect more than that:
scientific discoveries are not something that can be imagined before they have
actually been made. If they were, we could all just retreat to our armchairs and
start imagining, like some philosophers are still inclined to do, with the result
that they cannot imagine how consciousness could ever be explained. Too bad
for them that the discoveries that may explain consciousness have to be
actually made not imagined. The empirical study of the dissociation and
interaction of conscious and unconscious phenomena in the brain is a good
way to launch into that quest.
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