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Prologue 

Synopsis 

We believe this is a unique book on consciousness. It is a fascinating cornucopia 
of new ideas on the subject, based on the fundamentals of neurobiology, psy-
chology, psychiatry and therapy that extends the boundaries of current concepts 
of consciousness. We hope readers, not only neuroscientists and psychologists 
but also professionals from other quarters of the academic world with a general 
interest in exploring consciousness, will find this eclectic mix as stimulating and 
challenging as we do.

Aims

When the Editor of this prestigious series, Maxim Stamenov, suggested a new edi-
tion of the volume published in 2002, ‘The Neurochemistry of Consciousness’, we 
found ourselves confronted with a challenge. The 1990s, and turn of the century, 
saw a plethora of texts on the neuroscience of consciousness following Christof 
Koch and Francis Crick’s seminal notion that pursuing neural correlates of con-
sciousness would unravel novel mechanisms and theories. These new books, 
based on brain mechanisms like neurotransmission, psychological functions like 
attention, and methodologies such as brain imaging, relevant as they are, have 
not (as might be expected) taken us nearer the central issue – how consciousness 
can be explained in terms of brain activities. Neither have they led to widely ac-
cepted radical paradigm shifts, such as have occurred in other areas of science 
like quantum physics. With time, even some die hard mechanistic neuroscien-
tists have come to acknowledge that there may be an impasse – a gap between 
top-down subjective awareness and bottom up brain mechanisms as we currently 
understand them; the so called ‘ hard’ problem of ‘qualia’, – that is not apparently 
bridged in current approaches.

The subject nevertheless continues to intrigue scientists and philosophers. 
Neuroscience, we believe, continues to play a central role in providing information 
on the brain that will inform thinking on the subject. Enlisting two new Editors 
and after much debate we decided to encourage some thinking ‘outside the box’. 
We extended a wide net by approaching experts in the area of the neuroscience 
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of consciousness, seeking new concepts and approaches. We were greatly encour-
aged to elicit positive and enthusiastic responses to our plea for short, sharp con-
tributions from a number of top researchers either working directly in the field 
of consciousness or in related areas. Although we initially suggested a focus on 
conscious – non-conscious interactions, many contributions have gone beyond 
this boundary and demonstrated the diversity of ideas that the term ‘conscious-
ness’ can elicit.

There were various ways we could have grouped the contributions: as we had 
done in the previous edition into normal states (controlled or otherwise) and dis-
ease or drug induced states; bottom up – how consciousness is related to and 
affected by molecular/neuronal/systems, versus top down – how consciousness 
itself affects these brain mechanisms; academic approaches relating to theories of 
consciousness versus those with more pragmatic implications. 

More than most books on consciousness, this volume has been structured 
by the ideas of individual contributors rather than any preconceived editorial 
plan. As ideas and concepts accumulated it seemed to us that the most logical and 
meaningful categorization was fourfold grouping chapters which:

1. 	 Potentially pave the way for new research into consciousness relating to basic 
scientific – physiological, pharmacological or neurochemical – mechanisms 
underpinning conscious experience (the ‘bottom up’ approach).

2. 	 Provide directions based on how psychological processes are involved in con-
sciousness and related brain activity (the ‘top down’ approach).

3. 	 Indicate how including consciousness in the equation could lead to new ap-
proaches to understanding mental disorders, such as schizophrenia, depres-
sion, dementia, psychosis in general (in particular hallucinations) and ad-
diction, including, amongst therapeutic approaches, an understanding of the 
power of the placebo. 

4. 	 More provocatively, but still based on scientific evidence, explore ways that 
consciousness can be considered beyond conventional boundaries, including 
some which indicate the potential for radical new thinking or possible ‘quan-
tum leaps’ in neuroscientific theory.

These divisions are not absolute and one of the book’s strengths is that each chap-
ter stands alone and can, therefore be read in any order, over any period of time. 

Below each Editor has highlighted what they consider to be the main points 
of interest for each of the contributions in the book. We hope this overview will 
guide the reader to chapters related to their particular field of interests, but also 
that it will entice readers into areas outside their fields of expertise. This has cer-
tainly been our journey as Editors and we hope that it is one that readers will also 
undertake and enjoy as much as we have done.
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Neuronal mechanisms

Slow cortical potential hypothesis of consciousness.  Biyu He and Marcus Raichle 
postulate that the slow cortical potential recorded from the surface of the brain is 
a key neural substrate that could facilitate integration across wide cortical areas – a 
prerequisite for conscious awareness. In view of the link between the slow cortical 
potential and the fMRI signal, their hypothesis can be tested empirically.

Distinct characteristics of conscious experience met by large scale neuronal 
synchronization. Lucia Melloni and Wolf Singer propose that synchronization 
of distributed neuronal activity patterns meets most requirements for the neuro-
nal mechanisms supporting consciousness. The challenge of identifying neuronal 
correlates of consciousness is distinguishing between the processes that lead to 
conscious experience and those that follow once contents have become conscious. 
Criteria for this distinction are outlined, separating the contribution of each sub-
system and characterizing how they interact; providing a real alternative to the 
‘ever lurking homunculus’.

Cellular components of gamma oscillations. Fiona LeBeau explores the role of 
key neuronal elements in the generation of cortical gamma frequency oscilla-
tions. She discusses how new techniques for labelling and activating in isolation 
specific sub-classes of neurons (optogenetics) can be used to explore the cellular 
components that underlie the generation of a brain activity that may be specifi-
cally linked to aspects of consciousness.
 

Dopaminergic decision making. Anthony Grace discusses how changes in do-
pamine levels in the limbic system (prefrontal cortex, hippocampus and nucleus 
accumbens) guide behavioural responses and modulate decision-making. He 
proposes that dopamine can serve to focus conscious attention to a particular 
task and can flexibly alter behaviour to achieve goals.

Endocannannabinoid system and undercurrents of consciousness. Heather 
Ashton stresses that unconscious processes set the ‘tone’ for all conscious moods, 
thoughts and feelings. These unconscious processes are mediated by modulatory 
neurotransmitter systems, of which the endocannabinoid system is one of the most 
powerful. This system modulates almost all vital functions including those clearly 
involved in consciousness (cognition, mood and others) and many that do not 
normally reach consciousness (motor control, endocrine activity and others). 

Disconnecting consciousness in general anaesthesia. George Mashour and 
colleagues explore molecular and cognitive mechanisms of general anaesthesia 
and their relevance to the science of consciousness. They suggest that general 
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anaesthetics serve as an important but still relatively under used tool to explore 
transitions from conscious to unconscious processing, as these drugs rapidly in-
duce a complete and reversible cessation of consciousness. With vast numbers 
(over four million patients each year in North America alone) undergoing general 
anaesthesia, the highly controlled and monitored setting of the operating room 
could become the ultimate consciousness laboratory.

Neural mechanisms of mental time travel underpin the continuity of conscious-
ness across time. Michael Hasselmo uses the term neural time travel to describe 
the processes of drawing on distributed cortical perceptual processes for detect-
ing the state of the self along multiple dimensions. These include spatial location, 
head direction, speed, temporal duration, and egocentric relationships to items. 
He provides evidence that one particular set of cerebral circuitry, mediated by 
cholinergic muscarinic receptor mechanisms, activates neuronal properties in-
volved in seemless internal representation of self that is based on memory. 

Psychological processes

Explicit and implicit memory share underlying processes. Signy Sheldon and 
Morris Moscovitch remind us of the commonly held assumption that conscious-
ness is a defining feature that distinguishes explicit memory (with conscious 
awareness) from implicit memory (without conscious awareness). Although early 
studies support this notion, recent evidence suggests that conscious and non-
conscious memory systems may share crucial underlying processes. They propose 
that one locus of interaction between some types of explicit and implicit memory 
may be the non-conscious processes associated with recollection or detailed re-
membering, that are mediated by the hippocampus. 

More than one type of non-conscious processing. Stan Franklin and Bernard 
Baars suggest that unconscious processes come in two varieties – the precon-
scious, whose contents may become conscious, and the never-conscious, whose 
contents may not. They enlist their Global Workspace Theory and a related model 
to catalogue never-conscious and preconscious processes. They suggest that the 
functional distinction between never-conscious and preconscious processes de-
rives from one of the major purposes of the consciousness mechanism – to select 
the most salient portion of the current situation to which to attend and to broad-
cast this globally, in order to choose the best next action. 

Gambling as a measure of awareness. Colin Clifford and colleagues remind us 
that most of the processing of incoming sensory information is not accessible 
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to consciousness. These authors are concerned with methodological issues in 
exploring the limits of unconscious processing and evaluate the intriguing tool of 
post-decision wagering as a candidate method for measuring awareness.

Magical methodology. Gustav Kuhn shows us how magicians have developed 
powerful techniques to manipulate our perception and awareness. Many of these 
techniques share similarities with phenomena typically investigated by psycholo-
gists and neuroscientists. His novel approach to the study of consciousness is to 
utilize the magician’s expertise to complement more traditional experimental lab-
oratory based research. This approach offers new and exciting insights into wide 
areas of consciousness, such as attention, visual awareness and how top-down 
processes modulate perception.

The advantage of a noisy brain. Edmund Rolls focuses on decision making and 
the advantages of noise caused by randomness in the spiking times of neurons in 
the brain. Noise results in the brain operating effectively as a non-deterministic 
system, which has implications for free will. It also results in decisions being 
taken probabilistically between the reasoning system and the implicit reward 
system. If free will describes the operation of the reasoning system, conscious-
ness is then a property of a reasoning system that must use higher order syntactic 
thoughts to correct its first order thoughts. Decision making in an implicit sys-
tem potentially involves confabulating a reason for the decision with the feeling 
of being free an illusion.

Social consciousness as a key function of the default network. Kai Vogeley de-
scribes the neural correlates of the reciprocal nature of social interaction using 
fMRI. Self-consciousness, as awareness of ones own mental states, and social con-
sciousness, as knowledge of the mind of others, overlap with the default mode of 
brain function. A key biological function of this default network, irrespective of 
task, may be social consciousness. Humans thus have a built in disposition for 
social cognition that is reflected in this neural default mode. 

Linguistic processing at two levels. Mike Sharwood Smith and John Truscott point 
out that knowledge, use and acquisition of language is largely an unconscious pro-
cess for a child acquiring its first language.  However, it leaves conscious footprints 
in the form of a ‘voice in the head’.  Learning a second language in later years, the 
mature learner can and often does develop a conscious understanding of what is be-
ing acquired. This understanding springs from a knowledge that is separate from the 
unconscious and inaccessible system developed within the language module. It is an 
open question how much that separate knowledge and the voice in the head that it 
engenders actually enhances or hinders development and on-line performance.
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Dreaming as key to understanding consciousness. Antti Revonsuo and Katja 
Valli suggest that dreaming as a state of subjective awareness, essentially inde-
pendent of input and output, best lends itself to the challenge of bridging the 
top-down / bottom-up divide. They go so far as to indicate that if the internally 
generated state of dreaming is not accounted for by any neuroscientific theory of 
consciousness that theory is lacking.

Lucid dreaming and the bimodality of consciousness. Allan Hobson and Ursula 
Voss argue that, in the context of the widely accepted division between primary 
and secondary or reflective consciousness, dreaming is dominated by the primary 
type. Intriguingly, lucid dreaming, during which rational thought and volition 
emerge in a state of sleep dominated by primary consciousness, provides a new 
investigative tool. Exploring dreaming is proposed as a cornerstone of higher level 
consciousness research. 

Psychopathologies and therapies

Why depression feels bad. Mark Solms and Jaak Panksepp highlight the urgent 
need to restore conscious experience to psychiatric practice. They provide evi-
dence for the failure of bottom-up antidepressant drugs or theories of serotonin 
deficits to deal with the problem of depression. Their idea of depression as a kind 
of bereavement based on loss of self connectedness and separation is, they sug-
gest, a pathological extension of a natural survival mechanism. Accordingly con-
tinuing to ignore such conscious experience is, they suggest, likely to be perilous 
in clinical practice

Consciousness abhors a vacuum. Daniel Collerton considers the question of 
what kind of consciousness is experienced by people with dementia and suggests 
they have not diminished, but different conscious awareness. Resulting from 
brain pathologies which impair perception and other aspects of cognition, gaps in 
normal conscious awareness are not left unoccupied but are ‘filled in’ resulting in, 
for example, hallucinations or delusions. This view encourages empathy in those 
interacting with people with dementia that could impact on care strategies.

Consciousness as the spin-off and schizophrenia as the price paid for language 
in man. Tim Crow puts forward a novel and thought provoking theory of schizo-
phrenia based on the asymmetry (torque) of the human brain as the foundation 
of the faculty of language. Focusing on the symptoms of hearing voices, the ex-
perience of thoughts as not one’s own, and incoherent speech as core symptoms 
of schizophrenia, he follows three new lines of argument. First, this torque is 
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the feature that defines the human brain as four chambered by comparison with 
the two chambers of the generalized mammalian brain. Secondly, by separating 
thought from speech production in the frontal lobes, and meaning from speech 
perception in occipito-parieto-temporal association cortex, torque confers on our 
species the capacity for language. Thirdly, the phenomena of psychosis can be 
seen as ‘leakage’ from one to another of the four quadrants of association cortex. 

Hippocampal seat of consciousness and hallucinations in schizophrenia. Ralf-
Peter Behrendt argues that a hippocampal auto-association network (CA3) pin-
points a spatiotemporal and emotional context for the purpose of event memory 
formation. Representing a continuous flow of complex symbols, conscious ex-
perience may be irrelevant to the workings of the brain, although neural activity 
underlying event memory formation influences behaviour (via output to medial 
prefrontal cortex, ventral striatum and lateral septum). Excessive pyramidal cell 
activity in the CA3 area, due to deficient inhibition (by GABAergic basket inter-
neurons), leading to event memory formation unrestrained by input from areas 
such as entorhinal, may be a mechanism for the generation of altered conscious-
ness such as hallucinations in schizophrenia.

Perspectives from the Charles Bonnet Syndrome. Dominic ffytche examines 
evidence derived from visual hallucinations in the context of eye disease – the 
Charles Bonnet Syndrome – to examine the nature of the visual unconscious. 
Forcing us to reconsider the nature of the unconscious, this hidden system of 
processing underlies our apparently seamless conscious experience of the world, 
with many of its complex functions yet to be recognised by visual science. 

Believing is hearing is believing: the reciprocal nature of consciousness. Will 
Sedley provides an analysis of the neural correlates of auditory hallucinations in-
cluding tinnitus, musical and verbal hallucinations, misperceptions and imagery. 
All types of auditory consciousness involve auditory cortex activation which can 
often be measured as synchronised gamma band oscillations, but disruptions in 
connectivity, such as cochlear damage, can lead to positive feedback cycles that 
cause and enhance hallucinations. 

Dreaming as a model of psychosis. Armando D’Agostino, Ivan Limosani and 
Silvio Scarone investigate the long neglected dream state of consciousness in psy-
chiatry. They argue that the similarity between normal dreaming and states of 
psychosis provides a novel fertile area for psychopathology and consciousness re-
search. In particular, they suggest that lucid dreaming, whereby there is awareness 
of the dream state during sleep, whether induced by psychological or pharmaco-
logical means, could be a new tool for investigation and therapy in psychiatry.
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If only drug users were aware of why they choose to use. Andrew Parrrott pres-
ents new evidence based on reports by users of ecstasy/MDMA that their choices 
are governed by largely non-conscious optimistic beliefs focused on desired aims 
rather than actual consequences, with low levels of or little attention to, conscious 
awareness of all the issues. He describes how users become aware of the adverse 
effects of MDMA and make the conscious decision to use less frequently and quit 
permanently.

Brain body interactions in placebo responses. Fabrizio Benedetti presents a host 
of fascinating data on how placebo responses, involving a range of cues, depend 
on both conscious and non conscious processes, and how these can mimic thera-
peutic drug effects even inducing cellular and molecular changes in the patient’s 
brain (e.g. receptor function or neuronal circuitry). He argues that this evidence 
provides the basis for the efficacy of cognitive and other psychological therapies 
in terms of neurobiological mechanisms. This raises the intriguing question of 
how we might deliberately self modify our mindset at both conscious and non 
conscious levels to promote healing processes. 

Expanding boundaries 

Paradox of creativity. Ashish Ranpura and Mark Lythgoe describe a neurobio-
logical theory that explains the process of creativity – possibly the most impres-
sive facet of secondary consciousness. The authors explore how three paradoxes of 
creativity, the paradox of ego, of focus, and of quality are defining features of this 
quintessentially human experience. The frontal lobes appear to play a critical role 
in creativity and the authors draw upon a Darwinian selection theory that allows 
conscious creativity to emerge from a series of unconscious mental activities.

How research on meditation contributes to the neuroscience of consciousness. 
Antoine Lutz examines initial findings of neuroscientific research on meditation 
and reveals how these identify new horizons of further inquiry in consciousness 
research. While such studies of contemplative practices are still in their infancy, 
early findings promise to contribute in three key areas. These include: neuroplas-
ticity – physiological and psychological indices of short and long terms responses 
of the brain circuits that underlie complex mental functions associated with spe-
cific types of meditation techniques; mind body interactions – revealing mecha-
nisms by which such training may exert beneficial effects on physical health; and 
subjectivity – well developed introspective skills of practitioners potentially shed-
ding new light on the neural counterpart of subjectivity.
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Exploring consciousness based on self induced altered stated techniques. 
Bangalore Gangadhar and Naren Rao provide a fascinating perspective on meth-
ods used to alter personal conscious experience using a variety of procedures 
commonly practised in India including meditation. Together with Eastern con-
cepts of the nature (levels or states) of consciousness which diverge markedly from 
Western ideas, for example belief in a cosmic consciousness as a source of all con-
scious experience, he provides food for thought on potential paradigm shifts in 
theories of consciousness. At the same time, how physiological and brain imaging 
markers are affected as a result of meditation provides neuroscience with down 
to earth tools for investigating an area hitherto regarded by most neuroscientists 
as esoteric at best.

Models of conscious and non-conscious perception may need radical revision 
in unexpected ways. Dean Radin provides evidence from anecdotal to controlled 
scientific experimentation (published in refereed journals) that telepathy is a gen-
uine phenomenon. He raises the question of how to account for such conscious 
interactions beyond the ‘common’ senses and what kind of new neuroscientific 
theories might have to be generated. An intriguing theory of ‘entanglement’ based 
on principles of quantum physics is discussed as a possible explanation of such 
‘non local’ phenomena – food for thought for neuroscientists looking beyond 
continuing shortcomings of reductionism to explain conscious experience. 

Plants of the gods and shamanic journeys. Elaine Perry and Valerie Laws suggest 
that knowledge and experience of shamanic practitioners may have more to offer 
consciousness studies than psychedelic plant chemicals. Among agents which al-
ter the boundary between conscious and non-conscious cognition, the ritualistic 
use of plant species provides an example of long-standing empirical knowledge 
subsequently verified by scientific (chemical, pharmacological and psychologi-
cal) evidence. Based on such an impressive ‘track record’ for obtaining validated 
information about consciousness, further investigation of shamanic experiences 
including reports of other ‘dimensions’ of consciousness are warranted. Evidence 
obtained in such areas, rooted firmly in scientific methodologies (though no 
doubt incorporating factors not normally part of scientific methodology such as 
mind training, belief, past experience and empathy), could potentially contribute 
material for radical new scientific theories of consciousness, 
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Conclusions 

This book clearly reflects the individuality of its contributors more than most. 
In seeking novelty, it contains new ‘streams of consciousness’ on the subject of 
neuroscience and consciousness that we think provide new directions for future 
research. 

We would hardly expect readers, any more than the Editors as it transpired, 
to agree with all the arguments raised within this book. A unitary definition of 
consciousness was neither sought nor provided. In originally setting an interface 
between conscious non conscious processes as a target focus, we may have been 
overly optimistic that agreement on any such division could be reached. Catego-
rizing distinct levels of consciousness or considering continuity are clearly far 
from being resolved. Contributors have incorporated a range of definitions or 
states of consciousness in addition to or other than the conscious non conscious 
divide: Gerald Edelman’s division between primary or first order and secondary 
or reflective consciousness; divisions within non conscious processing itself; self 
consciousness; dreaming as a neglected but core state for investigating conscious-
ness; and Eastern concepts of multiple states that challenge the Western mind. 

 Drawing together what we consider the most stimulating and challenging 
ideas into emergent themes for neuroscience based consciousness research, key 
questions emerge:

Are boundaries between conscious and non conscious processing less obviously 
demarcated then previously considered, with multiple levels or states or perhaps 
a boundless continuum?

How much of cognitive or perceptual conscious awareness is based on illusion 
versus reality?

How many other non-conventional activities and investigative tools (like magic 
and gambling) might be incorporated into research into consciousness?

Is it time to reinstate dream research into brain research as a model for investi-
gating the essence of conscious awareness in normal and pathological states?

Which if any, or all, of candidate electrophysiological measures is most likely to 
reflect the mechanisms which are specifically involved in conscious awareness? 

Do individual signalling (e.g. neurotransmitter) systems govern specific aspects 
of consciousness and, if awareness is but a minute portions of pre/unconscious 
processing, is any one system primarily in control of the transition? 

Why is general anaesthesia not a mainstream tool in more basic consciousness 
studies? 



Can psychiatric practice thrive or survive without attending to the state and 
nature of consciousness in individual patients?

Can pathologies associated with common disorders of the human mind be an-
alysed more in relation to consciousness and so inform basic mechanisms of 
consciousness? 

If the placebo effect is so robust and associated with the same mechanisitic 
changes in brain and body as those induced by drug treatment, why is it not the 
subject of more therapeutic research?

Is it time for neuroscientists to seriously consider scientific evidence for so called 
anomalous phenomena such as telepathy, and in this context contemplate para-
digm shifts in theories of consciousness?

Should more attention be given to concepts of time honoured mystics about con-
sciousness which could be relevant to neuroscientific enquiry?

In the process of gathering contributions for this book it became clear that a sec-
ond volume could easily have been generated, as there are many topics we have 
not had sufficient space to cover in this volume. For example, consciousness in 
the vegetative state springs to mind as an omission that reminds us of the need 
for new tools to assess individual subjective states of conscious awareness. New 
neurophysiological findings of a novel type of high speed cohesion between dis-
tant groups of neurons remind us how exciting it is when a new and unexpected 
observation emerges at the level of observational science to inspire new thinking 
about neural network integration relevant to consciousness. Default mechanisms 
that include a kind of continual ‘day dreaming’ as a fall back position in the awake 
state remind us of the essentially and continuously creative nature of the conscious 
stream. And brain body interactions referred to in passing in some chapters may 
cause us to consider consciousness as a more global phenomenon.
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		  Seeing myself think

		  Last night I saw myself think;
		  I caught myself out. Just
		  As I went to sleep
		  I saw the ideas, a sea
		  Of winking sparks like mackerel
		  Under the moon or the flutter
		  Of cameras flashing 
		  In a dark auditorium; or
		  The bioluminescence
		  Of deep sea creatures signalling
		  In the black cold. Each thought
		  Was a light leaping a synapse
		  Where pairs of nerve cells
		  Reached out to each other, their touch
		  Kindling. Whole galaxies
		  Of consciousness glittered before 
		  My eyes. 

		  And I saw myself thinking, our sun
		  Might be a spark of thought
		  In an enormous mind 
		  Which sees its thoughts flash
		  In the birth and death of stars.

					     Valerie Laws
					     (formerly published in Quantum Sheep, 
					     Peterloo Poets)





section i

Neuronal mechanisms



Birth of a Thought 2.  Susan Aldworth (2007) etching and aquatint, 35 × 50 cm



The slow cortical potential hypothesis 
on consciousness

Biyu J. He and Marcus E. Raichle

We propose a neurophysiological hypothesis on the emergence of conscious-
ness, which postulates that the slow cortical potential (SCP) recorded from the 
surface of the brain provides an index of the activities of superficial-layer pyra-
midal neurons that directly contribute to the emergence of conscious awareness. 
This hypothesis is supported by existing data from manipulations of conscious 
awareness in normal human subjects and by data from altered states of con-
sciousness such as general anesthesia and recovery from vegetative states; it 
further makes experimentally testable predictions. Given a relationship between 
the SCP and the functional magnetic resonance imaging (fMRI) signal that has 
now been revealed, this hypothesis also provides a potential bridge between 
existing neuroimaging and electrophysiological studies on consciousness. 

Since its introduction in the early 1990’s, fMRI has become the most widely used 
tool in cognitive neuroscience and has produced a formidable array of brain maps 
depicting both localization (as in traditional activation studies) and integration 
(as in more recent functional connectivity studies) of brain activity. As the fMRI 
signal measures directly blood oxygenation and only indirectly neuronal activ-
ity, an important need for understanding the neural events contributing to the 
fMRI signal has been widely recognized. Such a need is further stressed by the 
inconsistencies between a number of human fMRI and monkey unit physiologi-
cal studies employing the same tasks (Logothetis, 2008). Responding to this need, 
a number of studies have compared the fMRI signal or its close relatives (includ-
ing tissue oxygenation, blood flow, optical intrinsic signals) with simultaneously 
recorded electrophysiological signals. The convergent results from these studies 
suggest that the fMRI signal is contributed predominantly by synaptic activity 
representing inputs and local processing in an area as measured by local field po-
tentials (LFP). The spiking activity, though often correlated with both the LFP and 
the fMRI signal, can be dissociated from the latter two in a number of conditions 
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including adaptation, drug modulation, manipulations of excitatory and inhibito-
ry inputs, and a spatial separation between input and output activity (for reviews 
see (He and Raichle, 2009; Logothetis, 2008)). 

Whereas multiple frequency ranges of the LFP (e.g., 5–30 Hz, 20–60 Hz, 
~25–90 Hz, see references in (He and Raichle, 2009)) have been correlated with 
the fMRI signal in different conditions, all of these studies have only assessed 
power modulations of the LFP because only the power of these frequency ranges 
has a comparable temporal scale to that of the fMRI signal (<0.5 Hz). Recently, it 
was found that the raw fluctuations of the low-frequency end of field potentials 
(<4 Hz), with a temporal scale overlapping that of the fMRI signal, also correlates 
with the fMRI signal (He and Raichle, 2009; He et al., 2008; Khader et al., 2008; 
Nagai et al., 2004). This signal, termed the “slow cortical potential” (SCP) by us 
and others (Birbaumer et al., 1990; He and Raichle, 2009; Khader et al., 2008), ap-
pears optimally positioned for carrying out large-scale information integration in 
the brain. Because conscious awareness (see Glossary) is always experienced as a 
unitary and undivided whole, rather than components that are experienced inde-
pendently (in the case of split-brain patients, there are two conscious experiences 
each located in a separate brain hemisphere, rather than one single conscious 
experience), segregated information processing in the brain cannot contribute 
directly to conscious awareness. We propose that the neuronal activities reflected 
by the SCP may contribute to the emergence of consciousness and review existing 
empirical evidence supporting this idea. As the current hypothesis is based on a 
well-defined, well-characterized physiological process, it is entirely amenable to 
empirical testing. 

The SCP and the fMRI signal

The SCP is the slow end (mainly <1 Hz, can extend up to ~4 Hz) of brain field po-
tentials that can be recorded using either depth or surface electrodes. A negative 
shift in surface-recorded SCP indexes increased cortical excitability (for detailed 
physiology see the following section). Since the SCP frequency range is subject 
to artifacts due to sweating (in scalp-electroencephalography (EEG) recordings), 
movement and electrode drift (if polarizable electrodes are used), it has been 
eliminated in most animal physiology as well as human EEG studies by online 
high-pass filtering. This is unfortunate because, as was recognized in the 1970’s, 
“If DC [i.e., direct-current] recording is used, virtually every stimulus-bound cor-
tical activity is seen to be accompanied by a change in cortical steady potentials” 
(Goldring, 1974). 
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Recently a number of studies have revealed a close relationship between the 
SCP and the fMRI signal. Nagai et al. (2004) demonstrated covariation of simul-
taneously recorded SCP and fMRI signals during task stimulation using simul-
taneously recorded EEG and fMRI (Nagai et al., 2004). These authors found a 
trial-by-trial correlation between the amplitude of a negative SCP response in-
dexing expectancy (“contingent negative variation”, CNV) and the fMRI signal 
amplitude in anterior cingulate cortex. The anterior cingulate has previously been 
determined as a generator region of CNV (Nagai et al., 2004). Jones et al. (2007) 
showed that spontaneously fluctuating total haemoglobin concentration (a signal 
tightly linked to the fMRI signal) and low-pass filtered LFP (i.e., depth recorded 
SCP) are temporally correlated (Jones et al., 2007). Our own data using inva-
sive EEG (i.e., electrocorticography, ECoG) and fMRI in neurosurgical patients 
showed that large-scale (2–10 cm on cortical surface) correlation patterns in the 
spontaneous SCP and fMRI signals were similar (He et al., 2008). This finding has 
since been extended to inter-hemispheric correlations as well (unpublished data). 
Beyond these approaches, there is an extensive literature showing similar modu-
lation patterns of the SCP and the fMRI signal in a wide range of cognitive tasks 
(for reviews see (Birbaumer et al., 1990; He and Raichle, 2009; Khader et al., 2008; 
Rosler et al., 1997)). Hence, convergent results suggest that the SCP has a close 
correspondence to the fMRI signal in different experimental conditions. Next, we 
consider the physiological mechanisms underlying the SCP. 

The physiological basis of the SCP

Simultaneous recordings of surface potentials, field potentials in different corti-
cal layers, and intracellular membrane potentials have clearly demonstrated that 
synaptic activities at apical dendrites in superficial layers are the main factor con-
tributing to the SCP. Specifically, long-lasting excitatory postsynaptic potentials 
(EPSPs) at these apical dendrites underlie negative-going surface-recorded SCPs 
(Birbaumer et al., 1990; Goldring, 1974; Mitzdorf, 1985). As an example, we con-
sider the effect of visual stimulation in V1 – a standard model for the investigation 
of fMRI-electrophysiology correspondence. Specific thalamic inputs terminate 
first on the soma of layer-IV stellate cells and layer-III pyramidal cells, and then 
follow one of two pathways to depolarize the apical dendrites of superficial- or 
deep-layer pyramidal cells (Mitzdorf, 1985) (Figure 1a). 

Given the geometry of cortical fields, the earlier processes – excitations of py-
ramidal cells at their soma, produce positive-going surface potentials (Figure 1b i). 
The later processes, excitations of pyramidal cells at their apical dendrites, pro-
duce surface negative potentials (Figure 1b ii and iii). However, EPSPs at apical 



�	 Biyu J. He and Marcus E. Raichle

Figure 1.  The physiological basis of the SCP. (a) Left: field potential in primary visual cortex 
of the cat evoked by electrical stimulation of optical radiation. Each trace is the average of 20 
responses. Distance between adjacent recordings is 50 μm. Middle: current source-density 
(CSD) distribution obtained from the potential profile on the left. Sinks, corresponding to 
active EPSPs, are shaded. Cortical laminae are indicated. Sinks a, b, and c reflect mono-, di-, 
and trisynaptic Y-type activity as shown in the right panel; sinks d and f reflect mono-, di-, 
and trisynaptic X-type activity shown in the right panel; sink e reflects Y-type and X-type 
monosynaptic activity. Sinks a, b, and e contribute to type i activity in (b); sinks d and f con-
tribute to type ii activity in (b); sink c contributes to type iii activity in (b). Right: schematic 
diagram of successive intracortical excitatory relay stations as well as cell types involved. 
Long-range feedback connections and nonspecific thalamic inputs are not depicted. Numbers 
1, 2, 3 denotes mono-, di-, and tri-synaptic activity respectively. (b) Schematic diagram of 
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dendrites of deep layer pyramidal cells create closed fields and thus have rather 
small influence on surface potentials (Figure 1b ii). By contrast, depolarizations of 
superficial layer apical dendrites contribute greatly to negative SCPs (Figure 1b iii). 
The contribution of inhibitory interneurons to SCP or field potentials in general is 
also small because of the low amplitude of membrane current flow during inhibi-
tory activity and a lack of laminar specificity (Figure 1b iv) (Birbaumer et al., 1990; 
Mitzdorf, 1985). In summary, the later component of sensory evoked potentials 
in EEG or ECoG recordings – a negative slow-potential shift – is primarily due to 
long-lasting depolarizations of superficial layer apical dendrites. 

Other than activations by specific thalamic inputs described above, the super-
ficial layers are also where long-range intracortical (i.e., intra-areal) and cortico-
cortical (i.e., inter-areal) connections preferentially terminate (Braitenberg and 
Schuz, 1998; Douglas and Martin, 2004; Mitzdorf, 1985). First, only in superficial 
layers do pyramidal cells make extensive horizontal arborizations (Douglas and 
Martin, 2004). Thus, EPSPs in superficial layers spread over a considerable spatial 
extent and manifest themselves as “depolarization fields” (~several mm2) in optical 
imaging recordings (Roland et al., 2006). Second, long-range inter-areal feedback 
connections also terminate mainly in superficial layers. Hence, it is not surprising 
that the SCP and the correlated fMRI signal reveal large-scale brain networks in 
their spontaneous fluctuations (He et al., 2008). Moreover, superficial-layer apical 
dendrites are also the main target of nonspecific thalamic inputs that originate 
from “matrix cells” spread throughout the thalamus (Jones, 1998). Interestingly, 
the reticular thalamic nucleus, which the nonspecific thalamocortical projections 
must pass through, exerts a low-pass filter influence that may facilitate the emer-
gence of slow activity (He and Raichle, 2009). In summary, long-range intracorti-
cal and feedback cortico-cortical connections, as well as the nonspecific thalamic 
inputs, all contribute directly and significantly to the SCP. 

4 main types of cortical activities and their reflection in surface potential (recorded by ECoG 
or EEG). i: Depolarization of pyramidal cells at their deeper extremities, which generates a 
surface-positive potential deflection. ii: Depolarization of deep-layer pyramidal cells at their 
apical dendrites or stellate cells. This type of activity generates a sink in the middle layers 
and a surface-negative potential deflection. But because of the closed-field arrangement of 
CSD components, its contribution to surface potential is rather small. iii: Depolarization of 
superficial layer pyramidal cells at their apical dendrites. This is the main contributor to long-
lasting surface-negative potentials. This type of activity involves long-distance connections 
and depends greatly on the general state of cortical excitability. iv: Inhibitory activity does 
not usually cause significant CSD contributions, because of the low amplitudes of membrane 
currents involved and a general lack of lamina specificity. Adapted with permission from 
Mitzdorf (Mitzdorf, 1985). 
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Given that negative SCPs index increased cortical excitability, it should not 
come as a surprise that during the negative shift of spontaneous SCP fluctuations 
there are increased multi-unit activity, increased higher-frequency field poten-
tials, and better behavioral performance (see references in (Birbaumer et al., 1990; 
He and Raichle, 2009; He et al., 2008)). The recently acclaimed phase-coding in 
the delta frequency range (e.g., (Lakatos et al., 2008)) is likely of the same origin 
as information carried in the SCP phase. Moreover, the P300 evoked potential, a 
proposed correlate of conscious neuronal activity (Dehaene et al., 2006), might 
reflect inhibition of cortical pyramidal neurons and constitutes the flip side of 
negative SCP shifts (Deecke and Lang, 1988). Since the SCP modulates power of 
higher-frequency activities, it may be a more fundamental correlate of the fMRI 
signal than LFP power is, as implicated in a previous study (He et al., 2008). 

As mentioned previously, the SCP is one important and substantial contribu-
tor to the fMRI signal. In addition to advancing our understanding of the fMRI 
signal and bridging the neuroimaging and neurophysiology fields, this observa-
tion is also of particular interest in the study of consciousness. For example, fMRI 
experiments and single-unit recordings often show discordant results during ma-
nipulations of consciousness; this disagreement has been most dramatic in V1 
(Logothetis, 2008; Tononi and Koch, 2008). These puzzling results are at least 
partially illuminated when we bring the SCP and its underlying physiology into 
the picture. In what follows we discuss these data and further propose a specific 
hypothesis on the involvement of the SCP in engendering conscious awareness. 

The SCP and consciousness – A neurophysiological 
hypothesis of consciousness

From a theoretical perspective, information has to be integrated to contribute to 
conscious awareness, for conscious experience is always a unitary and undivided 
whole. We suggest that the superficial-layer neuronal activities indexed by the 
SCP may be an optimal neural substrate to carry such information integration 
across wide cortical areas because (1) its slow time scale allows synchronization 
across long distance despite axonal conduction delays (He et al., 2008; von Stein 
and Sarnthein, 2000); (2) long-range intracortical and corticocortical connections 
terminate preferentially in superficial layers and thus contribute significantly to 
the SCP. Furthermore, for each patch of superficial-layer pyramidal neurons (for 
definition of “patch”, see (Douglas and Martin, 2004)), corresponding deep layer 
neurons could provide additional information through specialized local process-
ing. These local deep-layer loops might constitute a neural substrate for uncon-
scious processes that can affect and be affected by conscious experience. A rough 
schematic depicting our hypothesis is shown in Figure 2a. 
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Figure 2.  SCP and consciousness. (a) Schematic illustration of our hypothesis. Superficial lay-
ers of the cerebral cortex (shown in purple) are the only layers containing extensive long-range 
horizontal connections (thick blue lines); they are also the main target for nonspecific thalamo-
cortical inputs (black lines) as well as long-range inter-areal feedback connections (thick red 
arrows). We propose that long-lasting synaptic activities in superficial layers, manifesting as 
SCPs in surface recording or low-frequency current source density (CSD) activity in super-
ficial layers, carry large-scale information integration in the brain and contribute directly to 
conscious awareness. Neuronal circuits in deep layers (thin blue lines) provide specialized local 
processing that assist superficial-layer computations and send output to subcortical structures. 
Two specific predictions made by this hypothesis are provided in Conclusions. (b) Subjects 
performed a target detection task in which a visual grating stimulus at threshold was briefly 
presented. Following a variable delay, the subject was prompted by an auditory cue to press 
one of two buttons to indicate whether they saw the stimulus. A small percentage of catch 
trials in which no grating was presented were randomly interleaved. EEG potential from the 
left parietal electrode (P3, using Laplacian derivation, which emphasizes local vertical currents 
underneath the electrode) was averaged around the onset of grating stimulus (left panel), or 
around the motor response (right panel). The evoked potentials for “Yes, I saw”, “No, I did not 
see”, and catch trials are shown in black, dark grey and light grey respectively. The inter-sub-
ject s.d. for catch trials are shown as dotted lines. A negative slow potential builds up between 
stimulus onset and motor response during “Yes” trials but not catch trials nor the trials during 
which the stimulus was present but not perceived. Adapted with permission from Pins and 
ffytche et al. (Pins and Ffytche, 2003). (c) Average evoked-potentials (EPs) in response to single 
stimulus pulses at the skin, recorded from the surface of somatosensory cortex. EPs to 500 
stimulus presentations were averaged for each condition. Sub T: subthreshold stimuli, none of 
the 500 stimuli were felt by the subject. T: threshold stimuli, subject reporting feeling some of 
the 500 stimuli. Each recording trace is 500 milliseconds long. Primary EP: a transient, surface-
positive deflection that occurs ~30 ms after the stimulus, was present in both cases. Secondary 
EP: a later slower surface-negative component, only occurs when the stimulus was at times felt. 
Adapted with permission from Libet (2004). (d) The Bereitschaft potential (BP) is a negative 
SCP shift preceding the onset of a voluntary movement. It was shown by Libet (2004) that the 
onset of the BP also precedes the subject’s subjective awareness of the intention to make the 
movement by a few hundred milliseconds. Adapted with permission from Haggard (2008). 
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Interestingly, the cerebellum, generally considered nonessential for con-
sciousness (Tononi and Koch, 2008), is notably weak in its low-frequency activ-
ity as compared to the neocortex (Bullock and Basar, 1988). The cerebellar cortex 
also lacks the “crowning mystery” of the neocortex – layer I, which is one major 
target for long-range feedback connections and nonspecific thalamic inputs in 
the cerebrum (Douglas and Martin, 2004; Jones, 1998). From an evolutionary 
perspective, the superficial layers are endowed with the largest expansion in 
thickness among cortical layers during mammalian evolution (DeFelipe et al., 
2002). Furthermore, the nervous systems of most invertebrates (with the excep-
tion of octopus), when compared to the cerebrum of vertebrates, contain much 
more pronounced fast activity but notably weak slow activity, and in this sense 
are more similar to the vertebrate cerebellum, brain stem or spinal cord (Bullock 
and Basar, 1988). 

In what follows we review existing empirical data supporting a functional role 
of the SCP in the emergence of conscious awareness. 

Attention

Although attention and consciousness are distinct and dissociable phenomena 
(Tononi and Koch, 2008), attention clearly affects which information has better 
access to conscious awareness. The top-down effect of attention in early sensory 
cortex is largely invisible to spike recordings, but is readily seen in the fMRI sig-
nal (Logothetis, 2008). Consistent with a close correspondence between the SCP 
and the fMRI signal as argued here, top-down influence in V1 can be seen with 
measurements of the SCP using either optical imaging or field potential record-
ings (Lakatos et al., 2008; Roland et al., 2006). In the first case, a feedback wave of 
depolarization was found to traverse the superficial layers from higher-order to 
lower-order visual areas (Roland et al., 2006). In the second case, top-down atten-
tion was found to modulate the phase of delta-frequency activity which further 
modulated the power of higher frequencies (Lakatos et al., 2008). Importantly, 
this effect was found only in superficial layers, consistent with the physiology of 
the SCP and with the laminar preference of feedback connections (Douglas and 
Martin, 2004). 

Perception

Many studies have investigated the neural correlates of conscious perception, 
however, only a handful presented data including the SCP, which we will focus 
on here. Pins and ffytche (Pins and Ffytche, 2003) presented visual stimulation 
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at threshold to normal subjects, so that an identical stimulus would sometimes 
be perceived and at other times not. In trials during which the subject perceived 
the stimulus, a negative slow potential builds up over parietal electrodes between 
the stimulus onset and the response. This slow potential was absent in trials dur-
ing which the stimulus escaped conscious perception (Figure 2b). Using a visual 
illusion task and depth recording in V1, Leopold and colleagues (Leopold et al., 
2008) showed that perceptual suppression was only associated with changes in 
the lowest frequencies in upper cortical layers when current source density (CSD) 
method (which has better localization than raw field potentials, see Figure 2a) 
was used. Similar to the SCP, the fMRI signal also tracks perceptual changes, 
whereas spiking activity was unaffected (Logothetis, 2008). Furthermore, mo-
mentary fluctuations in the spontaneous SCP have an effect on whether a stimu-
lus at threshold is consciously perceived or not (He and Raichle, 2009). An active 
involvement of the SCP in conscious perception is also supported by earlier ex-
periments in the somatosensory domain. Through a series of elegant experiments 
using skin stimuli, electrical stimulations applied to the subcortical pathways and 
the cortex itself, Libet (2004) showed that the secondary evoked potential (a long-
lasting negative potential in surface-recordings), but not the primary evoked po-
tential (a short-latency positive potential), was essential for conscious perception 
(Figure 2c). These findings have since received support from more recent studies 
(e.g., (Sergent et al., 2005)). 

Volition

If consciousness is a two-sided coin, then on one side it is occupied by perception/
experience; on the other side by volition/agency (Gray et al., 2007). Similar to 
perception, volition (i.e., voluntary actions) also has a long recognized association 
with the SCP. It was discovered more than 20 years ago that a negative SCP shift 
preceded voluntary movement and even the subjective awareness of the inten-
tion to make the movement (Libet, 2004) (Figure 2d). Though the implications 
of these results were highly debated by philosophers, the essential findings have 
been replicated numerous times and extended (Haggard, 2008). Specifically, re-
cent fMRI experiments have determined both the brain regions underlying the 
intention to make a movement and those underlying the awareness of such inten-
tion (Haggard, 2008). Important in the current context, recent results showed 
that the outcome of a free choice can be decoded using the fMRI signal up to 6 
sec before the decision outcome enters conscious awareness (Soon et al., 2008). 
Future experiments should illuminate whether this early fMRI signal is related to 
the early negative SCP shift preceding a voluntary action. 
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The unconscious states

One of the most dramatic experimental manipulations of consciousness comes 
from stimulations of intralaminar thalamic nuclei, part of the nonspecific tha-
lamic pathways, in minimally conscious or vegetative patients (Hassler, 1978; 
Schiff et al., 2007) and anesthetized rats (Alkire et al., 2007). In both cases of im-
paired consciousness, stimulation of intralaminar thalamic nuclei significantly 
improved behavioral responsiveness. As mentioned previously, nonspecific tha-
lamic afferents terminate preferentially on apical dendrites in cortical superficial 
layers. Therefore, stimulation of these pathways would drive negative shifts of 
the SCP (i.e., increased cortical excitability) and thus may restore long-range 
communications in superficial layers. Similarly, recovery from persistent veg-
etative state (PVS) was accompanied by restoration of functional connectivity 
between the intralaminar thalamic nuclei and prefrontal cortex (Laureys, 2005). 
These experiments lend important support for the current hypothesis of a rela-
tion between the SCP and conscious awareness. Further support comes from 
DC-recordings of auditory evoked potentials (AEP) in humans undergoing pro-
pofol anaesthesia (Fitzgerald et al., 2001). Whereas the early positive component 
of AEP was preserved during anesthesia, the later component – a negative shift 
in the SCP was abolished under anesthesia and reappeared during emergence 
from anaesthesia. 

These results however do not suggest that the negative SCP, whenever it ap-
pears, is an index of conscious awareness. Instead, key brain regions (see Box 1) 
and specific inter-regional relationships may be required. Large-scale coherent 
structures in the spontaneous fluctuations of both the SCP and the fMRI signal 
have been described under unconscious states – slow-wave sleep (SWS) and deep 
anesthesia respectively (He et al., 2008; Vincent et al., 2007). Do these findings 
contradict the current hypothesis? We suggest not. These coherent fluctuations 
might reflect spontaneous synaptic activity constrained by anatomical connec-
tions that continue to maintain homeostasis in the brain, but which lack sufficient 
information content or the integration necessary for the emergence of conscious-
ness. Indeed, in both cases, the patterns of SCP or fMRI signal coherence were 
weaker in the unconscious state as compared to the conscious states (He et al., 
2008; Vincent et al., 2007). A decreased baseline level of cortical excitability (not 
assessed by temporal correlation measurements) may also contribute to loss of 
consciousness, as supported by aforementioned experiments in which stimula-
tion of nonspecific thalamic pathways restored responsiveness in subjects with 
impaired consciousness (Alkire et al., 2007; Schiff et al., 2007). 
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Concluding remarks

Studies on the neural basis of the fMRI signal have focused on the LFP power. 
We here present evidence for another neurophysiological signal underlying the 
fMRI signal that has received much less attention – the slow cortical potential 
(SCP). The linkage between the SCP and the fMRI signal not only advances our 
understanding of cortical physiology but also provides a new vantage point into 
many experimental results. We further propose that the neuronal activities in-
dexed by the SCP may carry large-scale information integration in the brain that 
contributes directly to the emergence of conscious awareness. Experiments on 
consciousness have seldom included the SCP, but whenever it was included, the 
results appear to be consistent with this hypothesis. Given that our hypothesis in-
volves a specific physiological process, it is clearly amenable to empirical testing. 

Specifically, the hypothesis put forward makes two testable predictions:

I.	 Whenever there is a change in the content of conscious awareness, there 
should also be a concurrent change in the SCP in corresponding essential 
brain regions (which yet need to be determined for different forms of con-
scious awareness – we offer a speculation on this in Box 1). 

II.	 In altered states of consciousness, such as deep slow-wave sleep, under anes-
thesia, or in patients with severe brain injury, the spontaneous organization 
of the SCP that is important for large-scale information integration should 
be altered compared to the fully conscious state. This should also apply in 
systems with reduced consciousness, such as the cerebellum, and maybe or-
ganisms lower on the evolutionary tree. 

We look forward to future work that confirms or falsifies our hypothesis. 
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Glossary

In this article, we use “consciousness” or “conscious awareness” synonymously as 
“subjective awareness”. We use “conscious experience” to refer to the experience 
of subjective awareness. Lastly, “conscious state” refers to the physiological states 
under which conscious awareness is present. 
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Box 1.  Brain networks and consciousness

 Not all brain networks contribute to consciousness equally. We speculate that 
the anterior cingulate and anterior insular cortices, as well as the default network 
(a set of brain regions routinely decreasing their activity during goal-directed tasks 
(Vincent et al., 2007)), might be more pivotal than the sensory/motor networks 
and maybe even the dorsal attention network (including the dorsal visual stream 
and frontal eye field) in the emergence of consciousness. This conjecture mainly 
comes from a thought experiment comparing the largely unconscious state –  
slow-wave sleep (SWS), with the conscious states including wakefulness and rapid-
eye-movement (REM) sleep. Whereas the sensory/motor regions and the dorsal 
attention network are as active in SWS as in wakefulness; the anterior cingulate, 
anterior insular and the midline regions of the default network are deactivated 
in SWS and reactivated in both REM sleep and wakefulness (Braun et al., 1997). 
To the best of our knowledge, this conjecture is also consistent with existing data 
from persistent vegetative patients, blindsight patients, and from manipulations of 
momentary conscious perception. 



Distinct characteristics  
of conscious experience are met  
by large-scale neuronal synchronization

Lucia Melloni and Wolf Singer

Conscious processes have a number of distinct properties that need to be account-
ed for by neuronal mechanisms supporting conscious experience. It is proposed 
that synchronization of distributed neuronal activity patterns meets most of these 
requirements. A major problem for the identification of neuronal correlates of 
consciousness is the distinction between the processes that lead to conscious 
experience and those that follow once contents have become conscious. Criteria 
for this distinction are discussed in the context of published evidence.

Everybody knows what it is like to be conscious. However, even though all of 
us seem to have at least a rough idea about what consciousness is and where 
it is located (the brain), a universally accepted definition is still lacking. In the 
meantime, we hope that an exhaustive definition and a better characterization of 
consciousness will emerge as theories are complemented with scientific discover-
ies. The apparent lack of consensus regarding the definition of consciousness has 
not precluded advancement in the field of the scientific study of consciousness. 
Since the seminal paper of Crick and Koch (1990), several theoretical proposals 
(Dehaene et al. 2006; Lamme, 2006; Singer, 2000) as well as important empirical 
contributions regarding the quest for the neuronal correlates of consciousness 
have been made. However, some important questions remain unsolved. In the fol-
lowing we will put forward the idea that the search for a neuronal correlate of con-
sciousness entails in fact the search for a neuronal mechanism that can account for 
several aspects of consciousness. In what follows we will first briefly discuss sev-
eral characteristics of consciousness. Then we will discuss the proposal that neu-
ronal synchrony between distant neuronal assemblies might be a key mechanism 
for perceptual awareness. Empirical evidence supporting neuronal synchrony as 
a key correlate of consciousness will be provided. Finally, some pressing questions 
in the field of consciousness research will be discussed. 
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Some basic definitions

In what follows we will understand awareness as the representation of internal or 
sensory changes that are accessible to introspection or direct report, and opera-
tionally we will consider it as being present whenever a subject can report the pres-
ence or absence of a stimulus (detection) or its identity (discrimination). Failure 
to detect or identify will be taken as sign of unawareness. Even though this is not 
an exhaustive definition, it allows for an objective evaluation of subjective data, 
a scientific program called “heterophenomenology” (Dennett, 1992). Given the 
difficulties in establishing causal relations, consciousness research has focused on 
the search for neuronal correlates that are defined as the minimal set of neuronal 
events which are necessary and/or sufficient for perceptual awareness (Chalmers, 
2000). This definition, however, confounds the search for a mechanism with the 
identification of mere correlates. For example, an event-related potential or BOLD 
signal in a certain area cannot explain how consciousness arises because they are 
only measures. What is needed instead is a model that causally relates certain neu-
ronal mechanism to consciousness, and to induce predicted changes of conscious-
ness by interfering with these mechanisms. In the following we define several re-
quirements that need to be met by a mechanism subserving consciousness, and 
then discuss whether neuronal synchronization fulfills these premises. 

Properties of consciousness constraining neuronal implementations

One central property of perceptual awareness is its unified character. While our 
experience is unified, the architecture of the brain is distributed, consisting of 
multiple, specialized but highly interconnected processing areas. This raises the 
question, how the unity of conscious experience can arise from the distributed 
processing of the brain?

Furthermore, the contents of our experience constantly change over time, but 
at any given moment, they are discrete and distinct. Thus, the neuronal imple-
mentation of consciousness has to meet these requirements for a seamless flow of 
ever changing contents that are experienced as coherent in space and time. 

At any moment in time, only a fraction of the ongoing processes in the brain 
gains access to consciousness. Thus, inherent to being conscious of something is a 
selection process that gates access to consciousness. This raises the question what 
distinguishes processes that enter consciousness from those that do not. As most 
results of neuronal processing have in principle access to consciousness, – with 
the exception of certain interoceptive signals – the distinguishing signature can-
not be content specific but should be assignable in a dynamic way to all different 
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activity patterns that can give rise to conscious experience. Evidence indicates that 
processing results which are not represented in awareness, can still have an impact 
on behavior. These unconscious processes are not restricted to low level analyses of 
sensory signals but can include deep semantic decoding, the programming of mo-
tor responses and they can even exert inhibitory control (Dehaene et al., 1998; van 
Gaal et al., 2008). Thus, theories of the neuronal correlates of consciousness have 
to address the question how signals are selected for access to awareness and which 
signatures distinguish conscious from unconscious information processing.

Neuronal synchrony as a key correlate of perceptual awareness

We shall argue that neuronal synchrony possesses most of the features that we 
have defined above as constitutive for consciousness or for processes leading to 
conscious awareness. 

In order to create a unified conscious experience of multimodal contents, the 
modular architecture of the brain has to be overcome. One solution would be con-
vergence of all information in a singular center. This option is considered theoret-
ically implausible (Dennett, 1992), and so far no such center has been identified. 
Furthermore, behavioral and brain imaging studies have shown that unconscious 
processing engages very much the same cerebral areas as conscious processing, 
including frontal and prefrontal cortex (Lau and Passingham, 2007; van Gaal et 
al., 2008). Thus, there is no compelling evidence for specific areas supporting 
conscious processing. An alternative to convergence is that the distributed pro-
cesses are bound together dynamically by rendering the signals coherent in time 
(Hebb, 1949), e.g. by synchronization (Singer and Gray, 1995). In this framework, 
the presence or absence of a particular feature is signaled through the activity 
of feature-selective neurons, while the grouping of those elementary features is 
achieved via synchronization of the respective neurons into functionally coherent 
assemblies, forming a distributed representation of a perceptual object. Neuronal 
synchronization is a self-organizing process that allows rapid formation and dis-
solution of neuronal assemblies defined by coherence. Such dynamic binding is 
an economical and flexible strategy to cope with the representation of the virtu-
ally unlimited variety of feature constellation characterizing perceptual objects. 
Taking the unified nature of conscious experience and the diversity of possible 
contents into account, coherence (synchrony) offers itself as a mechanism allow-
ing representation of ever changing constellations of content in a unifying format. 
In this way the assemblies representing the different contents appearing as unified 
in the continuous flow of consciously processed content could be bound together 
into a coherent whole (meta-assembly) that is subject to continuous change by 
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the cooption and exclusion of subassemblies. In this framework the rate limiting 
factor for the formation of a new meta-assembly corresponds to the time needed 
to establish stable coherence. In case coherence is expressed by synchrony, this 
would be the time needed to establish stable phase relations. Stable states would 
then be reached once the relative phase between local oscillations ceases to change 
(Tognoli and Kelso, 2009). 

Synchronization is also ideally suited to contribute to the selection of contents 
for access to consciousness. Synchronization enhances the saliency of signals 
and thereby facilitates their propagation in sparsely connected networks such as 
the cerebral cortex (Abeles, 1991; Fries, 2009; Jensen et al., 2007). Gamma band 
synchronization, in particular, assures coincidence among distributed inputs 
with millisecond precision. Furthermore, when neuronal responses engage in 
synchronized oscillations, frequency and phase adjustments can be exploited for 
the selective routing of activity and the dynamic gating of interactions between 
interconnected neurons. At the level of individual neurons oscillations are as-
sociated with periodic alternations of phases with high and low excitability, the 
latter resulting from the barrage of synchronized IPSPs that have both a shunt-
ing and a hyperpolarizing effect (Schroeder et al., 2008). Excitatory input that 
arrives at the depolarizing slope of an oscillation cycle generate large responses, 
while inputs arriving at the falling slope and trough are shunted and ineffective. 
Hence, neuronal oscillations define temporal windows for effective communica-
tion between neurons, providing a mechanism to selectively and flexibly bias 
the communication between neuronal groups (Fries, 2009). When two groups 
of neurons open their windows of susceptibility (their excitatory phases) at the 
same time, they are more likely to interact with each other, to increase their syn-
chrony and as a consequence to also have enhanced influence on other groups 
of neurons. By adjusting oscillation frequency and phase, groups of neurons can 
either be linked together into tightly coupled assemblies or be segregated into 
functionally isolated subgroups. This mechanism can act both within and across 
areas, and can in principle account for selective and flexible routing of informa-
tion within networks with fixed anatomical architectures. Taken together, the 
oscillatory patterning of activity and the option to adjust frequency and phase of 
the oscillations could serve three complementary functions: gain control, selec-
tive and flexible routing of information between neuronal groups, and formation 
of coherent representations. Furthermore, if depth of processing is determined 
by the extent of propagation of information in the brain, this can also account for 
the observation that conscious perception is associated with deeper processing 
than unconscious perception. 

As previously mentioned, any neuronal correlate of consciousness should dis-
tinguish between conscious and unconscious forms of information processing. 
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Regarding neuronal synchrony, this distinction can be satisfied when considering 
its spatial scale: Following Varela et al.’s (2001) distinction between local and glob-
al scale integration, it can be postulated that processing carried out unconsciously 
(which is automatic and modular) relies on local integration in divergent-con-
vergent feed-forward architectures, whereas large scale integration via reciprocal 
pathways subserves conscious processing (for a similar proposal see Dehaene et 
al., 2006). Anatomical and physiological studies suggest that neuronal, in particu-
lar cortical architectures share features of “small world networks” (reviewed in 
Bassett and Bullmore, 2006). These allow for the coexistence of both local, mod-
ular and global, distributed processes. Important properties of this architecture 
are minimization of path length between any pairs of nodes, optimization of the 
number of connections and the possibility of coexistence of multiple local pro-
cesses and globally ordered states. Moreover, such networks can operate in critical 
states, allowing for fast reconfigurations of network dynamics (Bassett and Bull-
more, 2006; Sporns and Zwi, 2004; Yu et al., 2008). Cortico-cortical connections 
can be subdivided in two major subgroups. Local, intracortical connections that 
run tangentially to the layers and link neurons that share similar response prop-
erties and are separated by only a few hundred micrometers, and long distance 
connections that often but not always run through the underlying white matter 
and link neurons in different cortical areas. The latter serve transmission of infor-
mation to distinct cortical sites and can establish globally coordinated activation 
patterns (Varela et al., 2001). 

We started this chapter describing four conditions that any theory of the neu-
ronal correlates of consciousness should satisfy. We then discussed how neuronal 
synchronization could fulfill each of them, namely that neuronal synchronization 
could account for (i) the unity of experience as well as for (ii) its temporal dynam-
ics, (iii) for the selection of signals entering conscious processing and for (iv) the 
distinction between conscious and unconscious processing related to the spatial 
scale of the synchronized activity. In what follows we will review evidence relating 
neuronal synchronization to consciousness.

Evidence relating long-range synchronization and consciousness

Masking offers an interesting possibility to study consciousness since the same 
physical stimuli can be either perceived or not perceived depending on the tem-
poral and spatial sequence of stimuli that surround them. In our studies, we 
capitalized on this phenomenon and presented words that could be perceived 
in some trials and not in others (by adjusting the luminance of the mask) and si-
multaneously performed electroencephalographic (EEG) recordings (Melloni et 
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al., 2007). Several measures were analyzed: Time-resolved power changes of local 
signals, the precision of phase synchronization across recording sites over a wide 
frequency range, and event-related potentials (ERPs). A brief burst of long dis-
tance synchronization in the gamma frequency range between occipital, parietal 
and frontal sensors was the first event that distinguished seen from unseen words, 
while local synchronization was similar between conditions. Interestingly, after 
this transient period of synchronization, several other measures differed between 
seen and unseen words: We observed an increase in amplitude of the P300 ERP 
for visible words which most likely corresponds to the transfer of information to 
working memory. In addition, during the interval period in which visible words 
had to be maintained in memory, we observed increases in frontal theta oscilla-
tions. Theta oscillations have been related to maintenance of items in short-term 
memory (Jensen and Tesche, 2002). 

To test whether the increase in long-distance synchronization relates to 
awareness or depth of processing, we further manipulated the depth of processing 
of invisible words. It has previously been shown that invisible words can be pro-
cessed up to the semantic and motor level (Dehaene et al., 1998). In a subliminal 
semantic priming experiment we briefly presented words (invisible) that could 
either be semantically related or not related with a second visible word on which 
subjects had to carry out a semantic classification task. Invisible words were pro-
cessed up to semantic levels as revealed by modulation of the reaction times de-
pending on the congruency between invisible and visible words: congruent pairs 
exhibited shorter reaction times than incongruent ones. We observed increases in 
power in the gamma frequency range for unseen but processed words. For visible 
words we additionally observed increases in long-distance synchronization in the 
gamma frequency range (Melloni and Rodriguez, 2007). Thus, local processing of 
stimuli is reflected in increases in gamma power, whereas long-distance synchro-
nization seems to be related to awareness of the stimuli. This suggests that con-
scious processing requires a particular dynamical state of the cortical network. 
The large-scale synchronization that we observed in our study could reflect the 
transfer of contents into awareness and/or their maintenance. We favor the first 
possibility given the transient nature of the effect and argue that the subsequent 
theta oscillations might support maintenance. It is conceivable that short periods 
of long-distance synchronization in the gamma band reflect the update of new 
contents, while the slower pace of theta oscillations might relate to sustained in-
tegration and maintenance of local results. The interplay between these two fre-
quency bands might underlie the phenomenon of continuous but ever changing 
conscious experience (see below). 

Recently, Gaillard et al. (2009) revisited the question of processing of visible 
and invisible words. In intracranial recordings in epileptic patients they observed 
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that invisible words elicited activity in multiple cortical areas which quickly van-
ished after 300 ms. In contrast, visible words elicited sustained voltage changes, 
increases in power in the gamma band, as well as long-distance synchronization in 
the beta band and long-range Granger causality. In contrast to our study, Gaillard 
et al. observed a rather late (300–500 ms) rise of long-distance synchronization. 
However, it is important to note that in the study of Gaillard et al., phase-syn-
chrony was analyzed mostly over electrodes within a given cortical area or at most 
between hemispheres, and thus this analysis raises an important coverage issue. 
Earlier synchronization events could have passed undetected because of lack of 
electrode coverage. Since the electrode placement in such studies is based on 
medical and not experimental considerations, analyses are restricted to the avail-
able electrodes and locations. Despite of these restrictions, this study provides one 
of the most compelling pieces of evidence for a relation between long-distance 
synchronization and consciousness. 

Another commonly used paradigm in studies of consciousness is binocular 
rivalry. When two images that cannot be fused are presented to each of the two 
eyes, perception fluctuates between the two images. Thus, despite constant stimu-
lation conditions, perception alternates. This suggests a selection mechanism that 
gates access to consciousness. Several studies using different stimulus materials 
as well as recording methods (single cell analysis and LFP recordings in animals 
and EEG and MEG registration in human subjects) have shown increased syn-
chronization and phase locking of oscillatory responses to the stimulus that was 
consciously perceived and controlled behaviour (Cosmelli et al., 2004; Fries et 
al., 1997; Srinivasan et al., 1999). Cosmelli et al. (2004) extended the findings 
obtained in human subjects by performing source reconstruction and analyzing 
phase-synchrony in source space. These authors observed that perceptual domi-
nance was accompanied by coactivation of occipital and frontal regions, includ-
ing anterior cingulate and medial frontal areas. Recently, Doesburg et al. (2009) 
provided evidence for a relation between perceptual switches in binocular rivalry 
and theta and gamma band synchronization. Perceptual switches were related to 
increments in long-distance synchronization in the gamma band between several 
cortical areas (frontal and parietal) that repeated at the rate of theta oscillations. 
The authors suggested that transient gamma-band synchronization supports dis-
crete moments of perceptual experience while theta oscillations structure their 
succession in time, pacing the formation and dissolution of distributed neuronal 
assemblies. Thus, long-range gamma synchronization locked to ongoing theta os-
cillations could serve to structure the flow of conscious experience allowing for 
changes in content every few hundred millisecond. Further research is required 
to clarify the exact relation between the two frequency bands and their respective 
role on the generation of percepts and the pacing of changes in perception.
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Another paradigm in consciousness research exploits the attentional blink 
phenomenon. When two stimuli are presented at short intervals among a set of 
distractors, subjects usually detect the first (S1) but miss the second (S2) when it 
is presented 200–500 ms after S1. Increases in long-range neuronal synchrony in 
the beta and gamma frequency ranges have been observed when the S2 is suc-
cessfully detected (Gross et al., 2004; Nakatani et al., 2005). Furthermore, Gross 
et al. (2004) observed that successful detection of both S1 and S2 was related to 
increased long-distance synchronization in the beta range to both stimuli, and 
this enhanced synchrony was accompanied by higher desynchronization in the 
inter-stimulus-interval. Thus, desynchronization might have facilitated the segre-
gation of the two targets, allowing for identification of the second stimulus (also 
see Rodriguez et al., 1999). Source analysis revealed, as in the case of binocular 
rivalry, dynamical coordination between frontal, parietal, and temporal regions 
for detected targets (Gross et al., 2004).

In summary, studies of masking, binocular rivalry, and the attentional blink 
support the involvement of long-range synchronization in conscious perception. 
Recent investigations have suggested further that a nesting of different frequen-
cies, in particular of theta and gamma oscillations, could play a role in pacing 
the flow of consciousness. Furthermore, the study of Gross et al. (2004), suggests 
that desynchronization could serve to segregate representations when stimuli fol-
low at short intervals. These results are encouraging and should motivate further 
search for relations between oscillatory activity in different frequency bands and 
consciousness, whereby attention should be focused not only on the formation of 
dynamically configured networks but also on their dissolution.

Pressing questions in the field of consciousness research

One influential view on the function of consciousness posits that consciousness 
allows for exchange of contents between several independent processing mod-
ules, which in turn makes this information available to a variety of processes in-
cluding perceptual categorization, unification in short and long-term memory, 
evaluation, etc. (Baars, 1997). If consciousness is a prerequisite of these cognitive 
processes, how can the requirements of and the consequences of consciousness 
be distinguished? If conscious and unconscious processing did not only differ 
with respect to their respective qualitative properties, but also with respect to 
their consequences, such a distinction might indeed be impossible: If conscious-
ness, as proposed, enhances the depth of processing then a method that contrasts 
differences in perceptual states of physically identical stimuli will reveal not only 
activity related to awareness per se but also activity related to its consequences, 



	 Neuronal synchronisation and consciousness	 25

i.e. deeper processing, episodic memory formation, etc. (for a similar argument 
see Lau, 2008). This might explain why different research groups find signatures 
of consciousness at different moments in time. Neurons in the medial temporal 
lobe (MTL) show an all or none response profile depending on whether stimuli 
are processed consciously. When briefly presented images are made unperceiv-
able through backward masking, neurons in MTL do not respond. In contrast, 
when the same images are recognized, MTL neurons exhibit clear responses with 
a latency of about 300 ms (Quiroga et al., 2008). Following the logic of the con-
trastive approach, this result can be taken as a correlate of consciousness. The 
question is: is this a correlate of consciousness or a correlate of the consequences 
of consciousness? Given the intimate relation between MTL and hippocampus 
and hence with networks responsible for the management of episodic memory it 
is also conceivable that the rather late MTL responses have to do with memory 
formation following conscious perception rather than with the access to con-
sciousness per se. This view is supported by the fact that complete resection of 
the hippocampus and adjacent temporal cortex does not lead to deficits in con-
scious perception (Postle, 2009). However, this does also not imply that MTL does 
not contribute to conscious perception. It is important to distinguish between 
neuronal signatures which correlate with the content of our moment-to-moment 
conscious awareness, and those that contribute to the feeling of a stream of con-
sciousness (continuous present). Thus, MTL activity might not contribute to the 
former, but be essential to the latter. In order to experience a continuous present, 
memories from events that have just occurred should be linked to those occur-
ring at the present time. Thus, the delayed MTL activity could serve to assure the 
continuity of the flow of consciousness. 

How else could one solve the conundrum to distinguish between cause and 
effect? There is no panacea. Obviously, the most straightforward approach is to 
obtain comprehensive data on the sequence of effects distinguishing conscious 
from unconscious processing, assuming that causes precede effects. This could be 
complemented with attempts to interfere with these sequential processing using 
TMS. For instance, if blocking the late activity in MTL does not abolish conscious 
perception but its continuity we would be one step further. Following this strat-
egy those processes could be discarded one by one that figure as consequences 
of consciousness leaving us with those more closely related to consciousness per 
se. Secondly, one could evaluate introspective reports as a direct measure of the 
quality of the experience. In this case one would not contrast conscious with un-
conscious processing, but arrive at a parametric estimate of “consciousness”. For 
instance, in visual experiments we could ask subjects about how clear their con-
tent of awareness is, and then correlate increases in subjective clarity with mea-
sures of neuronal activity. 
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Conclusions

It is evident that the study of consciousness has greatly profited from the search 
for neuronal correlates However, simply showing that the brain makes a differ-
ence between conscious and unconscious processing is not satisfactory. We pro-
pose here to go one step further and to develop mechanistic explanations that 
establish plausible, and hopefully at later stages, even causal relations between 
brain processes and consciousness. Oscillatory synchrony is one candidate 
mechanism, and it has the advantage that it can be measured relatively directly 
in humans which are able to give detailed descriptions about their conscious ex-
perience. However, oscillations and synchrony seem to be mechanisms that are 
as intimately and inseparably related to neuronal processing in general just as 
the modulation of neuronal discharge rates. Thus, without further specification 
these phenomena cannot stand up as a neuronal correlates of consciousness apart 
from the triviality that consciousness does not exist without them. We and oth-
ers (Varela et al., 2001) propose that the spatial scale and perhaps also the preci-
sion and stability of neuronal synchrony might be taken as more specific indica-
tors of whether the communication of information in the brain is accompanied 
by conscious experience or not. In this framework, conscious experience arises 
only if information that is widely distributed within or across subsystems is not 
only processed and passed on to executive structures but bound together into a 
coherent, all-encompassing, non-local but distributed meta-representation. This 
interpretation is compatible with views considering consciousness as the result 
of the dynamic interplay of brain subsystems; but it poses the challenging ques-
tion related to the “hard problem of consciousness” research: Is there something 
on top of this distributed meta-assembly that makes us experience? From a truly 
dynamicist point of view, the answer is “probably not”. However, this should not 
discourage us from trying to separate the contribution of each subsystem and 
then go on to characterize how they interact. This would be a real alternative to 
the ever lurking homunculus.
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Gamma oscillations and the cellular 
components of consciousness?

Fiona E. N. LeBeau 

There is evidence to suggest that synchronised neuronal activity, particularly 
that in the gamma frequency range (~30–100Hz) might contribute to conscious 
perception. In this chapter I shall discuss what we know about the mechanisms 
that underlie the generation of gamma frequency activity and the changes 
known to occur in diseases such as schizophrenia. Until recently it was difficult 
to test the role of individual neuronal subtypes in the generation of network 
oscillations. However, using the newly developed optogenetic techniques (in 
which cells are genetically modulated to make them responsive to specific wave-
lengths of light) it should now be possible to directly test the contribution of 
different neuronal classes to the generation of network oscillations and perhaps, 
therefore, consciousness.

Renee Magritte painted “Dreaming” in 1935 (Figure 1B). In the upper half of the 
picture a man lies asleep in a small chamber while below the random objects that 
appear in his dreams are illustrated below him. Lining the walls of the sleeping 
man’s chamber are a series of irregular lines that are remarkably similar to pat-
terns of activity that emerge from the brain recorded by the electroencephalo-
gram (EEG; Figure 1A). 

The first recordings of human brain activity were made by Hans Berger, (a few 
years before Magritte painted “Dreaming”), when he recorded a 10 Hz rhythm 
called the alpha rhythm (Berger, 1929). I doubt Magritte knew about the brain’s 
electrical activity when he painted this picture but since 1925 it has been shown 
that the brain generates rhythmic activity over a wide range of frequencies from 
very low <1 Hz, to very fast 100s of Hz, and that different patterns of activity occur 
during different behavioural states – including dreaming. Different EEG rhythms, 
or so-called neuronal oscillations, occur during different states of consciousness 
with large slow delta (~1–4 Hz) waves recorded during deep sleep while faster 
oscillations such a beta (~15–30 Hz) and gamma (~30–100 Hz) are associated 
with the awake conscious state. 
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In particular, synchronous gamma frequency oscillations have been proposed 
to be an important neural correlate of consciousness (Engel et al., 1999; Fries et 
al., 1997; 2001; Dehaene et al., 2006). See also Melloni and Singer’s chapter for 
a detailed discussion of neuronal synchronisation and conscious experience. In 

Figure 1.  (A) Show sample EEG recordings from 15 electrodes from human subject  
during slow wave sleep. (B) Renee Margrite’s “Dreaming” 1935.
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this chapter I will discuss the evidence for the role of gamma frequency activity in 
conscious perception and outline how we can, with new optogenetic technology, 
potentially identify the cellular components that are essential for consciousness.

Mechanisms underlying the generation of gamma frequency oscillations

Synchronous neuronal activity in the gamma frequency band has been recorded 
in a number of brain regions and has been linked to a range of cognitive functions 
including sensory processing (Engel et al., 1999), attention (Fries et al., 2001), 
and memory functions (Sederberg et al., 2007). Oscillatory activity can now be 
observed in EEG and magnetoencephalogram (MEG) recordings in humans and 
animals, and electrophysiological recordings can also be made in animals in vivo. 
An important advance in understanding the cellular mechanisms underlying the 
generation of gamma frequency activity came from the observation that this brain 
rhythm can also be generated in isolated brain slices in vitro (Whittington et al., 
1995; Fisahn et al., 1998). 

Cortical interneurons using the inhibitory neurotransmitter gamma-amino-
butyric actid (GABA) have been shown, in both in vitro (Whittington et al., 
1995; Fisahn et al., 1998) and in vivo (Klausberger et al., 2003) studies, to be 
essential for the generation of gamma frequency oscillations. While only consti-
tuting approximately 10–20% of neurons in the cortex detailed morphological 
and electrophysiological studies have revealed a vast complexity and diversity 
of cortical inhibitory interneurons. In the hippocampus, for example, ~20 dif-
ferent cell types have now been reported and it is clear that different classes of 
interneuron play distinct roles in the generation of different types of oscillatory 
activity (Somogyi and Klausberger, 2005; Grillner et al., 2005). No single cri-
teria can be used for the classification of interneurons, but information about 
cell morphology, physiological response properties and molecular markers are 
combined to identify key subtypes (Freund and Buzsaki, 1996). Important neu-
rochemical markers of interneuron subtype include the expression of distinct 
calcium binding proteins, such as parvalbumin, calbindin or calretinin, and the 
expression of neuropeptides such as somatostatin and cholecystokinin (Freund 
and Buzsaki, 1996).

Parvalbumin-containing interneurons in particular have been shown to be 
critical for the generation of gamma frequency activity. Parvalbumin-containing 
basket cells and chandelier cells provide powerful inhibitory input to the soma, 
and axon initial segment respectively, that serves to time the firing of pyramidal 
cells. In addition, the wide diversity of synaptic contacts allows these interneurons 
to co-ordinate activity in large populations of pyramidal cells and so synchronise 
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activity. In addition to chemical neurotransmission, electrical signalling via gap 
junctions between both interneuons and pyramidal cells, is also important for the 
generation of fast cortical oscillations (for review see LeBeau et al., 2003; Traub et 
al., 2004). These, and many other studies over the past 15 years, have gone a long 
way to identifying the key cellular components required for the generation of a 
network rhythm that may be important for consciousness.

Role of gamma frequency oscillations

Singer and colleagues (for review see Singer and Gray, 1995) first identified the 
role of synchronous neuronal gamma frequency oscillations in perception in 
the visual system. Since then gamma frequency oscillations have been seen in 
all sensory, motor, and frontal cortical areas as well as many other brain regions 
such as the hippocampus and amygdala. Gamma frequency oscillations were ini-
tially proposed to be important for “binding”, the linking together of activity in 
different neuronal populations that encode different components of a sensory in-
put (i.e. colour or shape) into a single percept (Engel et al., 1999). Transient syn-
chronisation of widely distributed neural networks was proposed to be necessary 
for conscious perception (Engel et al., 1999).

Recent studies have provided further evidence for a link between gamma fre-
quency oscillations and conscious processing (Fries et al., 1997; 2001; Melloni et 
al., 2007). One study compared EEG activity in human subjects when presented 
with a series of word stimuli, some of which were consciously perceived, others 
were masked words that were processed, but remained non-conscious (Melloni 
et al., 2007; see also Melloni and Singer’s chapter for more detailed discussion). 
An increase in the phase locking, or synchrony, of gamma band activity across 
multiple regions was observed after the presentation of the word stimulus only 
when the word was consciously perceived (Melloni et al., 2007). The authors pro-
posed that the transient global synchrony observed ultimately permitted access 
to consciousness. Dehaene and colleagues (Dehaene et al., 2006) had previously 
suggested non-conscious processing was related to local changes in co-ordinated 
activity, but conscious perception required global synchrony across widely dis-
tributed brain regions.

However, gamma frequency activity cannot simply be equated with conscious 
sensory perception. Gamma frequency activity can be recorded in the EEG in a 
range of different states of consciousness including during the REM phase of sleep 
(Tonnoni and Koch, 2008), during hallucinations in patients with schizophrenia 
(Baldeweg et al., 1998) and in patients with tinnitus (Ashton et al., 2007). We do 
not yet know if these represent the same gamma frequency activity, in that the 
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identical neuronal components are involved in each of these types of gamma fre-
quency activity. Future work (discussed below) may, however, enable us to further 
sub-divide gamma frequency activity based on the cellular components/brain re-
gions that underlie its generation.

Changes in gamma frequency oscillations in disease

If gamma frequency oscillations are essential for normal conscious perception 
then we should expect to see changes in gamma frequency oscillations in condi-
tions of altered conscious perception. Furthermore, understanding how network 
synchrony has changed in a range of neuropathological and neuropsychological 
conditions may help elucidate the cellular changes that occur in these condi-
tions. Abnormalities in gamma frequency activity have now been reported in 
Alzheimer’s disease, schizophrenia and, autism (see Uhlhaas and Singer, 2006 
for review). 

Of these conditions schizophrenia has been the most extensively studied. Pa-
tients with schizophrenia exhibit a range of perceptual abnormalities, most nota-
bly in visual perception and cognitive deficits (see Lewis and Gonzales-Burgos, 
2008; Roopun et al., 2008 for reviews). In addition, several studies have reported 
impaired gamma frequency activity in patients with schizophrenia (Spencer et al., 
2003; Uhlhaas and Singer, 2006). A reduced visual gamma band response (Spencer 
et al., 2003) and a reduction in long-range synchrony in the gamma band have 
both been reported in schizophrenic patients (Uhlhaas and Singer, 2006). These 
deficits in oscillatory activity could reflect either a change in the local neuronal 
circuit and/or a change in long-range connectivity. 

One key common pathological feature associated with conditions of altered 
consciousness such as schizophrenia is a reduction in GABA inhibitory neuro-
transmission (see Lewis and Gonzales-Burgos, 2008 for review). In particular 
two key pathological changes have been well documented. Firstly, a decrease in 
glutamic acid decarboxylase (GAD-67) the enzyme responsible for synthesising 
GABA protein has been observed in the cortex in human post-mortem studies 
from patients with schizophrenia. Secondly, there is a loss of parvalbumin label-
ling in interneurons but no cell loss; although other interneuron classes may also 
be affected (see Lewis and Gonzales-Burgos, 2008 for review). 

Changes in the inhibitory network might, therefore, account for the changes 
in gamma frequency activity observed in patients with schizophrenia (Spencer et 
al., 2003; Ullhaas and Singer, 2006). Working memory (the ability to transient-
ly maintain and manipulate a limited amount of information to guide thought 
and behaviour) deficits are a key feature of the cognitive deficits associated with 
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schizophrenia. It has been suggested that altered GABA neurotransmission in the 
prefrontal cortex may cause impaired gamma frequency and subsequently im-
paired working memory function in patients with schizophrenia (see Lewis and 
Gonzales-Burgos, 2008 for review).

Do changes in parvalbumin-expressing interneurons also account for the 
changes in gamma frequency activity observed in other conditions? More 
detailed studies are currently required to answer this question. However, al-
though there are conflicting reports in the literature, reductions in parvalbumin 
labelling have now been reported in human post-mortem studies in patients 
with Alzheimer’s disease (Brady et al., 1997) and dementia with Lewy bodies 
(Bernstein et al., 2010). Reduced GABAergic neurotransmission, including re-
duced GAD-67 expression, have also been reported in autism in which deficits 
in gamma frequency activity similar to those reported in schizophrenia occur 
(see Uhlhaas and Singer, 2006). 

Optogenetics – A tool to modulate consciousness

As discussed above there is evidence to link changes in parvalbumin-expressing 
interneurons to changes in network oscillations and thus perhaps cognitive func-
tion and some form of conscious experience. However, to uniquely identify the 
role of individual cell types in consciousness new approaches are needed. While 
we have learnt a considerable amount about brain function and network oscilla-
tions from electrophysiological recording techniques, most notably extracellular 
recordings of spikes and field oscillations, the techniques are limited and it is dif-
ficult to identify the cells that have been recorded. Some approaches use ana-
lytical techniques to identify the broad class of cell (excitatory versus fast spiking 
interneuron) on the basis of the extracellular spike waveform. Others have com-
bined extracellular recording with juxtacellular labelling of the cell with bioyc-
tin (Klausberger et al., 2003) but this is technically challenging and the yield of 
identified cells is low. A further limitation of conventional electrophysiological 
techniques is that electrical stimulation, which is used to activate neuronal net-
works, will excite all cells in the vicinity of the electrode indiscriminately. Key to 
understanding the cellular components required for consciousness will be our 
ability to manipulate individual neuronal elements and determine their effects 
on behaviour. In particular, we will need to be able to specifically activate indi-
vidual classes of cells in a complex neuronal network, in specific targeted brain 
regions. In the past few years the advent of optogenetic recordings techniques has 
provided the means to do just that (Boyden et al., 2005; Han and Boyden, 2007; 
Cardin et al., 2009; Sohal et al., 2009). 
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Optogenetic techniques use naturally occurring microbial opsin molecules 
that can be activated or silenced by pulses of light of the appropriate wavelength. 
These molecules can be expressed in neurons in the brain using viral infection 
or transfection techniques. Two widely used opsin molecules activated by differ-
ent wavelengths of light are Natromonas pharanois halorhodopsin (eNpHR) – a 
light-driven chloride pump from Archaebacterium and channelrhodopsin 2 
(ChR2) – a light-gated cation channel from algae (Boyden et al., 2005; Han and 
Boyden, 2007; Cardin et al., Sohal et al., 2009). Different opsin molecules can be 
specifically targeted to either pyramidal cells or interneurons and, when activated 
by a brief pulse of light of the appropriate wavelength, can cause either excitation 
or inhibition of neuronal responses.

Two recent studies have highlighted the role of parvalbumin-containing in-
terneurons in the generation of gamma frequency activity (Cardin et al., 2009; 
Sohal et al., 2009). In one study Sohal et al., (2009) targeted the expression of the 
two different opsin molecules (eNpHR and ChR2) to parvalbumin-containing in-
terneurons in the hippocampus. Reducing activity in the parvalbumin-containing 
interneurons in vivo resulted in a decrease in gamma frequency activity while 
activating these interneurons was sufficient to evoke gamma frequency activity 
(Sohal et al., 2009). In the second study Cardin et al., (2009) specifically labelled 
parvalbumin-containing interneuons and pyramidal cells in the mouse barrel 
cortex. They found that activation of the fast-spiking interneurons in vivo with 
light pulses at 20–80Hz amplified gamma frequency activity. These two studies 
thus confirmed the role of parvalbumin-containing interneurons in the genera-
tion of gamma band activity.

Future work in which individual cell types in a network can be switched on, 
or off, in an awake behaving condition using optogenetic techniques means it 
should be possible to test for the identify of the key cellular requirements for 
consciousness. For example, questions such as what cell types are needed, where 
are these cells located, how many cells need to be active, can all be addressed us-
ing these techniques (Han and Boyden, 2007). Using laser optical fibres coupled 
to electrodes allows one to activate or inhibit specific cell types in multiple brain 
areas in awake behaving animals while simultaneously recording changes in ac-
tivity. Multichannel recording systems and powerful computing capabilities will 
allow study of the spatial properties of oscillations. We can use this technique to 
specifically disrupt synchrony between regions to assess how activity in different 
brain areas co-ordinates information. 
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Conclusions

Considerable evidence now suggests that parvalbumin-containing interneurons 
may be essential for normal gamma frequency activity, in particular for the long-
range synchronisation of network oscillations. Optogenetic techniques seem to 
provide us with the tools that will enable us to probe the contribution of indi-
vidual neuronal classes to the generation of gamma, and other, types of network 
activity implicated in consciousness. 
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Dopamine modulation 
of decision making processes

Anthony A. Grace 

The dopamine system has a number of functions in the brain, from regulation 
of movement to controlling emotional expression and facilitating cognitive or 
conscious processes. Dopamine exerts these actions via its regulation of systems 
interactions. In particular, the influence of this transmitter system on the bal-
ance of afferent input to the nucleus accumbens potently modulates decision-
making processes. An increase in dopamine outflow potentiates afferents from 
the hippocampus subiculum, which are involved in context-dependent process-
es. In contrast, dopamine will also attenuate the ability of the prefrontal cortex 
to switch behavioral tasks. In this manner, the dopamine system is positioned to 
alter the propensity to focus conscious attention on a current task versus flexibly 
altering behavior to more effectively achieve goals. 

 

The dopamine (DA) system has a number of roles in the regulation of the brain. 
Among the first of its functions was elucidated with the discovery that loss of 
DA in the striatum resulted in the movement disorder Parkinson’s disease 
(Hornykiewicz, 1962). However, a more complex role in cognitive function was 
revealed on the discovery that antipsychotic drugs treat schizophrenia primarily 
by blocking dopamine receptors in the limbic, or emotional, areas of the brain 
(Carlsson and Lindqvist, 1963). Thus, in schizophrenia, the dopamine system is 
dysregulated in such a manner as to cause hyper-release of DA within the limbic/
associative striatum (Laruelle and Abi-Dargham, 1999). The role of DA has ex-
panded since this time, particularly given data showing that it is involved in work-
ing memory formation in the prefrontal cortex of the brain; the highest center of 
cognitive integration in humans. DA also plays an important role in emotional 
regulation, since the DA input to emotional areas such as the amygdala are known 
to influence emotional learning processes (Rosenkranz and Grace, 2002). There-
fore, it is clear that DA plays a central role in a wide variety of brain functions. 
In this review, I will focus primarily on the impact of DA in regulating motivated 
behavior, and how this can influence conscious thought processes. 
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One region of the brain in which the DA system has a powerful influence, 
and which is central to a number of behavioral functions ranging from reward 
to motivation, is the ventral striatum. The ventral striatum, including the nucle-
us accumbens, is a brain region rich in interconnections with areas involved in 
higher cognitive function, motivation, and reward. Although not an area directly 
involved in cognitive or conscious thought processes, its connectivity bestows this 
area with the capacity to regulate a number of aspects of cognitive control and 
goal-directed behavior. Indeed, individual neurons within the ventral striatum 
receive inputs from the amygdala, the ventral hippocampus, and the prefrontal 
cortex (O’Donnell and Grace, 1995); all regions involved in emotional and cogni-
tive regulation. Although each of these afferents uses glutamate as a transmitter, 
the functional impact of these systems on the ventral striatal system is markedly 
different. Moreover, the DA system provides a potent influence over functional 
interactions of these afferents within the ventral striatum, enabling a shift be-
tween dominance depending on the state of the organism. The ventral striatum, 
in turn, provides potent outputs that affect the DA system, as well as the thalamic 
nucleus that interconnects with the prefrontal cortex. Therefore, these functional 
loops are positioned to alter the effective weight of each of these systems in reg-
ulating behavior. In particular, this system has potent regulatory influences on 
reward, attention, and the control of goal-directed behavior, and its dysfunction 
leads to disorders ranging from drug abuse to schizophrenia and depression. How 
the ventral striatum and its afferents are involved in such complex tasks can be 
better understood by examining the function of each of these systems, and how 
they compete for influence within the ventral striatum. 

Ventral subiculum of the hippocampus

The hippocampus is organized into a number of subcomponents. The entorhi-
nal cortex is the region that receives inputs from several regions, and the ventral 
subiculum (functionally equivalent to the anterior hippocampus in primates) is 
generally considered to be the output of this region (O’Mara, 2005). However, 
each of the subcomponents in turn has specialized functions. For example, the 
dorsal (posterior) sections of the hippocampus are known to provide information 
regarding location in space, and the neurons receive afferent input that enables 
them to show properties of “place cells” – i.e., neurons that fire when an organism 
is located in a particular location in space (O’Keefe, 1979). As one moves ventrally 
through the rat hippocampus, these place columns receive inputs from various 
aspects of the limbic system, modifying the “place” information to contain data 
related to emotion.  At its ventralmost output region, the ventral subiculum, the 
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information content has been expanded to include emotion, which I have pro-
posed to be the emotional relevance of a location in space (Grace, 2010). The be-
havioral and emotional significance of a location could be interpreted as context. 
Indeed, it has been proposed that the ventral subiculum is the part of the brain 
in which context is represented (Sharp, 1999), and as such plays a role in context-
specific interpretations of stimuli. 

The ventral subiculum has a number of outputs of relevance for cognitive 
control and motivation (O’Mara, 2005). It has a prominent output to the pre-
frontal cortex, which mediates aspects of memory formation. Memory-guided 
behavior is generally believed to occur along several dimensions; among these 
are retrospective and prospective information-driven behaviors. Episodic 
memory is an example in which information is gleaned from past events to 
form memories. This episodic memory can then be used in a prospective man-
ner to plan for future strategies. Thus, if we are walking along our normal route 
and a bridge is out, we can use this retrospective memory to recall alternate 
routes. However, the following day, we can recall our past experience with the 
bridge in order to form a prospective plan to avoid that route. Our studies have 
shown that retrospective memory is dependent on the hippocampal formation 
(Goto and Grace, 2008). However, for this episodic memory to be utilized in a 
prospective, predictive manner, we found that information must be transferred 
to the prefrontal cortex in a manner that depends on both D1 and D2 dopamine 
receptors in the frontal cortical region. In this way, memory of events can be 
used to guide future behavior.

In addition to providing this influence over memory events, the ventral su-
biculum also plays a prominent role in regulating information flow in a context-
dependent manner subcortically. A prominent output of the subiculum is to the 
ventral striatum/nucleus accumbens region. Here, the ventral subiculum inner-
vates spines of medium spiny GABAergic neurons. These medium spiny neurons 
are the crossroads of a number of afferent inputs. Thus, as cited above, it has been 
shown that single accumbens medium spiny neurons receive excitatory glutama-
tergic input from at least three sources: the prefrontal cortex, the nucleus accum-
bens, and the amygdala (O’Donnell and Grace, 1995). However, despite the fact 
that all of these afferents contain the same transmitter, the impact of the ventral 
subicular input on the accumbens is quite different. Thus, the subiculum is found 
to produce long-duration (hundreds of millisecond) depolarized plateau “up” 
states in accumbens neurons (O’Donnell and Grace, 1995). These long-duration 
up states are due to properties of the afferent input and the membrane properties 
of the medium spiny neurons. In the absence of this afferent input, the membrane 
potential of the accumbens neuron is very hyperpolarized, and is not likely to 
generate spike activity (and hence information flow) in response to even strong 
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inputs from other regions. However, when the ventral subiculum drives the ac-
cumbens into an up state, the membrane potential is sufficiently depolarized to 
allow the neuron to generate spikes to comparatively small excitatory afferent in-
puts. Thus, the ventral subiculum “gates” information flow through the nucleus 
accumbens (O’Donnell and Grace, 1995). This could be of particular relevance for 
inputs from areas such as the prefrontal cortex. Thus, the prefrontal cortex would 
depend on an input from the hippocampus in order to generate spike activity. 
This accumbens activity would then be transmitted via the ventral pallidum to 
the mediodorsal nucleus of the thalamus, which itself innervates the prefrontal 
cortex (Grace, 2000). Thus, information flow along the prefrontal-accumbens-
pallidal-thalamic-prefrontal loop would be gated by ventral subicular inputs to 
the accumbes (Figure 1). Given that the subiculum activity is context-dependent, 
then the subiculum would be capable of filtering prefrontal input based on its 
relevance to the current context. If the input from the prefrontal cortex is rel-
evant to the context, this information is passed along the loop and reinforced via 
a feedback to the prefrontal cortex. If however the information is out of context, 
information flow would be blocked. Thus, the hippocampus will keep the organ-
ism focused on a task, while blocking extraneous influences that attempt to divert 
the individual from performing the task at hand. The input coming from the hip-
pocampus subiculum is further modulated by the dopamine system. Thus, activa-
tion of dopamine D1 receptors will potentiate subicular inputs to the accumbens 
(Goto and Grace, 2005b). 

Prefrontal cortex and behavioral flexibility

The prefrontal cortex is the highest centre of integration in the mammalian brain. 
As such, it has influences over a number of brain activities. In fact, if one were 
to catalogue the influences of the prefrontal cortex, it would seem that there was 
precious little else for the rest of the brain to do, as this would involve: executive 
function, working memory, prospective memory, emotional regulation, alterna-
tion of behavior, delay processes, sensory integration, motor control, etc. How 
could one region perform all of these functions? In my opinion, this would not 
be feasible, and indeed would cause the organism to be rather vulnerable to dam-
age to this area. Indeed, animals in which the prefrontal cortex has not as yet 
developed can still perform many of these functions. Furthermore, it is clear that 
lesion of this area does not totally incapacitate all animal or human behaviors, as 
this was once a common treatment for severe mental disorders. One resolution 
to this dilemma is if the prefrontal cortex is involved in the regulation of each of 
these functions. Thus, the prefrontal cortex, via its afferents to the amygdala, can 
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effectively suppress amygdala responses to aversive stimuli as well as emotional 
learning (Rosenkranz and Grace, 2002). Via its afferents to the accumbens, the 
prefrontal cortex can regulate drug responses and supply an afferent bias to the 
hippocampal input, as well as compete with this input (see below). Therefore, the 
prefrontal cortex is positioned not to mediate all of these behaviors, but instead to 
provide a regulatory “top–down” modulation of these behaviors. 

Nucleus
Accumbens

Prefrontal Cortex
(behavioral flexibility)

Ventral
Pallidum

MD
Thalamus

VTA DA
Neurons

Ventral
Subiculum

(contextual focus)

PPTg

(-)

(+)

Figure 1.  The ventral subiculum of the hippocampus is a structure whose activity is 
determined by the environmental context of the organism, and is presumed to gate 
information flow according to context. Thus, the subiculum drives a context-specific 
subset of neurons in the nucleus accumbens into up states; only those neurons in the 
up state will fire spikes when receiving input. In this example, the prefrontal cortex only 
triggers action potential firing in the neuron in the up state (green lines). This neuron 
then passes information to the ventral pallidum and mediodorsal (MD) thalamic nucleus 
and back up to the prefrontal cortex, reinforcing this loop while blocking activity in 
pathways related to other contexts (gray lines). This circuit also influences DA neuron 
firing; when the subiculum is activated, the activation of the accumbens removes ventral 
pallidal inhibition of ventral tegmental area (VTA) DA neurons, causing more of them 
to fire. The firing neurons can then be driven to burst fire by the pedunculopontine teg-
mentum (PPTg). The increase in DA transmission in the accumbens further potentiates 
ventral subicular input while attenuating prefrontal cortical input, shifting the balance of 
information flow in this region. Short dashed arrows = inhibitory; Long dashed arrows = 
excitatory; Solid grey arrows = modulatory.
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One of the behaviors that the prefrontal cortex is found to potently influence 
is behavioral flexibility (Clarke et al., 2004). Thus, when an animal is performing 
a task that leads to a reward, the prefrontal cortex does not need to be involved. 
However, if the task is found to be ineffective in producing a reward, the prefron-
tal cortex can activate to enable the organism to select a different strategy. This is 
made clear in tasks such as the Wisconsin card-sort test. In this task, a person is 
asked to sort cards according to one dimension of information – e.g., the shape of 
the objects on the card. Such a task does not activate the prefrontal cortex. How-
ever, if the criterion for a correct response now changes such that the old strategy 
is now ineffective (e.g., now the number of objects on the card is the rewarded 
criterion), the prefrontal cortex activates, enabling the person to ignore the pre-
viously reinforced behavior and to select a novel strategy (Berman et al., 1995). 
If on the other hand, the prefrontal cortex is damaged, the organism will show 
perseveration – i.e., it will continue to perform the task according to the previous 
criteria, despite the lack of reinforcement (Ragozzino et al., 2003). 

As reviewed above, the prefrontal cortex also sends glutamatergic inputs to 
the nucleus accumbens. Moreover, the prefrontal cortical inputs to the accumbens, 
like those of the subiculum, are also modulated by DA. However, this modula-
tion occurs via a distinct DA receptor subtype; i.e., the D2 receptor family. More-
over, DA is found to attenuate input coming from the prefrontal cortex (Goto 
and Grace, 2005b; O’Donnell and Grace, 1994). Thus, the DA system affects the 
subiculum and prefrontal cortical inputs to the accumbens in opposite manners: 
it potentiates the hippocampal input via an action on D1 receptors while attenuat-
ing the prefrontal cortical input via an action on D2 receptors.

Dopamine system regulation in the control of accumbens afferents

The DA system has its origin within the midbrain, in a cluster of neurons within 
the ventral tegmental area and substantia nigra. Although the number of DA neu-
rons in this region is comparatively limited compared to many other brain nuclei, 
their widespread connections and extensive collateralization cause this neuron 
class to have a substantial impact on its postsynaptic targets. Indeed, it is estimat-
ed in the rat that each DA neuron gives rise to over 1,000,000 terminals (Anden 
et al., 1966). Given that these projections are furthermore topographically or-
ganized, this would enable small clusters of DA neurons to exert a substantial 
impact on their target neurons.

The DA neurons themselves are rather unusual in their activity states. Thus, 
DA neurons typically exist across three activity states. First, a large proportion of 
the DA neurons in the baseline, unstimulated state are quiescent and non-firing; 
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this is estimated to be approximately 50% of the population of neurons (Grace 
and Bunney, 1984b). DA neurons in this state may be considered “in reserve,” and 
can be activated when the system is placed under demand. This state is believed 
to be maintained by a potent inhibitory input arising from the ventral pallidum 
(Floresco et al., 2003). When this inhibition is released, DA neuron activity is 
driven via an endogenous pacemaker conductance. This pacemaker conductance 
drives DA neurons in a pacemaker-like pattern when there is no afferent drive, 
as is observed in vitro in brain slices (Grace and Onn, 1989); in vivo, the pattern 
is one of a slow, irregular discharge activity. This would be the “idling” state of 
active DA neurons. The proportion of DA neurons that are firing spontaneously 
is termed the population activity.  The third state occurs in response to a behav-
iorally relevant stimulus; this causes the DA neurons to emit a burst of action 
potentials (Grace and Bunney, 1984a). This burst is driven by glutamate acting 
on NMDA receptors (Chergui et al., 1993), and is proposed to be the behaviorally 
salient output of the DA system. Thus, when an organism encounters a behavior-
ally salient stimulus, such as one predicting reward, the DA system is caused to 
burst fire (Schultz, 1998). The glutamatergic input that drives burst firing in the 
limbic DA neurons arises primarily from a brainstem region known as the pe-
dunculopontine tegmentum (PPTg; Floresco et al., 2003; Lodge and Grace, 2006).  
DA neurons will burst fire only upon NMDA receptor drive.  However, in order to 
activate NMDA receptors, the neuron must be in a depolarized state; otherwise, 
there is a magnesium block of the NMDA channel (Mayer et al., 1984). As a con-
sequence, only DA neurons that are spontaneously active will respond to PPTg 
input with a burst of spikes.

As mentioned, the population activity of the DA neurons (i.e., the propor-
tion of DA neurons firing spontaneously) is regulated by a potent GABAergic in-
put arising from the ventral pallidum. The ventral pallidum, in turn, is inhibited 
by the ventral striatum/nucleus accumbens. Furthermore, the ventral striatum 
can be potently excited by the ventral subiculum of the hippocampus. Thus, the 
subiculum is positioned to control the population activity of the mesolimbic DA 
system. Indeed, our studies show that activation of the ventral subiculum will 
indeed increase the DA neuron population activity by more than 2 fold via the 
subiculum-accumbens-ventral pallidal pathway (Floresco et al., 2003).  This will 
have an important consequence for the state of responsiveness of the DA system. 
Thus, a behaviorally salient stimulus will activate burst firing of DA neurons via 
an activation of the PPTg-glutamate input. However, it will only drive burst fir-
ing in the population of DA neurons that is already firing spontaneously; a factor 
that is regulated by the subiculum. Thus, the PPTg will supply the behaviorally 
salient activation, but the amplitude of this activation will depend on the num-
ber of DA neurons firing, which is driven by the ventral subiculum. The ventral 
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subiculum, therefore, provides the level of amplification of the signal (Lodge and 
Grace, 2006) (Figure 2). This is consistent with the role of the subiculum in me-
diating context-dependent processes. Thus, if one is in a benign environment 
where there is little expectation of a serious threat or probability of action lead-
ing to a large reward, the subiculum would keep the DA system in a baseline 
state. If a signal occurs, such as a noise in the background, the activation of the 
DA system would be minimal, and the urgency with which a response is gener-
ated is low. If, however, one is in an environment in which there is a high expec-
tation of reward (e.g., hunting) or danger (e.g., a war zone), the subiculum would 
drive the DA system at a high level, causing the stimulus to trigger burst firing 
in a large number of DA neurons and attention to be strongly drawn toward the 
object in deference to other ongoing activity. Therefore, the contingencies of the 
environmental context would, via the ventral subiculum, set the response level 
of the DA system appropriately. 

When there is a system such as the one described, there is the potential that 
disruption of the system could lead to altered behavior. Indeed, we have found that 
dysfunction of DA neuron population activity can play a substantial role in dis-
ease states. Thus, in schizophrenia patients, imaging studies have shown the pres-
ence of hyperactivity within the anterior hippocampus (Malaspina et al., 1999). 
Moreover, it is known that in schizophrenia, the DA system is hyper-responsive, 
in that a stimulus such as amphetamine will cause a greater DA release (in terms 
of raclopride displacement) than in a normal subject (Laruelle and Abi-Dargham, 
1999). In a developmental animal model of schizophrenia (Moore et al., 2001), we 
have found that the ventral subiculum is indeed hyperactive (Lodge and Grace, 
2007), possibly owing to a decreased interneuron function (Lodge et al., 2009). 
Moreover, the DA neuron population activity is maximally increased at baseline 
under this condition (Lodge and Grace, 2007). Thus, the “gain” is set to maxi-
mum, under all conditions. As a consequence, all stimuli that occur, whether they 
are behaviorally salient or not, will cause a maximal DA release and draw atten-
tion to what has been interpreted as a highly threatening stimulus. Thus, the nor-
mally benign stimulus would be given an abnormally high level of salience. Such 
“aberrant salience” has been proposed to lead to delusional states (Kapur, 2003), 
possibly due to this abnormally amplified DA signal. In other words, even if the 
object itself is benign, the attribution of a high level of motivational salience to the 
object would lead to construction of a condition in which the object does have the 
level of salience assigned to it, even if this construct is not based on fact. Indeed, 
inactivation of the ventral subiculum in this rat model was found to reverse both 
the increase in DA neuron population activity as well as the hyper-responsivity to 
amphetamine (Lodge and Grace, 2008). 
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Prefrontal cortical-hippocampal interactions and goal-directed behavior

The interaction of the prefrontal cortex, the subiculum and the DA system is also 
proposed to play a substantial role in guiding behavioral responses and decision-
making. Thus, as reviewed above, afferents from the subiculum and prefrontal 
cortex will drive accumbens neurons via a glutamatergic process. Moreover, the 
DA system regulates this drive in different manners, with DA D1 stimulation po-
tentiating the ventral subicular input, while DA D2 receptor stimulation will at-
tenuate prefrontal cortical drive. However, the impact of these afferents was also 
found to be potently influenced by synaptic plasticity. Thus, high-frequency theta 
burst stimulation of the hippocampal input to the accumbens is known to pro-
duce a long-term potentiation (LTP) of inputs from this region. In other words, 
a strong drive of the hippocampal afferent will potentiate further input coming 
from this region. The same condition will also occur if the prefrontal cortex is 
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Figure 2.  Activity of the DA neurons is determined by two factors: population activ-
ity (i.e., the number of neurons firing) and burst firing. The pathway originating in the 
ventral subiculum determines the number of DA neurons firing; the higher the subicular 
activity, the more neurons that are active. In contrast, the pedunculopontine tegmentum 
causes spontaneously firing DA neurons to emit bursts of spikes. When a novel stimulus 
is detected, the pedunculopontine tegmentum activates, causing spontaneously firing 
DA neurons to emit a burst of spikes. The number of DA neurons that are driven to burst 
firing is determined by the ventral subiculum as a function of the environmental context. 
In more activating contexts, the subiculum causes a greater number of DA neurons to 
fire spontaneously, and hence a larger proportion are driven to burst fire by the peduncu-
lopontine tegmentum. Thus, the amplitude of the response to the signal is determined by 
the gain provided by the ventral subiculum.
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stimulated; thus, high-frequency stimulation of the prefrontal cortex will induce 
LTP on this afferent system. However, there is also another face to this response: 
high-frequency stimulation of the subiculum will induce LTP in this afferent, but 
will cause long-term depression (LTD) of the prefrontal input. Conversely, high-
frequency stimulation of the prefrontal input will cause LTP in the stimulated 
input and LTD in the subicular input (Goto and Grace, 2005a). Thus, the pre-
frontal cortex and the hippocampus will compete with each other for the control 
over the accumbens, with the system that is driven the strongest winning. The DA 
system will provide a further bias to this system as well. Thus, increases in DA 
transmission will potentiate the hippocampal subiculular input while attenuating 
the prefrontal cortical input, thereby biasing subicular drive over prefrontal drive. 
Given that activation of the hippocampus will also drive DA neuron activity, the 
subicular-DA-subicular potentiation loop would be self-perpetuating.

This condition of subiculum-prefrontal competition for control of the acc-
cumbens may be interpreted on a functional basis. Although speculative, such 
a condition could draw a link between DA regulation of synaptic plasticity and 
goal-directed behavior. I propose that this system is organized in such a way as to 
control most of ongoing behavior and direction of attention. Suppose that you are 
engaged in a task, such as having an engaging conversation with a colleague. This 
is the ongoing activity, defined in the context of interpersonal interactions. As a 
result, the ventral subiculum would be activated for that context, leading to the 
induction of LTP in the subiculum-accumbens pathway. If the interaction is en-
gaging, the rewarding nature of the interaction would activate the DA system, fur-
ther potentiating this engagement while screening out other influences. Your full 
attention is focused on the person and the conversation, and context-dependent 
LTP in the subiculum-accumbens pathway is reinforcing this highly focused at-
tention while preventing interference from distractors. But let’s say that during 
this conversation , someone with whom you would like to talk enters the room 
and calls out your name. Since this is an interaction with which you are highly 
motivated to have, this would decrease the relative reinforcing value of your cur-
rent conversation. Thus, just like in the event where lack of an expected reward 
will inhibit DA neuron firing (Schultz, 1998), this decrease in reinforcing value of 
the current conversation would decrease the DA input to the accumbens, dimin-
ishing the subicular focus on the current task, and through disinhibition allowing 
activation of the prefrontal cortex. The prefrontal cortex would then initiate “be-
havioral flexibility,” causing you to disengage from your current conversation (by 
inducing LTD in the subiculum-accumbens pathway and LTP in the prefrontal-
accumbens pathway). The prefrontal cortical control would then drive you to an 
alternate context (i.e., the person that entered the room). Once the new conver-
sation is engaged, the resulting reward would activate the DA system, disengage 
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the prefrontal drive (via D2 inhibition of prefrontal afferents and LTD in the pre-
frontal-accumbens pathway) and engage the subiculum (via D1 potentiation of 
hippocampal afferents and LTP in the hippocampal-accumbens pathway), thus 
locking attention onto the new conversation. In this way, attention can be focused 
in a flexible manner on an ongoing activity provided it has some reward value, but 
also to disengage when either the current activity fails to produce a reward or a 
competing, more rewarding task presents itself.

This would be the normal manner in which the system would interact – LTP 
and LTD existing in a flexible, reversible manner to direct and hold attentional 
states and to switch engagements as the contingencies demand. However, it would 
also be possible to disrupt such a delicate, effective goal-directed balance. One way 
this could happen is with drugs of abuse. Drugs have been described as “hijack-
ing” the brain (Bechara, 2005).  Our studies revealed an interesting phenomenon 
that is related to this interaction. Following repeated cocaine treatment, we found 
an induction of a DA-dependent LTP in the subiculum-accumbens pathway, that 
leads to perseverative behavior (Goto and Grace, 2005a). Thus, this flexible system 
that will engage and disengage depending on contingencies is now thwarted, with 
the cocaine causing the system to focus engagement on the current context – i.e., 
taking the drug. Under this state, the act of taking the drug becomes the reinforced 
context via induction of LTP in the subiculum-accumbens pathway. Such a condi-
tion would not depend on the drug being reinforcing, since it is now the act of tak-
ing the drug that drives the focus of the system. This could be representative of the 
addicted brain, in which the “liking” of the drug is replaced by “wanting” the drug, 
independent of the reinforcing properties (Robinson and Berridge, 1993).

Dopamine, cognitive control and consciousness

The contribution of the limbic system to the control of directed attention and mo-
tivation is outlined, and a speculative synthesis of how these systems could inter-
act to influence decision-making is presented. The DA system provides an impor-
tant modulatory influence over these activities. DA is in itself not a reward, but 
instead is a system that controls balance and level of activation – it is the lubricant 
that facilitates focus and enables drives to change. The decision-making process in 
this model is driven in a reward-based manner.  But it may be that this reward is 
what engages us to perform activities. Just as DA is required to allow movement, 
it is also required to provide motivation and drive. Perhaps it is the system that 
enables us to “feel” the consequences of our actions as correct (i.e., rewarding) 
or aberrant, and to direct the systems to engage to either maintain performance 
of the rewarded task or to change behaviors to test alternate possibilities. Such 
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systems are likely present at many levels of phylogeny beyond the human.  What 
makes us human may be the ability to become consciously aware of the decision 
process, to the benefit or the detriment of the actor.

How does this relate to consciousness? Consciousness, as stated many times, 
is the “hard” problem.  But we also know that conscious thought is not a static 
state, but a dynamic state that is modulated by environment and behavioral ne-
cessities. What I have described here is how consciousness can be directed; that 
the focusing of conscious attention is potently modulated by circuits that evaluate 
the impact of the directed attention, whether it is appropriate, and provide a cir-
cuit-based mechanism by which this conscious state can be biased. The ability to 
use prospective information to inform a conscious decision, or to shift conscious 
attention to attain the greatest advantage, are likely systems that have been built 
evolutionarily from comparatively simple constructs used to react automatically 
to the environment, to the state in the human in which the flow of conscious 
thought is organized and directed. When this flow of thought is disrupted, as oc-
curs in schizophrenia, or is misappropriated, as in drug abuse, the fine control of 
conscious thought can no longer be effectively managed to deal with the process-
ing of complex information in a way that would direct optimal behavior. 
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Undercurrents of consciousness
The endocannabinoid system

Heather Ashton 

The endocannabinoid system acts as a neuromodulator, interacting with other 
neuromodulators such as the opioids. It influences all vital body functions and 
sets the tone of every conscious thought and feeling. It operates largely below 
conscious levels but occasionally floats into consciousness where it is perceived 
as perfect bliss and pain-free calm.
� Worlds on worlds are rolling ever
� From creation to decay
� Like the bubbles on a river
	�  Sparkling, bursting, borne away
		�   P. B. Shelley (1792–1822)

With its 100 billion neurones, each connecting with over 10,000 others and 
changing activity as often as 200 times a second, the brain is a veritable factory 
of information-processing which mostly occurs at an unconscious, subconscious 
or preconscious level. Above the ever-active undercurrents, conscious awareness 
erupts from time to time like an evanescent bubble representing only a minute 
proportion of the total information processing. At any one moment we are gen-
erally aware of a single train of thought, sensation or emotion which constantly 
changes in intensity or direction or is replaced by another.

At other times, the bright bubble fades as we become less vividly aware of our 
thoughts and surroundings, which descend into vagueness and finally disappear as 
we sink into dreamless sleep – often to rise briefly in modified form during dream-
ing. Thus the level of consciousness is on a constantly shifting spectrum with atten-
tive awareness at one extreme and dreamless sleep at the other. But the whole brain 
never sleeps and the undercurrents flow on, unnoticed but powerful.

These levels of consciousness have physiological underpinnings. Neurones 
communicate via neurotransmitters and neuromodulators. As described by Perry 
and Young (2002), the chief “executive” neurotransmitters determining the general 
level of cortical excitability are GABA (gamma aminobutyric acid) and glutamate. 
Interacting with these primary control mechanisms is a complex series of modu-
latory transmitter systems, including acetylcholine and the monoamines dopa-
mine, noradrenaline, serotonin, histamine and others. Most of these originate in 
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discrete subcortical nuclei but have widespread cortical projections which target 
receptors on many other neurones. A further series of diffusely distributed linked 
modulatory systems include neuropeptides such as opioids, adenosine, the gas 
nitric oxide and the endocannabinoid system – the subject of this chapter.

The endocannabinoid system

“I think big decisions are often made – or drafted – over long  
periods in the unconscious mind where evidence accumulates and  
arguments are weighed without the conscious man knowing what  
is going on. In time, everything is ready for the flick of the switch,  

and it is only of that final flick that we are conscious.”
		  			   Matthew Parris, Times2, Sept. 27, 2002, p. 5

Possibly the most powerful and ancient of the modulatory systems that influence 
every conscious thought and feeling is the endocannabinoid system which has 
been preserved through eons of evolution. Cannabinoid receptors are found in 
invertebrates such as leeches, molluscs and insects that diverged from vertebrates 
over 300 million years ago, and are present in all vertebrates. This evolutionary 
conservation suggests that they serve important physiological functions.

The endocannabinoid system consists of specific cannabinoid receptors (CB1, 
CB2 and probably others), their natural ligands (anandamides and others) and spe-
cific enzymes for their biosynthesis and inactivation. In man, the system modu-
lates almost all vital functions, including those clearly involved in consciousness 
(cognition, learning, memory, perception, mood, sleep, pain, appetite, reward, 
motivation) and many that do not normally reach consciousness (motor control, 
cardiovascular regulation, endocrine activity, metabolism, immune reactions). 
Furthermore, the system interacts closely with other modulator systems and influ-
ences the activity of all the neurotransmitters including GABA and glutamate.

Receptors. CB1 receptors are widely distributed in the brain including the 
cerebral cortex, especially frontal cortex, limbic system including hippocampus 
and amygdala, all sensory areas, motor areas including thalamus and central pain 
pathways, basal ganglia and cerebellum, hypothalamus, pons and medulla. There 
are more CB1 receptors in the brain than all the dopamine, noradrenaline and 
serotonin receptors combined and ten times more than opioid receptors. CB1 re-
ceptors are also present in the spinal cord and peripheral nerve terminals in the 
gut and fat cells (adipocytes).

CB2 receptors are distributed mainly in immune tissues and inflammatory 
cells, including spleen, tonsils, thymus, lymphocytes, mononuclear cells and mac-
rophages, and there are also some in the brain.



	 Endocannabinoids and consciousness	 55

Both CB1 and CB2 receptors are metabotropic receptors coupled to a second 
messenger Gi/o protein. Their mechanisms of action are shown in Figure 1. The 
final result of their activation is inhibition of neuronal depolarisation, decreased 
action potential generation, decreased release of neurotransmitters, either excit-
atory or inhibitory, and hence reduced impulse propagation. Other receptors, 
such as for monoamines or opioids, on the same post-synaptic neurone as CB1 
receptors may share common mechanisms, thus setting the scene for interactions 
between the different modulator systems (Figure 1).
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Figure 1.  Signal transduction mechanisms mediated by CB1 receptors.
Local excitation of a post-synaptic neurone triggers the synthesis of anandamide or 
2-AG which are released into the extracellular space and act retrogradely as agonists 
on presynaptic CB1 receptors. The CB1 receptor (1) is coupled to a second messenger 
Gi/o protein. Via this protein, activation of the receptor inhibits the enzyme adenylate 
cyclase (2) and decreases the production of cAMP (3). Via the G-protein, the inward 
flow of calcium ions is blocked (4), decreasing the release of neurotransmitters (5). 
Also via the G-protein, the outward flow of potassium ions is enhanced (6), resulting 
in decreased neuronal firing and decreased impulse transmission (7). Stimulation of 
the G-protein also activates MAP kinase (8), affecting intracellular gene expression. 
Other receptors on the same neurone (for monoamines and/or opioids) may activate 
their own G-proteins but share a common adenylate cyclase, which they may stimulate 
(9) or inhibit (10). (Christie and Vaughan, 2001; Alger, 2004).
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Endocannabinoids. The endogenous ligands for both CB1 and CB2 receptors are 
a family of arachidonic acid (fatty acid) derivatives. The first to be discovered 
were anandamide (N-arachidonoyl-ethanolamine, AEA) and 2-arachidonoyl-
glycerol (2-AG), but three more cannabinoid receptor agonists have recently 
been proposed (De Petrocellis et al., 2009). Endocannabinoids are present in 
the brain in the same areas as CB1 receptors. Unlike monoamine neurotrans-
mitters, anandamide and 2-AG are not stored in vesicles but are synthesised in 
post-synaptic neuronal membranes and released at discrete loci ‘on demand’ 
following physiological stimuli such as neuronal depolarisation. After release 
from the post-synaptic membrane, they act retrogradely as agonists on presyn-
aptic CB1 receptors (See Figure 1). However, they are rapidly inactivated by 
enzymatic hydrolysis and removed from the site of action by neuronal reup-
take mechanisms. Details of the biosynthesis, release and inactivation of anan-
damide and other endocannabinoids are given by De Petrocellis et al. (2009). 
The localised action and rapid inactivation of anandamide and 2-AG is in 
sharp contrast to the actions of the cannabis plant-derived cannabinoid THC  
(∆9-tetrahydrocannabinol) which is widely distributed, stimulating simultane-
ously CB1 and CB2 receptors in all areas, and is very slowly eliminated, produc-
ing long-lasting and abnormal physiological effects. The effects of THC, espe-
cially in high doses, override the delicate balance within the endocannabinoid 
system and cause severe cognitive impairment, sensory distortion, and pertur-
bations of consciousness.

Endocannabinoid tone

“I have the growing belief that the endocannabinoid system …  
constitutes a major modulator/messenger supersystem,  

which is at least as important as the monoaminergic, purinergic  
and cholinergic systems. Furthermore, these modulator 

 systems work hand in hand ….”
		  Attila Köfalvi in Cannabinoids and the Brain (2008)

How are you feeling today? Happy/depressed? Relaxed/anxious? Pain-free/
aching? A great many conscious feelings are determined by the underlying, and 
unconscious, “tone” of the endocannabinoid system – this tone is itself affected by 
downward influences from conscious events.

A few of many examples are described below.
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Mood regulation

Happiness. The “runner’s high” has been described by athletes as “pure happiness, 
elation, a feeling of unity with oneself and/or nature, endless peacefulness, in-
ner harmony, boundless energy, and reduction in pain sensation” (Dietrich and 
McDaniel, 2004). These sensations have previously been attributed to release of 
endorphins (endogenous opioids) by exercise, but the evidence is equivocal since 
it is based entirely on measurement of endorphins in circulating blood and en-
dorphins do not cross the blood-brain barrier. Also, endorphins depress respira-
tion and cause pinpoint pupils, changes not seen in runners.

However, exercise (running and cycling for one hour at moderate intensi-
ty) causes a significant rise in blood levels of anandamide, which does cross the 
blood-brain barrier, compared with non-exercising controls (Sparling et al., 2003). 
Exercise makes ‘demands’ on many systems and presumably causes widespread, 
but specific, peripheral and central release of anandamide. Endurance athletes, 
such as marathon runners, also report euphoria, sedation (post-exercise calm), 
decreased anxiety and sense of well-being, similar to the “runner’s high” and to 
the effects of CB1 receptor agonists such as THC (Sparling et al., 2003; Dietrich 
and McDaniel, 2004). These authors suggest that endocannabinoids, rather than 
endorphins, are the key mediators of the “runner’s high”. The very name anan-
damide is derived from the Sanskrit word ananda meaning bliss.

Yet both cannabinoid and opioid receptors are present in the major reward 
pathways in the brain – the dopaminergic mesolimbic pathway which includes 
the nucleus accumbens. Both CB1 receptor agonists such as anandamide and 
opioids increase dopamine release in the nucleus accumbens, and this action is 
believed to be the basis of all rewarding and addictive drugs and of natural re-
wards such as eating and sex (Gardner, 1999). There is a close interaction between 
cannabinoids and opioids. For example, the reinforcing properties of opioids are 
greatly reduced in CB1 knockout mice (Ledent et al., 1999). Both CB1 agonists 
such as THC and opioids such as morphine and heroin are drugs of addiction. 
Their combined actions, both centrally and peripherally, may not only account 
for the “runners’ high” but also for the addictive quality of regular exercise and 
the withdrawal symptoms experienced when the exercise is stopped. A similar 
cannabinoid/opioid interaction is involved in analgesia (see below).

In relation to consciousness, athletes do not initially set out in order to be 
happy and pain-free, and the “high” does not always occur. But when it does, it 
seems to bubble up spontaneously into consciousness from the undercurrents of 
increased endocannabinoid (and probably endorphinoid) tone. It is interesting 
that animals appear to be primed to enjoy activities that they need for survival, 
such as chasing quarry, eating and sex, and man is no exception.
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Depression, anxiety, psychosis. Unpleasant emotions obtrude into consciousness if 
the endocannabinoid system is overstimulated. For example, THC, the CB1 recep-
tor agonist in cannabis, has biphasic actions: low doses decrease anxiety, tension 
and depression, while high doses provoke anxiety, panic, dysphoria and acute 
psychosis. Undesirable reactions are more common in naïve subjects, stressful 
situations, mental illness, and chronic use (Ashton et al., 2005). These reactions 
are associated with smoking, especially of potent cannabis preparations such as 
“skunk”, or intravenous administration which flood the endocannabinoid system, 
in contrast to anandamide which, as mentioned above, is physiologically released 
according to tissue ‘demand’ and quickly inactivated.

The effects of CB1 overstimulation have clinical implications. There is evidence 
from post-mortem studies that elevated levels of endocannabinoids (anandamide 
and 2-AG) and of CB1 receptors are present in the dorsolateral prefrontal cortex of 
depressed suicide victims and also in alcoholic suicides compared with controls. 
Similar post-mortem changes are found in the prefrontal cortex and anterior cin-
gulate gyrus in schizophrenics (Tzavara and Witkin, 2008). All these conditions, as 
well as depressed patients with Parkinson’s disease, were associated with polymor-
phisms of the CNRI gene which codes for CB1 receptors (Vinod and Hungund, 
2006). It is not clear whether these changes are causative or whether they indicate 
compensatory adaptations to initial low levels of endocannabinoids but the au-
thors “hypothesise that the sensitisation of CB1-receptor-mediated G protein sig-
nalling in the prefrontal cortex is one of the etiological or neuroadaptive factors 
in the pathophysiology of suicide”. Further discussion and potential cannabinoid 
therapies for depression are discussed by Tzavara and Witkin (2008).

However, this hypothesis is counterintuitive as an explanation for depression 
in general. Decreased CB1 activity seems more likely to account for the anhedo-
nia, anxiety, decreased pain tolerance, chronic pain conditions, and decreased se-
rotonergic activity that often accompanies depression, as well as the observation 
that the CB1 receptor antagonist, rimonabant, causes depression and anxiety in a 
significant proportion of psychiatrically normal subjects (Pi-Sunyer et al., 2006). 
It may be the location and degree of endocannabinoid tone that determines a 
person’s conscious mood.

With regard to anxiety, there is convincing preclinical evidence that stress-
ful situations provoking anxiety increase cannabinoid tone, as shown by raised 
anandamide levels in the amygdala, and endocannabinoids, in turn, decrease 
anxiety. Endocannabinoids also exert an amnesic effect, also probably mediat-
ed through the amygdala and hippocampus, and are crucial for the extinction 
(forgetting) of aversive memories (Degroot, 2008). These actions are consistent 
with the observation that cannabis smokers often forget what they started to say 
before they come to the end of a sentence. Thus endocannabinoids, “the brain’s 
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own marijuana”, act as a kind of dimmer switch, decreasing anxiety during stress 
and the memory of the fear afterwards, thus helping the individual to cope with 
stressful situations and their after effects (perhaps even preventing post-traumatic 
stress disorder (PTSD).

Observations of the effects of cannabidiol (CBD), a cannabinoid present in 
cannabis, has clinical implications in anxiety disorders. CBD has anxiolytic, hyp-
notic, antipsychotic and anticonvulsant actions, and has similar anxiolytic effects 
to diazepam in a simulated public speaking task (references in Ashton et al., 
2005; Degroot, 2008). Its effects appear to be due to inhibition of both inactiva-
tion and reuptake of anandamide, thereby increasing anandamide concentra-
tions. CBD may also act as an agonist at serotonin (5-HT1A) receptors, similar to 
the effects of the SSRIs (selective serotonin reuptake inhibitors) the most widely 
prescribed treatment for anxiety disorders (Gobbi et al., 2005). SSRIs are not 
without adverse effects; drugs that modestly increase endocannabinoid tone may 
offer a more “physiological” approach for the treatment of both depression and 
anxiety disorders.

Pain modulation

Pain, of course, is only pain when it becomes conscious. But the systems under-
lying the modulation of pain perception remain intact and active below con-
sciousness, particularly the powerful pain inhibitory mechanisms, many of which 
involve endocannabinoids. For example, potentially painful stimuli may pass un-
noticed during the excitement of sporting activity (see “runner’s high” above). 
There is a film well known to pain researchers, in which a racehorse is seen to 
break its foreleg during a race.  The horse gallops on regardless and wins the race. 
Only after passing the winning post does the valiant steed begin to limp. All sen-
tient animals possess this innate self-analgesic mechanism which clearly has sur-
vival value when fighting or fleeing from danger.

An elaborate endocannabinoid system modulates both acute and chronic 
pain responses at all levels of the nervous system from the periphery to the brain 
(Figure 2). The system involves CB1, CB2 and other cannabinoid receptors, and 
interacts with endogenous opioid systems and descending pain suppressant path-
ways mediated by monoaminergic and opioid neurotransmitters.

CB1 receptors. CB1 receptors are present in many pain-processing pathways in the 
brain, including sensory cortex, thalamus, amygdala and periaqueductal grey. In 
rodents microinjection of CB1 agonists into these areas suppresses pain responses, 
and electrical stimulation of the periaqueductal grey causes a marked increase in 
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release of anandamides. CB1 receptors are also present in pain pathways in the 
dorsal horn of the spinal cord and systemically administered CB1 agonists inhibit 
activity in spinal dorsal horn neurones. In brain and spinal cord CB1 receptor acti-
vation decreases neuronal excitability and release of neurotransmitters (Figure 1), 
including pain stimulating peptides (e.g. substance P) and excitatory transmitters 
such as glutamate, thereby acting as for anxiety, as a dimmer switch for pain.

CB2 receptors. CB1 receptors are also present at peripheral terminals of primary 
sensory afferent nerves where they interact with CB2 receptors and with a more 
recently characterised ionotropic vanilloid receptor (TRVP1) which provokes 
pain when activated by capsaicin (Nagy et al., 2008). CB2 receptors, situated in 
cells and tissues associated with inflammatory reactions, appear to modulate pain 
initiation at sites of tissue injury, producing anti-inflammatory effects by decreas-
ing the release of nociceptive substances such as histamine, substance P and oth-
ers which activate both CB1 and CB2 receptors.

Vanilloid receptors. TRVP1 receptors are present at the peripheral terminals of 
sensory nerves and also in the dorsal root of the spinal cord, the trigeminal gan-
glion, the gut and elsewhere. They are activated by capsaicin and have the unique 
feature of responding to noxious increases in temperature. They are also activated 
by anandamide, a finding which seems contradictory to its analgesic effect. It is 
suggested that the TRVP1/anandamide interaction represents an adaptive device 
which dampens the pain of moderate temperature rises caused by inflammation 
(through cannabinoid receptors) but increases pain (via TRVP1 receptors) when 
temperatures reach levels that threaten tissue damage, at this stage facilitating a 
withdrawal response in intact animals (Zygmunt et al., 2000).

Cannabinoid/opioid interactions. The endocannabinoid system interacts closely 
with an opioid pain modulating system, producing a complex of parallel, inter-
laced, and complementary analgesic mechanisms. Both opioid and cannabinoid 
receptors are coupled to Gi/o proteins and decrease cAMP production (Figure 1), 
and the two classes of neuromodulators have additive or synergistic analgesic ef-
fects. Endocannabinoids may increase the synthesis and/or release of endogenous 
opioids in brain and spinal cord and some of their effects may be mediated via 
opioid receptors. In animals, the endocannabinoid system appears to be tonically 
active while the endogenous opioid system is activated by intense or prolonged 
stress or pain and high threshold electrical stimulation, although both systems 
became more active as pain intensity increases (Walker et al., 1999). The systems 
appear to act through different pathways since opioid antagonists do not com-
pletely block the analgesic effects of cannabinoids. Much evidence has been ob-
tained in rodents, but a clinical example was provided by Hamann and diVadi 
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(1999) who described a patient with neuropathic pain due to multiple sclerosis. 
The pain was controlled by the synthetic cannabinoid agonist nabilone but not 
by opioids, and the analgesic effect of nabilone was not reversed by the opioid 
antagonist naloxone.

Thus endocannabinoids regulate a tonically active, vital and subconscious 
system that protects an animal from being overwhelmed by potentially painful 
stimuli. As in mood regulation, endocannabinoids interact with endogenous opi-
oid systems. Pain itself is a protective sensation, but normally erupts into con-
sciousness only when noxious stimuli are intense and/or cognitive decisions are 
required, although fear and pathological conditions, such as depression and anxi-
ety, can overcome the “pain barrier”.

Synthesis

Only mood and pain modulation are described here, but the endocannabinoid 
system performs similar functions in sleep, reward, cognition and many other 
activities mentioned above. In fact, every conscious thought or feeling, everything 
we perceive, think or do (along with the relevant physical accompaniments such 
as adjustments in heart rate and respiration) is primed and tempered by the level 
of endocannabinoid tone. It is one of several systems that protect the conscious 
brain from being overwhelmed by too much information – more than it can at-
tend to at any one moment. In subtle ways endocannabinoids help to form our 
personality – whether we are clear-thinking and focussed, laid back and relaxed 
or over-attentive, anxious and fearful. Without the system we would be mentally 
confused, less joyful, more anxious, sleepless, and more affected by pain.

In this capacity the endocannabioid system interacts with several other mod-
ulator systems which also seethe in the undercurrent depths. The brain is richly 
endowed with multiple back-up circuits, each performing similar functions util-
ising different but mutually reinforcing anatomical and chemical pathways. As 
described, pain can be suppressed through discrete noradrenergic, serotonergic, 
dopaminergic, opioid or endocannabinoid pathways (Figure 2). The particular 
pain suppressant system or combination of systems activated may depend partly 
on the type of stress to which the animal is exposed. This elaborate organisation 
of copious back-up systems appears to be a feature of many, if not all, vital life-
sustaining processes (Ashton, 1992).

But it is a two way process. Influences from unconscious depths may provide 
a “gut feeling” about a situation; those that bubble up into consciousness may be 
suppressed or reinforced by downward neural activity from the conscious brain. 
It is possible to suppress unwanted thoughts by conscious effort (“Shut up, I don’t 
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want to think about that”) or to encourage them (“Yes, come on, this may require 
a big decision”). Reciprocal impulses pass all the time between conscious and be-
low conscious neural networks. The part played by the endocannabinoid system 
at all levels of consciousness has up to now been largely ignored. But, it is clear 
that the “mind” stems not just from consciousness but also critically depends on 
the undercurrent of non-conscious processes. 
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Disconnecting consciousness
The neuroscience of general anaesthesia

Lucas Campos, Adrian Pichurko and George A. Mashour

We discuss the molecular and cognitive mechanisms of general anaesthesia 
and their relevance to the science of consciousness. General anaesthetics serve 
as an important tool to explore the transitions from conscious to unconscious 
processing, as these drugs rapidly induce a complete and reversible cessation of 
consciousness. With 40,000,000 patients undergoing general anaesthesia each 
year in North America alone, the highly controlled and monitored setting of the 
operating room can become the ultimate consciousness laboratory.

Introduction

Anaesthesiologists confront the possibility of intraoperative awareness millions 
times per year. Lack of subjective awareness is the very definition of the word 
“anaesthesia,” which is rooted in the Greek aisthēsia meaning sensation or percep-
tion. The suggestion for use of the term “anaesthesia” was made by physician-poet 
Oliver Wendell Holmes to describe the state of mind induced by the ether that 
William Morton administered as a surgical anaesthetic on October 16, 1846, at 
the Massachusetts General Hospital. Despite the successful clinical use of general 
anaesthetics for more than 150 years, the mechanism for the hypnotic component 
of anaesthesia is still unknown. However, the problem at the root of this mystery 
has been debated by philosophers since antiquity and is now the focus of intense 
neuroscientific investigation – we refer to the problem of consciousness.

Neuroscientific investigation is currently focused on elucidating the neural 
correlates of consciousness (NCC), defined by Crick and Koch as the minimal 
neuronal mechanisms jointly sufficient for any one specific conscious percept (see 
Crick and Koch, 2003). In a related line of investigation, anaesthesiologists are 
concerned with the neural correlates of unconsciousness. It is through these pur-
suits that each discipline could advance the other. In their endeavour to find the 
NCC, neuroscientists have traditionally examined both the state or level of con-
sciousness (e.g., mechanisms for being unconscious or conscious) and the content 
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of consciousness (e.g., mechanisms for the perception of a face vs. a house). To 
study the state of consciousness, neuroscience has been relegated to examining 
patients with varying degrees of brain damage or congenital defects who are in 
a vegetative state. In order to study the content of consciousness, researchers can 
only study subjects who are already conscious. The main criticism for content-
based research is: how can you find the NCC in subjects that are already con-
scious? Aren’t these the neural correlates of perception or awareness rather than 
consciousness (see Hohwy, 2009)? The main criticism for state-based investiga-
tors is: Don’t you risk being overly inclusive in your identification of NCC if you 
are simply looking at neural patterns of activity in patients that do not regain 
consciousness? How do you know which patterns to ignore and which are truly 
NCC (Hohwy, 2009)? 

Anaesthesiologists regularly initiate a deep state of reversible unconscious-
ness with a variety of pharmacologically distinct drugs, which provides a unique 
opportunity for understanding the mechanisms of consciousness. Indeed, the op-
erating room could be considered the ultimate consciousness laboratory. Recip-
rocally, discovery of the NCC will help advance our understanding of anaesthetic 
substrates, facilitating the generation of more specific and targeted anaesthetics, as 
well as better monitoring to ensure adequate depth of anaesthesia during surgery. 
In our examination of how these two fields can facilitate each other we will review 
what is known about the neural correlates of general anaesthesia, including the 
molecular, neuroanatomic and neurophysiologic targets, as well as how the NCC 
fit into this understanding. Although the idea that the study of consciousness 
and anaesthesia share a common goal is not new (see Hameroff, 2006; John and 
Prichep, 2005; Mashour, 2004; Mashour, 2006), the thinking, understanding, and 
resources are finally in place for some truly exciting research to begin. 

Molecular targets

Molecular targets of anaesthesia include synaptic receptors for neurotransmitters 
such as γ-Aminobutyric acid (GABA), glutamate and acetylcholine, as well as 
potassium leak channels such as TASK and TREK. These receptors are crucial to 
the proper functioning of numerous neural circuits. Many anaesthetics act by in-
creasing GABA receptor activity, which hyperpolarizes neurons and makes them 
less responsive to propagating neural signals (see Franks, 2008). However, the 
mechanism of general anaesthetics is not that specific – many have multiple re-
ceptor-mediated effects, which results in depression of the cardiovascular and re-
spiratory systems as well. We will focus on GABA as this is the most consistently 
activated receptor with major potentiation by barbiturates, propofol, etomidate, 



	 Disconnecting consciousness	 67

isoflurane, sevoflurane, and desflurane, as well as minor potentiation by nitrous 
oxide and ketamine (see Alkire et al., 2008). 

GABA receptors are divided into GABA-A (Ligand-gated ion channel) and 
GABA-B (G-protein coupled receptor) each with their own subtypes. GABA-A is 
the target of the majority of anaesthetic drugs and consists of five of the 19 known 
subunits that can be matched in various combinations to form the receptor com-
plex. Changing one subunit affects which anaesthetic will bind and how strongly 
this association will be. For example, GABA-A with a beta-3 subunit mutation 
greatly diminishes the effectiveness of propofol and etomidate in producing un-
consciousness in mice (see Orser, 2007). 

An exciting finding is the identification of extrasynaptic GABA-A receptors 
on the neuronal cell body and dendrites that contain the alpha-5 subunit and are 
so sensitive they can be activated by the tiny amount of GABA neurotransmitter 
present in the extracellular space after activation from a nearby synapse (Orser, 
2007). When activated, these receptors cause a low level of diffuse inhibitory cur-
rent all along the cell body, as opposed to focally at the synapse. During in vitro 
experiments, brain slices exposed to concentrations of propofol, etomidate, and 
isoflurane several times lower than would be required to block transmission at the 
synapse amplified this low-level inhibitory current by as much as 35-fold, hyper-
polarizing the cells (Orser, 2007). These novel receptors are found in high concen-
trations in the thalamus, hippocampus and cortical areas. The alpha-5 subunit of 
these extrasynaptic receptors can be exploited for drug development. Such com-
pounds would obviate the need for high concentrations of current anaesthetic 
drugs that suppress the respiratory and cardiovascular systems as a side-effect to 
the suppression of consciousness (Orser, 2007).

Neuroanatomic targets 

Knowledge of potential molecular targets for general anaesthesia can be refined 
using knowledge of which neuroanatomic areas are involved in consciousness. 
Is a target in the thalamus better than one in the cerebellum? Neuroscientific re-
search reveals some important neuroanatomic targets known to be inhibited by 
anaesthesia including sleep-wake centers in the brainstem, thalamus, lateral fron-
toparietal system, and precuneus (Mashour, 2006). 

Loss of consciousness induced by anaesthesia consistently involves a reduc-
tion of thalamic metabolism and blood flow. The thalamus relays incoming sen-
sory information from the periphery to the cerebral cortex, passing through the 
thin overlying layer known as the thalamic reticular nucleus. Interestingly, the 
thalamus receives most of its inputs from the cortex through a massive network 
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of corticothalamic feedback fibres. Injecting GABA into intralaminar nuclei in-
hibits these fibres and rats rapidly lose consciousness, while rats anesthetized 
with sevoflurane can be awakened by injecting nicotine into the centromedian 
thalamus (see Alkire et al., 2007). Consistent with this potential mechanism for 
anaesthesia, deep brain electrical stimulation of the central thalamus improved 
behavioral responsiveness in a patient who was in a minimally conscious state 
(see Schiff et al., 2007).

The thalamus, however, is not a simple switch for consciousness as previously 
thought. Superficial scalp and deep subthalamic electrophysiological recordings 
during the induction of anaesthesia showed cortical electrical activity decreas-
es in association with loss of consciousness, while decreases in thalamic activ-
ity were delayed and more associated with immobility (see Velly et al., 2007). In 
experiments in which the thalamus was removed, the cortex continued to pro-
duce an activated EEG, while removal of the cortex prevented anaesthetics from 
decreasing the metabolic and electrophysiological activity in the thalamus (see 
Nakakimura et al., 1988). Collectively, these experiments suggest that the thala-
mus reflects global cortical activity in addition to modulating its function. 

Neuroimaging demonstrates deactivation of the precuneus (medial parietal 
lobe), mesial parietal and posterior cingulate cortex in anaesthetic-induced uncon-
sciousness as well as in vegetative patients (see Laureys et al., 2006). Using interme-
diate doses of nitrous oxide causes feelings of depersonalization and out-of-body 
experiences in association with deactivation of the posterior mesial cortex. Activ-
ity in the lateral temporo-parieto-occipital complex centred on the inferior parietal 
cortex is also altered with anaesthesia (Alkire et al., 2008). Therefore, activation of 
unique molecular targets in these specific brain areas may suppress consciousness. 
We can, however, be more specific and ask: What type of neural physiology has to 
be inhibited for anesthetic-mediated loss of consciousness to take place? 

Functional neurophysiologic targets

Among the major hypotheses investigated regarding the NCC are synchronous 
activity and re-entrant or feedback activity. The synchrony hypothesis says neu-
rons have to coordinate their output, typically in the gamma range (30–70 Hz), 
in order for it to be consciously represented. If you are looking at a blue circle, 
for example, the neurons recognizing a circle and those recognizing blue have 
to synchronize their outputs so that the two are bound together into the single 
percept of a blue circle. The role of gamma activity in anesthetic-mediated uncon-
sciousness is unclear, as gamma activity can actually be augmented during evoked 
potentials under general anaesthesia (see Imas et al., 2004). Thus, it is not simply 
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the case that gamma activity is suppressed during general anaesthesia, but likely 
that the capacity for such waves to meaningfully integrate neural information is 
disrupted. In support of this, mean integration capacity was most prominently 
reduced in gamma band after propofol induction and this breakdown of spatio-
temporal organization of gamma waves (reflecting loss of integration) correlated 
with loss of consciousness (see Lee, Mashour et al., 2009).

“Re-entrant” neuronal activity refers to a reverberant wave of activity that fol-
lows an initial impulse of neural activity. When you see a face, for example, the 
visual neurons release a volley of feedforward sensory output to the cortex, but the 
face will not be recognized until a feedback volley of modulatory output from a 
higher area such as the frontal cortex is detected by the fusiform facial area. The 
importance of this kind of re-entrant activity was demonstrated in an experiment 
in which human subjects were given propofol and feedforward and feedback neural 
activity was assessed by EEG (see Lee, Kim et al., 2009). It was found that when sub-
jects were conscious, the feedback activity was significantly higher than the feedfor-
ward activity. When the subjects lost consciousness, the feedback activity decreased 
significantly while the feed forward activity rebounded quickly, suggesting that sen-
sory information was still being received by the brain despite the loss of conscious-
ness (Figure 1) (Lee, Kim et al., 2009). This supports earlier work showing feedback 
inhibition during anaesthesia in an animal model (see Imas et al., 2005). 

Figure 1
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What is the mechanism of this inhibition of feedback circuitry? In the re-en-
trant example, we know that propofol targets GABA-A and that there is a higher 
density of the exquisitely sensitive extra-synaptic GABA-A receptors in the thal-
amus (which acts a hub for cortical input). Could activation of extra-synaptic 
GABA-A receptors cause a desynchronization in the gamma range that disrupts 
the feedback output or diminishes the amount of information being integrated? 
Experiments using high doses of several anaesthetics found these drug levels pro-
duced a stereotypical burst-suppression pattern in which the EEG went from flat 
to global activation at regular intervals. Thus, the corticothalamic system lost its 
usual repertoire of responses to incoming information and was left with being 
either on or off. These findings from studies of general anaesthesia suggest that 
the level of consciousness is directly related to the ability to integrate the massive 
amount of neural information sent to the brain (Alkire et al., 2008). 
A measure of integrated information has been proposed called phi (Φ) that quan-
tifies the integration of information. The more information a system is able to 
integrate the higher the value of phi. The information integration theory of con-
sciousness explains why the corticothalamic system is important to modulate in 
order to produce unconsciousness: these concentrated connections of specialized 
neurons are involved in a tremendous amount of information integration from 
nearly all regions of the brain. The parallel theories in anaesthesiology suggest 
that it is the unbinding or lack of integration that is associated with anesthetic-
induced unconsciousness (Mashour, 2004; 2006). We are in the early phase of 
proving these theories, but more and more data are supportive (see Imas et al., 
2005; Lee, Kim et al., 2009; Lee, Mashour et al., 2009; Peltier et al., 2005). The 
information integration theory of consciousness and its corollary in anaesthesiol-
ogy has implications for the boundary of conscious and nonconscious processes: 
instead of a binary framework, this theory suggests gradations of conscious ac-
tivity. Although the induction of general anaesthesia is typically accomplished 
rapidly in the operating room, the study of different steady state levels at varying 
degrees of sedation may help elucidate the neurobiology of this transition. 

Conclusion 

We have examined the molecular, anatomic and neurophysiologic targets of an-
aesthesia and their role in the mechanism of general anaesthesia. Currently, the 
non-specific effects of general anaesthetics are associated with consequences for 
the cardiovascular and respiratory systems. Such physiologic depression often 
leads the anaesthesia provider to decrease anaesthesia levels, which creates the 
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possibility of intraoperative awareness. This suggests the need for improved, ra-
tionally designed anaesthetics that target the NCC more specifically. 

Anesthesiology is in a unique position to contribute to understanding con-
sciousness because it is a controlled, reversible, and intentional suppression of the 
NCC at some level. With a combined endeavour, neuroscience and anaesthesiol-
ogy will be able to pioneer new anesthetic drugs and monitors of consciousness 
as we evolve our understanding from mere correlation to causation of conscious 
states. This discovery will help complete the revolution created by Morton’s first 
demonstration of general anaesthesia in 1846 – with the use of general anaesthet-
ics we will hopefully elucidate how the biological machinery of the brain produces 
the subjective experiences of the mind.
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Consciousness and neural time travel

Michael E. Hasselmo 

Consciousness is described in this article as a perception of self that is con-
structed for guidance of voluntary goal-directed behaviour, including neural 
mechanisms for mental time travel into the future during planning and into 
the past during episodic retrieval. Neural time travel draws on the distributed 
cortical perceptual processes for detecting the state of the self along multiple di-
mensions, including spatial location, head direction, speed, temporal duration, 
and egocentric relationships to items. These circuit mechanisms are regulated 
by neuromodulatory influences such as muscarinic acetylcholine receptors that 
activate intrinsic properties of neurons involved in maintaining an internal 
representation of self. 

In this article, I will argue that consciousness is the perception of self that is con-
structed as a necessary component of an internal model for understanding and 
selecting one’s own actions, including the planning and generation of voluntary 
movement in goal-directed behavior, as well as the retrieval of episodic memories 
of prior behavior. This perception of self is required for understanding current 
state, as well as projecting the self into future situations, or retrieving memories 
of the self in past episodes. I will refer to these processes as neural time travel, 
providing the biological mechanisms for the mental time travel originally defined 
as part of episodic memory (Tulving, 2002). This perception of a conscious self 
is a distributed process mediated by cortical structures which provide conscious 
perception along a variable number of continuous dimensions, and are diffusely 
regulated by neuromodulatory systems of the brain.

This definition arises from my work on modelling of the neural mechanisms 
of episodic memory and the planning and generation of future goal-directed 
behavior. My models utilize an internal representation of the location of self in 
space and time (Hasselmo 2008b; Hasselmo, 2009), both during the retrieval of 
segments of spatiotemporal trajectories from the past, and during planning of 
future or imaginary behavior. These processes require a specific neural represen-
tation of the state of self that has been described for physical quantities such as 
location, heading and speed (Hasselmo 2008b; Hasselmo, 2009), but could also 
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include eye position, limb orientation, current goals, attentional focus on specific 
sensory information and emotional or drive state. This internal representation of 
self state can be updated by current chosen actions and by external sensory input, 
or in an introspective representation of self, can be updated by internally gen-
erated planned actions, or by selection of remembered cues and actions during 
retrieval of epiosidic memory. Thus, the updating of self state forms a component 
of mechanisms for neural time travel to re-experience past states or evaluate pos-
sible future states.

 Perceiving the self in neural time travel

This definition of consciousness arises from analysis of potential neural mecha-
nisms for encoding and retrieval of episodic memory, and planning of current 
or future actions. These processes require the capacity for altering the state of an 
internal model of self, by altering position on the time dimension (for mental 
time travel into past events or possible future events), or by generating mental 
actions that evaluate alterations in other dimensions of self-state. For example, 
while writing this article, I must utilize an internal representation of my self as an 
agent evaluating these processes. I have focused on specific neural mechanisms, 
but regardless of the neural mechanisms, the evaluation of these processes in 
computer simulations requires a computational representation of an agent’s self-
state. For example, in simulating episodic memory in an agent, I simulated the 
agent’s head direction, speed, allocentric location and relative distance from 
items during behavior and then these variables were recapitulated during epi-
sodic retrieval (mental time travel into the past). Just as I found a representation 
of an agent’s self-state necessary to simulate processes of episodic memory and 
planning, conscious individuals utilize an internal representation of self-state as 
part of performing these same processes. 

Note that I am using terms like “state” and “agent” based on reinforcement 
learning theory (Sutton and Barto, 1998). The framework of reinforcement learn-
ing theory has proven effective as a mathematical framework for modelling oper-
ant behavior, both for understanding animal behavior and for guiding the move-
ment of robots. This framework focuses on the behavior of an agent interacting 
with an environment. The agent chooses actions based on its current sensory state. 
Some choices can be made just on the basis of current input. Other behavioural 
choices cannot be made on the basis of current sensory input alone, but require 
disambiguation by memory of prior states or actions (Zilli and Hasselmo, 2008). 
Similarly, consciousness serves a role for other choices that require the agent to 
have an internal representation of self. It is an interesting question whether this 



	 Self representation and acetylcholine	 75

self state is innately wired in the brain, or whether it requires self-organization of 
neural connectivity in response to early experience. An individual brain exposed 
to the sensory input received by multiple different people in early development 
might develop an internal representation of more than one self.

Potential neural mechanisms of consciousness

As an agent describing simulations above, I noted that a representation of the 
self-state is necessary regardless of the nature of neural representation. However, 
there are specific neural mechanisms that are potential candidates for mainte-
nance of self-state elements such as location and direction. These include rate 
coding representations of self-state that consist of persistent neural spiking activ-
ity (Hasselmo and Stern, 2006; Hasselmo 2008a), based on data for intrinsic per-
sistent spiking mechanisms in individual neurons (Egorov et al., 2002; Yoshida et 
al., 2008). An alternative way to represent self-state is the current state of neural 
spiking relative to the phase of network oscillations (Hasselmo, 2008; Hasselmo 
et al., 2009). based on data for intrinsic mechanisms of oscillations in entorhi-
nal cortex (Alonso and Llinas, 1989; Giocomo et al., 2007). This representation 
of current state by relative phase of spiking to network oscillations is based on 
models of theta phase precession in the hippocampus (O’Keefe and Recce, 1993) 
and models of grid cell firing in the entorhinal cortex (Burgess et al., 2007). 

Both these cellular processes provide mechanisms for maintaining a current 
self state, and also for updating this self-state on the basis of neural activity in-
duced by sensory input, and also by neural activity due to internal generation of 
mental actions. The generation of mental actions may sound like it is attributing 
a separate entity for the generation of those actions. However, internally gener-
ated mental actions can be generated by deterministic or random elements of 
the current self-state. For example, my self-state generates mental actions plan-
ning this sentence within a previously constructed mental landscape created by 
prior physical and mental activity. The next phrase is generated by components of 
my self-state maintaining memory of the next concept in my previously planned 
sequence of concepts held in my working memory. If the rate or phase code of 
this working memory maintenance is lost due to a distraction, the absence of a 
next mental action generates a search of long-term memory for earlier written 
notes. These earlier written notes arose from previous sensory input that inspired 
a novel shift in mental self-state during some earlier period of thinking.

In summary, physical and mental actions require a representation of self to 
code the context of observations in terms of variables such as allocentric loca-
tion, head direction, time, emotional state, evaluation of current status and future 
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planning. Even in abstract thought, we need a representation of self as an agent 
generating internal mental actions such as encoding and retrieving, or even think-
ing and planning. 

It is perhaps not an accident that the easiest example of this process utilizes 
Cartesian coordinates to represent the allocentric location of the self as an agent 
in an environment, and to represent the location of items perceived by visual or 
somatosensory input. In this context, the phrase ‘I think therefore I am’, can be 
rephrased as: I construct a representation of self-state in order to represent and 
understand the act of thinking.

Influences on neural mechanisms

The above description of neural mechanisms for consciousness provide a per-
spective on physical influences on consciousness. Muscarinic cholinergic agonists 
can regulate a rate code for self state by activating intrinsic mechanisms of persis-
tent spiking in neurons of the entorhinal cortex (Egorov et al., 2002; Yoshida et al., 
2008) as well as in the prefrontal cortex (Haj-Dahmane and Andrade, 1999) and 
in the postsubiculum (Yoshida and Hasselmo, 2009). Blockade of muscarinic cho-
linergic receptors by antagonists such as scopolamine or atropine will reduce or 
prevent this persistent spiking activity, thereby impairing the internal represen-
tation of self-state. This serves to impair the encoding of self-state into episodic 
memory (Hasselmo and Stern, 2006) as supported by extensive literature on the 
impact of muscarinic cholinergic antagonists on encoding of memory (Ghoneim 
and Mewaldt, 1977; Hasselmo and McGaughy, 2004). 

This does not mean that consciousness only involves memory. Blockade of 
muscarinic receptors will also impair the representation of attention to sensory 
stimuli maintained in the self-state, impairing attention to stimuli (Hasselmo 
and McGaughy, 2004) and at higher doses causing delirium (Perry and Perry, 
1995). It is striking that muscarinic cholinergic antagonists are capable of com-
pletely blocking coherent thought. Blockade of other modulatory systems such 
as the noradrenergic, serotonergic and dopaminergic systems do not cause such 
a complete blockade of cognitive processes. Notably, acetylcholine levels go 
quite low during slow wave sleep, but rise again during the narrative dream-
ing of REM sleep, when conscious self-awareness is present (and yet lost to 
the long-term representation of self due to a difference in neural mechanisms 
resulting in reduced encoding).

Other drugs that cause a complete blockade of cognitive processes include the 
GABAergic agonists such as the benzodiazepines, the barbiturates (such as Thio-
pental, which for many years was a standard agent for induction of anesthesia), 
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and other drugs known to induce unconsciousness at higher doses such as alcohol 
and chloral hydrate. The impact of these drugs could be due to enhanced inhibi-
tion suppressing the persistent spiking rate code for working memory of self-state. 
However, these effects might also involve the alteration of the gamma frequency 
oscillations dependent upon GABAergic feedback. This alteration might disturb 
a gamma frequency phase code of neocortical activity that distrupts the main-
tenance of self-state. The loss of consciousness caused by anesthetics might also 
involve influences on the hyperpolarization activated cation current, or H current 
(Chen et al., 2009). The effect on H current could reduce the phase code for rep-
resentation of self-state, and thereby suppress consciousness. This is only a gen-
eral sketch of possible mechanisms for the direct disruption of cortical circuitry 
mediating conscious awareness. There are many other complex neural influences 
of these drugs that could contribute to the disruption of conscious processing in 
the neocortex.

Distributed consciousness in the neocortex

Prior empirical results suggest that consciousness is a purely cortical process, 
coded in a distributed manner throughout the neocortex. Data on brain injuries 
indicates a role of neocortical activity in consciousness. For example, the loss of 
cortical visual pathways with retention of subcortical visual pathways in the supe-
rior colliculus can result in the phenomenon of non-conscious “blindsight”.

The distributed nature of consciousness is also evident from effects of brain 
damage, including the striking effects of neglect found with parietal lesions. This 
clearly illustrates the role of cortical maintenance of self-state in conscious be-
havior. Parietal cortex plays an important role in tracking of self-state in spatial 
locaion and plotting the update in self-state associated with specific actions. A 
lesion of parietal cortex wipes out specific subspaces of the Cartesian coordinates 
of self, quantitatively reducing the scope of conscious awareness. The person ex-
periencing this does not sense a loss of the personal perception of a self, but loses 
awareness of the interaction of the self with that component of their egocentric 
world, in a sense reducing the scope of their self-state. This is similar to the man-
ner in which a lesion of primary visual cortex removes conscious awareness of 
that section of the visual field. There is no conscious perception of a black portion 
of the visual field, but a loss of awareness similar to the lack of awareness of visual 
objects behind the head.

This evidence undermines the common intuitive sense of consciousness as a 
unified singular process. The ability to lose a variable component along individual 
dimensions of conscious awareness indicates that consciousness is a distributed 
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and continuous quantity. Normally, the brain enters conscious or unconscious 
states in a relatively synchronous manner (usually most of the cortex is simultane-
ously engaged in the slow waves of deep sleep or anesthesia or in the low ampli-
tude, high frequency desynchronized activity of conscious waking or dreaming 
sleep), and we therefore perceive ourselves as transitioning into and out of con-
sciousness as a whole. However, if we were to selectively anesthetize progressive 
portions of the cortex, we would experience our conscious selves being disassem-
bled like a jigsaw puzzle. This is done in a simple form with the sodium amytal 
anesthesitzation of one cerebral hemisphere for testing of language lateralization 
(the Wada test), resulting in loss of conscious use of language function.

Speculations

Similar to the progressive loss of consciousness along individual sensory and spa-
tial dimensions, it is possible to also consider the continuous nature of conscious-
ness across time. The local excitatory and inhibitory circuits may only be able to 
maintain consciousness for one gamma cycle at a time. The rate code or phase 
codes described above may provide working memory that allows continuity of 
consciousness over hundreds of milliseconds to seconds or minutes. However, the 
sense of conscious self in the morning as the same entity from the previous night 
requires long-term memory. Without long-term memory, we are discrete tempo-
rally localized conscious entities that die after each moment, and are replaced by 
a different self-sustained neural self-state. This is reminiscent of the Jerry Seinfeld 
routine where he talks about “night-time Jerry” not caring about whether “morn-
ing Jerry” will feel bad. 

On the furthest extreme of speculation, I would like to mention that the 
anthropic principle of physics indicates that the current physical laws of the uni-
verse take their specific form because they specifically result in the existence of 
human beings as observers of the universe. To extend this principle to conscious 
self-state would logically mean that each individual’s universe has physical char-
acteristics that specifically result in that individual conscious self-state perceiv-
ing the universe at a given point in time (with unfortunately no guarantee for 
future self-state).
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Consciousness and the relation 
between implicit and explicit memory

Signy Sheldon and Morris Moscovitch

A commonly held assumption is that consciousness is a defining feature that 
distinguishes explicit memory (with conscious awareness) from implicit mem-
ory (without conscious awareness). Although early studies support this notion, 
recent evidence suggests that conscious and non-conscious memory systems 
may share crucial underlying processes. Here, we propose that one locus of 
interaction between some types of explicit and implicit memory may be the 
non-conscious processes associated with recollection, or detailed remembering, 
that are mediated by the hippocampus. 

Consciousness has long been used to fractionate long-term memory into explicit 
and implicit memory; defined respectively as memory of a previous experience 
with and without conscious awareness (Schacter, 1987). Explicit memory is in-
volved when one deliberately recovers past information and is often tested using 
recall and recognition tests. In recall tests, participants are asked to recall previ-
ously encountered items either freely or with the help of cues. In recognition tests, 
previously studied items and new items are presented together and the partici-
pants are asked to indicate which items were studied. In contrast, the hallmark 
of implicit memory tests is that the prior occurrence of an item or episode can 
bias the processing of a currently presented item without conscious awareness of 
retrieving the item from memory or, indeed, without any reference to the prior 
study episode at test. 

An important method used in the study of implicit memory is priming. Prim-
ing is defined as processing facilitation caused by prior exposure to the informa-
tion being tested and is typically measured by changes in performance on osten-
sibly non-memory tests. For example, exposing participants to a word at study 
and later asking them to perform a non-memory task such as deciding if a letter 
string is a word or not a word (lexical decision task) will result in faster and more 
accurate responses when the participants are exposed to the same word at study 
than if they are not. 
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Although distinguishing between explicit and implicit memory based on 
conscious awareness has a long history in psychology, current research has begun 
to question the validity of considering them as separable and non-interacting sys-
tems. In this chapter, we review the evidence that supports this distinction and the 
evidence that challenges it, concluding with the proposal of a new model for the 
interaction between the two memory systems. 

 The most compelling evidence for the distinction between explicit and im-
plicit memory comes from early studies of patients with amnesia (for review see 
Moscovitch et al., 1993). These patients are characterized by an inability to re-
member past experiences consciously. This is evident when these patients per-
form tests of explicit memory such as free recall and recognition. For example, if 
these patients are given a list of words to study, they will show little memory for 
these words even on simple recognition tasks. Remarkably, in spite of this impair-
ment, patients with amnesia have intact performance on tests of memory that 
do not require the conscious recovery of information from the learning episode, 
such as those assessing priming or procedural memory – the latter is a form of im-
plicit memory that involves learning and executing perceptuo-motor skills such 
as riding a bike, mirror drawing or reading spatially transformed (inverted or 
backward) script. For example, in one study that used the stem-completion task, 
participants were asked to study a list of words, which included words such as 
“LANTERN”. Later, they were asked to think of words that could complete strings 
of three letters (e.g. LAN---) with no reference being made to the study episode. 
Implicit memory (priming) was assessed by the likelihood that a studied word 
was used complete the stems (e.g. LANTERN). In this study and many others like 
it, patients with amnesia demonstrated levels of priming comparable to those of 
healthy controls, and by implication, showed intact implicit memory (Graf et al., 
1984) even though their explicit recall and recognition of the studied words were 
severely compromised. This led to the suggestion that the structures that are dam-
aged in patients with amnesia, generally the medial temporal lobes (MTL) and 
more specifically the hippocampus, are crucially and exclusively involved in the 
conscious retrieval of explicit episodic memories (Tulving and Schacter, 1990). 

Analogous dissociations of explicit and implicit memory have also been found 
using functional neuro-imaging techniques. These studies showed that retrieval 
of explicit memories was associated with increased activation in the medial tem-
poral lobe (MTL) whereas implicit memory retrieval as assessed by priming was 
associated with reduced brain activity in regions implicated in perceptual (poste-
rior cortex) and semantic (pre-frontal) processing of the stimulus (e.g. Schott et 
al., 2005; 2006). 

Despite the support for using consciousness to distinguish between explicit 
and implicit memory, investigations have begun to challenge this assumption by 
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providing evidence that implicit and explicit memory, as traditionally defined, 
are not as separable as had once been assumed. Of note are those studies that 
have found that patients with MTL amnesia are also impaired on some tests of 
implicit memory. Many studies have reported that patients with amnesia have 
particular problems on implicit memory tests that involve relational or associa-
tive information in which two or more arbitrary features, attributes or stimuli are 
combined with each other. For example, using voice-specific priming, researchers 
found that, unlike healthy controls, patients with amnesia did not benefit when 
asked to identify spoken items that were presented in the same voice at study and 
test compared to when the voice differed from study to test (Schacter et al., 1995). 
In another study of implicit relational memory by Ryan and colleagues (2000), 
participants were asked to study scenes of real-world images. Then, at test, the 
participants viewed three types of scenes: new scenes, repeated old scenes, and 
manipulated old scenes in which positions of some objects had been altered. Dur-
ing test viewing, participant’s eye movements were recorded as a measure of im-
plicit memory since conscious awareness does not guide initial eye fixations. The 
researchers were specifically interested in the proportion of eye fixations to the 
region of the scene that was altered in the manipulated condition. Ryan and col-
leagues showed that the proportion of eye fixations to the manipulation was not 
related to explicit memory, indicating that eye movements directed to this area 
should be evident only if implicit memory is intact. Importantly, they found that 
neurologically intact participants had a greater number of fixations to the critical 
region of change in the manipulated conditions than the other two conditions. In 
contrast, however, patients with amnesia did not show this effect, indicating that 
their implicit memory processes related to this task were impaired. Importantly, 
the healthy controls were no more aware of the information that was manipulated 
than were the patients with amnesia. 

Consistent with this evidence of impaired implicit memory in amnesia, are 
the findings that brain regions mediating explicit memory, specifically the hippo-
campus, are active during implicit memory tasks in neurologically intact people. 
For example, while in a PET scanner, participants were presented with words and 
asked to decide if the words belonged to a certain category. The words were then 
presented again, resulting in priming or a facilitation of the category decision. 
This study found that hippocampal activation at study accompanied word prim-
ing (Beauregard et al., 1998). A viable interpretation of these results, and other 
studies of its kind, is that the hippocampus, a brain region thought to be special-
ized for conscious episodic memory, may also be support performance on tests of 
implicit memory. 

Following suit, more evidence began to emerge that showed specifically that 
explicit memory processes mediated by the hippocampus contributes to tasks 
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that do not require conscious recovery of past information, namely to implicit 
memory tasks. For example, Westmacott and colleagues (2003; 2004) showed that 
explicit memory, and recollection in particular, contributes to tests of semantic 
memory that do not require explicit reference to past episodes. 

Before describing their tests, it is important to distinguish between two pro-
cesses associated with explicit memory: recollection and familiarity. Recollection 
refers to the re-experiencing or reliving a past event in the mind such that the 
context in which a stimulus or event occurred can be recovered and re-created, a 
process that is thought to involve the hippocampus. In contrast, familiarity refers 
to recognition that a stimulus has been encountered in the study phase, but for 
which there is little or no information about the context of that encounter. Unlike 
recollection, familiarity is thought not to involve the hippocampus, but other re-
gions within the medial temporal lobe, the likely candidate being the peri-rhinal 
cortex (Eichenbaum et al., 2007). 

 In one of their studies, Westmacott and colleagues (2003; 2004) gave healthy 
participants and patients with brain injuries or degeneration tests of fame judgment 
and speeded reading of famous names that were associated pre-experimentally 
with either high or low recollective experience (R). For example, Princess Diana 
is typically associated with a recollected memory of where the participant was and 
how he or she felt when learning about her fatal car accident. By contrast, George 
Bush senior, though equally familiar, did not evoke any particular memory or rec-
ollection in most participants. Not surprisingly, in healthy controls performance 
on tests of recall and recognition for these famous names (episodic based tests) 
was better for high R names than low R names. More interesting, however, was 
that their performance was also better (faster and more accurate) for the high R 
names than low R names on tests of fame judgment and speeded reading. These 
tests can be considered as conceptual and perceptual implicit memory tests, re-
spectively, as they do not require conscious recovery of recollective experience. 
Most importantly, patients with medial temporal damage caused by focal lesions 
or degeneration did not show this benefit for high-R names on any of the tests, 
though other patients whose medial temporal lobes were relatively spared did 
show this benefit.

More recently, Hannula and Ranganth (2009) reported a study that also sug-
gests that hippocampal activity can be associated with non-conscious, rapid, mem-
ory retrieval. While in an fMRI scanner, participants studied scenes on which faces 
were superimposed. The participants were then shown the scenes again with three 
faces and they were asked to indicate which face was previously associated with 
the presented scene. By tracking the participant’s eye movements during this task, 
Hannula and Ranganath (2009) found that participants spent more time looking 
at correct faces than incorrect faces, even for trials in which the incorrect face 
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was explicitly selected and for trials in which the participants had no memory for 
which face matched the scene. In short, as in the previous study by Ryan and col-
leagues (2000), eye movements reflected implicit, but not explicit, memory. More 
interesting, however, was that the disproportionate viewing of the faces that match 
the scenes was correlated with hippocampal and surrounding medial temporal 
lobe regions activity, even in trials in which the participants could not explicitly 
recollect which face matched the scene being viewed at the time. 

These studies, and many others, showed that processes thought to be exclu-
sive to explicit memory also affect non-conscious processes associated with im-
plicit memory. Based on these findings, Schacter and his colleagues (Schacter et 
al., 2004; 2007) proposed that there are two types of priming mechanisms, one im-
plicated on associative tests of implicit memory, and the other, on non-associative 
tests. The latter type depends primarily on perceptual representational systems in 
the neo-cortex, whereas the former also involves the medial temporal lobes, which 
traditionally were considered explicit memory structures needed to form new as-
sociations, a function they proposed also applies to implicit memory tasks. 

 A related proposal advanced by Moscovitch (2008) has some elements in 
common with that of Schacter and his colleagues, but adds another dimension 
not considered by them. Rather than focus, as Schacter and his colleagues did, 
on associative or relational binding processes mediated by the MTL, Moscovitch 
emphasized recollective processes, which are dependent on the hippocampus and 
related structures, as the locus of interaction between explicit and implicit mem-
ory. Specifically, Moscovitch hypothesized that recollection involves two stages, a 
rapid, relatively automatic non-conscious stage, and a slower, more effortful con-
scious stage, which is associated primarily with explicit memory. It is at the first 
stage of recollection that explicit and implicit memory interact.

The two-stage model of recollection is based on key aspects of the Compo-
nent Process Theory (Moscovitch, 1992). According to that model, both memory 
encoding and retrieval from the MTL are relatively automatic and obligatory. 
At encoding, the MTL, and hippocampus in particular, automatically encodes 
information that constitutes the conscious experience of an event. Encoding by 
the MTL, therefore, entails the formation of a memory trace which consists of 
a bound ensemble of MTL/hippocampal and neocortical neurons, the latter of 
which represent the conscious experience of an event. Thus, the memory trace 
represents both the to-be-remembered information about particular items and 
the conscious experience of an event that contains the context in which the items 
occurred. In short, the entire memory trace has all the elements needed for sub-
sequent recollection. At retrieval, a cue that is either externally presented or inter-
nally generated reactivates the memory trace both automatically and obligatorily. 
Information recovered in this initial automatic stage is broadcast to all systems. 
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In so doing, on the one hand, it facilitates the processing of previously encoun-
tered stimuli which contributes to priming, and, on the other hand, it provides the 
materials needed for a slower process which enables the conscious recollection or 
re-experience of the initial event. 

To recapitulate, the first stage of the recollection process is rapid and uncon-
scious and the second stage is slower and conscious. The initial output from the 
first stage is broadcast widely and can contribute to performance on a variety of 
tasks, including priming and perhaps other tests of implicit memory. The second 
stage, which is slower and more effortful, is the one that is associated with con-
scious awareness of the retrieved information, thus making it explicit and avail-
able for guiding voluntary behavior. 

To support this new theoretical proposal of implicit and explicit memory 
interactions, we recently conducted a series of studies to examine the relation 
between recollection and performance on two implicit memory tasks, lexical 
decision and word stem completion. Participants were asked to study a list of 
words, perform the required implicit memory task and then complete a recogni-
tion task (“Is this word old or new?”) that also assessed if an old word was recol-
lected or familiar via a procedure called the remember-know paradigm (Tulving, 
1985; Figure 1, left panel). As predicted, we found that for both implicit tasks, 
words that were later shown to be recollected were associated with greater prim-
ing effects than were words which were not recollected but were merely recog-
nized as familiar (Figure 1, right panel shows the results from the lexical decision 
experiment); the latter, familiar words showed the same amount of priming as 
words that that had been studied but were not recognized (misses). These results 
suggest that only those explicit memory processes underlying recollection can 
benefit priming over and above that observed for words that were studied but 
not recognized, whereas those associated with familiarity, do not (Sheldon and 
Moscovitch, under review). These findings also suggest a reason why in some 
earlier studies performance on implicit tests were independent from perfor-
mance on explicit ones and why in other studies they were not. The difference 
depended on whether the explicit test supported substantial levels of recollec-
tion, in which case priming would benefit from explicit memory, or whether ex-
plicit memory was based primarily on familiarity, in which case priming would 
not benefit from explicit memory. 

In conclusion, evidence that implicit and explicit memory share memory 
representations and processes suggest these memory systems overlap, though the 
exact basis of this overlap is still being explored. Our proposal of a two stage 
model of recollection suggests that early processes underlying recollection me-
diated by the hippocampus may be one locus of interaction between conscious 
and non-conscious memory processes. By comparison, Schacter and colleagues’ 
(2004; 2007) proposal places the emphasis on relational binding processing by the 
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hippocampus. Whereas all recollective processes are relational, not all relational 
processes are recollective, making the differences between the two theories emi-
nently testable. Whichever view is favoured, these hypotheses demonstrate that, 
from a broader perspective, research on implicit and explicit memory is evolving 
from an enterprise that emphasized the separation and independence of the two 
systems, to one that seeks to understand their interaction, and the implication 
that interaction has for the relation between consciousness and memory.
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Completion Task (studied 
words & new words)
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Figure 1.  The left side depicts the procedure used in Sheldon and Moscovitch (under re-
view) to asses the relation between recollection and priming. The right side of this figure 
depicts the results of the first half of this study: the mean lexical decision response time 
to words given a correct recognition response.
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Two varieties of unconscious processes

Stan Franklin and Bernard J. Baars

Unconscious processes come in two varieties, the preconscious, whose contents 
may become conscious, and the never-conscious, whose contents may not. In 
this chapter we make use of Global Workspace Theory and its LIDA model to 
catalogue never-conscious and preconscious processes, and offer an explana-
tion of the functionally of the distinction. The LIDA/GWT model suggests that 
the functional distinction between never-conscious and preconscious processes 
derives from one of the major purposes of an agent’s consciousness mechanism: 
that is to select the most salient portion of the agent’s current situation to which 
to attend, in order for it to be broadcast globally, in order to choose the best 
next action. 

Introduction

Cognitive processes1 come in two varieties, conscious and unconscious, thought 
to be distinguished by the contents of conscious processes being broadly acces-
sible throughout the nervous system (Baars, 2002). This conscious access hypoth-
esis is consistent with a theory of conscious content being accessed throughout 
the thalamocortical core (Edelman and Tononi, 2000). A dynamical systems ap-
proach leads to the same hypothesis (Freeman, 2003). Philosophers have also dis-
cussed this hypothesis (Block, 2007). Finally, the conscious access hypothesis is a 
central tenet of Global Workspace Theory (see below, and Baars, 1988).

But unconscious processes also have their varieties. These are fundamental 
to our understanding of conscious events, because they provide the necessary 
comparison conditions. Unconscious brain processes often resemble conscious 
ones very closely, and it is the differences between them that provide clues about 
the nature of consciousness. 

The contents of preconscious processes may remain unconscious or may be-
come part of the conscious contents, while we will introduce the term “Never-
conscious” to refer to those brain events that never come to consciousness – such 
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as automatisms, neuronal processes in the cerebellum, and long-term procedural 
memories. Dehaene et al. (2006) have suggested using subliminal processing for 
this purpose, but that term has been in common use for more than 50 years in the 
field of subliminal (sub-threshold) sensory perception. We therefore prefer to use 
“Never-conscious,” abbreviated as N-conscious. 

The LIDA model of Global Workspace Theory (Franklin et al., 2005; Franklin 
and Patterson, 2006) (see below) enables us to draw the distinction between N-
conscious vs. preconscious processes. The sections below will describe the LIDA 
model, discuss N-conscious and preconscious processes, and offer a case for the 
functionality of the distinction.

Global Workspace Theory

Global Workspace Theory (GWT, Baars, 1988) was originally conceived as a neu-
ropsychological model of conscious and unconscious processes, but has been 
broadened into a higher-level theory of human cognitive processing, supported by 
empirical evidence (Baars, 2002), particularly when it is combined with the LIDA 
computational model of cognition. GWT views the nervous system as a distrib-
uted parallel system with many different specialized processes. Some coalitions of 
these processes enable an agent2 to make sense of the sensory data coming from 
the current environmental situation. Other coalitions, incorporating the results of 
the processing of sensory data, compete for attention. The winner occupies what 
Baars calls a global workspace, the settled contents of which are broadcast to all 
other processes. In combination with other criteria, the broadcast contents of the 
global workspace are proposed to be conscious (see Baars, 1988). This conscious 
broadcast serves to recruit other, unconscious, processes to be used to select an 
action with which to deal with the current situation. GWT is therefore a theory of 
how consciousness functions within cognition. Unconscious contexts influence 
this competition for consciousness. 

GWT is constantly being tested against new bodies of evidence. For example, 
any adequate theory must account for both conscious and unconscious brain con-
ditions. The unconscious comparison conditions include: 

1.	 Large brain regions that are constantly active, but never result in direct con-
scious output, such as the cerebellum and basal ganglia. The cerebellum, for 
example, may have as many neurons as the cerebral cortex. But cortex has 
traditionally been regarded as the source of conscious contents, while these 
other regions are not. Cortex has long been believed to provide the detailed 
contents of consciousness. A large number of studies show that lesions to 
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visual cortex results in selective types of blindness such as “blindsight,” face 
blindness (prosopagnosia), colour blindness or selective object blindness. 
Local or even global lesions in the cerebellum have no such effects, though 
the cerebellum may indirectly affect cortically-supported conscious contents. 
Since cortex and cerebellum have comparable numbers of neurons, it is clear 
that the sheer number of neurons involved in brain structures does not neces-
sarily give rise to conscious experiences. 

2.	 Other large regions of the cortex are not believed to give rise to conscious 
contents, notably the “dorsal visual stream,” which includes most of the pa-
rietal lobes (Goodale and Milner, 2004). It follows that merely being repre-
sented in cortex, even in regions sensitive to visual features, does not neces-
sarily give rise to conscious contents. The dorsal stream may be best viewed 
as a “contextual” information stream that interacts with conscious objects, 
events, and scenes, all represented directly in the ventral stream. Dorsal vi-
suotopic areas represent peripersonal space, object space, and the hand-eye 
coordination controlled by sensory and motor cortex, as in the case of reach-
ing for an object or posting a letter in the slot of a mailbox. When the right 
parietal cortex is damaged, the left side of conscious visual space disappears 
from consciousness, though some unconscious processes continue. Such “pa-
rietal neglect” can be reversed through the irrigation of the left ear canal with 
cold water. The entire pattern of results suggests that the dorsal stream does 
not supply conscious object or event information by itself, but that it may 
provide a necessary condition for visual features and object represented in the 
ventral stream, including the MTL, to become conscious. This may sound like 
a subtle distinction, but it is absolutely indispensible. Basal brain nuclei that 
project to cortex for neuromodulation, for example, are crucial for the state 
of consciousness, without which we do not have specific experiences at all. 
Yet basal neuromodulating nuclei are not believed to directly support specific 
conscious contents. 

3.	 The entire cortex is relatively less conscious for about six hours of the 24-
hour cycle, during slow-wave sleep (SWS). Some researchers maintain that 
true unconsciousness occurs only during the so-called “DOWN” states of the 
delta wave during slow-wave sleep. It is certainly well established that some 
mental contents are often reported when people are awakened from SWS. 
Destexhe et al. (2007) have therefore suggested that even during SWS people 
may be fleetingly conscious during the UP states or peak of each slow oscil-
lation. That question is under current study. If it is true, then totally uncon-
scious events may only occur intermittently even during SWS, for a total of 
perhaps three hours per 24 hour cycle. Other evidence indicates that slow-
wave sleep becomes deeper through the night, and that wider brain regions 
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decrease their metabolic activity over the hours of sleep. The greatest degree 
and duration of genuine unconsciousness may therefore occur in the latter 
half of the night. 

4.	 It has long been known that novel skills are more available to consciousness 
than the identical behaviors after practice. Riding a bicycle is a common ex-
ample. A great deal of evidence indicates that most cortical activity declines 
rapidly with the loss of conscious access to repeated skills (e.g. Schneider, 
2009). Automatic (habitual) processes are believed to be handled by the basal 
ganglia and cerebellum when they become highly predictable. Cortical syn-
aptic changes are no doubt involved as well. Once long-term synaptic changes 
have grown and stabilized it is possible that they are also less likely to give rise 
to conscious contents directly. However, this question is currently being stud-
ied by means of direct brain stimulation, and we can expect clearer results in 
the near future. 

5.	 A number of experimental ways of manipulating conscious perceptual access 
have been carefully studied over half a century, including subliminal stimula-
tion, visual backward masking, the attentional blink and selective attention. 
In many cases the unconscious comparison condition has been demonstrated 
to activate the same brain regions that are involved in the conscious condi-
tion, though to a lesser degree (e.g. Dehaene et al., 2006). Conscious con-
tents, when compared to unconscious ones, generally evoke far more forward 
cortical activity in frontoparietal regions. Dehaene and colleagues take this 
to mean that global broadcasting takes place in the conscious case, arguably 
from the prefrontal regions using long axons. However, it is still possible that 
the sensory regions themselves may constitute global workspaces, using long 
fibres to send their information forward to frontoparietal cortex and across 
the corpus callosum. Baars and Franklin (2003) have suggested that the con-
scious broadcast (which may take 100 ms or multiples thereof) recruits areas 
involved in classical working memory, such as the dorso-lateral prefrontal 
cortex and the language areas of the speaking hemisphere. Classical working 
memory operates over 10–30 seconds, therefore much longer than the hy-
pothesized global broadcast associated with GWT. Since brain oscillations are 
widely believed to carry signals among cortical regions, GWT may be associ-
ated with alpha or theta rhythms. It is generally thought that faster gamma 
activity may be multiplexed on such near-10 Hz waveforms. Alpha and theta 
activity may therefore have a pacing or grouping function to support high-
gamma, long-distance resonance among cortical regions that together may be 
the physiological substrate of conscious moments. 

6.	 A number of disease states lead to characteristic impairments of conscious 
states and experiences. These include certain epileptic seizures and epileptic 
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“behavioral automatisms,” loss of consciousness due to fainting, sleep disor-
ders like sleepwalking, vegetative and minimally conscious states, analgesia 
and anesthesia, psychotic hallucinations and delusions, the dementias and so 
on. An adequate theory of conscious contents should be able to generate test-
able hypotheses about these conditions. 

The LIDA model and its architecture

The LIDA model is a comprehensive, conceptual and computational3 model 
covering a large portion of human cognition (Franklin et al., 2007; Franklin and 
Patterson, 2006). Besides GWT, the model implements and fleshes out a num-
ber of psychological and neuropsychological theories including situated cogni-
tion (Varela et al., 1991), perceptual symbol systems (Barsalou, 1999), working 
memory (Baddeley and Hitch, 1974), memory by affordances4 (Glenberg, 1997). 
long-term working memory (Ericsson and Kintsch, 1995), and the H-CogAff 
architecture (Sloman, 1999). The comprehensive LIDA model includes a broad 
array of cognitive modules and processes, a database of which, including known 
possible neural correlates can be found online at <ccrg.cs.memphis.edu/tutorial/
correlates.html>.

The LIDA cognitive cycle

The LIDA model and its ensuing architecture are grounded in the LIDA cog-
nitive cycle. Every “autonomous agent” (Franklin and Graesser, 1997), human, 
animal, or artificial, must frequently sample (sense) its environment and select 
an appropriate response (action). Sophisticated agents, such as humans, process 
(make sense of) the input from such sampling in order to facilitate their decision 
making. Neuroscientists call this three-part process the action-perception cycle 
(Freeman, 2002). The agent’s “waking life” can be viewed as consisting of a con-
tinual sequence of these cognitive cycles. Each cycle constitutes a unit of sensing, 
processing and acting. A cognitive cycle can be thought of as a cognitive “mo-
ment.” Higher-level cognitive processes are composed of many of these cognitive 
cycles, so that each one can be considered to be a cognitive “atom.” 

Just as atoms have inner structure, the LIDA model hypothesizes a rich inner 
structure for its cognitive cycles (Baars and Franklin, 2003; Franklin et al., 2005). 
During each cognitive cycle the LIDA agent first makes sense of (see below) its 
current situation as best as it can by updating its representation of both external 
and internal features of its world. By a competitive process to be described below, 
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it then decides what portion of the represented situation is most in need of atten-
tion. This portion is broadcast, making it the current content of consciousness, 
and enabling the agent to choose an appropriate action and execute it. 

Figure 1 shows the process in more detail. It starts in the upper left corner and 
proceeds roughly clockwise.

The cycle begins with sensory stimuli from external and internal sources in 
the agent’s environment. Low-level feature detectors in sensory memory begin 
the process of making sense of the incoming stimuli. These low-level features are 
passed on to perceptual associative memory where higher-level features, such as 
objects, categories, relations, events, situations, etc. are recognized. These entities, 
which have been recognized preconsciously, make up the percept that passes to 
the workspace, where a model of the agent’s current situation is assembled. This 
percept serves as a cue to two forms of episodic memory, transient and declara-
tive. Responses to the cue consist of local associations, that is, remembered events 
from these two memory systems that were associated with the various elements 
of the cue. In addition to the current percept, the workspace contains recent per-
cepts and the models assembled from them that haven’t yet decayed away. 

A new model of the agent’s current situation is assembled from the percepts, 
its associations, and the undecayed elements of the preceding model. This assem-
bling process will typically require structure-building codelets5. These are small, 
special purpose processors, each of which has some particular type of structure it 
is designed to build. To fulfil their task these codelets may draw upon perceptual 
and sensory memory, to enable the recognition of relations and situations. The 
newly assembled model constitutes the agent’s understanding of its current situa-
tion within its world. It has made sense of the incoming stimuli. All the contents 
of this workspace, including its current situational model, are preconscious, and 
may be selected to become conscious as we shall now see.

For an agent operating within a complex, dynamically changing environ-
ment, this current model may well be much too much for the agent to consider all 
at once in deciding what to do next. It needs to selectively attend to a portion of 
the model. Portions of the model therefore compete for attention. They take the 
form of coalitions of structures obtained from the current situational model. Such 
coalitions are formed by attention codelets, whose function is to bring certain 
structures to consciousness. Once one of the coalitions wins the competition, in 
effect, the agent has decided what to attend to – i.e., what to make conscious via 
the global workspace.

The purpose of this processing stage is to help the agent decide what to do 
next. To this end, a representation of the contents of the winning coalition is 
broadcast globally from the global workspace (hence the name Global Workspace 
Theory). Though the contents of this conscious broadcast are available globally, 
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a primary recipient is procedural memory, which stores templates of possible ac-
tions including their contexts and possible results. Procedural memory also stores 
an activation value for each template, which attempts to measure the likelihood 
of an action taken within its context producing the expected result. Templates 
whose contexts intersect sufficiently with the contents of the conscious broadcast 
instantiate copies of themselves with their variables specified to the current situ-
ation. Instantiated templates remaining from previous cycles may also continue 
to be available. These instantiations are passed to the action selection mechanism, 
which chooses a single action from one of these instantiations. The chosen action 
then goes to sensory-motor memory, from which it is executed by an appropriate 
algorithm. The action taken affects the environment, and the cycle is complete. 

The LIDA model hypothesizes that all human cognitive processing is via a 
continuing iteration of such cognitive cycles. The unconscious elements of these 
cycles are proposed to occur asynchronously, with each cognitive cycle taking 
roughly 200–300 ms. These cycles cascade, that is, several cycles may have differ-
ent processes running simultaneously in parallel. This cascading must, however 
respect the serial nature of conscious processes that are necessary to maintain the 
stable, coherent image of the world (Franklin, 2005; Merker, 2005). The cascading 
cycles, which partially overlap, allows a rate of cycling in humans of five to ten 
cycles per second. A cognitive “moment” is thus quite short! There is considerable 
evidence from cognitive psychology and neuroscience that is consistent with such 
cognitive cycling in humans (Massimini et al., 2005; Sigman and Dehaene, 2006; 
Uchida et al., 2006; Willis and Todorov, 2006). 

Some of the strongest evidence comes from the study of alpha and theta 
rhythms, which are involved in visual immediate memory, and in hippocampal-
neocortical integration of new episodic and semantic memories. Alpha and theta 
cycle in the 10-Hz neighbourhood and Steriade has indeed suggested that they 
are not categorically different. The same set of neurons may generate the slightly 
different pace of alpha and theta bands. 

So far these questions are not yet settled, but the evidence appears consistent 
with our hypotheses. 

Preconscious and N-conscious processes

Figure 1 illustrates the various cognitive modules and processes as hypothesized 
by the LIDA model, and the relationships between them. Beginning at the upper 
left, Sensory Memory consists of the initial representations of sensory input to-
gether with the products of the primary level feature detectors (Koch, 2004). Some 
of the earlier contents of Sensory Memory may be N-conscious, in that they can 
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never become conscious. The contents of Sensory Memory are sent to Sensory-
Motor Memory to enable the execution of the action selected during each cogni-
tive cycle. In the visual system, for example, the sensory-motor component of 
these contents travel along the dorsal stream (Goodale and Milner, 2004).

Several subsequent modules in the figure, Perceptual Associative Memory, 
the Workspace, and the two episodic memories, are concerned with making sense 
of the current situation. Any of the contents of their processes may be included 
in the winning coalition in the global workspace. Thus, all these contents are pre-
conscious by the definitions given above. 

The workings of the attention codelets and the global workspace (competition 
for consciousness and the conscious broadcast) never become conscious and are 
thus N-conscious. The same is true of the workings and the contents of Procedur-
al Memory, Action Selection and Sensor-Motor Memory. All are N-conscious.

The LIDA/GWT model suggests that the functional distinction between  
N-conscious and preconscious process derives from one of the major roles of an 
agent’s consciousness mechanism, to select the most salient portion of the agent’s 
current situation to which to attend during each cognitive cycle. Only those pro-
cesses whose contents might be part of that salient portion may be preconscious. 
Other critically important processes during any cognitive cycle serve many quite 
different functions, while their contents, if any, need never come to conscious-
ness. For example, the action selection process during a single cognitive cycle is 
consciously mediated in that it requires momentary use of the current conscious 
contents. However the mechanism by which it selects the next action is entirely 
N-consciousness.

All higher-level mental activities, being multi-cyclic, must employ N-con-
scious, preconscious, and conscious processes during each of their cognitive cy-
cles. During volition or conscious decision making, for example, a possible action 
will “pop into mind,” that is, become conscious, perhaps in a fleeting visual im-
age of the intended action outcome. This conscious thought is the result of both 
N-conscious and preconscious process operating during the cognitive cycle that 
produced the conscious event (Franklin, 2000). 

Whether an unconscious cognitive process is N-conscious or preconscious 
depends entirely on its function. Does it carry content that might become 
part of a conscious broadcast? If so, it is preconscious by definition; if not, it is  
N-conscious.
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Summary and conclusions

We have briefly sketched the GWT and LIDA models, and how they support in-
formation processing in autonomous agents, such as humans and animals. Con-
sciousness is believed to involve momentary broadcasts of contents from one re-
gion or process in the brain, to be received by many others. Such broadcast events 
are believed to occur over approximately 100–200 ms bursts, consistent with our 
knowledge of alpha and theta activity. Distinctive contents of each burst may be 
multiplexed or modulated by faster gamma activity, which is often taken to mean 
60–120 Hz. But “conscious bursts” are themselves embedded in cognitive cycles, 
which are unconscious. These cycles may be divided into preconscious elements, 
which can potentially provide conscious contents, and N-conscious, or “Never-
conscious” elements, which are crucial to activating, and directing attention code-
lets to specific contents, but which never become conscious in themselves. There 
is a great deal of evidence that the brain supports both kinds of currently uncon-
scious events. 

The GWT-LIDA model therefore suggests there are two different kinds of 
unconscious events that occur quite fast and efficiently in any given cognitive 
cycles. The unconscious elements of such cycles may overlap in time, but the 
conscious ones face standard limited-capacity constraints and are therefore 
forced to occur serially. 

Notes

1.	 In this paper we use the terms “process” and “content” in a strictly computational fashion. 
A process is thought of as an algorithm or a program as distinct from any content that might be 
produced by it.

2.	 This term refers to an autonomous agent in the sense of Franklin and Graesser (1997), 
which includes humans and most animals, as well as some software agents and mobile robots. 
Here’re we’re concerned mostly with human agents.

3.	 At this writing the LIDA model is only partially implemented. We claim it as a computa-
tional model since each of its modules and most of its processes have been designed for imple-
mentation.

4.	 Gibson (1979) introduced the term affordance, which is often interpreted to mean that 
information about the available uses of an object is evoked by the object itself. We are using it 
in the sense that the agent can derive such information from the object.

5.	 The term codelet refers generally to any small, special purpose processor or running piece 
of computer code. 



	 Two varieties of unconscious processes	 101

References

Baars, B. J. (1988). A Cognitive Theory of Consciousness. Cambridge: Cambridge University 
Press.

Baars, J. (2002). The conscious access hypothesis: origins and recent evidence. Trends in Cogni-
tive Science, 6, 47–52.

Baars, B. J. and Franklin, S. (2003). How conscious experience and working memory interact. 
Trends in Cognitive Science, 7, 166–172.

Baddeley, A. D. and Hitch, G. J. (1974). Working memory. In G. A. Bower (Ed.), The Psychology 
of Learning and Motivation (pp. 47–89). New York: Academic Press.

Barsalou, L. W. (1999). Perceptual symbol systems. Behavioral and Brain Sciences, 22, 
577–609.

Block, N. (2007). Consciousness, Accessibility and the Mesh between Psychology and Neuro-
science. Behavioral and Brain Sciences, 30, 481–548.

Dehaene, S., Changeux, J.-P., Naccache, L., Sackur, J. and Sergent, C. (2006). Conscious, pre-
conscious, and subliminal processing: A testable taxonomy. Trends in Cognitive Sciences, 
10, 204–211.

Destexhe, A., Hughes, S. W., Rudolph, M. and Crunelli, V. (2007). Are corticothalamic ‘up’ 
states fragments of wakefulness? Trends in Neurosciences, 30, 334–42.

Edelman, G. M. and Tononi, G. (2000). A Universe of Consciousness. New York, NY: Basic 
Books.

Ericsson, K. A. and Kintsch, W. (1995). Long-term working memory. Psychological Review, 
102, 211–245.

Franklin, S. (2000). Deliberation and voluntary action in ‘conscious’ software agents. Neural 
Network World, 10, 505–521. 

Franklin, S. (2005). Evolutionary pressures and a stable world for animals and robots: A com-
mentary on Merker. Consciousness and Cognition, 14, 115–118.

Franklin, S., Baars, B. J., Ramamurthy, U. and Ventura, M. (2005). The role of consciousness in 
memory. Brains, Minds and Media, 1, 1–38.

Franklin, S. and Graesser, A. C. (1997). Is it an agent, or just a program? A taxonomy for au-
tonomous agents. Intelligent Agents III (pp. 21–35). Berlin: Springer Verlag.

Franklin, S. and Patterson, F. G. Jr. (2006). The LIDA Architecture: adding new modes of learn-
ing to an intelligent, autonomous, software agent. IDPT-2006 Proceedings (Integrated  
Design and Process Technology): Society for Design and Process Science.

Franklin, S., Ramamurthy, U., D’Mello, S. K., McCauley, L., Negatu, A. L. R. S., Silva, R. and 
Datla, V. (2007, November 9–11). LIDA: A computational model of global workspace  
theory and developmental learning. Paper presented at the AAAI Fall Symposium on AI 
and Consciousness: Theoretical Foundations and Current Approaches, Arlington, VA.

Freeman, W. J. (2002). The limbic action-perception cycle controlling goal-directed animal  
behavior. Neural Networks, 3, 2249–2254.

Freeman, W. J. (2003). Evidence from human scalp electroencephalograms of global chaotic 
itinerancy. Chaos, 13, 1067–1077.

Gibson, J. J. and James, J. (1979). The Ecological Approach to Visual Perception. Mahwah, NJ: 
Lawrence Erlbaum Associates.

Glenberg, A. M. (1997). What memory is for. Behavioral and Brain Sciences, 20, 1–19.
Goodale, M. A. and Milner, D. (2004). Sight Unseen. Oxford: Oxford University Press.



102	 Stan Franklin and Bernard J. Baars

Koch, C. (2004). The Quest for Consciousness: A neurobiological approach. Englewood, Colo-
rado Roberts and Co.

Massimini, M., Ferrarelli, F., Huber, R., Esser, Steve K., Singh, H. and Tononi, G. (2005). Break-
down of cortical effective connectivity during sleep. Science, 309, 2228–2232.

Merker, B. (2005). The liabilities of mobility: A selection pressure for the transition to con-
sciousness in animal evolution. Consciousness and Cognition, 14, 89–114.

Schneider, W. (2009). Automaticity and Consciousness. In W. Banks (Ed.), Encyclopedia of 
Consciousness (pp. 83–92). St. Louis: Elsevier. 

Sigman, M. and Dehaene, S. (2006). Dynamics of the central bottleneck: Dual-task and task 
uncertainty. PLoS Biol 4(7): e220. doi:10.1371/journal.pbio.0040220

Sloman, A. (1999). What Sort of Architecture is Required for a Human-like Agent? In 
M. Wooldridge and A. S. Rao (Eds.), Foundations of Rational Agency (pp. 35–52).  
Dordrecht, Netherlands: Kluwer Academic Publishers.

Uchida, N., Kepecs, A. and Mainen, Z. F. (2006). Seeing at a glance, smelling in a whiff: Rapid 
forms of perceptual decision making. Nature Reviews Neuroscience, 7, 485–491.

Varela, F. J., Thompson, E. and Rosch, E. (1991). The Embodied Mind. Cambridge, MA: MIT 
Press.

Willis, J. and Todorov, A. (2006). First impressions: Making up your mind after a 100-ms expo-
sure to a face. Psychological Science, 17, 592–599.



Operating characteristics and awareness

Colin W. G. Clifford, Justin A. Harris and Ehsan Arabzadeh

Although a large proportion of the human brain is dedicated to processing 
incoming sensory information, much of this processing is not accessible to 
consciousness. In an effort to understand what differentiates conscious from 
unconscious processing, we are concerned here with methodological issues in 
exploring the limits of unconscious processing. We first consider a conscious 
perceptual experience and establish an operating characteristic to disambiguate 
perceptual sensitivity from decision criterion. We then apply the same method 
to dissociate explicit measures of perception from implicit measures of sensory 
processing. Finally, we evaluate post-decision wagering as a proposed method 
for measuring awareness. 

Disambiguating perceptual experience from decision criterion

How can I establish if you are conscious of something? For example, I might want 
to know if you were conscious of a very faint spot of light presented on a grey 
screen. The most natural approach would be to ask “Did you see the spot?” But if 
the spot were very faint you would probably be unsure whether you saw it or not. 
So how should I interpret whatever answer you give? If I present the spot on 10 
trials then you might say “Yes, I think I saw something” on some and “No, I don’t 
think there was a spot” on others. You might say “Yes” on 6 trials and “No” on 4. 
Now if we run 10 more trials with a fainter spot maybe you would only say “Yes” 
twice. So far so good – your rate of reporting a conscious experience of the spot 
drops from 60% to 20% as the spot gets fainter. But now I tell you to say “Yes” only 
if you are absolutely sure that you saw the spot. I go back to presenting the spot 
at the original (higher) intensity but this time you only say “Yes” on 2 out of 10 
trials. Evidently your response depends not only on your perceptual experience 
but also on a decision criterion as to whether that experience merits a “Yes” or 
“No” response. This is a problem if I just want to know whether you saw the spot. 
In this instance your criterion has changed as a result of an explicit instruction 
to be more conservative. However, the problem remains that I do not know how 
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conservative or liberal your criterion was in the first place. A liberal criterion 
might cause me to overestimate your perceptual sensitivity, while a conservative 
one would have the opposite effect.

To measure accurately your sensitivity to the spot of light, I need a “criterion-
free” method so that I can factor out the effect of your decision criterion on your 
response. For example, I can include some “catch” trials where no spot is presented 
on the screen but I still ask if you saw the spot. By comparing your “hit rate” (the 
proportion of times that you correctly said “Yes” when the spot was presented) 
with your “false alarm rate” (the proportion of catch trials on which you errone-
ously reported seeing the spot), I can – subject to some assumptions – disam-
biguate the strength of your perceptual experience from your response criterion. 
We shall return to criterion-free methods and the assumptions underlying their 
analysis in the section on Operating Characteristics and Measures of Confidence 
in a Decision. We also direct the interested reader to the extensive literature on 
Signal Detection Theory (e.g. Wickens, 2002).

Dissociating explicit measures of perception  
from implicit measures of processing

Let us say that, armed with a criterion-free method for analysing your responses 
to presentations of the spot and intermingled catch trials, I find that your hit rate 
for detecting the spot at the fainter intensity is no greater than your false alarm 
rate. Can I safely conclude that you are not conscious of the spot at that intensity? 
Unfortunately, the answer is no. Statistically, one can infer that two distributions 
are significantly different, but it would be unsound to infer the absence of a differ-
ence on the basis of a lack of significance. 

If we cannot establish rigorously that there is no conscious experience of 
a stimulus then how can we study unconscious processing? What we need is a 
means of dissociating our explicit measure of the strength of the perceptual ex-
perience elicited by a stimulus from an implicit measure of the processing of that 
stimulus. This implicit measure could be behavioural or physiological. An exam-
ple of a behavioural measure would be the magnitude of an after-effect induced 
by an “invisible” stimulus (see Blake and He, 2005). In this case, the stimulus is 
undetected by explicit report (even with a criterion-free method), but there is a 
measurable impact of the stimulus on sensory processes as revealed indirectly 
by a subsequent change in explicit perceptual experience. A physiological mea-
sure might be the fMRI BOLD response of visual cortex to a stimulus flickering 
beyond the temporal resolution limit (e.g. Jiang et al., 2007). In this case, the 
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subject is incapable of distinguishing red-green flicker from an unchanging yel-
low field even though there is a clear effect on the blood-oxygen level in early 
visual cortex. 

Consider the situation illustrated in Figure 1. Each panel plots hypothetical 
data comparing an explicit, criterion-free measure of perceptual experience, on 
the Y axis, with an implicit measure of the depth of processing (X axis). For ex-
ample, one might compare (explicit) detection sensitivity for a pattern presented 
close to the spatial or temporal resolution limit of vision to the magnitude of an 
(implicit) after-effect induced following exposure to that pattern. In Figure 1A, the 
black circle located on the X axis indicates that there is significant processing of 
the stimulus, revealed by the implicit measure, even though the measure of explicit 
perception is not different from chance performance. There are many reports in 
the literature that claim such a pattern of results as being indicative of sensory 
processing without awareness, often in contrast to a condition where implicit and 
explicit measures are both well above zero. The underlying rationale would appear 
to be that, although a particular experimental manipulation (or natural accident) 
has only modestly reduced the depth of processing of a stimulus, the same ma-
nipulation has effectively abolished the observer’s awareness of it. 

Figure 1.  Operating characteristics to relate perception and processing. 
Each panel plots hypothetical data comparing an explicit, criterion-free measure of per-
ceptual experience (Y axis) with an implicit measure of the depth of processing (X axis). 
(A) The black circle located on the X axis indicates that there is significant processing of 
the stimulus, revealed by the implicit measure, even though the measure of explicit per-
ception is not different from chance performance. The white circle represents a condition 
where implicit and explicit measures are both well above zero. (B) Parametric manipula-
tion of stimulus visibility establishes an operating characteristic (dotted line) relating 
implicit and explicit measures in a baseline condition. (C) If the data point correspond-
ing to the condition of interest lies below the operating characteristic established in the 
baseline condition, this is evidence for the involvement of unconscious processes.
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Let us consider the situations illustrated in Figure 1B and 1C in the context 
of a concrete example. The black circle shows performance for conscious detec-
tion of a stimulus rendered invisible by, say, backward masking, plotted against 
the magnitude of an implicit measure (e.g. Clifford and Harris, 2005). Backward 
masking involves brief presentation of a visual stimulus, in this case an oriented 
grating, rapidly followed by a high contrast noise texture. The presentation of the 
noise texture masks perception of the grating, rendering it invisible. Despite being 
subjectively invisible, the masked grating affects the perceived orientation of an 
adjacent test grating that is itself unaffected by the mask. An implicit measure of 
the depth of processing of the invisible grating is thus provided by the magnitude 
of its effect on the perceived orientation of its unmasked neighbour. 

The white circles represent hypothetical data in the absence of masking. Dif-
ferent white circles correspond to data from stimuli at different levels of contrast 
(note that the contrast level is not plotted on the graph, but we assume that the 
implicit and explicit measures are both monotonically increasing functions of 
contrast). Using contrast to parametrically manipulate stimulus visibility allows 
us to establish an “operating characteristic” relating implicit and explicit measures 
in the unmasked (baseline) condition. Specifically, decreasing grating contrast in 
the unmasked condition will decrease both its (explicit) detectability and the (im-
plicit) effect it has on the perceived orientation of its neighbour in a characteristic 
manner. In each of Figures 1B and 1C this operating characteristic is a mono-
tonically increasing function (the dotted line in both figures); this monotonic 
relationship between implicit and explicit measures follows from the assumption 
that each is related monotonically to stimulus contrast. 

In Figure 1B, the magnitude of the implicit measure saturates at a lower 
contrast than the explicit measure; vice versa in Figure 1C. A common inter-
pretation of data like those in Figure 1B is that the black data point indicates 
unconscious processing. However, the flaw in this reasoning is made clear by 
referring to Figure 1C. To say that any data point lying on the operating char-
acteristic in Figure 1B was evidence of “processing without awareness” would 
seem to us no more sensible than to maintain that a data point lying on the 
operating characteristic in Figure 1C was evidence of “awareness without pro-
cessing”! Instead, if we wish to claim evidence for a dissociation in the effect of 
masking on implicit processing versus explicit awareness, the data point from 
the backward masking condition should not lie on the operating characteristic 
in the unmasked condition. 

If the data point corresponding to the masked condition lies below the op-
erating characteristic established in the absence of masking, as in Figure 1C, 
this is evidence that masking has a disproportionately greater effect upon 
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awareness than upon our measure of processing. This implies the involvement 
of unconscious processes in mediating the pattern-specific effect we are using 
as our implicit measure. Such a pattern of results could occur if, for example, 
masking predominantly affected higher-level, conscious processes subsequent to 
lower-level, unconscious processes that mediate the pattern-specific effect. In the 
example given above, this would correspond to a situation in which backward 
masking left lower-level orientation-specific interactions between neighbouring 
gratings largely unaffected but intervened to block access to higher-level, con-
scious processes. If instead the effect were mediated purely by conscious process-
es, then the pattern-specific effect would not show greater immunity to masking 
than the corresponding perceptual experience. In this case the data point corre-
sponding to the masked condition would lie on the same operating characteristic 
as the unmasked data.

It is important to note that a dissociation between processing and awareness 
of the type illustrated in Figure 1C does not require that perceptual performance 
is “at chance” in any condition. Even if there were evidence of significant percep-
tual awareness in all conditions it might still be possible to show that the data 
from the condition of interest are not consistent with the established operating 
characteristic. However, with real experimental data, it will not always be easy 
to tell by eye whether or not a given data point is consistent with a particular 
operating characteristic. Fortunately, formal methods exist that can be used in 
such situations to test whether all the data can be captured by a single operating 
characteristic. If they can, then the data provide no evidence for processing with-
out awareness. If, instead, different characteristics are warranted to account for 
the masked and unmasked data, then that indicates the operation of unconscious 
processes in the masked condition. An exposition of such methods is beyond the 
scope of this chapter. However, we direct the interested reader to the literature on 
State-Trace Analysis (Bamber, 1979; Newell and Dunn, 2008) and model com-
parison methods (Burnham and Anderson, 1998).

Operating characteristics and measures of confidence in a decision

It has recently been proposed that a direct measure of awareness in a perceptual 
task can be obtained by asking the subject to make a wager on the outcome of 
their decision (Persaud et al., 2007). For example, after making a “Yes-No” judg-
ment as to whether a stimulus was present, the subject is then required to bet on 
the correctness of that perceptual judgment. The subject is given the opportunity 
of wagering high or low, depending on how confident they are in the correctness 
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of their decision. The claim that post-decision wagering objectively measures 
awareness has been criticized on a number of grounds. A post-decision wager is a 
meta-cognitive judgment on the correctness of a perceptual decision, so it is not 
clear in what sense this could be considered a “direct” measure of awareness (Seth, 
2008). Indeed, in the literature on behavioural economics, wagering is known to 
be affected by loss aversion, whereby to the subject the prospect of losing a given 
sum in a wager can only be offset by the prospect of winning an even greater 
sum of money (Kahneman and Tversky, 1979; Schurger and Sher, 2008). Thus, we 
have argued previously that failure to optimize ones earnings from post-decision 
wagering is not a reliable indication of lack of awareness of the sensory evidence 
upon which the original decision was based (Clifford et al., 2008a, b). Indeed, we 
have demonstrated that an empirical data set used as an example of how to estab-
lish perception without awareness with post-decision wagering (Persaud et al., 
2007) can in fact be described by a single operating characteristic. Specifically, we 
showed that the failure of the subject to optimize his earnings from post-decision 
wagering was consistent simply with a reluctance of the subject to wager high on 
a decision when the sensory evidence upon which that decision was based was 
below a certain criterion level (Figure 2). In other words, the subject’s behaviour 
was consistent with him using a more conservative criterion for betting high than 
for responding “Yes” to the presence of the stimulus, but all in full awareness of 
the sensory evidence (Clifford et al., 2008a). 
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One point we did not address explicitly in our critique of the study by Persaud 
et al. (2007) was their use and interpretation of a Type II signal detection measure 
(Galvin et al., 2003). In Signal Detection Theory, Type I measures quantify the 
subject’s ability to perform a perceptual task while Type II measures quantify the 
ability to distinguish correct from incorrect decisions on the perceptual task. If 
one is unaware of the information upon which one is basing one’s perceptual deci-
sions, then there should be no relationship between the accuracy of a decision and 
measures of subjective confidence in that decision (Dienes et al., 1995). Persaud 
et al. (2007) found that the post-decision wagering performance of their subject 
yielded a Type II measure that was not significantly different from chance. How-
ever, as we have already mentioned, failure of a measure to demonstrate signifi-
cant awareness is not a demonstration of lack of awareness. Moreover, it should 
be noted that the particular measure of Type II performance used by Persaud et 
al. (2007) can vary with changes in response bias that affect the relative frequency 
of high and low wagers (Evans and Azzopardi, 2007). Indeed, as noted above, we 
found that the value of the Type II measure computed by Persaud et al. (2007) 
was entirely consistent with adoption of a conservative, loss-aversive criterion for 
wagering high on the outcome of a perceptual decision in full awareness of the 
sensory evidence upon which that decision was based.

Conclusion

Neuroscience is engaging ever more sophisticated techniques in the study of 
consciousness. In this chapter we have focussed on fundamental methodologi-
cal issues in establishing evidence of unconscious processing. The application 
of Type I signal detection theory ensures that changes in perceptual experience 

Figure 2.  Signal Detection Theory. 
(A) In a Yes-No detection task, Signal Detection Theory assumes that an observer will 
respond positively when the sensory evidence for the presence of the target stimulus 
exceeds a criterion level. (B) The subjective strength (d́ ) of the stimulus determines the 
shape of the operating characteristic, whereas variations in criterion level determine the 
location on that operating characteristic. (C) Decision and wagering criteria for a hypo-
thetical observer (Clifford et al., 2008a) designed to reproduce the performance levels 
reported by Persaud et al. (2007). Each wager is based upon the same sensory evidence as 
the preceding decision and differs only in criterion level. (D) The data used by Persaud et 
al. (2007) as an example of how to establish perception without awareness with post-de-
cision wagering can thus in fact be described by a single operating characteristic.
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are not confounded with changes in decision criterion. We have advocated the 
measurement of operating characteristics that relate explicit reports of perceptual 
experience to an implicit measure of neural processing. This implicit measure 
could itself be behavioural, such as the magnitude of an after effect, or physi-
ological, such as the cortical fMRI BOLD response. Demonstrating that the op-
erating characteristic between neural activity and conscious perception varies as 
a function of stimulus presentation (e.g. masked versus unmasked) is evidence 
of unconscious processing. Finally, we urge caution in the use of post-decision 
wagering and in particular the interpretation of Type II signal detection theory 
measures as evidence of unconscious processing.
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Noise in the brain, decision-making, 
determinism, free will, and consciousness

Edmund T. Rolls 

Noise caused by randomness in the spiking times of neurons in the brain has a 
number of advantages, including contributing to probabilistic decision-making. 
However, noise results in the brain operating effectively as a non-deterministic 
system, which has implications for free will. Noise also results in decisions being 
taken probabilistically between the reasoning system and the implicit reward 
system. I propose that free will can be used to describe the operation of the 
reasoning system, and that consciousness is a property of a reasoning system 
that must use higher order syntactic thoughts (HOSTs) to correct its first order 
thoughts. When the implicit system takes a decision, we may confabulate a rea-
son for the decision, and in that case the feeling of free will may be an illusion. 

1. 	I ntroduction

In this paper I consider the implications of noise in the brain for determinism, for 
freewill, for decisions between the conscious and implicit (unconscious) routes 
to action, and for monitoring processes in the brain, in the context of a theory of 
emotion (Rolls, 2005a), of consciousness (Rolls, 2004; 2007a; 2008a; in press), and 
of noise in the brain (Rolls and Deco, 2010).

2. 	 A higher order syntactic theory of consciousness

In a reasoned plan with several steps to the plan, if there is an error, how do we 
know which step has the error? There is a credit assignment problem here, for the 
occurrence of an error does not tell us which step had a fault. I argue that in this 
situation, thoughts about the steps of the plan, that is thoughts about thoughts, 
namely “higher order thoughts”, can help us to detect which was the weak step 
in the plan, with perhaps weak premises, so that we can correct the plan and 
try again. I argue that having thoughts about our previous thoughts, reflecting 
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on them, may be a computational process that, when it occurs, is accompanied 
by feelings of consciousness, that it feels like something (Rolls, 1997a, b; 2003; 
2004; 2005b; 2007a, b; 2008a; in press). This general approach to the phenomenal 
aspects of consciousness is shared by a number of philosophers and scientists 
(Rosenthal, 1990; 1993; 2004; 2005; Weiskrantz, 1997). I then go on to argue that 
when this ‘higher order syntactic thought’ (HOST) brain processor is actively 
processing sensory states or emotions (about which we may sometimes need to 
reason), then conscious feelings about these sensory states or emotions, called 
qualia, are present. I argue that this reasoning (i.e. rational) explicit (conscious) 
system is propositional and uses syntactic binding of symbols. 

I contrast this rational or reasoning, explicit, system with an implicit (un-
conscious) system that uses gene-specified goals (e.g. food reward when hungry, 
water when thirsty, social interaction (Rolls, 2005a)) for actions, and can perform 
arbitrary actions to obtain the genotypically defined goals. The explicit system, 
because of the reasoning, can perform multiple step planning which might lead 
to goals that are in the interest of the phenotype but not of the genotype (e.g. not 
having children in order to devote oneself to the arts, philosophy, or science). In 
this sense, we can speak of the selfish genotype vs the selfish phenotype. If the im-
plicit system takes a decision and performs an action, confabulation may occur, 
in that a verbal account may be given by the explicit (conscious) system of why 
the action was performed, and this may not be related at all to the environmental 
event that actually triggered the action (Gazzaniga and LeDoux, 1978; Gazzaniga, 
1988; 1995; LeDoux, 2008; Rolls et al., 1994; Rolls, 2005a; 2008a; in press).

3. 	 Noise in the brain and determinism

There is internal noise (i.e. random effects) in the brain caused by the timing of the 
action potentials of each neuron, which occur at approximately random times for 
a given mean firing rate, that is, approximate a Poisson process (Rolls and Deco, 
2010). The underlying cause of this randomness is that the membrane potential is 
close to the threshold of firing, so that small changes in the input to a neuron can 
cause it to suddenly emit an action potential. The changes in input can arise from 
noise in the environment or in the sensors (such as the eye), but also are related 
to internal probabilistic opening of ion channels in the neuronal membrane and 
in synapses (Faisal et al., 2008; Rolls and Deco, 2010). This noise is in fact help-
ful, in that it breaks the symmetry of many decision-making and memory recall 
processes in the brain, allowing probabilistic decision-making which is adaptive, 
and creative thought because each thought is different (Rolls and Deco, 2010). To 
provide some insight into the probabilistic decision-making mechanism, if we 
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have equal inputs to an integrate-and-fire decision-making network, then on an 
individual trial, more spiking in the neurons in attractor 1 which represents deci-
sion 1 might occur because of randomness in the spiking of the neurons; and on 
another trial, more spiking in the neurons in attractor 2 which represents decision 
2 might occur because of randomness in the spiking of the neurons (Rolls and 
Deco, 2010) (see Figure 1). 

Given that the brain operates with some degree of randomness due to the 
statistical fluctuations produced by the random spiking times of neurons, brain 
function is to some extent non-deterministic, as defined in terms of these sta-
tistical fluctuations. That is, the behaviour of the system, and of the individual, 
can vary from trial to trial based on these statistical fluctuations, in ways that are 
described by Rolls and Deco (2010). Given that each neuron has this random-
ness, and that there are sufficiently small numbers of synapses on each of the 
neurons in each network (between a few thousand and 20,000) that these statisti-
cal fluctuations are not smoothed out (Rolls and Deco, 2010), and that there are a 
number of different networks involved in typical thoughts and actions each one 
of which may behave probabilistically, and with 1011 neurons in the brain each 
with this number of synapses, the system has so many degrees of freedom that 
it operates effectively as a non-deterministic system. (Philosophers may wish to 
argue about different senses of the term deterministic, but it is being used here in 
a precise, scientific, and quantitative way, which has been clearly defined (Rolls 
and Deco, 2010).)

4. 	 Noise in the brain and free will 

This raises the issue of free will in decision-making. One factor in this is that as 
I have suggested the brain operates effectively non-deterministically. But there is 
what I think is an even more interesting factor, which I believe gets at the heart of 
a useful way to think about free will. It comes from considering the operation of 
the implicit and explicit systems in the brain, as follows.

Do we have free will when both the implicit and the explicit systems have 
made the choice? Free will would in my view (Rolls, 2005a; 2008a, b; in press) 
involve the use of language to check many moves ahead on a number of pos-
sible series of actions and their outcomes, and then with this information to make 
a choice from the likely outcomes of different possible series of actions. (If in 
contrast choices were made only on the basis of the reinforcement value of im-
mediately available stimuli, without the arbitrary syntactic symbol manipulation 
made possible by language, then the choice strategy would be much more limited, 
and we might not want to use the term free will, as all the consequences of those 



116	 Edmund T. Rolls

actions would not have been computed.) It is suggested that when this type of 
reflective, conscious, information processing is occurring and leading to action, 
the system performing this processing and producing the action would have to 
believe that it could cause the action, for otherwise inconsistencies would arise 
(with for example the reasoning system feeling out of control if it was clear that 
the action was being initiated by the implicit system), and the rational system 
might no longer try to initiate action. This belief held by the rational system may 
partly underlie the feeling of free will. At other times, when other brain modules 
are initiating actions (in the implicit systems), the conscious processor (the ex-
plicit, reasoning, system) may confabulate and believe that it caused the action, or 
at least give an account (possibly wrong) of why the action was initiated. The fact 
that the conscious rational processor may have the belief, even when the implicit 
system has taken the decision, that it, the rational system, initiated the action 
may arise as a property of it being inconsistent for a rational system that can take 
overall control using conscious syntactic processing to believe that it was over-
ridden by another system. This may be the underlying computational reason why 
confabulation occurs.

The implication of this argument is that a good use of the term free will is 
when the term refers to the operation of the rational, planning, explicit (con-
scious) system that can think many moves ahead, and choose from a number 
of such computations the multistep strategy that best optimises the goals of the 
explicit system with long-term goals. When on the other hand our implicit system 
has taken a decision, and we confabulate a spurious account with our explicit sys-
tem, and pronounce that we took the decision for such and such a (confabulated) 
reason of our own “free will”, then I want to say that the feeling of free will was an 
illusion (Rolls, 2005a; in press). 

5. 	 Monitoring and consciousness

An attractor network in the brain with positive feedback implemented by excit-
atory recurrent collateral connections between the neurons can implement de-
cision-making (Deco and Rolls, 2006; Rolls and Deco, 2010; Wang, 2002). As 
explained in detail elsewhere (Rolls and Deco, 2010), noise caused by the ran-
dom spiking of the neurons can influence the decision-making. If the external 
evidence is consistent with the decision taken (which has been influenced by the 
noisy neuronal firing times), then the firing rates in the winning attractor are 
supported by the external evidence, and become especially high. If the external 
evidence is contrary to the noise-influenced decision, then the firing rates of the 
neurons in the winning attractor are not supported by the external evidence, and 
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are lower than expected. In this way the confidence in a decision is reflected in, 
and encoded by, the firing rates of the neurons in the winning attractor popula-
tion of neurons (Rolls et al., 2009; 2010).

If we now add a second attractor network to read the firing rates from the first 
decision-making network, the second attractor network can take a decision based 
on the confidence expressed in the firing rates in the first network (Insabato et al., 
2010). The second attractor network allows decisions to be made about whether 
to change the decision made by the first network, and for example abort the trial 
or strategy (see Figure 1). The second network, the confidence decision network, 
is in effect monitoring the decisions taken by the first network, and can cause a 
change of strategy or behaviour if the assessment of the decision taken by the 
first network does not seem a confident decision. This is described in detail else-
where (Insabato et al., 2010), but Figure 1 shows the simple system of two attrac-
tor networks that enables confidence-based (second level) decisions to be made, 
by monitoring the output of the first, decision-making, network.

Now this is the type of description, and language used, to describe ‘monitor-
ing’ functions, taken to be high level cognitive processes, possibly related to con-
sciousness (Block, 1995; Lycan, 1997). For example, in an experiment performed 
by Hampton (2001) (experiment 3), a monkey had to remember a picture over 
a delay. He was then given a choice of a ‘test flag’, in which case he would be al-
lowed to choose from one of four pictures the one seen before the delay, and if 
correct earn a large reward (a peanut). If he was not sure that he remembered the 
first picture, he could choose an ‘escape flag’, to start another trial. With longer 
delays, when memory strength might be lower partly due to noise in the sys-
tem, and confidence therefore in the memory on some trials might be lower, the 
monkey was more likely to choose the escape flag. The experiment is described 
as showing that the monkey is thinking about his own memory, that is, is a case 
of meta-memory, which may be related to consciousness (Heyes, 2008). However, 
the decision about whether to escape from a trial can be taken just by adding a 
second decision network to the first decision network. Thus we can account for 
what seem like complex cognitive phenomena with a simple system of two attrac-
tor decision-making networks (Figure 1) (Rolls and Deco, 2010).

The implication is that some types of ‘self-monitoring’ can be accounted for 
by simple, two-attractor network, computational processes. But what of more 
complex ‘self-monitoring’, such as is described as occurring in a commentary that 
might be based on reflection on previous events, and appears to be closely related 
to consciousness (Weiskrantz, 1997). This approach has been developed into my 
higher order syntactic theory (HOST) of consciousness (Rolls 1997a, b; 2003; 
2004; 2005b; 2007a, b; 2008a; in press), in which there is a credit assignment prob-
lem if a multi-step reasoned plan fails, and it may be unclear which step failed. 
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Such plans are described as syntactic as there are symbols at each stage that must 
be linked together with the syntactic relationships between the symbols specified, 
but kept separate across stages of the plan. It is suggested that in this situation 
being able to have higher order syntactic thoughts will enable one to think and 
reason about the first order plan, and detect which steps are likely to be at fault.

Now this type of ‘self-monitoring’ is much more complex, as it requires syn-
tax. The thrust of the argument is that some types of ‘self-monitoring’ are compu-
tationally simple, for example in decisions made based on confidence in a first de-
cision (Insabato et al., 2010; Rolls and Deco, 2010), and may have little to do with 
consciousness; whereas higher order thought processes are very different in terms 
of the type of syntactic computation required, and may be more closely related to 
consciousness (Rolls 1997a, b; 2003; 2004; 2005b; 2007a, b; 2008a; in press).

Figure 1.  Network architecture for decisions about confidence estimates. The first 
network is a decision-making network, and its outputs are sent to a second network 
that makes decisions based on the firing rates from the first network, which reflect the 
decision confidence. In the first network, high firing of population D1 represents deci-
sion 1, and high firing of population D2 represents decision 2. The second network is a 
confidence decision network, and receives inputs from the first network. The confidence 
network has two selective pools of neurons, one of which (C) responds to represent 
confidence in the decision, and the other of which responds when there is little or a lack 
of confidence in the decision (LC). Each selective pool has strong recurrent connections, 
while the connections between the two selective pools are weak. All other connections 
are set to the default value 1. All neurons in the network receive an external input (λext) 
emulating the spontaneous firing of neurons in other cortical areas. Pools D1 and D2 
receive also a stimulus-related input (respectively λ1 and λ2) between which a decision 
is taken by the first (decision-making) network. RC – recurrent collateral connections. 
(After Insabato et al., 2010.)
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In conclusion, it is argued that complex issues such as how decisions are made 
between the conscious and non-conscious systems in the brain, about free will, 
and even about what consciousness is and what its functions are, are illuminated 
by advances in understanding decision processes in the brain, and how noise af-
fects these, at a computational neuroscience level (Rolls, 2008b; Rolls and Deco, 
2010), and how different processing systems in the brain have had different evolu-
tionary origins and perform different functions leading to a contrast between the 
selfish genotype vs the selfish phenotype (Rolls, 2005a; in press). 
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Social consciousness

Kai Vogeley 

Experiencing oneself as autonomous agent who interacts with others depends 
on the cognitive capacities of self-consciousness as awareness of ones own men-
tal states and social consciousness as knowledge of other persons minds. The 
study of neural correlates of these capacities elicits an impressive overlap with 
the so-called “default mode of brain function” as a neurobiological universal of 
mammalian brains. This empirical observation stimulates the speculation that 
one major cognitive function of the neural default mode is social cognition 
which conversely implies that humans have a disposition for social cognition 
that is reflected in this neural default mode. 

Mental phenomena, psychological processes and neural mechanisms

Consciousness is a unique phenomenon that can be characterized from a first-
person-perspective as the phenomenal experience of one’s own mental states 
including perceptions, judgments, thoughts, intentions to act, feelings or de-
sires. Complementary to this first-person-account of subjective experience, 
these subjective experiences of mental phenomena can be reconstructed from a 
third-person-perspective as psychological processes and their underlying neural 
mechanisms. In other words, whereas mental phenomena are experienced in a 
subjective space-time-system psychological processes and neural mechanisms are 
observables in an objective space-time-system.

Following a naturalistic account, which holds that – at least in principle – all 
relevant cognitive processes and their neural mechanisms can be studied and fully 
understood by employing natural sciences, consciousness can be conceptualized 
as being closely linked to cognition thereby bridging the first- and third-person-
accounts: Consciousness can be considered “the subjective experience of cognitive 
function” that “can emerge from the operation of any cognitive function” (Fuster, 
2003). Teleologically, consciousness provides an integrated internal representation 
of the outer world and ones own organism based on experiences and memories 
providing reflected responses to the needs of our environment (Vogeley et al., 
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1999). The search for the underlying neural mechanisms is based on the strong 
intuition that “conscious experience results from the operation and interaction of 
several functions in complex assemblies of cortical networks” (Fuster, 2003). Con-
sciousness is constituted by distributed neural processes in different brain regions 
that might vary from one instantiation of a conscious experience to another: “Any 
portion of neocortex can generate conscious phenomena as a participant in cogni-
tive function. Thus, the neocortical contribution to consciousness varies from one 
time to another and from one area to another.” (Fuster, 2003).

Self-Other-differentiation as prerequisite for social consciousness

Survival in a social world clearly requires the ability to distinguish between one-
self and others as the “owner” or “agent” of mental states in order not to become 
confused about ones own mental states and those of others. This ability is a nec-
essary prerequisite of self-consciousness that can be defined as the (implicit or 
explicit) awareness of ones own mental or bodily phenomena as ones own men-
tal or bodily phenomena. Self-consciousness in this sense includes an immediate 
self-representation of a cognitive system but this needs not to be explicitly present 
in the subjective experience. The ability to explicitly meta-represent ones mental 
or bodily states as ones own appears as one special case of self-consciousness. 

This human “sense of self ” comprises at least the following essential features 
that can be seen as constituents of human self-consciousness: First, the experi-
ence of ownership (with respect to perceptions, judgements etc.) or agency (with 
respect to actions, thoughts etc.), second, the experience of “perspectivalness” 
with conscious states being “centered“ around myself, and thirdly, the experience 
of unity forming a long term coherent whole of beliefs and attitudes (Vogeley et 
al., 1999). The experience of ownership is reflected by the use of a pronominal 
syntax in language and the experiential quality of agency, that I am performing 
my movements, having my own perceptions, memories, and thoughts. The ex-
perience of ownership (with respect to perceptions etc.) has to be distinguished 
from the experience of agency (with respect to actions) (Fink et al., 1999). In the 
case of involuntary action “I may acknowledge ownership of a movement […] but 
I may not have a sense of causing or controlling the movement” (Gallagher, 2000). 
Finally, the experience of perspectivalness refers to the incorporation of my mem-
ory, perceptions, and thoughts in my own body and thus to the experience of a 
literally spatial, body-centered perspective. The experience of unity is associated 
with long term coherent wholes of beliefs and attitudes that are consistent with 
preexisting autobiographical contexts, autobiographcial memory can serve as em-
pirical indicator here (Fink et al., 1999). 
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It was postulated that these basic properties are integrated in a so-called “self 
model” as an episodically active complex neural activation pattern in the human 
brain, possibly based on an innate and “hard-wired“ model. This self model could 
then plausibly serve as a continuous source of milieu information from the own 
body and organism, that is activated whenever conscious experiences including 
properties of ownership, perspectivalness or unity occur (Vogeley et al., 1999).

Intuitive and inferential social consciousness 

Being aware of ones own mental states and being able to “read” other persons 
minds, to “understand” or “simulate” what they are experiencing are clearly two 
different capacities and it must be considered how the individual ontogenetic devel-
opment is related to the social context or to the social origin of self-consciousness. 
Self-consciousness and social consciousness are functions of a dynamic interplay 
of social interactions in which the contents of consciousness (of oneself or oth-
ers) are experienced via automatic attunement processes to others and by com-
paring and distinguishing own and others mental phenomena. This leads to the 
gradual development of self-consciousness (Trevarthen, 2001). This interplay of 
self-consciousness and social consciousness may then establish a basic form of in-
tentionality that predisposes for social interaction with others and – later in the de-
velopment – even for the acquisition of detached mental representations of social 
interactions. This difference can also be conceptualized as primary and secondary 
intersubjectivity (Gallagher, 2005). Social consciousness thus appears as the fun-
damental basis of establishing and specifying social relations. 

Only a part of psychological processes are experienced as conscious, as shown 
for instance for the processing of nonverbal communication cues (e.g. Burgoon et 
al., 1996). One very important distinction that needs to be emphasized is there-
fore related to different levels of processing of social information that can be ei-
ther implicit or explicit. Implicit information processing refers to a comparably 
fast, automatic, prereflexive mode that is employed for instance during non-ver-
bal behaviour. In contrast, explicit information processing comprises processes in 
a comparably slow, controlled, reflexive, inferential format such as stereotypes or 
processing based on explicit rules (Lieberman, 2007; Frith & Frith, 2008).

Among nonverbal communication cues gaze behaviour is a salient nonver-
bal signal for social interest and the intention to communicate, thus indicating 
mental states of significant others (Argyle and Cook, 1976). “Social gaze” is cru-
cially modulated by various dynamic characteristics among which gaze duration 
is of particular relevance. In an own study we investigated the neural correlates 
of participants while being gazed at with varying gaze duration. Increasing gaze 
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duration resulted in an increased likeability rating and increased neural activa-
tion in the medial prefrontal cortex (MPFC) (Kuzmanovic et al., 2009), a region 
that is well known to be involved in mentalizing and social cognitive tasks. This 
process of gaze evaluation can be understood as comparably late stage of process-
ing implemented in the MPFC as “inexact, probabilistic, internally generated” 
cognition (Mitchell, 2009) that crucially depends on the personal history of the 
experiencing person. 

A very prominent strategy to study inferential, rule based ascription of men-
tal states to others are so-called “theory of mind” paradigms that require the mod-
elling of the knowledge, the attitudes or beliefs of another person prospectively, 
a key brain region involved here is again the MPFC (Amodio and Frith, 2006). 
However, these levels of processing should be conceptualized as a continuum of 
different levels of processing resulting in a flexible capacity of person perception 
that is performed either automatically or in a controlled manner, depending on 
the data available. 

True interaction

Gaze can also establish triadic relations between self, other and the world via the 
modulation of attention of others or “joint attention”, an important precursor of 
social cognition (Moore and Dunham, 1995). It has been suggested that it might 
be the motivation to participate in joint attention that leads to shared, social reali-
ties as a unique aspect of human cognition (Tomasello et al., 2005). To realize a 
truly interactive paradigm during ecologically valid conditions (Singer, 2006) we 
developed an eyetracking setup allowing to track a participants’ gaze behavior 
and to contingently control the gaze behavior of a computer-animated character 
visible on the screen. 

Participants were instructed – while undergoing functional neuroimaging – 
to lead the gaze of the other person towards one of three objects by looking at 
it. The gaze behavior of the other was made responsive to the participant’s gaze 
and varied to either follow it (joint attention) or not. Alternatively, participants 
were asked to respond to the other by looking at the same or at another object. 
Employing this technique we were able to study the neural correlates of the recip-
rocal nature of social interaction. As one of two key findings, our analysis of the 
fMRI data demonstrated that joint attention is associated with a recruitment of 
the MPFC, the second interesting finding was that directing someone else’s gaze 
towards an object activated the ventral striatum corresponding to the hedonic 
and motivational aspects of sharing attention with others. Another interpreta-
tion would suggest that this finding reflects that control of others is an important 
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motivation for engagement with other people and for trying to make sense of 
them (Fiske and Dépret, 1996). Consequently, our findings may point towards a 
putative relationship of social motivation resulting from the interpersonal coor-
dination of behavior and social influence as the control one has over the behavior 
of another person (Schilbach et al., in press).

Neural mechanisms of social consciousness

Cognitive neuroscience of the last decade has revealed that essentially two differ-
ent systems are recruited during social cognitive processes, namely (i) the “social 
neural network” (SNN) including the MPFC, the temporoparietal junction and 
superior temporal sulcus, and the temporal pole (Lieberman, 2007), and (ii) the 
so-called “mirror neuron system” (MNS) including superior parietal and premotor 
regions. Whereas the attribution of mental states to others appears to recruit SNN, 
the MNS shows increased neural activation when motor components are involved 
as in real or virtual actions or their simulations (Keysers and Gazzola, 2007). MNS 
activation seems to correlate with “early” stages of social cognition such as the 
detection of motor expertise and might putatively also underlie the fast processing 
of “first impressions” on the basis of facial expressions or gestures. In contrast, the 
SNN is recruited during comparably “late” stages of evaluation of socially relevant 
information. Social cognition appears to constitute a “natural kind” a cognitive 
domain that is characterised by “the dependence on a qualitatively distinct class of 
mental representations” (Mitchell, 2009), seemingly different cognitive phenom-
ena (including thinking about oneself, accessing one’s attitudes, experiencing emo-
tions, inferring other person’s mental states etc.) have in common the character-
istics of “fuzzy”, probabilistic and internally generated cognition, on a neural level 
they share the same substrate, the MPFC (Mitchell, 2009). 

Notably, these key regions of the SNN have also demonstrated to be active 
during so-called resting states or baseline conditions that are characterized by 
the absence of any external instruction of an experimenter. This specific pattern 
of distribution of baseline activation has been identified as the so-called “default 
mode of brain function” or default network (DN) and was first studied by Raichle 
et al. (2001). Meta-analytical studies (Buckner et al., 2008) demonstrate a sig-
nificant overlap between SNN and DN. Intriguingly this default network (DN) 
can be observed in humans irrespective of the task they are involved in and the 
methodology with which brain activity is measured and is also observed in other 
mammals (Vincent et al., 2007) and can thus be considered a neurobiologically 
universal building principle of mammalian brains. 
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Conclusions

Of course, such a neurobiological universal like the DN is thought provoking and 
stimulating. On the basis of the striking finding of a considerable overlap of the 
SNN and DN one might be tempted to speculate that at least one key psychologi-
cal function of the neurobiological DN is social consciousness. Admittedly, the 
empirical evidence for the speculation on such an association between the neural 
mechanisms of social consciousness on the one hand and the default mode of 
brain function on the other hand is weak at the moment. The key problem that 
arises is that we do not have access to the phenomenal experience or the psycho-
logical processes during resting states. This problem is inherent to resting states: 
As soon as we would systematically approach the inner experience during resting 
states, defined by the absence of any sort of external task or instruction, these 
resting states would be disturbed and would immediately stop to be what they 
are. This absence of any behavioral measure is in strong contrast to classical func-
tional neuroimaging studies that are performed on the basis of well-controlled 
psychological experiments in which only on the basis of a clear description of 
psychological processes the functional role of the neural correlates can be identi-
fied. We can consequently – in the absence of adequate research strategies that 
allow for the systematic study of the phenomenal experiences of the DN – only 
speculate about social information processing as the inner experiences during 
resting states. However, based on the observation of an impressive overlap of SNN 
and DN this speculation does not appear empirically completely unjustified, in 
fact, the key argument of the vast majority of functional neuroimaging studies in 
cognitive neuroscience is the topographical distribution of brain regions involved 
in – usually well-defined – psychological processes. 

This convergence supports the hypothesis that we have a disposition for so-
cial cognition that is neurobiologically instantiated and potentially disturbed dur-
ing disturbances of social cognition. An even more ambitious move would be 
the following: Let us assume that it was true that, first, DN is a neurobiological 
universal in humans (and in some variants putatively even in other mammals) 
and that, second, social consciousness is a key function of the DN. This would in 
conclusion imply that social consciousness itself is a universal cognitive capac-
ity in humans (and in some variants putatively even in other mammals). Most 
interestingly, this is exactly what has been proposed by Michael Tomasello on the 
basis of comparative behavioral studies in humans and non-human primates. He 
proposes that social cognitive capacities as a prerequisite for human “culture” (in 
a universal sense) are relevant for the whole genus of homo sapiens (Tomasello 
et al., 2005). Social consciousness is what makes us human, and social cognitive 
neuroscience studies the neurobiological mechanisms that underly these specifi-
cally human cognitive capacities. 
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Consciousness and language

A processing perspective

Michael Sharwood Smith and John Truscott

Our conscious control of language and its acquisition is strictly limited. A 
processing-oriented perspective to explain this will be outlined called MOGUL 
according to which some linguistic processes are inherently unconscious while 
others can be either conscious or not. The former involve representations, 
found in the dedicated, uniquely human language module, whose sealed-off 
nature does not permit the activation levels necessary for conscious experience 
to take place. However, language knowledge created by cognitive processes 
that are not specifically linguistic, that is, created outside the language module, 
can indeed be raised to consciousness. This is because they are more directly 
connected to the perceptual system and are accordingly open to much higher 
levels of activation.

It is easy to take language for granted. When listening to speech, all that ‘goes 
into our heads’ is a sequence of minute changes in air pressure moving the basi-
lar membranes in our ears. By the same token, as the reader reads these words, 
no words are going in but rather subtle changes in light waves are being picked 
up in the retinas. Yet, as humans, we can decode these subtle events, recreating 
intended messages from mere puffs of air and patterns of light. Language rep-
resents a highly complex and peculiarly human ability. Apart from using it as a 
means of communicating and organising our thoughts, we are also able to reflect 
on language as an object and talk about it so that consciousness and language 
seem to go hand in hand. Nevertheless, the evidence strongly suggests that our 
conscious control of language and its acquisition is strictly limited. We will briefly 
review the way linguists have addressed the issue of consciousness. A new per-
spective will then be outlined, reconciling two views on consciousness, one devel-
oped by Bernard Baars and one by the linguist, Ray Jackendoff (Baars, 1988; 1997; 
Jackendoff, 1987; 2007). The new perspective is called MOGUL.



130	 Michael Sharwood Smith and John Truscott

The biological approach to language

The most dominant force in modern linguistics has been, and arguably still is 
generative grammar (Newmeyer, 1996). Generative linguists conceive of language 
as a psychological and biological phenomenon. The main goal of linguistic theory 
as Chomsky defined it is to explain the principles that constrain the form that hu-
man languages can take such that cognitively immature children, with no ability 
or desire to consciously analyse what they are doing, can acquire complex gram-
matical systems without any need for correction by adults (Chomsky, 1975). Both 
humans and many animals share an ability to link sounds with meaning but it 
seems that humans, unlike other species, have evolved a special linguistic ability 
that is sufficiently important for their survival to develop very early in life. Hence, 
in this view, the goal of linguistics is to explain the properties of this biologically 
endowed system (Anderson and Lightfoot, 1999). Although the neural correlates 
of this language faculty are not fully understood, certain areas of the brain have 
long been associated with various language functions, in particular Broca’s and 
Wernicke’s areas, and there is a fast growing area of research using such tech-
niques as event related potentials and functional magnetic resonance imaging to 
try and associate specific linguistic functions with various types of brain activity 
(e.g. Kutas et al., 1999; Mueller, 2005). 

How to know a language and at the same time, not know it at all

The generative view of language implies that knowledge, use, and acquisition of 
grammar is largely subconscious (see Roberts, 1994). Perhaps for this reason, 
issues of consciousness have received little attention in this area. The primary 
exception is the work of Ray Jackendoff (1987 and 2007), which we will return 
to shortly. Regarding second language acquisition, consciousness has attracted 
some attention. The fact that older learners engage in more conscious reflection 
when learning a language and yet appear to lack the linguistic ability of toddlers 
has led to the claim that older learners have lost the ‘language instinct’ (Pinker, 
1994) and therefore must resort to less effective, conscious ways of mastering the 
new system (Selinker, 1972). This claim has been challenged by Stephen Krashen 
(Krashen, 1981) pointing to evidence of fixed developmental patterns which child 
language researchers had noted also turning up in the spontaneous, as opposed 
to the slow conscious reflective language performance of adult second language 
learners (Dulay et al., 1982). This led to Krashen’s claim that there were two en-
tirely separate developmental processes at work, a conscious one which allowed 
learners to use consciously learned grammatical rules to edit and correct their 



	 Language processing	 131

performance albeit in very limited, laborious ways and a subconscious one which 
drove spontaneous language performance. 

The subconscious processes involved are those that also drive first language 
acquisition and have, by hypothesis, survived into later life. Thus adults’ impres-
sion that they are promoting their development by paying conscious attention to 
grammar is essentially an illusion. You may be perfectly aware of what the correct 
word order for a German sentence should be but still, frustratingly, go on making 
the same old errors. Conscious knowledge may allow you to spot and correct your 
mistakes, if you have time, but it does not stop you making them again later. Rath-
er, grammatical development follows its own course often proceeding through 
various stages having nothing to do with learners’ or teachers’ intentions. Second 
language acquisition research within a Chomskyan perspective has assumed the 
necessarily subconscious acquisition of grammar as a fact of life for both younger 
and older learners. However, others have adopted models taken from cognitive 
psychology which deny language a special status in the mind/brain. Many claim 
that conscious learning of grammar can, with practice, be transformed into sub-
conscious, automatised routines in the same way we appear to learn how to drive a 
car or any other skilled activity (Johnson, 1996). But for those in second language 
acquisition research who subscribe to the existence of a special language faculty, 
the question of whether and how much the language instinct survives in later 
life is a live issue. There are numerous positions on this issue but the one taken 
in this chapter is, in broad agreement with Krashen’s claim, that linguistic ability 
operates at two distinct levels. One is handled by a closed-off language module, 
the operations of which are inaccessible to consciousness. It develops during our 
lifetime, remains with us for acquisition of new languages and controls much of 
the way we produce and understand language. Then there are numerous aspects 
of language outside the language module itself which can give rise to conscious 
experience in ways that will be discussed below.

MOGUL

Our proposal is based on the architecture of the language module as conceived by 
Jackendoff and is developed within a research framework called MOGUL (Modu-
lar Online Growth and Use of Language) (Truscott and Sharwood Smith, 2004). 
The module has two main subcomponents, each modular in itself in the sense 
that they operate separately and blindly (hence fast and efficiently) with their own 
particular code. One is concerned with the organisation of speech sounds (pho-
nology) while the other dictates permissible ways of combining and sequencing 
word forms to create sentence structure (morphosyntax). Interface processors  
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(a) match up the output of the two linguistic subsystems with each other and 
(b) match up these linguistic outputs with elements outside the language system, 
i.e. thoughts at the higher level and peripheral systems to do with speech, signing 
and writing. 

Let us begin with the way thought is converted into sound. Meanings, here 
termed conceptual structures (CS), are matched up with elements of morphosyntax, 
written in a code called syntactic structure (SS). The matching up or ‘co-indexing’ 
of CS with SS is done by an interface processor that associates conceptual struc-
tures with syntactic structures. For example, in the case of the dog, the conceptual 
structure underlying the meaning of ‘a certain specified dog’ is matched up with 
article plus noun. In this way a processing chain begins to be formed. Another in-
terface processor coindexes this syntactic structure and elements of the other lin-
guistic code, phonological structure (PS), yielding a chain CSSSPS. Take the 
sentence, the dog needs a walk. The conceptual structure underlying the idea that 
the dog needs a walk is matched up with a string of syntactic elements, expressed 
in traditional terms as Article + Noun + Verb + Article + Noun, the precise syntac-
tic structure being considerably more complex than this. This syntactic string is 
then matched up by the SS/PS interface with elements of phonological structure, 
informally expressed as /δә d#g ni:dz ә wf:k/. After this, the specifically linguistic 
part of the processing is finished. The phonological structure is then linked up 
to the articulatory systems responsible for speech or writing. Comprehension is 
a process going in the opposite direction, using the same system. In both cases, 
as the structural chain representing the message is built up incrementally there is 
much to-ing and fro-ing as some matches are discarded for ones which fit better. 
All of this is inaccessible to consciousness and cannot be sidetracked or stopped 
except where no match can be made. 

Each subsystem consists of a processor and an information store which can 
be thought of as a specialised memory. Hence the phonological module has a 
phonological processor that deals exclusively with items in the phonological store 
(memory), i.e. phonological structures (PS). Some of these structures are basic 
building blocks for PS and supplied in advance, i.e. innately. Others are combina-
tions of these elements which develop as a result of experience. A Farsi speaker 
will therefore have a different PS store than a French speaker: although the basic 
building blocks are the same, they are combined in different ways. The same holds 
for SS. A syntactic processor handles and manipulates only elements in its syn-
tactic memory store. 

Three important additional points must be made. Firstly, the distinction be-
tween working memory and long term memory is captured by defining work-
ing memory as a buffer or ‘blackboard’ containing currently elements in a given 
memory that have been activated. The second point concerns levels of activation. 
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Well-established elements in memory will have a high resting level and will be 
easily accessible for processing; less well established, i.e., new or infrequently 
used elements will typically have lower resting levels. Finally, in a speaker’s or 
listener’s attempts to process language, there is constant competition between 
different elements for selection in working memory. In this race, those elements 
with a higher resting level win out against those that are less accessible. However, 
repeated use of a PS or SS will result in a gradual increase in its resting level 
and hence its relative accessibility. This last feature is captured by Acquisition 
by Processing Theory (APT), a key part of the MOGUL approach (Truscott and 
Sharwood Smith, 2004).

Thus far we have focussed on the language module and its connections to CS. 
Another part of MOGUL architecture crucial for discussion of consciousness is 
perceptual output structures (POpS). It is a highly interconnected set of perceptual 
blackboards, each representing the ultimate output of a sensory system. Auditory 
structures (AS), for example, constitute the output of the system that deals with 
acoustic events in the environment. AS may be thought of as ‘auditory memory’ 
and also underlies sounds experienced in dreams and hallucinations. The rich in-
terconnections in POpS produce a tendency toward synchronization of the com-
ponent stores, with a resulting focus on a single sensory representation at a time. 
This focus in turn results in exceptionally high current activation levels for that 
representation, a point that will become crucial in the following section. 

Conscious and unconscious processes in MOGUL 

Strictly speaking, there is no such thing as a conscious process, as the objects 
of consciousness are representations, not processes. The question, then, is which 
processes involve conscious representations, which do not, and how the two 
interact. Regarding the ‘which’ question, MOGUL adopts perhaps the simplest 
possible position: A representation is conscious when its current activation level 
is above a threshold. As noted above, the place where such levels can occur is 
POpS, because the various perceptual stores tend to synchronize their process-
ing on a single representation at a time. This representation can then be used by 
a variety of processors. This account correctly predicts that conscious experience 
centers around perception – the perceptual bias of consciousness (Baars, 1988). 
With these characteristics, POpS roughly fills the role of Baars’ global workspace 
(GW) – a central facility with different cognitive processors or coalitions of pro-
cessors competing to gain access to it. Information that gains access to the GW is 
broadcast to a range of other specialised processors enabling the mind/brain to 
rapidly collate information from a range of different sources. GW, in this view, is 
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the source of conscious experience. Our account also accommodates Jackendoff ’s 
‘intermediate level theory of consciousness’, according to which consciousness 
occurs at a level between peripheral, sensory processes and deeper cognitive pro-
cesses associated with the prefrontal cortex (Jackendoff, 1987). This intermediate 
level can reasonably be equated with POpS. 

The footprints of language

Our dominant conscious experience of language is ‘the voice in the head’, also 
experienced in thinking, dreaming and hallucinating. Listening to the voice, we 
hear individual sounds, stress and rhythm, and changes in pitch, and in this sense 
we are conscious of language. But we have no inkling of the way our periph-
eral processing mechanisms have handled the speech signal. Nor do we have any 
awareness of creating complex syntactic and semantic representations or of how 
the thoughts that follow on from this have mysteriously arisen in our heads. We 
have only the voice, the footprints of language, so to speak.

Where does this voice come from? Its source cannot be the language module 
itself, as the module has nothing like the conditions that allow POpS representa-
tions to reach the extreme activation levels required for consciousness. Processes 
using PS and SS representations are inherently unconscious. This conclusion is 
supported by the fact, noted by Jackendoff, that we can be aware only of certain 
features of speech sound; the fine structural detail found in a PS representation is 
inaccessible to awareness. The natural explanation is that the voice is a product of 
auditory structures, outside the language module. AS representations, by defini-
tion, express sounds but do not incorporate the features of the systems (phono-
logical or conceptual, for example) that utilize those sounds. The voice, then, is a 
series of AS representations, the perceptual footprints of linguistic processing.

Given that PS and SS representations cannot attain the activation levels nec-
essary for consciousness, it is entirely reasonable that, when we comprehend or 
produce utterances, we have no notion of the sophisticated mechanisms at work. 
Nor is it surprising that children, with minimal conscious analytic abilities, can 
acquire these sophisticated mechanisms. But if the linguistic processes are not 
themselves conscious, conscious representations in POpS are still important for 
their operation. In language comprehension, auditory processing yields an audi-
tory (AS) representation, which then serves as input for linguistic processing, that 
is, in PS and beyond. When the AS does not become conscious, it does not fill this 
role effectively, because in order for the language module to fully use the informa-
tion that a POpS representation contains, that representation must be strongly 
present for a reasonable period. A weak, fleeting appearance might trigger some 
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limited activity in the language module but would allow little opportunity for 
processors to deal with the information it contains. This is subliminal perception: 
some information gets through, to be ultimately represented at CS, but it is quite 
limited. In sum, processing within the language module is entirely unconscious 
but nevertheless relies on conscious perceptual processes to provide its input and 
leaves conscious footprints in the form of the voice in the head. 

The situation is similar, but interestingly different, when linguistic knowledge 
outside the language module is involved. Such knowledge consists primarily of 
conceptual (CS) representations. They are necessarily unconscious, so this means 
that processes involving extramodular linguistic knowledge can be conscious 
only to the extent that they use perceptual (POpS) representations and do so in a 
way that involves high activation levels. Suppose, for example, that someone with 
limited Spanish ability has learned the rule that Spanish adjectives follow nouns. 
The CS representation of this information is not itself conscious, but it can be 
given linguistic form, including an auditory (AS) representation such as [adjective 
follows noun], coindexed with it. This perceptual representation can become con-
scious. The conscious experience, the ‘voice in the head’, corresponds to activation 
of the inherently unconscious conceptual representation. Extramodular linguistic 
knowledge and its use thus involve both conscious and unconscious processes, 
interacting. At the same time, it cannot, by definition, be merged with the sepa-
rate system developing within the language module itself. It also remains an open 
question exactly how much extramodular knowledge of language can enhance or 
hinder performance.

The conscious experience of the rule’s use can take various forms. Suppose, for 
instance, the person wants to say red book in Spanish and knows the words rojo 
(red) and libro (book). The initial conscious experience might involve the sound of 
the two Spanish words (AS representations), possibly preceded by that of the cor-
responding English words. These might be accompanied by a visual image of the 
written forms of the words (VS representations). If this image reflects the English 
order, as is likely for a low-level Spanish learner, it could be followed by a visual 
perception of movement, something like dragging and dropping, yielding a vi-
sual (and possibly auditory) experience of libro and rojo in their proper order. The 
movement might be accompanied by feelings from muscles associated with eye 
movement (whether or not such movement actually occurs). The details no doubt 
vary greatly, and though these events are slow in neural terms, their speed in expe-
riential terms often makes it difficult to pin down exactly what is occurring. 

The conceptual (CS) representation of the rule, the key part of these experi-
ences, is never directly present in the conscious experience. This situation is in 
fact typical of ordinary thought, which involves an interplay of conscious and 
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unconscious processes, as seen in the way the voice in the head figures in think-
ing. The conscious experience (the voice) is of AS representations. Because they 
are coindexed with CS representations, their activation correlates with activation 
of the latter. Thus the conscious experience of the perceptual representation is 
intimately associated with the unconscious conceptual representations. The con-
ceptual information is not conscious but is strongly present in the background. 

Returning to the case of Spanish word order, whatever perceptual experiences 
occur tend to fade with practice. Initial application of the rule is a conscious pro-
cess, but with practice it becomes steadily quicker and less effortful, and these 
changes are accompanied by a decline in awareness. This is automatization, which 
in MOGUL terms is a gradual increase in the resting activation levels of the rel-
evant CS representations, making them more readily available to processors. They 
enter into processing more quickly and with less stimulation from POpS repre-
sentations and so can be used before the current activation levels of the latter have 
risen to the level of consciousness (a slow process, in neural terms). Automatiza-
tion is one of the redundancy effects that Baars (1988) offered as evidence against a 
pure activation account of consciousness, the logic being that, in automatization, 
awareness fades as activation levels presumably rise with practice. In our account 
this is not a problem because the representations that rise in activation level are in 
CS while those that are potentially conscious are in POpS. 

Extramodular linguistic processes typically begin as conscious, because the 
development of conceptual knowledge depends on relatively strong, enduring 
perceptual representations, which are for this reason conscious. When they are 
not conscious, or only fleetingly conscious, the development of new knowledge 
based on them is quite limited. This is implicit learning. It occurs when circum-
stances do not allow the relevant perceptual representations to reach the level of 
activation needed for awareness. Such circumstances are deliberately created in 
laboratory experiments in which either the rule is too subtle to be consciously 
inferred or the person’s attention is focused elsewhere. Such designs prevent the 
POpS representation from achieving a sufficient activation level. The result is that 
any new CS representation is likely to be poorly developed and to have only a 
minimal resting activation level. Such a representation can influence processing 
by raising the activation levels of related representations and thereby increasing 
the likelihood of their use (priming), but it cannot be directly associated with a 
conscious experience because of its minimal activation level, greatly limiting its 
role in processing. 
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Conclusion

Some linguistic processes are inherently unconscious while others can be either 
conscious or not, depending on the circumstances. The former involve repre-
sentations, found in the language module, that can never reach the necessary 
activation levels. We are aware only of their footprints, i.e. the voice in the head. 
Modular linguistic knowledge lies at the heart of human linguistic ability. Extra-
modular linguistic knowledge, taking the form of conceptual (CS) represen-
tations, is also unconscious in itself, but its close association with perceptual 
representations gives it intimate involvement in conscious experience. If this 
extramodular knowledge has been used extensively, its continuing use may not 
result in associated perceptual representations achieving the activation needed 
for awareness, weakening or eliminating the connection with consciousness. Use 
of these representations can therefore be either conscious or unconscious. Fi-
nally, conscious and unconscious processes interact in two major ways: In lan-
guage comprehension, conscious perceptual processes provide the raw material 
for unconscious processing in the language module, and the use of extramodular 
knowledge involves a constant interplay of unconscious conceptual processes 
and (variably) conscious perceptual processes. 
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Cognitive illusions
From magic to science

Gustav Kuhn 

Magicians have developed powerful techniques to manipulate our perception 
and awareness. Many of these techniques share similarities with phenomena 
typically investigated by psychologists and neuroscientists. Here a novel ap-
proach to the study of consciousness is proposed which utilizes the magician’s 
expertise to complement more traditional experimental laboratory based 
research. It is argued that this approach offers new and exciting insights into 
wide areas of consciousness, such as attention, visual awareness and top-down 
modulation of perception.

Throughout history different theoretical and empirical approaches have been 
used to study the human mind. For example, patients with localized brain dam-
age may exhibit specific cognitive impairments, which provide insights into the 
cognitive function of the normal brain. The main interest here is not the lesion 
itself, but what it can tell us about the “normal” mind. In contrast, rather than 
investigating impairments, we may study individuals with particular expertise. 
For example, it has been shown that people with domain specific expertise en-
code and represent domain specific information differently thus suggesting that 
expertise results in altered perceptual experience, which give us clues on how 
we learn to see (e.g. Chase and Simon, 1973). Perhaps the strongest and most 
powerful examples of distortions in perception are those produced by magi-
cians. Magicians have developed ways to distort our perception often resulting 
in wonder and disbelief (Parris et al., 2009). Indeed distortions of awareness are 
arguably the core definition of magic. Given this close link between magic and 
awareness, it is rather surprising that with few exceptions (e.g. Kuhn and Land, 
2006; Kuhn and Tatler, 2005; Triplett, 1900) this relationship has been largely 
ignored by modern science. However, as I will argue here, and have elsewhere 
(Kuhn et al., 2008), much can be learnt from the way in which magicians distort 
our perception. In this paper I will demonstrate how magic and science can be 
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combined to form a science of magic. In particular I will argue that this rather 
novel approach promises new and exciting avenues to discovering more about 
human consciousness.

Magicians are not unique in manipulating our awareness. Several “experts” 
have learnt to play tricks with our mind. For example, film directors have devel-
oped wonderful techniques to distort our visual perception, many of which share 
similarities with those used by magicians (Kinlsey, 1993). Pickpockets manipulate 
their victim’s tactile awareness, using techniques that parallel those of the con-
juror. Advertising agents manipulate our decisions, whilst first-rate sports men/
women frequently deceive their opponents thorough deceptive movements (e.g. 
Jackson et al., 2006). The only difference between the conjurer and these other ex-
perts is that magicians have made distortions of awareness the centre of their art. 
They have experimented with these principles for several millennia (Christopher, 
2006) and have built up a solid tradition of distorting reality. The overlap between 
the conjurors’ principles of deception and those used by others demonstrates that 
these techniques don’t merely apply to the limited context of the magic perfor-
mance, but are general principles of cognition.

The first step towards a science of magic requires us to identify the link be-
tween the magic trick and the scientific principles involved. This process requires 
translating the conjuror’s language into that of the scientist (Kuhn et al., 2008; 
Macknik et al., 2008). For example, conjurors frequently use misdirection to 
prevent the audience from detecting their secrets. They define misdirection as a 
“deflection of attention for the purpose of disguise” (Sharpe, 1988). Visual scien-
tists on the other hand would describe misdirection as “attentional modulation of 
visual awareness”. Whilst the languages may differ, the underlying principles are 
the same. Rather than processing all of the perceptual information, we only select 
the information that is of importance, trough systematic orienting of attention. 
Whilst this attentional selection process is a very efficient way of dealing with vast 
amounts of sensory information, it does come at a cost; namely unless we attend 
to something, information about it is rapidly lost. This point is vividly illustrated 
by the change blindness phenomenon, whereby people often fail to see visually 
salient changes to a scene when the change occurs with a visual disruption of the 
scene. This demonstrates that whilst our conscious experience of the world is one 
of rich sensory detail, our conscious representation is far less complete (Rensink 
et al., 1997). What we see is therefore largely determined by what we attend to, 
and this attentional orienting can either take the form of overt eye movements 
(overt attention), or allocating additional processing resources in the absence of 
eye movements, known as covert attention. Misdirection may therefore provide 
insights into areas such as attentional orienting and awareness, which lie at the 
heart of the study of consciousness. 
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Once this link between magic and science has been established, we can take ad-
vantage of the magician’s real world experience to investigate questions that are of 
scientific interest. Many conjuring techniques, such as misdirection, are complex 
multi-layered principles, which often makes them rather difficult to investigate 
scientifically. The second challenge involves finding ways of breaking down some 
of these techniques so that they can be studied in a scientifically meaningful way. 
Whilst observations and descriptions are important starting points, the true value 
of magic is only unleashed by incorporating conjuring techniques into the scien-
tific paradigm. The approach we propose involves identifying the principles used 
by magicians and then using a more reductionist approach to investigate it scien-
tifically so as to learn more about the underlying mechanism. These findings can 
then be used to guide the more traditional experimental research, thus closing the 
gap between magic and science, and thus forming a science of magic. 

Over the past five years we have developed several paradigms in which con-
juring techniques are employed to manipulate people’s visual perception. I will 
talk about two of these, namely misdirection and illusions. 

Misdirection

Misdirection is a complex multilayered process in which people’s attention is sys-
tematically orchestrated using a wide range of techniques. In order to study mis-
direction scientifically we have developed a very simple “magic trick” in which 
misdirection is used to prevent people from seeing a fully visible event (Kuhn and 
Findlay, 2009; Kuhn and Tatler, 2005; Kuhn et al., 2009; Kuhn et al., 2008). In one 
of these tricks a magician is seen making a lighter disappear, an effect that was 
achieved by distracting people’s attention at the moment in which the lighter is 
dropped into the magician’s lap (Figure 1). The simplicity of this trick allows us to 
study misdirection in a scientifically meaning full way, by both identifying the fac-
tors that contribute to its effectiveness, as well as manipulating it experimentally. 

In order to study something scientifically, we must be able to measure its ef-
fectiveness. The most obvious measure of “effectiveness” is whether it succeeds 
in preventing people from seeing a “to-be-concealed” event. In these paradigms, 
we ensured that the “to-be-concealed” event was fully visible, which means that 
participants’ detection of the event (i.e. whether they saw the object drop) pro-
vides an index of its effectiveness. Moreover, by assuming that detection of the 
drop requires covert attention (attention without eye movements), we can use 
participants’ detection of the event as an index of covert attention (Tse, 2004). 
Whilst this awareness probe informs us about the effectiveness of the attentional 
manipulation at one particular point in time, we can use eye tracking techniques 
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to measure where people are looking through the entire presentation of the trick. 
The eye tracking data therefore provides us with an online measure of where par-
ticipants are attending overtly. 

The misdirection paradigm allows us to study aspects of the magician’s misdi-
rection in a naturalistic, yet scientifically controlled way. It therefore provides us 
with a valuable tool to investigate various aspects of attention and awareness from 
a rather novel angle. For example, we have used this paradigm in “real world” situ-
ations in which participants faced a real person performing the misdirection trick 
live (Kuhn and Tatler, 2005). Most of the participants who watched the misdirec-
tion trick for the first time failed to see the dropping object even though the event 
took place right in front of their eyes. The misdirection employed by the magician 
was, therefore, effective at preventing people from seeing the event. Importantly, 
participants did not miss the event due to low visibility. For one, when the trick 
was repeated, most of the participants immediately saw the item being dropped, 
thus demonstrating that it was indeed visible. Moreover, eye movement records 
revealed that participants’ ability to detect the drop was not related to where they 
were looking at the moment of the drop, and therefore is not determined by the 
low level visual input received by the visual system. Misdirection is a powerful 
demonstration of “inattentional blindness”, in which people who are engaged in 
attentionally demanding distractor tasks frequently fail to see unexpected yet ful-
ly visible events (Mack and Rock, 1998). However, instead of drawing attentional 

Figure 1 shows the sequence of events in the misdirection trick (Kuhn and Findlay, 
2009).  The effect in this magic trick was the disappearance of a lighter.  In this trick the 
magician (a) picks up a lighter with his left hand and lights it (b).  He then pretends to 
take the flame with his right hand (c), and gradually moves it away from the hand that 
is holding the lighter (d, e).   During this maneuver the magician is looking at the right 
hand. Once it has reached the other side, he snaps his fingers, waves his hand and reveals 
that it is empty (f).  At the same time the lighter is dropped into the lap. The drop takes 
place in full view.  The magician now directs his gaze to his left hand (g), raises it, and 
snaps his fingers to reveal that his left hand is now also empty and the lighter has disap-
peared (h).  
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resources away through the use of distractor task, misdirection works by implic-
itly orienting attention away from the to-be-concealed event. 

In later work we used pre-recoded versions of similar misdirection tricks 
which allowed us to control certain aspects of the stimuli more tightly. Whilst 
these pre-recorded versions of the trick were still effective at misdirecting people’s 
attention, its effectiveness was somewhat reduced, thus demonstrating that the 
engagement in a one-to-one interaction plays an important part in attentional 
orientation (Kuhn et al., 2008). However, many of the participants still failed to 
see the visibly dropping object even though it happened in front of their eyes. 
Rather surprisingly, again detection of the event was independent of where par-
ticipants were looking thus demonstrating a striking dissociation between covert 
and overt attention. Whilst it is clear that under experimental conditions overt 
and covert attention can be dissociated, it is generally thought that under free 
viewing the main purpose of covert attention is to plan the next saccade, and does 
not seem to serve any additional role (Findlay, 2005). However, the current results 
demonstrate that covert attention is instrumental in determining what we see or 
miss. It illustrates how what we see is not necessarily determined by what we look 
at, but by what we attend to covertly, and thus demonstrates the important role 
that covert attention plays in visual awareness. The effectiveness of the misdirec-
tion and the high consistency in eye movements also demonstrate that misdirec-
tion is very effective at orienting peoples’ overt and covert attention. 

Given these strong and reliable effects we can then move to ask which aspect 
of the misdirection is driving this attentional orienting process. For example, we 
have investigated the role that social cues (i.e. where the magician was looking) 
have in misdirecting attention (Kuhn et al., 2009). By experimentally manipulat-
ing the misdirection trick, we demonstrated that gaze cues are very important 
at misdirecting attention. Moreover, as the effects found in this paradigm were 
rather larger than those typically observed in more standard laboratory attention 
paradigms (e.g. Friesen and Kingstone, 1998), it suggests that we may be under-
estimating the importance that social cues play in the real world. This real world 
approach to attention research also allows us to identify features or events that 
are important in orienting attention that are typically ignored by mainstream sci-
ence. Thus far our empirical work on misdirection has predominantly focused on 
systematic orchestration of spatial attention, and thus relatively “low” level sen-
sory information. However, the magician’s concept of misdirection also relates to 
manipulating attention directed towards thoughts, and thus involves higher levels 
of awareness. By identifying some of these principles, and developing paradigms 
analogous to the misdirection trick we may learn much more about the mecha-
nisms of this type of misdirection and gain new insights into consciousness.
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Illusions

Our conscious perception of the world requires a transformation of the light that 
falls onto the retina into recognizable objects. Our visual experience is largely de-
termined by the way in which these signals are interpreted by the brain (Gregory, 
1968). However, there are certain situations that present specific difficulties in 
interpreting this information which then give rise to systematic errors. Most of 
the time, these errors are unnoticed. However, when we do become aware of them 
they are experienced as visual illusions. Systematic errors in perception can serve 
as clues as to how the brain generally solves perceptual problems. For example 
much of what we have learnt about depth perception comes from investigating 
our susceptibility towards visual illusions (Gregory, 1968). Illusions lie at the heart 
of magic. Many of the illusions employed by magicians do not necessarily differ 
from the tricks the mind plays on us in everyday life. What makes them special are 
the theatrical ways in which they are presented. Moreover, magicians have learnt 
to maximize their effectiveness by stage-managing the context in which they are 
viewed. The systematic investigation into these illusions and particularly the way 
in which conjurors enhance their effectiveness could therefore provide valuable 
insights into how the visual system solves some of these perceptual problems. 

The illusions typically performed by magicians are often rather complicated. 
The key to studying magic illusions scientifically involves finding illusions that are 
both simple yet effective, and to discover ways of measuring their effectiveness. 
An illusion that ticks all of the above boxes is the vanishing ball illusion (Kuhn 
and Land, 2006; Triplett, 1900). In this illusion a magician is seen throwing a 
ball up and down a couple of times. On the final throw, he merely pretends to 
throw the ball when instead it remains secretly concealed in his hand (Figure 2). 
Rather surprisingly, people often claim to see a ball leave the magicians hand, 
even though it remained in the hand. This illusion is simple (i.e. merely involves 
someone pretending to throw a ball in the air), but very effective. Moreover, par-
ticipants’ experience of the illusion (i.e. whether they saw the imaginary ball or 
not) can be used as a simple measure of its effectiveness. 

Using this vanishing ball illusion we have shown that even though the ball 
did not leave the hand, over half of the participants were convinced they had seen 
it move towards the top of the screen (Kuhn and Land, 2006). This finding dem-
onstrates how people’s perception of an event is based on the expected outcome, 
rather than the low level sensory input. Perceptual processes that are based on ex-
pectations or prediction have their advantage, as they allow for rapid action, which 
is particularly useful when fast responses are required. However, as demonstrated 
by the vanishing ball illusion, reliance on such strategies can lead to errors, and 
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illusory percepts. Whilst illusory percepts during a magic show can be rather fun, 
their effects could have detrimental consequences in other situations such as driv-
ing. Thus understanding how we distinguish between illusion and reality may have 
rather important theoretical, as well as practical, consequences. If our conscious 
perception is based on expectations it is important to understand the processes 
that drive these expectations. Conjuring illusions often rely on manipulating ex-
pectations, and magicians have learnt to identify situations in which our percep-
tion is particularly sensitive to anticipation, and developed ways of manipulating 
these expectations. The magic literature tells us that social cues (i.e. where the ma-
gician is looking ) are particularly important in manipulating people’s attention as 
well as intention (i.e. expected outcome) (Sharpe, 1988). Indeed Kuhn and Land 
(2006) showed that if the magician looked at his hand, rather than the trajectory of 
the imaginary ball, the illusion’s effectiveness is greatly reduced, implying that the 
social cues did indeed influence expectations, and therefore what was perceived. 
Moreover, unbeknown to the observers, the eye movement records revealed that 
participants strategically utilized the social cues to predict the final location of the 
ball. Rather than merely keeping an eye on the ball, participants glanced at the face 
prior to fixating on the ball once in the air. The use of adaptive heuristics to solve 
complex perceptual problems has also been reported in other everyday domains, 
such as driving (Land and Lee, 1994) or cricket (Land and McLeod, 2000). It is 
indeed thought that vision in general involves a complex set of problem solving 
strategies, and the way in which magicians trick these processes may provide im-
portant insights into how these strategies work. 

Figure 2 shows the sequence of events in the vanishing ball illusion. In the Social Cues 
Pro-illusion condition (top panel) the magician’s gaze followed the trajectory of the 
imaginary ball (final pretend throw).  In Social Cues Anti-Illusion condition the magi-
cian looked at his hand, rather than the illusory trajectory. Figure taken from Kuhn et 
al. (2008). 
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Conclusion

Magicians have developed an astonishing expertise in manipulating our aware-
ness. As scientist interested in consciousness and awareness, it would be a shame 
to ignore this enormous expertise. Luckily the first steps towards recognizing 
the link between science and magic, as well as the development of paradigms 
that allow us to test these principles scientifically have been made (Kuhn et al., 
2008; Lamont and Wiseman, 1999; Macknik et al., 2008). Whilst the science 
of magic is indeed a rather novel approach, the concept of using real world 
expertise to study aspects of the mind is far from new. For example, artists’ 
experimentation with perceptual effects has taught us much about the percep-
tion of colour and perspective (Pinna, 2008). Similarly magicians may enlighten 
us about aspects of attention and awareness. Conjurors are in no way unique, 
in that they have expertise that could be of scientific interest. However, what 
makes them special is the dedication that they have given to understand and 
perfect these perceptual distortions. 

Our aim as cognitive scientists is to explain and predict human behaviour in 
the real world. In cognitive psychology as well as in neuroscience, the trend has 
been to simplify the issue of investigation by making the experimental context 
both impoverished and controlled, so as to discover the causal relationships be-
tween one factor and the other. The idea that we can learn things about the mind 
by isolating it in a box and bombarding it with artificial stimuli has however been 
challenged (Kingstone et al., 2008). In particular, the cognitive ethology frame-
work suggests “that it is by starting with real-world observations and individual 
variation that one is most likely to generate subsequent research questions for 
investigation that may lead to general principles of cognition that have relevance 
to naturally occurring phenomena” (Kingstone et al., 2008). According to this 
approach, “the initial job of the researcher is simply to observe, describe, and 
measure what people do and experience in the situation of interest” (Kingstone et 
al., 2008). In many ways this “job” of observing, describing and measuring human 
behaviour is something magicians have already done. By utilizing the experience 
developed by magicians we may, therefore, shortcut this initial, often difficult task 
of real world observation. 

The science of magic as an approach to study consciousness and the human 
mind in general has several advantages. For one the principles used by magicians 
are incredibly robust and effective, which means that they are an ideal starting 
point for scientific explorations. Moreover, many of the techniques and theories 
are well documented which makes them an ideal starting point for scientific ex-
ploration (e.g. Sharpe, 1988). Most of the principles used by magicians have been 
tried and tested in front of live audiences, which means they are likely to hold 
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up in the real world, which has major practical applications. Finally, this field 
of research is still very much in its infancy, but by identifying and investigating 
some of the techniques used by magicians that may not necessarily be known to 
the scientific community, this approach has the potential to result in discoveries 
of new principles. 

Much of what we have learnt about consciousness comes from identifying 
the types of tricks that the mind plays on us. For example, our susceptibility to-
wards change blindness, and inattentional blindness has taught us about the lim-
ited conscious visual representation. Similarly investigations into visual illusions 
such as the hollow mask illusion are powerful demonstrations of how top down 
information influences our conscious perception. The ease with which magicians 
can distort our perception is a stark reminder of just how subjective our con-
scious perception truly is. However, more importantly, by developing a science of 
magic, which investigates these distortions scientifically, we may gain novel and 
important insights into some of the factors that are responsible for this conscious 
representation. 
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Dreaming as a model system  
for consciousness research

Antti Revonsuo and Katja Valli

Based on biological realism, that is, the philosophical assumption that con-
sciousness is a real natural biological phenomenon in the brain, we argue that 
dreaming is a pure form of phenomenality, and suggest that the dreaming brain 
could be used as a model system for consciousness. The dreaming brain offers 
the most challenging model system that represents all the theoretically and 
philosophically interesting features of consciousness. Although difficult to study 
experimentally, the dreaming brain is the model system that fully preserves all 
the essential features of consciousness, and cannot be ignored by any theory 
that aims to explain consciousness.

Sleep and dreaming are the most often naturally occurring altered states of con-
sciousness, involving dramatic changes in overt behavior, physiological responses 
and subjective experiences. Dreams are experienced by all or nearly all people, 
and universally across all cultures. Thus, the tendency of the brain to regularly 
produce subjective hallucinatory experiences during sleep seems to be a part of 
our inherited biological machinery. 

Dreaming as pure phenomenality

Revonsuo (2006) suggests that the dreaming brain constitutes a unique model sys-
tem that may reveal to us what phenomenal consciousness is and how it is related 
to external stimuli, observable behaviour, and the underlying brain activity. Dur-
ing dreaming the brain creates a simulated sensory-perceptual world that is inde-
pendent of concurrent external sources of stimulation. The world-simulation of 
our dreams takes a similar overall form as phenomenal consciousness does during 
wakefulness: we experience being one (bodily) self in the center of one unified, 
animated perceptual world. The simulated world of dreams also shows a rich vari-
ability of different experiential contents of consciousness (e.g. sensations, percepts, 
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emotions, cognitive activities, and social interactions), comparable to waking con-
sciousness (e. g., Strauch and Meier, 1996; for review, see Revonsuo, 2006).

Revonsuo (2006) further argues that dreaming is a pure form of phenomenal-
ity, because unlike normal waking consciousness, dreaming occurs in isolation 
from external stimuli, in the absence of sensory input and motor output. Even 
though the brain processes both externally and internally generated sensory stim-
uli during sleep, external stimuli very rarely reach consciousness in the sense that 
they would be represented in or incorporated into the dream experience. There 
is a ‘sensory input-blockade’, a barrier of neural inhibition which guarantees that 
most sensory stimuli are kept outside of consciousness during dreaming. Simi-
larly, even though motor commands are produced in the brain during dreaming 
and sent off to reach the appropriate muscles, specific brain stem neurons pro-
duce almost complete muscular atonia during REM sleep, blocking the motor 
commands from reaching their destination. This mechanism is called the ‘motor 
output-blockade’. Therefore, being isolated from the external world as to both the 
input and the output mechanisms of sensorimotor interaction with the world, 
dreaming can be regarded as a special and pure form of consciousness, or an ‘in-
ner presence’ (Revonsuo, 2001; 2006).

The idea of dreaming as pure phenomenal consciousness is rooted in the phil-
osophical assumption that consciousness is a real natural biological phenomenon 
in the brain. This approach is called ‘biological realism’ (Revonsuo, 2001; 2006). 
Biological realism treats consciousness as a biological phenomenon that resides 
in the brain. Consequently, it follows that subjective consciousness can be given a 
fully naturalistic explanation, similar to the explanation of other biological phe-
nomena (Revonsuo, 2006; 2010). 

Dreaming as a model for investigating consciousness

Revonsuo (2001; 2006) suggests that the dreaming brain could be used as a model 
system for consciousness, as it has similar overall form as phenomenal conscious-
ness during wakefulness, but is largely isolated from external stimuli, and there-
fore represents consciousness at its barest. Hobson (1999), in contrast, has pro-
posed that dreaming is a form of delirium, more comparable to a psychotic state 
than to normal state of consciousness. According to Hobson, dreaming is distinct 
from waking consciousness due to the chemical imbalance, that is, the modula-
tory effect between aminergic and cholinergic neurotransmitter systems is inher-
ently different in wakefulness and sleep, especially REM sleep. Thus, Hobson’s 
view seems to be that the dreaming brain can be used as a model system, but not 
for normal waking consciousness, only for distorted, psychotic consciousness.
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In what sense might dreaming serve as a model system in consciousness re-
search? Typically, model systems in science are supposed to be simpler than the 
actual phenomena they are used to explain, i. e., to manifest the explanandum in 
a clear form. A model system should allow easy observation and manipulation 
of the phenomenon. It should be able to reveal quickly the necessary theoretical 
principles to explain the phenomenon; otherwise it may not be useful. For ex-
ample, geneticists use the common fruit fly (Drosophila melanogaster) as a model 
organism to investigate the effects of genetic modifications on phenotype, because 
fruit fly is easy to take care of in laboratories, it has a rapid generation span, it pro-
duces numerous offspring, and its genotype is relatively simple and well-known. 

Some consciousness researchers use visual awareness as a model system for 
consciousness, because the anatomical and functional organization of the visual 
cortex is quite well known and because it can be easily manipulated by external 
stimuli. This enables the study of for example the neural correlates of changes 
in experience occurring in the absence of change in external stimuli, such as vi-
sual illusions, binocular rivalry, or correlates of unconscious processes such as 
blindsight. Obviously, visual awareness is a useful model system for empirical and 
experimental research because it can be easily controlled and manipulated in the 
laboratory with many kinds of stimuli and tasks. The problem with visual aware-
ness as a model system is that it is difficult to separate stimulus-related (non-
conscious or preconscious) processing from the conscious stages of processing 
the stimulus. And it is equally difficult to separate the responses related to post-
perceptual processing (decision making, motor planning) from the stages of pure 
phenomenal experience of the visual stimulus. Furthermore, one criticism often 
voiced against visual awareness as a model system is that the subjects are all the 
time conscious in the experiments, only some restricted aspects or features of the 
contents of their visual consciousness change. Thus, the results may not reveal the 
nature of consciousness as such, only the nature of some visual content.

The dreaming brain as a model system has its own strengths and weaknesses 
which are quite different from visual awareness. Of course, the contents of con-
sciousness cannot easily be manipulated or controlled during dreaming. On the 
other hand, dreaming as a state of consciousness is both fully stimulus-indepen-
dent and fully response-independent, and therefore there is no danger to con-
fuse consciousness as such with either physical stimulus effects or with premo-
tor planning or verbal responses. Dreaming is “pure” consciousness in this sense. 
Furthermore, in the sleeping brain, there is variation both in the overall state of 
consciousness (dreaming vs. dreamless sleep) as well as in the particular contents 
of dreaming (visual, auditory, emotions, bodily self, etc.) and in the overall com-
plexity of the experience (simple static mentation vs. simple dreaming vs. com-
plex dreaming). Thus, these patterns of variation at the phenomenal level should 
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be accompanied by corresponding patterns at the level of the directly underlying 
neural mechanisms of consciousness.  

Moreover, dreaming is a maximally subjective phenomenon whose presence 
or precise contents cannot be derived by external observers from any objective 
measurements concerning the behavior, physiology, or brain activity of the sleep-
ing person. The dreaming brain thus offers the ultimate challenge for the science 
of consciousness, a test case as to whether the science of consciousness is able to 
solve the deepest philosophical and theoretical problems of consciousness: the 
Explanatory Gap, the Hard Problem, the Other Minds problem, and the problem 
of objectively measuring or detecting consciousness. Only if one fine day it is pos-
sible to explain how brain activity exactly produces the phenomenal contents of 
consciousness has the Hard Problem and the Explanatory Gap been solved. And 
only if one fine day it will be possible to tell with certainty, without ever asking the 
subject, whether the subject who is sleeping is also dreaming and what the con-
tent of his dream is like, has the problem of objectively measuring phenomenal 
consciousness been solved.

Thus, whereas visual awareness offers perhaps the easiest model system for 
consciousness research, a system that is easily manipulated and controlled, but 
that represents only some restricted features of consciousness, the dreaming brain 
offers the most challenging model system that represents all the theoretically and 
philosophically interesting features of consciousness. While studies of visual 
awareness offer some relatively easy ways to experiment with consciousness, they 
may at the same time oversimplify the phenomenology of consciousness to some 
very limited aspect of perception. Studies of the dreaming brain by contrast in-
volve studying consciousness as an overall world-simulation system in the brain 
where the whole richness of phenomenal experience is manifested at the same 
time as no external stimuli or motor responses interfere. Studying the dreaming 
brain may be more difficult experimentally, but at least we are then studying the 
real thing as it is: consciousness as a holistic, dynamic system in the brain rather 
than reducing it to some simple visual sensation or percept only.

Problems and accomplishments

We already have systematic data about the statistical features of dream content. 
The problem is to correlate dream content (and the presence vs. absence of dream-
ing) with brain activity. The problem is that we do not know when exactly dream 
experiences occur. In one extreme, there is the amnesia hypothesis according to 
which we dream all through the night, but sometimes we simply fail to remember 
our dreams. In the other extreme is the false-memory hypothesis, according to 



	 Dreaming model	 153

which we construct dream reports only when we wake up from sleep and seem 
to remember having had a dream; in reality our sleep was dreamless and we only 
have false memories, confabulated at awakening. It is difficult to conclusively re-
fute either of these directly opposite hypotheses, which is only one more indica-
tion of the fact that we have no objective manner to confirm either the presence 
or the absence of dreaming.

If we take the data produced in dream research seriously, however, dreaming 
could be helpful in solving the binding problem. The binding problem refers to 
how the unity of conscious perception is brought about by the distributed activi-
ties of the central nervous system (Revonsuo and Newman, 1999). Bizarreness in 
dreams can be reconceptualised as a failure in binding elements coherently to-
gether, and dream bizarreness could be used to explain under what conditions 
binding fails during waking consciousness, and to detect which underlying neural 
mechanisms participate in binding. This notion has led to one interesting study 
about bizarreness and mismatches in binding the internal and contextual features 
of dream characters together (Revonsuo and Tarkko, 2002). 

Another theoretically relevant contribution from dream science to conscious-
ness studies comes from an evolutionary psychological theory of the function of 
dreaming, the threat simulation theory (Revonsuo, 2000). The theory originated 
from questions such as: why is dream consciousness so negatively toned, and why 
do traumatic events have such a powerful impact on subsequent dreaming? In 
the end, a new theory was formulated based on the phenomenological features 
of dreams. The theoretical contribution of the threat simulation theory does not 
lie only in providing an evolutionary biological explanation for the function of 
dreaming, but is philosophically significant because it attaches causal powers to 
phenomenal dream consciousness, and thus gives a significant functional role for 
the dreaming brain.

Phenomenal consciousness does seem to appear in its purest form during 
dreaming, that is, it is created by the brain in the absence of input and output. It 
is in itself ecologically valid, and needs no experimental manipulation to be cre-
ated. Yet, for consciousness research, dreaming may not be the clearest and sim-
plest model system, comparable to visual awareness. But the dreaming brain is 
the model system that fully preserves all the essential features of consciousness: 
its holistic unity as a dynamic world-simulation, its richness and variability of 
content, its subjectivity as independent of stimuli, motor output, or detection 
by objective research instruments. It is the model system that presents the ulti-
mate challenge for consciousness research: If we can explain how phenomenal 
dream experience arises from the sleeping brain, we will thereby have provided 
an explanation to all the most difficult problems that consciousness in general 
poses to science.
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Conclusion 

Regardless, any theory that aims to explain consciousness (with whatever model 
system) must also provide an explanation for the nocturnal form of conscious-
ness. This kind of universal, cross-generationally occurring, most naturally in-
duced altered state of consciousness cannot be ignored, no matter how difficult it 
is to explain. There is no doubt that consciousness, whether we talk about normal 
waking consciousness or hallucinations during wakefulness or dreaming, is inter-
nally generated and resides in the brain. Therefore, theories of consciousness that 
contradict the basic phenomenological or neurophysiological findings of dream 
research, or do not account for dreaming, are most likely incomplete or com-
pletely inaccurate.
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Lucid dreaming and 
the bimodality of consciousness

Allan Hobson and Ursula Voss

In this essay, we develop our working hypothesis that consciousness in 
primates and humans is a state-dependent commodity that has at least two 
expressions. Waking and dreaming are two such states that differ in conscious 
awareness. In both states, we are perceptive and emotional. Whereas in dream-
ing, our thoughts are delusional, however, waking consciousness potentiates 
volition and reflection. We propose that dreaming is a state of primary con-
sciousness, while usually, secondary consciousness is reserved to waking.  
Lucid dreaming is an extraordinary state with elements of both waking and 
dreaming and both primary and secondary consciousness. It is a rare but very 
real condition which is a promising tool in the study of the brain basis  
of consciousness. 

Reflective consciousness is the phenomenon that catapults mankind to the fore-
front of evolution. Whereas most mammals possess a primitive (or primary) form 
of consciousness, humans and primates also possess a higher-order (or second-
ary) form of consciousness which provides the prerequisite for abstract thought 
and volition. 

Consciousness must therefore be at least bimodal. Research on sleep and 
dreaming has documented the state-dependency of this bimodality which is ex-
pressed in the differential physiology and phenomenology of the dreaming and 
waking brain and our subjective awareness of these states. Whereas secondary 
consciousness is usually accessed only in waking, dreaming may be understood as 
primary consciousness. In lucid dreaming the sleeper gains cognitive insight into 
the fact that he is dreaming instead of delusionally believing himself to be awake. 
Lucid dreaming, therefore, presents us with the unique opportunity to monitor 
how secondary consciousness arises from a state that is usually restricted to pri-
mary conscious awareness.
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The bimodality of consciousness

Until recently, waking was regarded as the state of consciousness, par excellence. 
Dreaming was relegated to a subservient and disruptive role as the repressed un-
conscious of Sigmund Freud and his followers. But as previously argued (Hobson, 
2009a), dreaming is mostly forgotten (and hence amnesic) but not really uncon-
scious. When we dream, we are, if anything, hyperperceptive and hyperemo-
tional. It is this augmentation of conscious state features that led Leonardo da 
Vinci to wonder, “Why does the eye see a thing more clearly in dreams than it 
does when awake?” At the same time, other, secondary, conscious state features 
of waking consciousness, including memory, are in abeyance. We can spontane-
ously remember some dreams. And we can remember many more if awakened by 
autosuggestion, by an accomplice, or by a technician in a sleep lab. Dreaming may 
therefore be regarded as a second state of consciousness, quite different from, but 
quite complimentary to, waking consciousness. 

These facts and considerations indicate that consciousness is, at least, bimod-
al. It may, in fact, be multimodal but for the purposes of this essay, we choose to 
focus on its indubitable bimodality.

The bimodality of consciousness converges closely with Gerald Edelman’s 
(2003, 2005) useful distinction of primary and secondary consciousness. While 
Edelman assumes that primary consciousness may be experienced by most birds 
and mammals, he ascribes secondary consciousness to primates, especially hu-
mans. Primary consciousness is a state that allows for simple awareness, including 
perception and emotion. Humans and primates have developed a superior form 
of consciousness referred to as secondary consciousness. This involves awareness 
of awareness which requires volition, rational thought, and self-reflection.

For strategic scientific reasons, we suggest that dreaming is like primary con-
sciousness. In dreaming, our consciousness is strongly perceptive and highly ani-
mated yet it lacks the characteristics of secondary consciousness. 

The distinction between the two modes of conscious experience begs com-
parison with Freud’s primary process (which he ascribed, as we do, to dreaming) 
and secondary process (which he ascribed, as we do, to waking). But whereas 
Freud conceived of the two processes as fundamentally antagonistic, we view 
them as fundamentally cooperative. 

Evidence for bimodality: Consciousness in waking and in dreaming

What is the evidence for bimodality? What is its mechanism? And what is its 
function?
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–	 In waking, my perceptions are strongly shaped by external inputs; in dream-
ing equally or even more vivid perceptions are internally generated.

–	 In waking, I experience my will as free and make elaborately planned motor 
acts in keeping with my perceptions; in dreaming, I am always motorically ac-
tive and have the strong illusion of movement through a real space, although 
my body is largely immobile as I lie asleep in my bed.

–	 In waking the unities of time, place and person are preserved; in dreaming, 
I move from place to place, from era to era, and interact with one person 
after another while my identification of those places, eras and persons may 
be vague, inaccurate, and arbitrary. In dreaming it is as if the unities of time, 
place and person had been dissolved.

–	 In waking, I can not only orient faithfully but I can think, plan and review 
rationally; in dreaming my thought processes are greatly impaired. Not only 
do I not know what is going on when I dream but I don’t know that I don’t 
know what is going on.

–	 In waking, I am capable of moderating my emotions; in dreaming I often 
experience uncontrolled passion; and finally

–	 In waking I remember some things very well; in dreaming I forget almost 
everything. 

These phenomenological differences are greatest when one compares alert waking 
to REM sleep. Intermediate and mixed states exist but will be ignored in this essay.

Mechanism: The AIM model

It is now quite clear that dreaming is caused by brain activation in sleep and that 
activation, like the activation of waking, is mediated by the pontomesencephalic 
brain stem. 

The Activation function, A, of the AIM Model (Hobson et al., 2001; Hobson, 
2009a) makes no distinction between waking and dreaming although quantita-
tive EEG studies to be discussed below, do show differences.

According to AIM, the bimodality of waking and dreaming is caused by two 
other processes, also of brainstem origin.

One is the second AIM factor, I, which distinguishes between Input-output 
gates: these gates are open in waking, but are closed in sleep. 

The third AIM function, factor M, posits that the Mode of information pro-
cessing is altered such that waking is strongly and dreaming only very weakly, 
aminergic. The two conscious states of waking and dreaming are thus chemically 
distinct.
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In summary, the brain is activated, online, and aminergically modulated in 
waking; in dreaming the brain is also activated but it is offline and aminergically 
demodulated. The precise cellular and molecular mechanisms of the bimodality 
are beginning to be understood but are beyond the scope of this essay (Hobson 
et al., 2001).

Function

What is the relationship between the conscious states of dreaming and waking 
and what does that relationship tell us about consciousness? One answer to this 
question is evolutionary: animals first developed a relatively simple system for 
mediating their perceptions, emotions, and memories. This was, and still is, the 
primary consciousness system which is all that birds and sub-primate mammals 
have to work with. The primary consciousness system is activated in REM sleep 
in all animals that possess its advantages. As the brain continued to evolve, and 
greatly elaborated its thalamocortical circuitry, it became possible for animals to 
add secondary aspects of consciousness to their waking repertoire.

The enormous advantages of these capabilities are obvious. But there is a 
problem: how are primary and secondary mechanisms kept separate and how do 
they conspire to interact positively?

The state dependency of consciousness

Separation is conferred by state differentiation. This is seen clearly in the differ-
ential phenomenology and mechanism of waking and dreaming. But note, both 
subprimate and primate animals enjoy the benefits (and risks) of a primary con-
sciousness system. There is strong evidence that primary consciousness co-devel-
ops with REM sleep and constitutes a virtual reality generator for the brain (see, 
again, Table I). When the REM generator is activated in sleep, dreaming occurs. 
An implication of this assertion is that the brain contains within its own intrinsic 
operations, representations of self, of space, of movement and of feeling. In wak-
ing it is important to be able to damp this system so that cognition can be kept in 
register with external world parameters. All mammalian animals can do this but 
the evolution of secondary consciousness has rendered this task more difficult 
and its failure more risky. Mental illness may well be a manifestation of this risk. 

An alternative view would claim that state differentiation is not necessary 
and that we are able to maintain different modes of consciousness in a single 
state. For example, the default mode model (Raichle et al., 2001) suggests that 
consciousness differs, depending on whether we are attending to either inwardly 
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(default mode) or outwardly directed thoughts (information processing mode), 
both of which alternate constantly in waking. This idea is in perfect keeping with 
factor I of the AIM model, and we are aware that several sub-states exist that will 
also require identification and lead us to a multimodal model of consciousness.

However interesting, these considerations are not helpful in explaining phy-
logenetic differences in conscious awareness. For the same reason, they are not 
compatible with the primary/secondary consciousness distinction that we em-
phasize in our bimodality thesis. 

It is important to recognize that consciousness must be regarded as a state, and 
not as a specific brain operation. The respective mode of consciousness provides 
the background against which certain functions may be executed. Consciousness 
must be regarded as the brain’s capacity to perform inwardly or outwardly di-
rected cognitive functions. 

When the primary REM system escapes from control, waking consciousness 
becomes impossible. Cognition then becomes dominated by internal perceptions 
(visual hallucinations), disorientation, recent memory loss, and confabulation. 
This is the organic mental syndrome that is often seen in patients suffering from 
delirium (Hobson, 2000). From a theoretical point of view, even subprimate ani-
mals should run this risk but it is possible that important factors, such as drugs 
and alcohol uniquely predispose humans to this problem. In any case, subprimate 
animals do hold the REM-primary consciousness generator in check as they navi-
gate their relatively simpler waking worlds.

A second biological factor makes this account plausible and attractive. Dur-
ing the early development of those mammalian species that are conscious, REM 
sleep occurs. It may even occur in utero but is certainly prominent directly after 
birth. In kittens, it plummets sharply as eyes open waking comes to take its place 
(Herman et al., 1991). 

Besides providing the brain with a virtual world model, REM sleep guaran-
tees a crucial adaptive capability, homeothermy. In order to have a complex brain 
function normally it is critical to control its temperature. REM confers that capa-
bility (Rechtschaffen et al., 1989).

Lucid dreaming, an experiment of nature

If there really are two brain systems which conspire to engineer waking and 
dreaming consciousness then it should be possible to tease them apart and iden-
tify the circuitry that makes the two states of consciousness so different. Such a 
physiological dissection might also help us understand the mutual collaboration 
of dreaming and waking and to model its occasional degeneration.
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When most subjects dream, they assume, wrongly, that they are awake. This 
delusional mistake has at least two sources: one is that waking and dreaming 
consciousness are phenomenologically similar as well as stunningly different 
from each other. The differences are unnoticed because dream perception, fictive 
movement, and emotion are so strong as to be pre-emptive and because cognitive 
discrimination suffers from the diminution in memory, orientation, reasoning 
power and amnesia of dreaming.

We sometimes suspect that our dream consciousness is not waking but usu-
ally brush such criticism aside. When, through training or spontaneous change 
we become convinced that we are not awake but, rather, dreaming we enter the 
remarkable state called lucid dreaming. Lucid dreaming is difficult to attain and 
to maintain, probably because state differentiation is adaptive and therefore the 
brain is engineered to be in one state or the other but not both simultaneously. The 
occurrence of lucid dreaming thus presents consciousness research with a unique 
opportunity to understand the mechanism of primary and secondary conscious-
ness and begin to explore the functional significance of their interaction.

This challenge is met via the development of new tools for cognitive science 
including quantitative EEG (qEEG), functional brain imaging (f MRI) and elec-
tromagnetic brain stimulation (EMS). Preliminary results using the first two of 
these three methods are promising.

Laboratory studies 

Physiologic correlates of lucid dreaming were first objectively studied in the labo-
ratory by K. M. Hearne (1978) and Steven LaBerge (1980, see also Holzinger et al., 
2006). However, methodological difficulties and concerns (Tart, 1979; Hobson, 
2009b) discredited the scientific status of these studies and moved lucid dreaming 
into esoteric realms. LaBerge convincingly demonstrated, however, that lucidity 
consistently arose out of REM sleep and that it was possible for subjects to signal 
out of REM that they were lucid by making a series of voluntary eye movements. 
An unresolved question was whether the lucid subjects were still in REM sleep or 
whether they had transcended into waking. Our own study revealed that the brain 
in lucid dreaming is both awake and asleep at the same time (Voss et al., 2009). 
This paradox not only sheds light on the brain mechanisms of bimodal conscious-
ness but shows that the REM sleep vs. waking controversy can be resolved by the 
assumption of a both-and rather than an either-or position.

In fact, the brain may never be in one and only one state; instead dissociations 
abound as Mark Mahowald has so cogently argued (2009).
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When we studied lucid dreaming, the greatest experimental obstacle was that 
lucidity is a very fragile state. It is, therefore, difficult to observe in a laboratory 
setting. Our subjects were sensitive to noise and less able to perform plot control 
when sleeping in the laboratory compared to sleeping at home. Although lucid 
dreaming can be trained, it requires effort and determination. Accordingly, in 
our first EEG study, we only recorded 3 episodes that were clearly objectifiable 
as spontaneous lucid dreams. Despite the low number of observations, we found 
that when subjects became lucid, they shifted their EEG power (especially in the 
40 Hz range) in frontal regions of the brain (see Figure 1). These changes were 
statistically significant.

Figure 1: standardized 40 Hz power (36 � 45 Hz) in waking (left), lucid dreaming 

(middle) and REM sleep (right frame) in a single subject. Topographic images are 

based on movement-free EEG episodes and are corrected for ocular artifacts. For 

each state, power values are averaged across the respective episode. Compared to 

REM sleep, lucid dreaming shows increased 40 Hz activity across the entire cortex. 

The increase is strongest in frontal regions. Compared to waking, frontal and parietal 

regions are similarly activated in lucid dreaming.

Figure 1.  Standardized 40 Hz power (36–45 Hz) in waking (left), lucid dreaming (mid-
dle) and REM sleep (right frame) in a single subject. Topographic images are based on 
movement-free EEG episodes and are corrected for ocular artifacts. For each state, power 
values are averaged across the respective episode. Compared to REM sleep, lucid dream-
ing shows increased 40 Hz activity across the entire cortex. The increase is strongest in 
frontal regions. Compared to waking, frontal and parietal regions are similarly activated 
in lucid dreaming.
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We also found a marked increase in cortical networking, as expressed by en-
hanced coherences, especially between occipito-parietal and frontal areas of the 
brain (see Figure 2).

Figure 2: Short and long range coherences obtained for waking (top), lucid dreaming 

(middle) and REM sleep (bottom). Coherences are averaged across electrode pairs 

in 4 s epochs. Short-range (55 pairs) was defined as less than 10 cm and long-range 

(65 pairs) as larger than 15 cm inter-electrode distance. Coherences are lowest in 

REM sleep and strongly enhanced in lucid dreaming. 

Figure 2.  Short and long range coherences obtained for waking (top), lucid dreaming 
(middle) and REM sleep (bottom). Coherences are averaged across electrode pairs in 4 s 
epochs. Short-range (55 pairs) was defined as less than 10 cm and long-range (65 pairs) 
as larger than 15 cm inter-electrode distance. Coherences are lowest in REM sleep and 
strongly enhanced in lucid dreaming.

We emphasize that the changes in cortical activation we have described are a con-
sequence of pre-sleep auto-suggestion indicating that in humans even primary 
consciousness, which is largely automatic, is partially subject to volitional force. 
This fact has important therapeutic implications as well as telling us that waking 
(secondary) consciousness may differ from (primary) dreaming consciousness 
owing to increases in the power and coherence of the frontal lobes of the brain.

Recent functional MRI results reported to us by our Munich colleagues sup-
port this conclusion by revealing that dream lucidity is correlated with increased 
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activation of the cortical areas that are thought to mediate the features of second-
ary consciousness. The selectively activated brain regions include the precuneus, 
the frontopolar cortex, the dorsolateral prefrontal cortex, the temporal cortex and 
the inferior parietal lobules (Dresler et al., p.c.)

Comparison of recent results to previous imaging studies

Imaging studies of normal sleep have consistently shown that compared to wak-
ing, REM sleep is characterized by diminished activation of the dorsolateral pre-
frontal cortex (DLPFC) (Maquet et al., 1996; Muzur et al., 2002; Nofzinger et al., 
1997). Since the DLPFC is thought to be the site of executive ego function, it has 
been suggested that the loss of volition, self-reflective awareness, and insight that 
is typical of normal dreaming, may be related to DLPFC inactivation. In lucid 
dreaming, these psychological functions are regained leading to the prediction 
that lucid dreaming involves reactivation of the DLPFC. 

Lucid dreaming as a bimodal state of consciousness

We interpret our recent results and previous findings as follows. There are two 
cardinal states of consciousness, waking and dreaming. Each has distinctive phe-
nomenologic and physiological features. Their co-existence in all animals that 
evince REM sleep indicates shared brain mechanisms and functions for these 
states. We have elsewhere argued that the two states are mutually reinforcing 
(Hobson, 2009a).

In the current paper we describe our experimental results in terms of our 
theory of bimodality. We have shown that lucid dreaming is an unusual but infor-
mative state with features of both waking and dreaming. As such its physiological 
substrate demonstrates the simultaneous co-activation of brain circuits mediating 
REM sleep and waking.

These observations and our interpretation of them have far-reaching rami-
fications for theories of consciousness. For example, the widely noted and much 
appreciated unity of consciousness is called into question. Not only is conscious-
ness bimodal but at least two of its modes can be simultaneously activated, experi-
enced and observed. As such, lucid dreaming is a hybrid state in which one part of 
the brain (and its subjective self) observes and controls another part of the brain 
(with its own subjective self). It is in this sense that we allude to the famous split 
brain studies of Sperry (1961) and Gazzaniga (1989); we suggest that brain-mind 
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splitting is not only anatomical and post-surgical (as in their cases) but also physi-
ological and post-training (in our lucid dreamers).

Multiple personality disorder, hypnosis, and major mental illnesses like 
schizophrenia are all better understood via the recognition that even normal sleep 
is characterized by surprising bimodality. The possibility that the observed bimo-
dality reflects profound and adaptive functionality serves to extend and naturalize 
our understanding of otherwise puzzling conditions of the brain-mind.

Summary and conclusions

Consciousness is not a unitary phenomenon and it is not universal. Whereas most 
mammals possess a primary level of conscious awareness, secondary conscious-
ness (enabling rational thought and volition) arises in humans, possibly primates 
and birds. Consciousness is at least bimodal in humans and primates which are 
known to possess secondary consciousness. The bimodality is usually maintained 
through state-differentiation: REM sleep dreaming is dominated by primary con-
sciousness and waking by secondary consciousness which tends to make the un-
derlying primary features less easily appreciated. In dreaming, the brain is highly 
activated, and aminergically demodulated, while the external world is excluded. 
Thought is irrational and volition strongly attenuated. In waking, primary con-
sciousness is complimented by secondary consciousness, giving way to rational 
thought and self-reflection.

In contrast to the competition suggested by the Freudian school, primary 
and secondary consciousness are not necessarily antagonistic or dangerous to 
each other. Rather, primary consciousness is seen as the necessary cognitive base 
on which secondary consciousness is built. Dreaming, thus, represents the cor-
nerstone of higher-level consciousness. Experimental proof of this dependency 
comes from studies of lucid dreaming, in which we can monitor the emergence 
of rational thought and volition in a brain state usually dominated by primary 
consciousness.
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Why depression feels bad

Mark Solms and Jaak Panksepp

We believe that conscious mental phenomena (such as feelings) are not epi-
phenomenal to the workings of the brain. Feelings evolved for good biological 
reasons; they make specific, concrete contributions to brain functioning. Not-
withstanding all the philosophical complexities, therefore, the non-conscious/
conscious interactions that are the focus of this book are, in our view, causal 
interactions. To marginalize consciousness in relation to what is ultimately a  
dualistic scientific understanding of how the brain works is likely to lead us 
astray. We illustrate this view by trying to address the question: why does de-
pression feel bad? 

When Sigmund Freud first argued that the mind is not synonymous with con-
sciousness, he was roundly criticised, mainly on philosophical grounds. Subse-
quent empirical findings have, however, strongly supported his view that many 
if not most mental functions do not require consciousness to operate efficiently 
and effectively. In fact, the evidence for this view is now so overwhelming that the 
converse question is frequently asked: why do we need consciousness at all? This 
question deeply haunts contemporary efforts (like this timely book) to explore 
and explain the many complexities that surround non-conscious/conscious inter-
actions in the brain.

It is therefore interesting to note that in a posthumously-published outline 
of his life’s work Freud (1940, p. 157) acknowledged that consciousness was the 
most unique characteristic of the part of nature that we call the mind – ‘a fact 
without parallel’. The fact of consciousness, Freud wrote, ‘defies all explanation 
and description’. He continued: ‘Nevertheless, if anyone speaks of consciousness 
we know immediately and from our most personal experience what is meant by 
it’. He then added a disparaging remark to the effect that ‘one extreme line of 
thought, exemplified in the American doctrine of behaviourism [which was just 
then coming to prominence], thinks it possible to construct a psychology which 
disregards this fundamental fact!’.
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Behaviourism

It is well known why behaviourists wanted to construct a science of the mind that 
disregarded its most unique characteristic. Consciousness cannot be observed 
externally; it is not amenable to direct objective scrutiny. Consciousness is for 
that reason an embarrassment to science, the ideal of which is objective fact over 
subjective experience. The behaviourists, who wanted to treat the mind as if it 
were no different from any other part of nature, therefore ruled consciousness out 
of court, and limited scientific psychology to the study of the objectively observ-
able outputs of the mind – to the study of behaviour. Observable experimental 
manipulations (‘stimuli’) could then be used to discover the causal mechanisms of 
behavioural ‘responses’. In this way, the intervening variables (conceptualised as 
the laws of learning) became the only valid objects of psychological science.

Not surprisingly, a school of thought predicated on the assumption that the 
mind consists in nothing but learning, and disregards all the other mental phe-
nomena that we ‘know immediately and from our most personal experience’, 
was doomed to failure. To deny the causal influence on behaviour of conscious 
states (like feelings) is to deny the obvious. If one says: that person committed 
suicide because he could not stand the pain any longer; one is describing the 
simple causal power of that person’s feelings. If one were to try to re-phrase such 
causal statements so as to exclude the feelings, one would be doing violence to 
the obvious facts. 

Thankfully, therefore, in the psychology of the last quarter of the twentieth 
century, realism triumphed over fundamentalism, and consciousness found its 
way back into science. Even though consciousness still cannot be observed direct-
ly, or objectively, today we are nevertheless willing to acknowledge its existence 
in our experimental subjects, and on this basis to infer the causal mechanisms by 
which conscious states influence behaviours – in much the same way as the be-
haviourists were willing to infer the causal mechanisms of learning… or are we?

The mechanisms of consciousness may be ontologically equivalent to those 
of learning (or anything else) but the mechanisms of consciousness differ in fun-
damental respects from consciousness itself. Mechanisms of all kinds are abstrac-
tions, derived from experience; they are not experiences themselves. The mecha-
nisms of consciousness, like all other mechanisms, therefore present no special 
problems for science; they, too, can be described from an objective standpoint, 
from the third-person point of view. But this excludes the ‘fundamental fact’ of 
consciousness, namely that we experience it directly. Is consciousness not perhaps 
still an embarrassment to science; do we not perhaps still think it possible to con-
struct a psychology which disregards the causal role of this uniquely subjective 
characteristic of the mind – the fundamental aspect of this part of nature?
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Cognitive neuroscience

It is, in our view, no accident that the apparent re-admittance of consciousness to 
psychology coincided with advances in the neurosciences which made it possible 
to study the physiological correlates of almost any mental state. By shifting the fo-
cus of our research efforts to the physical correlates of consciousness, we were able 
to pay lip service to its existence without having to trouble ourselves too much 
with its intrinsically subjective nature – with the original source of the embar-
rassment. Small wonder, then, that so many behaviourists made such a seamless 
transition to the new paradigm. 

As Freud (ibid.) put it: 

‘there would thus be no alternative left to assuming that there are physical or 
somatic processes which are concomitant with the psychical ones and which we 
should necessarily have to recognize as more complete than the psychical se-
quences [… Then] it of course becomes plausible to lay the stress in psychology 
on those somatic processes, to see in them the true essence of what is psychical’.

To seek the essence of what is mental in something which lacks its most unique 
psychic property is surely to look in the wrong place. But this does not mean that 
we must abandon reality. Nor does it mean that the brain is the wrong place to 
seek an understanding of consciousness. It means only that we must admit that 
consciousness actually exists, that it is a property of nature, that it is a property of 
the part of nature called the brain, and that this property is no less real and no less 
causally efficacious than any other natural properties. This in turn means that we 
must recognise that the brain is not quite the same as every other part of nature. 
The brain has some special properties, and central among these is consciousness. 
As a consequence of it being conscious, the brain behaves differently from most 
other things, even from other bodily organs.

As far as we can tell, despite appearances, these views are still not generally ac-
cepted, or at least they are not generally incorporated into the current theoretical 
paradigms of cognitive neuroscience. In fact the very power of cognitive neuro
science seems to be that it treats the organ of the mind as if it were no different 
from any other bodily organ or piece of matter, indeed from any other complex 
mechanism – living or dead.

Biological psychiatry

The baneful consequences of this continued neglect of the ‘fundamental fact’ of 
consciousness have been more evident in the field of biological psychiatry than 
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in cognitive neuroscience in general. This is perhaps not surprising, because psy-
chiatry is all about feelings. 

In psychiatry today, if one says: the patient committed suicide because he 
could not stand the pain any longer, one seems to mean: the patient thought he 
was committing suicide because he could not stand the pain any longer, but really 
he was committing suicide because his serotonin levels were depleted (or some-
thing like that). The point is: what the patient says, thinks or feels may be left out 
of our scientific account; the feelings evidently are not really part of the causal 
chain of events. They are just a layperson’s translation of the actual state of affairs 
in the brain. This, in our view, is doing violence to the facts. In our view, the feel-
ings are a fundamental part of the actual state of affairs in the brain. 

We shall now illustrate these principles with reference to a particular problem 
in modern psychiatry, namely: why depression feels bad. 

In fact, this problem is not even posed in psychiatry. It is not posed because 
what depression feels like does not seem to matter in contemporary psychiatric 
science. This is evidently because feelings in general do not matter. What matters 
is the physical correlates of the feelings. This approach, in our view, is based on a 
serious misconception of how the brain works, which will almost inevitably lead 
to equally serious mistakes.

In their haste to avoid the embarrassingly subjective phenomena of depres-
sion, psychiatric researchers have in recent decades focused on all sorts of things 
that correlate with depression, or facilitate it, or contextualise it – and the neural 
mechanisms of those things – rather than the feelings of depression itself. 

The main focus of depression research for the past three decades has been 
the neurophysiological mechanisms of norepinephrine and serotonin depletion 
(Schildkraut, 1965; Harro and Oreland, 2001), including the neurotrophic ef-
fects of this depletion (Koziek et al., 2008), the neuroendocrinological mecha-
nisms of stress (which has similar neurotrophic consequences; De Kloet et al., 
2005), the neuroimmunological equivalents of these mechanisms (McEwen, 
2007), their interactions with sleep mechanisms (Zupancic and Guilleminault, 
2006), their genetic underpinnings (Levinson, 2006), and so on. 

These research programmes have evidently been followed because the mech-
anisms of serotonin depletion (and its cognates) are eminently tractable scientific 
problems – notwithstanding the fact that they have little to do with actually re-
searching depressive feelings. The reason these programmes have been followed 
cannot be because anyone seriously thinks that depressive feelings (let alone ma-
jor depression) are actually caused by low levels of serotonin. There is no direct 
evidence for that notion. In fact, it is well established that experimental depletion 
of brain serotonin does not cause depression in normal people (Delgado et al., 



	 Depression	 173

1990). Nor was there ever any sustained line of research to believe that serotonin 
would play any such specific causal role in depressive mood. Serotonin is an all-
purpose modulator of moods and emotions, not only of depressive ones (Berger 
et al., 2009). It is probably for this reason that SSRIs are used to treat not only 
depression but also a host of other emotional troubles, such as panic attacks and 
obsessive compulsive disorder. This is also probably the reason why SSRIs do not 
work in so many cases of depression, and why they work only partially or tem-
porarily in the vast majority of cases (cf. STAR*D findings). The same applies to 
the various cascades associated with serotonin depletion: stress or inflammation 
or hippocampal shrinkage (Miller et al., 2009). None of these things has a unique 
and specific causal relationship to depression. They are too general; ‘too much’ of 
an explanation. Their main attraction is only that they are scientifically tractable 
and therefore scientifically respectable mechanisms.

In summary, it is clear that although the mechanisms of serotonin depletion 
and its cognates correlate with or facilitate or contextualise depression, something 
else – something far more specific – must be the actual causal mechanism of de-
pression. We suggest that this ‘something else’ most likely has something to do 
with the brain mechanisms that actually generate depressive feelings.

Depression itself

Our reason for suggesting this is the fact that the clinical phenomenology of de-
pression is characterized above all else by a complex of feelings: low mood, low 
self-esteem, loss of motivation and energy, loss of pleasure in the world, and so 
on. Is this feeling complex not the most obvious place to seek the essential na-
ture of depression? And dare we ask whether this constellation of feelings means 
anything? It is after all in the essential nature of feelings that they mean some-
thing. It would be entirely normal and reasonable for all of us (even us scientists) 
to ask – outside of our scientific work – what it might mean when somebody 
says that they feel down, bad, defeated, useless; that they have lost all hope for 
themselves, lost all interest in other people, and so on. Why do they feel this?, we 
should ask. Certainly it is possible that the feelings are meaningless epiphenomena 
of depression – even though feelings are not normally meaningless – but it is at 
least equally possible (and in our view more so) that they are not meaningless.

We think the most obvious way of making sense of this complex of feelings is 
suggested by what the DSM IV definition of major depression describes as diag-
nostic criterion E:

‘The symptoms are not better accounted for by bereavement’ (emphasis added). 
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This differential diagnostic criterion suggests that depression may be easily mis-
taken for bereavement, which in turn suggests that depression is characterized by 
a complex of feelings that closely resembles those associated with grief. It there-
fore seems reasonable to infer that depression might have something to do with 
social loss. This reminds us of what the early psychological investigators of de-
pression (who were not embarrassed by feelings and their meanings) concluded 
on the basis of talking to patients about what their feelings might mean to them 
personally: they concluded that depression was akin to grief, that it seemed to be 
a pathological form of mourning (Freud, 1917). 

It is in fact well established today that early separation experiences do indeed 
predispose to depression (Heim and Nemeroff, 1999; Pryce et al., 2005), pos-
sibly through mediation of the stress cascades and possibly also via other ‘general 
sickness’ mechanisms (McEwen, 2007). We also know that a first depressive epi-
sode is most likely to be triggered by social loss (see from Bowlby, 1980 to Watt 
and Panksepp, 2009).

Affective neuroscience

In light of such commonplace observations to the effect that depressive feelings 
are connected with the psychology of attachment and loss, it is striking that we are 
not focusing our attention on the mammalian brain systems that evolved specifi-
cally for the purpose of mediating attachment and loss, and which produce the 
particular type of pain associated with these biological phenomena of universal 
significance, namely separation distress (also known as ‘protest’ or ‘panic’) which, 
if it does not result in reunion, is typically followed by hopeless ‘despair’. 

It is likely that a mammalian brain system evolved specifically to generate these 
depression-like feelings (Panksepp, 1998; 2003; 2005). This brain system evolved 
from general pain mechanisms, millions of years ago, apparently for the purpose 
of forging long-term attachments between mothers and their offspring, between 
sexual mates, and ultimately between social groups in general. When such social 
bonds are broken through separation or loss of a loved one, or the like, then these 
brain mechanisms make the sufferer feel bad in a particular way. This special type 
of pain is called separation distress or panic. The biological value of this type of 
pain is that it motivates the sufferer to avoid separation, and to seek reunion with 
the lost object. However, if this psychobiologically desirable outcome fails to ma-
terialize, then a second mechanism kicks in, which shuts down the distress and 
causes the lost individual to give up. This giving up is the ‘despair’ phase of social 
loss (Panksepp et al., 1989; 1991; Watt and Panksepp, 2009).



	 Depression	 175

lost object.  However, if this psychobiologically desirable outcome fails to 
materialize, then a second mechanism kicks in, which shuts down the distress and 
causes the lost individual to give up.  This giving up is the �despair� phase of social 
loss (Panksepp et al., 1989, 1991; Watt and Panksepp, 2009).

     [Fig. 1] 
(from Panksepp, 2003) 
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neuro-imaging studies and DBS treatments of depression; Mayberg et al., 2005),
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nuclei, terminating in the ancient midbrain (pain generating) neurons of the 
periaquaductal grey.  Regulation of this system is fundamentally mediated by opioid 
receptors. Mu-opioid agonists in particular activate it in such a way as to generate 
feelings of secure well-being that are the very opposite of depression, whereas mu 
opioid blockade or withdrawal promotes separation distress. This state is most readily 
identified in animal models by distress vocalizations (Panksepp,1998). Bowlby (1980) 
classically described this phenotype as �protest� behavior, which he contrasted with 
the more chronic �despair� behaviours that immediately follow on from it. The 
transition from acute �protest� to chronic �despair� presumably evolved to protect the 

Figure 1.  (From Panksepp, 2003).

This system is embodied in a well-defined network of brain structures (Figure 1), 
starting in the anterior cingulate gyrus (about which so much has been said in 
recent neuro-imaging studies and DBS treatments of depression; Mayberg et al., 
2005), coursing downwards through various medial thalamic, and various basal 
forebrain nuclei, terminating in the ancient midbrain (pain generating) neurons 
of the periaquaductal grey. Regulation of this system is fundamentally mediated 
by opioid receptors. Mu-opioid agonists in particular activate it in such a way 
as to generate feelings of secure well-being that are the very opposite of depres-
sion, whereas mu opioid blockade or withdrawal promotes separation distress. 
This state is most readily identified in animal models by distress vocalizations 
(Panksepp,1998). Bowlby (1980) classically described this phenotype as ‘protest’ 
behavior, which he contrasted with the more chronic ‘despair’ behaviours that im-
mediately follow on from it. The transition from acute ‘protest’ to chronic ‘despair’ 
presumably evolved to protect the separated animal from metabolic exhaustion, 
or alternatively to deflect the attention of predators, or both.

It is the ‘despair’ phenotype that seems most closely to resemble clinical de-
pression (Harris, 1989).

The separation distress system, which is regulated by the hormonal and pep-
tide releases that precede childbirth and facilitate maternal care (e.g., oxytocin, 
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prolactin), developed early in mammalian evolution. This is why the mechanisms 
which mediate attachment and separation are much more sensitive in females – 
who are twice as likely as males to suffer from depression. We have also known 
for a long time that the chemicals that mediate the brain’s separation/attach-
ment mechanism (opioids) have powerful anti-depressant properties (Bodkin et 
al.,1996). If it were not for the addictive risks of opiates, they would almost cer-
tainly have formed the front line of anti-depression medications. In fact, there is 
good reason to believe that the natural brain chemicals – endorphins – that make 
us feel good when we are safely and securely attached are themselves addictive; 
in short, that affectionate bonds are a primal form of addiction. This system ap-
parently provides the elemental means by which mother and infant attach to each 
other – the means by which they become addicted to one another. 

Although these opioid-driven attachment systems may be the pivotal mecha-
nism in depression, there may of course also be many associated mechanisms 
that mediate the various depressive subtypes. For example, dynorphin-facilitated 
shutdown of dopamine-driven appetitive systems (when an individual ‘gives up’ 
in despair) may form an independent aetiological mechanism in a subset of cases 
(McLaughlin et al., 2006; Nestler and Carlezon, 2006).

It seems that the pain of social loss and defeat are the price that we mammals 
had to pay for the evolutionary advantages bestowed by this system, that is, by 
mammalian social attachment, the prototype of which is the mother-infant bond. 
This is an instance of a more general principle: conscious feelings, both positive 
and negative, evolved because they enhance survival and reproductive success. This 
is their causal role.

Conclusion

So why does depression feel bad? It feels bad, on our hypothesis (initially ad-
vanced by Watts and Panksepp, 2009), for two reasons: firstly, to encourage us to 
form attachments, particularly to early care-giving figures, but also with our sex-
ual mates and offspring and social groups and the like; and secondly, to persuade 
us to give up hope if our attempts to re-unite with such figures or groups do not 
succeed within a limited time-frame, when we have become detached (or lost). 
The fact that such feelings can be too easily provoked, or too difficult to erase, etc., 
in some individuals, is immaterial to the biological forces that selected them into 
the mammalian genome in the first place.

In light of the existence of brain structures that generate such feelings, it 
seems reasonable to hypothesize that the linchpin of at least one major form of 
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depression is none of the things that have so preoccupied contemporary psychi-
atric researchers over the past three decades, but rather the evolutionarily-con-
served brain state that mediates the transition from ‘protest’ to ‘despair’ in the 
wake of social loss. In other words, it seems reasonable to hypothesize that the 
core brain basis of depression revolves around the process by which separation 
distress is normally shut down (possibly by kappa-opioids), prompting the animal 
to ‘give up’. 

Why aren’t psychiatric researchers investigating the role of these candidate 
brain processes in depression? They seem to be the obvious place to start, if we are 
going to take the phenomenology of depression itself (as opposed to things that 
correlate with it) as our starting point. 

We believe that such obvious starting points are neglected due to an ongoing, 
deep prejudice against acknowledging the implications for science of the subjec-
tive nature of consciousness, and its causal efficacy in the brain. This prejudice is 
most unfortunate, because subjective consciousness certainly exists, and it almost 
certainly evolved for a reason (it almost certainly enhanced reproductive fitness). 
It is accordingly almost certainly a central feature of how the brain works. We 
therefore ignore it at our peril. 

References

Berger, M., Gray, J. A. and Roth, B. L. (2009). The expanded biology of serotonin. Annual  
Review of Medicine. 60, 355–366.

Bodkin, J. A., Zornberg, G. L., Lukas, S. E. and Cole, J. O. (1995). Buprenorphine treatment of 
refractory depression. Journal of Clinical Psychopharmacology, 15, 49–57. 

Bowlby, J. (1980). Loss: Sadness and depression. New York: Basic Books.
De Kloet, E., Joels, M. and Holsboer, F. (2005) Stress and the brain: From adaptation to disease. 

Nature Reviews Neuroscience, 6, 463–475.
Delgado, P. L., Charney, D. S., Price, L. H., Aghajanian, G. K., Landis, H. and Heninger. G. R. 

(1990). Serotonin function and the mechanism of antidepressant action: Reversal of  
antidepressant-induced remission by rapid depletion of plasma tryptophan. Archives 
General Psychiatry, 47, 411–418.

Freud, S. (1917). Mourning and melancholia. Standard Edition, 14, pp. 239–258. London: Hog-
arth Press.

Freud, S. (1940). An outline of psychoanalysis. Standard Edition, 23, pp. 144–207. London: 
Hogarth Press.

Harris, J. C. (1989). Experimental animal modeling of depression and anxiety. Psychiatric Clin-
ics of North America, 18, 815–836.

Harro, J. and Oreland, L. (2001). Depression as a spreading adjustment disorder of monoami-
nergic neurons: A case for primary implications of the locus coeruleus, Brain Research 
Reviews, 38, 79–128.



178	 Mark Solms and Jaak Panksepp

Heim, C. and Nemeroff, C. (1999). The impact of early adverse experiences on brain systems 
involved in the pathophysiology of anxiety and affective disorders. Biological Psychiatry, 
46, 1509–1522.

Koziek, M., Middlemas, D. and Bylund, D. (2008). Brain-derived neurotrophic factor and its 
receptor tropomyosin-related kinase B in the mechanism of action of antidepressant ther-
apies. Pharmacology and Therapeutics, 117, 30–51.

Levinson, D. F. (2006). The genetics of depression: A review. Biological Psychiatry 60, 84–92.
Mayberg, H., Lozano, A., Voon, V., McNeely, H., Seminowicz, D., Hamani, C., Schwalb, J. 

and Kennedy, S. (2005). Deep brain stimulation for treatment-resistant depression. Neu-
ron, 45, 651–660.

McEwen, B. S. (2007). Physiology and neurobiology of stress and adaptation: Central role of 
the brain. Physiological Reviews, 87, 873–904.

McLaughlin, J. P., Li, S., Valdez, J., Chavkin, T. A. and Chavkin, C. (2006). Social defeat stress-
induced behavioral responses are mediated by the endogenous kappa opioid system.  
Neuropsychopharmacology, 31, 1241–1248. 

Miller, A. H., Maletic, V. and Raison, C. L. (2009). Inflammation and its discontents: The role of 
cytokines in the pathophysiology of major depression. Biological Psychiatry, 65, 732–741. 

Nestler, E. J. and Carlezon, W. A. Jr. (2006). The mesolimbic dopamine reward circuit in depres-
sion. Biological Psychiatry, 59, 1151–1159. 

Panksepp, J. (1998). Affective Neuroscience: The Foundations of Human and Animal Emotion. 
New York: Oxford University Press.

Panksepp, J. (2003). Can anthropomorphic analyses of “separation cries” in other animals in-
form us about the emotional nature of social loss in humans? Psychological Reviews, 110, 
376–388.

Panksepp, J. (2003). Feeling the pain of social loss. Science, 302, 237–239.
Panksepp, J. (2005). Feelings of social loss: The evolution of pain and the ache of a broken heart. 

In R. Ellis and N. Newton (Eds). Consciousness and Emotions, Vol. 1. (pp. 23–55). John 
Benjamins: Amsterdam.

Panksepp, J., Lensing, P. and Bernatzky, G. (1989). Delta and kappa opiate receptor control of 
separation distress. Neuroscience Abstracts, 15, 845.

Panksepp, J., Yates, G., Ikemoto, I. and Nelson, E. (1991). Simple ethological models of de-
pression: Social-isolation induced “despair” in chicks and mice. In B. Olivier and J. Moss 
(Eds.), Animal Models in Psychopharmacology (pp. 161–181). Holland: Duphar.

Pryce, C. R., Ruedi-Bettschen, D., Dettling, A. C., Weston, A., Russig, H. Ferger, B. and Feldon, J. 
(2005). Long-term effects of early-life environmental manipulations in rodents and pri-
mates: Potential animal models in depression research. Neuroscience and Biobehavioral 
Reviews, 29, 649–674 

Schildkraut, J. (1965). The catecholamine hypothesis of affective disorders: A review of sup-
portive evidence. American Journal of Psychiatry, 122, 509–522.

Watts, D. and Panksepp, J. (2009). Depression: An evolutionarily conserved mechanism to ter-
minate separation distress? A review of aminergic, peptidergic, and neural network per-
spectives. (with commentaries). Neuropsychoanalysis, 11, 100–104.

Zupancic, M. and Guilleminault, C. (2006). Agomelatine: A preliminary review of a new anti
depressant. CNS Drugs, 20, 981–992.



Dementia and the boundary between 
conscious and nonconscious awareness 

Daniel Collerton 

Dementing illnesses massively damage the structures and processes thought  
to underlie consciousness. However, maintained alertness, preserved awareness, 
and the appearance of hallucinations in people with dementia all suggest that 
consciousness survives extreme challenge; implying that conscious processes  
are robust, and conscious content invariably present.

Introduction

� Last scene of all, 
� That ends this strange eventful history, 
� Is second childishness and mere oblivion, 
� Sans teeth, sans eyes, sans taste, sans everything.
� William Shakespeare, As You Like It, 
� Act II, Scene VII, 163–166

Dementia is a human state defined by combined impairments in many aspects of 
cognition and accompanied by extensive emotional and psychological changes. It 
results from damage to the cerebral cortex by one or more of a number of differ-
ent illnesses: most commonly, Alzheimer’s disease, cerebrovascular disease, fron-
to-temporal dementia, and dementia with Lewy bodies (Ames et al., 2005). Its 
combined effects provide a test bed for examining the relationship between con-
sciousness and the cognitive architecture which is thought to support it. Evidence 
from the effects of simultaneous impairments should compliment data from spe-
cific cognitive impairments which suggests that one aspect of consciousness can 
be selectively lost without consciousness as a whole failing; for example, restricted 
spatial neglect. However, if all cognition is compromised, is consciousness then 
lost? Put another way, if the structures and processes which underlie the ability to 
have conscious content are profoundly damaged, what happens to that content? 
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Do conscious processes become non conscious? The very term de-mentia implies 
loss of mind, and the traditional view of people with dementia has considered 
them as having no conscious life: the Shakespearian view – “mere oblivion … 
sans everything”.

In my clinical work with people with dementia, consciousness is a concept 
that makes only sporadic appearance. Other concepts; mood, memory, atten-
tion – in fact, all of the other cognitive functions – are in daily use, but conscious-
ness is used only to refer to its absence – unconsciousness – and that only rarely. 

At least two explanations for this clinical invisibility come to mind. The first 
is that consciousness does not exist. We do not talk of it because it is not there. 
The second, more interesting, possibility is that consciousness is so resilient that 
it survives even the extreme distributed cerebral damage that dementing illnesses 
produce. It is so rarely absent, that its presence is unremarkable. This is the pro-
posal that I will explore in this chapter.

Mechanisms of consciousness and the relevance of dementia

I will use consciousness to mean subjective awareness of, for example, a percep-
tion, a memory, or an emotion i.e. “the component of waking awareness percep-
tible by an individual at a given instant” (Grove, 2008). Non-conscious processes 
are thus defined by exclusion. 

A number of difficulties arise immediately. The highly labile content of con-
sciousness could blur what may be a simple division of conscious from non con-
scious processes into an apparently less clear cut distinction. Partial awareness of 
perceptions is common; for example, in the perception of visual scenes in which 
there is a graduation of awareness of different components of the apparently 
whole percept (Hayhoe and Ballard, 2005). A further problem arises in that the 
consciousness of one person can not be directly experienced by another, merely 
inferred from observation and reflection. Accurate report of cognitive content, 
of perceptions or memories, is the standard operational index of consciousness 
(Seth et al., 2005). However, the cognitive impairments of dementia challenge this 
yardstick. Inaccurate report in dementia does not necessarily mean a lack of con-
sciousness; it may be the accurate report of incorrect content, or the inaccurate 
report of correct content. 

These points argue for a broad brush, if indeed not crude, approach to the 
question of the effects of dementia on consciousness. Figure 1A gives a simple 
illustration which relates conscious cognitive content to cognitive processes. The 
bulk of cognitive processes are, and always will be, non conscious. A limited num-
ber of nearly conscious processes are maintained so as to be readily accessible for 
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Figure 1.  View of the relationship between subjective conscious awareness, and the 
conscious and non conscious cognitive processes which underlies it. (1A) demonstrates 
how most processes are non conscious with a gradation in awareness within working 
memory to the only fully conscious content; that which is attended to. As processes are 
diminished through illness, consciousness can either be preserved (1B) or lost (1C).

Figure 2.  Processes of working memory and their relationships with non conscious 
processes (in gray box) from Baddeley (2003).

the task in hand and form the subsystems of working memory (Figure 2; Baars 
and Franklin, 2003; Baddeley, 2003). Baddeley suggests that the episodic buffer 
(the link between long term memory and current experience) is particularly ac-
cessible to conscious awareness. Attentional focus shifts a very limited amount of 
information into the episodic buffer and hence into conscious awareness. Thus, 
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the short term stores and systems to manipulate them which make up working 
memory allow the persistence of sensations as attention shifts so that a coherent 
consciousness can be maintained (Baddeley, 2003).

In considering the effects of damage to these processes, an appropriately 
simple metaphor is the iceberg. The portion that floats above the water is con-
scious; the portion below is non conscious. What happens as dementia melts the 
metaphorical iceberg? Keeping with Shakespeare, does it slip “full fathom five” 
below the water so that conscious awareness is lost (C), or do aspects continue 
to be visible (B)? 

Dementia is associated with a unique combination of damage to these criti-
cal attentional and working memory systems. Studies which relate the effects of 
dementia specifically to consciousness (for example, Gil et al., 2001; Gregory et 
al., 2002; Salmon et al., 2005) are rare. In agreement with the effects of specific 
cognitive impairments on consciousness, they do show that relatively mild de-
mentia has only limited effects on only some aspects of consciousness. However, 
they leave open the question of whether the more severe and more widespread 
impairments seen in advanced dementia might have greater effects. Since severe 
dementia precludes investigational techniques that need the understanding and 
co-operation of the experimental participant, a more indirect approach is needed, 
which separately reviews the effects of dementia on attention and working mem-
ory and relates these to consciousness; problematic though it may be to attempt 
to relate one type of measure (objective performance on a test of attention or 
memory) to another (subjective judgement of a person as having consciousness) 
across different areas of enquiry.

Attention, dementia, and consciousness

Attention, the ability to focus consciousness on a limited aspect of a phenomenon 
is greatly disturbed in dementing illnesses in all its aspects – sustaining, select-
ing, switching, and dividing. The effects of these impairments, however, appear 
not to observably reduce consciousness, but to shift it onto other subjects; pos-
sibly by tilting the balance between external stimuli and internal representations. 
The lack of a memory leads to the intrusion of what can be remembered, hence 
people misidentify their children as their parents. The lack of the explanation 
that one has not remembered where an item is, leads to another explanation; 
that is has been moved by someone else. The lack of a correct perception, leads 
to a hallucination. Consistent with “winner takes all” models of consciousness 
(Block, 2005), what people can still be conscious of takes the place of what they 
are no longer aware of.
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This suggests that loss of the ability to attend does not abolish consciousness 
but instead changes its content. Some content which would not be conscious be-
comes so, suggesting that there remains a boundary between conscious and non 
conscious processes, but that it becomes more porous. Consideration of attention 
also allows us to investigate the potential significance of severity of impairments. 
It might be that a more severe impairment of attention would destroy conscious-
ness, or at least fragment it to the point where it is no longer functional. However, 
the disorder with the greatest disturbance of attention, dementia with Lewy bod-
ies, is also the disorder with the greatest frequency of hallucinations (Collerton et 
al., 2005), and of fluctuations in awareness (Walker et al., 2000). Both these papers 
have argued that attention and these symptoms are causally related. Though this 
does not rule out the possibility of a threshold of attentional impairment beyond 
which consciousness does disintegrate, it does argue against a simple linear rela-
tionship. That increasingly poor attention does not lead to loss of consciousness 
but to increasing fluctuations, suggests that there are robust recovery mechanisms 
that can maintain conscious processes when they are disturbed.

This suggests that even when the ability to maintain a conscious focus on 
veridical perceptions or memories is lost, consciousness is maintained – there is 
always something in mind. To return to the iceberg metaphor; if one part rotates 
below the waves, another rises to take its place. It may occasionally sink beneath 
the waves, but it bobs again to the surface. 

Working memory, dementia and consciousness

If the loss of the ability to attend does not lead to the fragmentation of conscious-
ness, what if the psychological processes – working memory – which underlie 
conscious awareness are destroyed? It is well known that damage to one aspect of 
working memory, the phonological loop as an instance (Vallar and Papagno, 2002) 
does not lead to generally disturbed consciousness. Similarly, anosognosia leads 
to a loss of consciousness awareness for only some aspects of the self (Orfei et al., 
2007). Anosognosia suggests that a loss of awareness of one concept does not lead 
to a diminution of consciousness as a whole; rather that consciousness expands to 
fill the gap, since otherwise the person would be aware of the impairment.

However, what happens if several systems are disturbed simultaneously as 
in Alzheimer’s disease or dementia with Lewy bodies (Salmon et al., 2008)? Do 
people with dementia have a recognisable, human consciousness, despite these 
severe impairments in working memory tasks?

In contrast with the Shakespearean concept of dementia, more recent views 
have emphasized the preserved basic humanity of people with even severe 
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dementia (Kitwood, 1997). In the new conceptualisation which has developed 
from Kitwood and others’ work, the consciousness of the person with dementia is 
not primarily of the dementia itself, but of a person who is actively trying to cope 
with the effects of dementia. Hence, people with dementia continue to think, act, 
and make sense of the world as best they can; implying, or at least assuming, that 
consciousness continues.

Thus, as with attention, reduced working memory seems to manifest itself not 
as a loss of consciousness, but as a restriction in its capacity. What may be lost is 
not awareness per se, but the ability to stand at one remove from it – to be aware 
of being aware (Gil et al., 2001; Salmon et al., 2005).

Cortical coherence in dementia

If awareness is maintained, is there evidence that despite massive cortical cere-
bral damage (the cortex can loose up to 50% of its volume in severe dementia, 
Esiri and Morris, 1997), the brain processes underlying consciousness continue 
to function? 

Cortical coherence, indexed by gamma oscillations, has been suggested as a 
measure of the cortical binding thought to be necessary for an integrated con-
scious awareness (Ortinski and Meador, 2004; Rees et al., 2002). In dementing 
illnesses, damage to the brain structures (primarily thalamo-cortical) essential to 
coherence is common, and gradually increases as the disease progresses. Though 
there is relatively little data, measures of cortical coherence suggest that co-
ordinated brain activity in the gamma range is robust in dementia (van Deursen 
et al., 2008) while activity in other bands declines (Cziglera et al., 2008; Parka et 
al., 2008; Rossinia et al., 2007; Vesna, 2005).

Conclusion

Consciousness, at least as defined here, is robust, resilient, and always full. Though 
dementing illnesses greatly damage the systems which underlie awareness, con-
sciousness appears to be remarkably unaffected. As with the consciousness of a 
child, consciousness in dementia is recognisably human. It may be filled with con-
tent that is idiosyncratic, it may go for a time, but it returns, and it is never empty. 
The boundaries between systems are maintained, and remain broadly functional. 
Just as in sleep, what may seem to an observer to be an empty state is actually 
filled with a glorious variety of conscious experience – or, to put it another way, 
consciousness abhors a vacuum.
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Consciousness as the spin-off 
and schizophrenia as the price of language

Timothy J. Crow 

Hearing “voices”, the experience of thoughts as not one’s own, and incoherent 
speech are symptoms of mental illness (usually termed “schizophrenia”). Here 
I argue that (1) the “torque” is the feature that defines the human brain as four 
chambered by comparison with the two chambers of the generalized mamma-
lian brain, (2) by separating “thought” from speech production in the frontal 
lobes, and “meaning” from speech perception in occipito-parieto-temporal 
association cortex the torque thereby confers on the species the capacity for lan-
guage, and (3) the phenomena of psychosis can be seen as “leakage” from one 
to another of the four quadrants of association cortex. Thus consciousness is the 
spin-off and schizophrenia is the price that Homo sapiens pays for language. 

Schizophrenia as a disorder of consciousness?

In all populations a fraction of individuals from the second to fifth decades of life 
begins to hear voices when there is no-one to account for that experience, or be-
comes convinced that a conspiracy is afoot when none such exists. Others develop 
swings of mood into depression on the one hand and elation on the other. Such 
states are regarded as illnesses, schizophrenia in the first case, manic-depressive 
disorder in the second. But neither schizophrenia nor manic-depressive disorder 
are categorical disease entities but should be considered in dimensional terms 
with some continuity (“schizo-affective” psychoses) between them. The implica-
tion of a dimensional concept is that these factors somehow extend into the nor-
mal population. Kretschmer (1925, pp. 118–119) wrote: 

“…We can never do justice to the endogenous psychoses so long as we regard 
them as isolated unities of disease, having taken them out of their natural hered-
ity environment, and forced them into the limits of a clinical system. Viewed in 
a large biological framework, however, the endogenous psychoses are nothing 
other than marked accentuations of normal types of temperament”. 
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The problem was put in a somewhat different perspective by the evolutionary 
theorists Julian Huxley and Ernst Mayr . If the variation is genetic and associated 
with a biological disadvantage (fecundity is reduced by 30% in females and 70% 
in males suffering from schizophrenia) why does it persist? Moreover if the varia-
tion is present in all populations it seems its origin must be ancient and related to 
the origin of the species (Crow, 2000).

Psychotic symptoms have been described as disorders of consciousness 
(Frith, 1979; Crow, 1979). For example it has been suggested is that there is some 
sort of enlargement of consciousness in psychosis such that neural phenomena 
which are normally in the subconscious, intrude into the waking state. The ques-
tion arises therefore whether the symptoms of psychosis cast light on the nature 
of consciousness? One can ask whether such symptoms are better described as 
disorders of consciousness or language?

Psychotic symptoms in the split brain: Disorders of consciousness?

Some analogues of psychotic symptoms (such as hearing voices, having thoughts 
inserted into ones mind, and being under the control of alien forces) have some-
times been described when input to the two hemispheres is separated in subjects 
who have undergone section of the corpus callosum (Gazzaniga, 1970; Nasrallah, 
1985) for intractable epilepsy. 

In their studies of the effects of callosal section Seymour et al. (1994) re-
ported the anomalies as disorders of consciousness, even a separation of two 
consciousnesses within a single individual. According to Seymour et al. (1994) 
“The classic example of the disconnection syndrome is the patient whose speak-
ing left hemisphere cannot name or identify an object held in his left hand, but 
who can select the object under guidance of his right hemisphere”. Evidence of 
this sort led to the view that “the split brain patient possessed two separate minds 
operating in parallel”. 

The structure of language and its decomposition in psychosis

The nuclear (core) symptoms of schizophrenia according to Kurt Schneider in-
clude (1) voices that repeat or echo the individual’s thought or comment on his/
her actions, and (2) the experience that alien thoughts are inserted into, or that 
his/her own thoughts are withdrawn from, his/her mind:

Schneider (1959) considered that when present these symptoms identify ill-
nesses to which we will agree to attach the label schizophrenia. In other words 
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he proposed an operational definition – this he suggested was the core, but he 
did not exclude that illnesses without these symptoms might also be a part of 
the same entity. That they do aggregate together and can be used to define a core 
syndrome (“nuclear schizophrenia”) was well established in the World Health 
Organization Ten-Country study of the Incidence and Manifestations of Schizo-
phrenia (Jablensky et al., 1992). 

How are the symptoms to be explained? The theory to be outlined is that the 
asymmetry of the human brain (the torque) is the foundation of the faculty of 
language – and that these are primary disorders of the structure of language, that 
they reveal its constituent elements and the way in which these elements are seg-
regated within the four quadrants of heteromodal association cortex 

a.  The linguistic sign is bi-hemispheric. De Saussure (1916) maintained that the 
linguistic sign (the word) was characteristically bi-partite, comprising a signal 
(the sound pattern or phonological engram) and a signalled (the associated con-
cept or meanings). The association between the sound pattern and its meanings, 
according to de Saussure, is arbitrary – any sound pattern can be associated with 
any concept or meaning (the first principle). The contrast resembles Chomsky’s 
distinction between phonemic (PF) and logical (LF) form as components of the 
structural derivation in the minimalist theory.

In de Saussure’s system there is a two-way relationship between the com-
ponents – with movement from the sound pattern to the meanings in speech 
reception, and from the concepts to sound patterns in speech production. What 
is the neural basis of the separation of the two components? If asymmetry is 
what is characteristic of the human brain it seems that there must be a relation-
ship between specialisation of function of the hemispheres and the feature that 
de Saussure identifies as the key to language. A parsimonious hypothesis is that 
the components are (at least to a first approximation) segregated to the two 
hemispheres.

From Broca’s and Wernicke’s observations it is clear that what is localised 
in the dominant hemisphere is the phonological engram. It follows that some 
part of the signifieds must be assumed to be located in the non-dominant hemi-
sphere. For each phonological engram there must be a corresponding engram – a 
mirror image – in the non-dominant hemisphere, but one that is systematically 
transformed by the differing terminations of the inter-hemispheric connexions 
in that hemisphere.

De Saussure’s second principle is that speech is linear – just a “ribbon of 
sound”. Allied to this is the notion that there must be a speaker and a hearer – 
speech is necessarily communicative – and the ribbon of sound is what travels 
between them (Figure 1).



190	 Timothy J. Crow

Figure 1.  De Saussure’s conception of the speaker and hearer and the “ribbon of sound”.

One envisages therefore that speech is encoded, and this is a bi-hemispheric pro-
cess, by the speaker from his concepts or thoughts into phonological engrams that 
are then transformed into the ribbon of sound, and that this is received by the 
hearer, and decoded into his own meanings or concepts, and that this encoding 
and decoding takes place in part by inter-hemispheric interaction. Communica-
tion depends upon the hearer sharing at least some of the speaker’s signifier-signi-
fied associations, in other words that they speak the same language.

b.  Deixis and the significance of the indexical. The system works well so long as 
the speaker refers to the world outside himself and the hearer. But a complication 
arises when he refers to himself. As Hurford (1992) points out such a referral 
necessitates further de-coding on the part of the hearer – that the “I” that the 
speaker refers to, relates not to the “I” of the hearer but to the “you” (to him) of 
the speaker. This class of symbols – the “indexicals” – referring to the speaker or 
hearer belongs to the wider class of “deictic” symbols that include reference to the 
“here” of the present place and the “now” of the present moment in time. 

According to Buehler (1934) this triad of terms is the coordinate origin 
around which language is structured – this place, at the present moment in time, 
defined by the “I” of the speaker, without which language has no point of refer-
ence and loses its capacity to convey meaning.

The concept of the indexical provides a clue to the nature of psychotic symp-
toms. While there is no general misuse of the first person pronoun in individuals 
with psychosis those with early onset developmental disorders such as autism 
and Asperger’s syndrome sometimes have difficulty in acquiring the distinction 
between the use of “I” and “you”. The more general significance is that these sym-
bols relate to what is self-generated in speech and what is other-generated – that 
there is a fundamental dichotomy between speech production and speech percep-
tion – and that this dichotomy can be understood in terms of the brain torque.
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c.  The human brain as a four-chambered organ. It s often overlooked that the 
asymmetry of the human brain is not a simple left-right difference but a deviation 
across the fronto-occipital axis that transforms the brain from the standard pri-
mate and vertebrate pattern of two-chambers (anterior and posterior correspond-
ing to motor and sensory compartments) into a four-chambered organ in which 
motor and sensory compartments are distinguished on the left and the right sides. 
The torque has the effect of differentiating the two sides of the brain by influencing 
the relative surface area of the cerebral cortex, but it does so in different directions 
in the anterior (motor) and posterior (sensory) halves. It is a remarkable fact that 
the volumes of the two hemispheres are closely similar. What has changed relative 
to other primates is that the cortex is thinned or broadened on one side relative to 
the other and that the direction of this gradient differs along the antero-posterior 
axis. The effect must be assumed to be that the distribution of inter-hemispheric 
connexions differs on the two sides and it is this that allows the spread of neu-
ral activity to be systematically different on one side compared to the other. But 
the direction of the difference is opposite in the motor and sensory halves of the 
brain – converging from right to left anteriorly and from left to right posteriorly. 
The association cortex on one side is “ballooned” (thinned and broadened) rela-
tive to the homologous cortex on the other side (Harasty et al., 2003).

The human cortex is not qualitatively different from that of the chimpanzee 
or any other primate. If the torque is what is characteristic of the human brain 
these changes, and no others, are critical to the evolution of language. The inter-
connexions between areas of heteromodal cortex have changed and these changes 
alone must account for what is characteristic of the capacity for language.

But a direct consequence of the fact that the torque constitutes a bias across 
the anteroposterior axis – is that the human brain is divided into 4 quadrants – 
the dorsolateral prefrontal cortex (DLPFC) on the right and the left side, and 
occipito-parieto-temporal cortex (OPTC), again on both sides. Thus the human 
brain is distinguished from that of all other mammals by having 4 quadrants of 
association cortex, right and left motor and right and left sensory. Thus functions 
can be distinguished in man that are not present in other mammals and this, it is 
argued, gives us the route to the neural basis of language. The first consequence 
is that transmission between areas of association cortex has directionality. If we 
assume that transmission is predominantly from the area of greater to lesser size 
then the direction is from left to right posteriorly, ie in sensory association cortex, 
and from right to left anteriorly in relation to motor function. Thus is identified 
a circuit from left to right OPTC to right DLPFC, and then to left DLPFC. This is 
the sapiens-specific speech circuit.
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The key is the separation of a phonological engram from its associations. 
Thus if what is segregated in the dominant hemisphere is the phonological en-
gram – a collection of simple but heavily interconnected motor sequences – this 
leaves open the possibility that each of these motor patterns has connexions with 
engrams that are systematically different (either more diffuse if motor or more 
restricted if sensory) in the non-dominant hemisphere.

What happens in the dominant hemisphere is of obvious interest. The sen-
sory phonological engram is distinct from the motor engram these engrams being 
located in Wernicke’s and Broca’s areas respectively. But the form of the engram 
must be different – the motor engram can have relatively direct access to motor 
neurones and the output, but the sensory engram is one step removed from the 
acoustic input – word traces need to be filtered out from the totality of incoming 
sensory information.

Nonetheless there is a relationship between the two. Words that are heard are 
recognised as related if not identical to those that are spoken. The form of the re-
lationship presumably is what is established in the course of language acquisition. 
Conversely some aspect of the distinction between the two is what is lost in the 
case of auditory hallucinations – what is clearly intrinsically generated (whether 
in the process of thought or in motor planning) has activated engrams that are 
normally accessible only to incoming acoustic stimuli.

The simplest assumption is that contiguous functions are dealt with in ana-
tomically related areas. Thus if the output engrams are assembled in areas of 
association cortex that are focussed on Broca’s area in the left hemisphere one 
must assume that the processes that are related to this assembly but differ from it 
in the crucial respect that they confer upon it its arbitrariness and flexibility are 
located in the homologous regions in the right hemisphere. In functional terms 
these engrams can be loosely referred to as “thought” – the precursor of, or the 
plans for, speech. 

In the occipito-parieto-temporal junction association areas the convergence 
is in the opposite direction. From the phonological engrams that have been ex-
tracted from the primary acoustic signal in auditory association areas on the left 
there is a convergence to a smaller area of homologous cortex on the right. Thus 
the many-to-one transition in this case is from left to right, and the process of 
simplification may be identified as the distillation of “meaning” from the linear 
sequence of phonology on the left.

d.  The deictic origin and the performative hypothesis. As noted above according to 
Buehler, language is built around a coordinate framework with an origin in the 
self, the present location and the present moment in time defined by the deictic 
symbols “I”, “here” and “now”. The distinction between what is self- and what is 
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other-generated and to put it into words clearly relates to the division between the 
motor and sensory association cortices and to the differentiation of the right from 
the left hemisphere.

The origin of the nuclear symptoms

Figure 2.  Schematic representation of the origin of nuclear symptoms. It is assumed that 
the four quadrants of hetero-modal association cortex have a degree of independence 
and that each has a distinct function (see also Figure 2). There are rules, presently ob-
scure, for what is filtered by the long tracts between areas and hemispheres. The nuclear 
symptoms are envisaged as aberrant transmission (backflow) between areas that thus 
may be described as “leakage”. In the case of alien thoughts etc. leakage is from posterior 
(sensory) to anterior (motor), and in the case of the specific auditory hallucinations 
(thoughts spoken aloud) it is from anterior to posterior.

The nuclear symptoms of schizophrenia tell us what happens when the distinc-
tion breaks down. Thought, the precursor of speech, loses its characteristic inde-
pendence from the outside world – thoughts are inserted into or removed from 
the individual’s mind – whilst retaining the features of thought they have lost the 
self-generativity that defines thought as a precursor of speech. The obvious inter-
pretation is that they are influenced by activity in posterior association cortex in 
a way that differs from the “normal” exchange between posterior and anterior re-
gions. Conversely auditory hallucinations such as thoughts spoken aloud or run-
ning commentary must be supposed to represent self-generated neural activity 
(thoughts or plans for action) that activates phonological engrams (perhaps in the 
superior temporal cortex on the left side) that are normally activated by speech 
from another individual. In each case there is a loss of the boundary in symbolic 
representation (words) between what is self- and what is other-generated. In each 
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case we can see that the boundary has something to do with what is anterior and 
what is posterior in association cortex. It is suggested that “counterflow” (reverse 
flow within the language circuit) is the basis of symptoms.

Two historical precedence of this theory should be noted. In his book A New 
View of Insanity: The Duality of Mind Arthur Wigan (1844) proposed that the 
two halves of the brain have independent existence and that thoughts in one half 
could interfere with thoughts in the other. In his book The Origins of Conscious-
ness in the Breakdown of the Bicamereal Mind Julian Jaynes (1990) outlined an 
origin of psychotic symptoms secondary to cerebral lateralisation as a sociologi-
cal phenomenon occurring relatively late in hominin evolution, ie at the time of 
Greek civilisation.

Developmental anomalies of anatomical asymmetry and schizophrenia

The neural basis of the torque and its relationship to pathology has been clarified 
in post-mortem studies (Crow et al., 1989). There are variations in anatomical 
asymmetry in the general population and the extremes are associated with the 
symptoms described as psychotic. Thus individuals with a diagnosis of schizo-
phrenia have been shown to have:

a.	 lesser or reversed asymmetries to the left of the parahippocampal, fusiform 
and superior temporal gyri, the latter two gyri representing heteromodal as-
sociation cortex and the parahippocampal gyrus the way station from asso-
ciation cortex into the limbic circuit.

b.	 a reduction in leftward bias of the planum temporale.
c.	 reversal of the asymmetry to the left of density of pyramidal cells in dorsolat-

eral prefrontal cortex, together with losses of size and shape asymmetries of 
the cell bodies (Figure 3).

In a recent meta-analysis of voxel-based morphometry (VBM) studies Honea et al. 
(2005) found that the most frequent deficits recorded in schizophrenia were in the 
medial temporal lobe on the left side and the superior temporal gyrus bilaterally. 
However, in terms of lateralisation the biggest deficits were in the left medial tempo-
ral lobe and in the right anterior cingulate gyrus, that is along the axis of the torque, 
although notably relating to limbic cortex rather than to the neocortex itself.

The anomalies of asymmetry are subtle, but arguably the hallmark. They are 
associated with sex differences as also are the changes in density of fibres in the 
corpus callosum that accompany them. Females have more fibres than males, and 
relative to same sex controls, female patients with schizophrenia show a decrease 
in density while males show an increase (Highley et al., 1999). The general thesis 
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that psychosis represents a deviation in the development of asymmetry and lan-
guage is supported by cohort studies which indicate that pre-psychotic children 
are noted as mispronouncing words, and having reading difficulties (Crow et al., 
1995) and for a given level of lateralisation, having fewer words than would be 
predicted (Leask and Crow, 2005).

What do the changes mean? If the human brain has evolved by a process of 
increasing hemispheric specialisation it would be expected that brain size and 
asymmetry are closely related and that those functions that are pivotal, eg lan-
guage, will show the greatest degree of lateralisation. Such functions might also 
be subject to high inter-individual variability. The pivotal parameter is the age 
at which the brain reaches a plateau. The level and timing of this plateau are in-
fluenced by genetic or epigenetic factors. These factors must be subject to recent 
evolutionary pressures. Brain changes in psychosis can be viewed as an arrest of 
development. The brain is less lateralised and the cortical mass is smaller than 
might otherwise be.

Psychotic symptoms as disorders of consciousness of language?

When discussing the relationship between consciousness and language, Bickerton 
(1995) distinguishes three types of the former. Consciousness 1. is awareness of 
the environment, the ability to respond to stimuli, avoid predators etc., it interacts 
with other aspects of brain function such as memory and includes awareness of 
internal states, eg insensitivity to pain. Bickerton considers that consciousness 1. 
resembles what Edelman refers to as primary consciousness and that this excludes 
“consciousness of being conscious.” 

While consciousness 1. is concerned solely with online processing, in other 
words mediating between the nervous system and the outside word, conscious-
ness 2. provides an awareness of consciousness 1. “We not only see the rabbit; we 
know that we are seeing the rabbit”. Bickerton explains for consciousness of con-
sciousness to arise there would have to be some part of the brain that is to some 
extent detached from the incessant traffic between the brain and environment. He 
likens this to Minsky’s concept (1985) that Minsky describes as follows “Divide the 
brain into two parts (A) and (B), connect the (A) brain’s inputs and outputs to the 
real world – so it can sense what happens there. But don’t connect the (B) brain to 
the outer world at all. Instead connect it so the (A) brain is the (B) brain’s world”. 
Bickerton regards Minsky’s (A) brain as equivalent to his primary representa-
tional system and the (B) brain to his secondary representational system which is 
necessary in his concept for language. However, Bickerton distinguishes a third 
type of consciousness which is explicitly associated with language but concedes 
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that there is no representative organism that has what he calls consciousness 2. 
but lacks language. It is a theoretical possibility only. Therefore Ockham’s razor 
requires that the secondary representational system necessary for language ap-
plies to consciousness 2. and that is what has to be explained. Consciousness 2. in 
Bickerton’s terms or (B) brain in Minsky’s terms can be considered as equivalent 
to the right hemisphere, ie the part of the brain that is removed from direct inter-
action with the environment. 

Bickerton considers that the phenomena of consciousness arises from the ex-
istence of the secondary representational system. In an interesting discussion he 
proposes that the invention of the self is an inevitable consequence of the second-
ary representational system, i.e. of consciousness 2. As I have suggested here the 
phenomena of psychosis can be regarded as evidence of the breakdown of the 
relationship between representational systems 1. and 2., and these are identified 
with the two sides of the brain, further divided by the motor and sensory di-
chotomy into the four quadrants as outlined here. The phenomena of the divided 
brain as described by Sperry (1968) and Gazzaniga (1992), and the phenomena 
of psychosis, therefore both illustrate the operation of the interaction of the two 
sides of the brain to yield an integrated whole of coherent language in a normal 
individual. Gazzaniga speaks of “the left brain interpreter” necessary for the op-
eration of language. What the four quadrant concept adds is that one must con-
sider language perception and production as independent interactions between 
the two hemispheres that operate opposing directions.

Stamenov (2003) has cast further light on these questions from a linguistic 
viewpoint. He writes “self-consciousness, on the other hand requires symbolic 
means by which the self can represent itself as a component of an explicit cogni-
tive representation at any time as ‘the same self.’ Here language becomes indis-
pensable for the development and maintenance online of self-consciousness in 
the individual. The foundational symbolic means for such representation in lan-
guage is the first-person personal pronoun “I”. This “I” is the most unusual sym-
bol humans have at their disposal.” And then later “The peculiarity of the first two 
aspects of “I”’s function is as follows: there is no possibility of linking on a regular 
basis the reference and the meaning of self without the mediation of the linguistic 
sign of “I”. To serve its function, the “I” must refer in one direction – toward the 
implicit central executive, while it gets its meaning from another world, the world 
of current explicit cognitive representation. In order to face these two incommen-
surable requirements (the first negating the possibility of having representational 
content, the other requiring it) put by its reference and meaning, the linguistic 
“I” acquires the characteristics of nonspectularity – it becomes part of the explicit 
linguistic content without being capable of being visualized (in the way one can 
visualize a chair).”
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“Two brain circuits provide the opportunity for monitoring one’s own speech 
performance which serve apparently different purposes. One monitors outer 
speech for errors like slips of the tongue, incorrect pronunciation or inappropriate 
intonation patterns. The other monitors inner speech more on the level of what 
one intends to say on the conceptual-intentional level (both in the case when one 
plans afterwards to utter behaviourally or when one thinks for himself/herself.” 
Again one can see these two circuits as related to the four quadrants and the two 
hemispheres: articulatory-perceptual and conceptual–intentional on the left.

Stamenov distinguishes between self awareness, which appears to correspond 
to Bickerton’s consciousness 1., and self-consciousness which approximates to 
Bickerton’s consciousness 2. Regarding the latter, Stamenov writes “The nonspec-
ular self and the absent nonspecular self become possible only with the means of 
language. It is language that provides the symbolic means for continuous tracking 
of the self and empowers it with specific syntactic and semantic features. At the 
same time, it always keeps updated the deictic (pragmatic) her-and-now link to 
the executive functions of mind via pronominal reference and modality providing 
the self with a sense of integrity and uniqueness. Thus, language radically broad-
ens the potential of self-awareness to a coherent and extended-in-time singular 
self-consciousness. It is this finely tuned cognitive orchestra that becomes shat-
tered in schizophrenia as an illness of the self ”.

If in schizophrenia there is an arrest of development (arising from diversity 
that is specific to the core characteristic) such that the allocation of functions to 
the hemispheres is prematurely curtailed, could it be that the effect is a functional 
separation of the two sides of the brain, ie the hemispheres acquire a degree of 
autonomy that is absent in normal individuals? According to this concept there 
is a balance between overall cerebral growth and hemispheric specialisation, and 
the ultimate organisation of the brain including full capacity for social commu-
nication is established only at the peak of the reproductive period of life, ie the 
phase of mate selection and reproduction. The most characteristic symptoms of 
schizophrenia may indeed be a consequence of a split brain, occurring at the as-
ymptote of development (Crow, 1998); the components of language fall apart, and 
consciousness fragments.
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Consciousness and psychosis 
associated with schizophrenia
The role of Cornu Ammonis Region 3

Ralf-Peter Behrendt 

Information encoded by the autoassociation network of CA3 situates landmarks 
and objects within an allocentric frame of space and time. Guiding locomo-
tion across the spatial environment, and generally organizing behaviour that 
transcends space and time, the hippocampus creates phenomenal space and 
time themselves, thus laying the foundations for conscious awareness. It is 
argued that conscious experience describes the informational content of self-
organizing activity patterns in CA3. Excessive pyramidal cell activity in CA3, 
due to deficient inhibition by GABAergic basket interneurons, leading to event 
memory formation unrestrained by entorhinal input, may be a mechanism for 
the generation of hallucinations in schizophrenia.

Introduction

All conscious experience is ‘situated’: conscious perception and imagery are al-
ways allocentric, in that landmarks or objects are experienced within a frame-
work of space or time. Navigation along landmarks can only be effective if rep-
resentations of landmarks are encoded with reference to an allocentric spatial 
context that appears to be ‘fixed’ to the external environment. What we experi-
ence consciously is but an epiphenomenon of allocentric representations evolved 
for the purpose of navigation. It is suggested that situated landmarks evolved into 
situated objects that are linked to affective behaviour modes, whereas the spatial 
context in which landmarks are situated evolved into a more abstract framework 
of space and time. Phenomenal time and space are not dissimilar: the abstract 
domain of time gets its relational structure from the concrete domain of space 
(Boroditsky, 2000). By continuously creating allocentric representations, that is, 
encoding event memories, the hippocampus creates phenomenal space and time 
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themselves, consistent with philosophical insights that we do not live in an objec-
tive framework of space and time but that the spatially and temporally extending 
world that appears to surround us is an entirely subjective and fundamentally 
private creation (Behrendt, 2007).

Allocentric representations

The lateral posterior parietal cortex contains multiple representations of space 
(retinocentric maps and other egocentric reference frames) for the purpose of 
guiding particular types of motor acts (e.g., saccadic eye movements, reaching, 
grasping). Different ‘action-oriented spatial representations’ are implemented in 
different parts of the lateral posterior parietal cortex (Andersen and Buneo, 2002). 
In the medial parietal cortex, the precuneus and retrosplenial cortex integrate 
various feature representations activated in the posterior parietal cortex in order 
to encode, in egocentric head-centred coordinates, representations of locations 
or landmarks that are visible from the animal’s current position. The posterior 
cingulate and adjacent precuneus in the medial parietal cortex represent the vi-
sual periphery and support broad monitoring of the environment. The posterior 
cingulate and retrosplenial cortices are interconnected with the medial tempo-
ral lobe, particularly the parahippocampal cortex and entorhinal cortex. Sensory 
information processed by the posterior parietal cortex is thus transformed into 
egocentric head-centred coordinates (reflecting the current head direction), be-
fore being transformed into an allocentric representation of the space out there by 
the medial temporal cortex (Byrne et al., 2007). Parietal regions that form part of 
the ‘default-mode network’, including the posterior cingulate, precuneus, retro-
splenial cortex and inferior parietal lobule, are functionally connected (showing 
correlated slow BOLD signal fluctuations) with the hippocampal formation (hip-
pocampus and entorhinal cortex) (Greicius et al., 2004).

Allocentric representations of spatial locations or landmarks are encoded in 
the medial temporal cortex (parahippocampal regions and hippocampus). The 
hippocampus, in particular, ties various ‘visual feature units’ together, using ‘at-
tractor dynamics’, to form an ‘allocentric map’ of the environment (Byrne et al., 
2007). The subiculum is the main output region of the hippocampus. Its projec-
tions to the mammillary bodies forms part of Papez’s circuit. Mammillary bodies 
project, via the anteroventral thalamic nucleus, to the cingulate cortex, which, in 
turn, feeds back, via the parahippocampal gyrus, to the hippocampus. Hippocam-
pal output via Papez’s circuit to the retrosplenial cortex may transform allocentric 
representations back into egocentric head-centred representations. An egocentric 
representation of the current head direction, encoded by the retrosplenial cortex, 
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then updates retinocentric and other egocentric representations in posterior pa-
rietal areas (Byrne et al., 2007).

Papez’s circuit is crucial not only for locomotor navigation but also episodic 
memory recollection, consistent with findings that mental imagery activates me-
dial parietal regions, but also involves medial temporal regions. The precuneus is 
activated during recall of visuospatial memories and imagery of outcomes of vol-
untary actions. The posterior cingulate cortex and precuneus are activated dur-
ing vivid reexperiencing of autobiographical memories (Gilboa et al., 2004). The 
precuneus may encode visuospatial episodic memories by functioning as a ‘con-
necting node’ between representations of various aspects of the memory stored 
in posterior parietal areas. The transformation of allocentric into egocentric 
representations during visuospatial imagery of environmental locations would 
produce ‘mock motor efferences’. ‘Real or imagined self motion’ would update 
egocentric representations of locations in the environment (Byrne et al., 2007). 
Byrne et al. (2007) suggested that an ‘egocentric parietal image’ is formed for 
‘conscious inspection’ during imagery of environmental layouts or when think-
ing about past or future events. In contrast to position advocated by Byrne et al. 
(2007), mental imagery may not be egocentric or ‘generated parietally’, despite 
involvement of parietal cortices, but may be based on allocentric representations 
formed in medial temporal regions. Transformations from allocentric to ego-
centric representations would still be required for the sequential advancement of 
mental imagery (episodic memory recall).

Episodic memory

Layer II of the entorhinal cortex projects, via the perforant path, to the granule 
cell layer of the dentate gyrus. Granule cells, in turn, send mossy fibres to CA3 
(and CA2). Pyramidal neurons of CA3 are extensively interconnected via recur-
rent axon collaterals. CA3 is thought to form a single ‘autoassociation network’ 
that displays ‘attractor dynamics’. The high degree of internal connectivity and 
effective synaptic plasticity (‘long-term potentiation’) enable the rapid formation 
of associations among individual elements of a patterned input (Rolls, 2007). In-
puts reflecting sensory detail processed in neocortical modules generate a unique 
identifying pattern in CA3 that acts as an ‘index’ linking disparate neocortical 
modules. The autoassociative network of CA3 stores ‘arbitrary associations’ be-
tween object and place information as short-term memories for durations of 
seconds to minutes, during which stored information may circulate through the 
network. The neural network of the dentate gyrus, projecting via mossy fibres 
to CA3, implements a ‘pattern separation’ process, which detects changes in 
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sensory input processed by the entorhinal cortex and serves the creation, in CA3, 
of ‘orthogonal pattern representations’ of the environment (Kesner, 2007; Rolls, 
2007). As event memories are sequentially encoded within the autoassociative 
network of CA3, ‘backprojections’ from CA3 pyramidal cells modify synaptic 
connections in the dentate gyrus, with the effect of linking one event memory 
with the next in a sequence (Lisman et al., 2005). These arrangements may be 
essential for producing a spatially continuous and temporally coherent represen-
tation of the external world.

Neuronal ensembles in CA3 of the dorsal (posterior) hippocampus encode 
novel spatial and contextual information (Kesner, 2007). The ventral (anterior) 
hippocampus is preferentially involved in acquisition and retrieval of nonspatial 
memories. CA3 of the ventral hippocampus encodes event memories consist-
ing of arbitrary associations between objects and places (Rolls and Xiang, 2005). 
Spatial information about the location of objects encoded in the parietal cortex 
enters the dentate-CA3 network via the medial entorhinal cortex, while informa-
tion about the nature of objects provided by the temporal visual cortex enters the 
anterior dentate-CA3 network via the lateral entorhinal cortex (Kesner, 2007). 
Information about different rewards and punishers, represented in the amygdala 
and orbitofrontal cortex, reaches the anterior hippocampus via the lateral ento-
rhinal cortex. Thus, CA3 of the anterior hippocampus can form arbitrary asso-
ciations between information about the ‘space out there’ (allocentric space) and 
reward information received from the orbitofrontal cortex and amygdala (Rolls 
and Xiang, 2005). CA2 may form memories of social encounters, assimilating 
contextual factors, such as social odours, into representations of social events.

Changes in internal recurrent connectivity of hippocampal region CA3 en-
code patterned information in a manner that later enables partial fragments of a 
previous input pattern to retrieve the complete pattern of activity encoding the 
original event. Layer II of the entorhinal cortex provides direct input, via the per-
forant path, to CA3. Retrieval of patterns encoded in CA3 is initiated by direct 
entorhinal inputs representing partial retrieval cues (Kesner, 2007; Lisman et al., 
2005; Rolls, 2007). Pyramidal neurons of CA3 (and CA2) project to region CA1 
via Schaffer’s collaterals. CA1 links several patterns of CA3 activity, representing 
arbitrary associations, to form an episodic or ‘whole scene’ memory (Rolls, 2007). 
CA1 receives input form layer III of the entorhinal cortex, again via the perforant 
path, which may support its function of representing places in a familiar environ-
ment (Kesner, 2007) (view-independent allocentric representations). CA3 is not 
necessary for spatial recognition memory or for the establishment and mainte-
nance of place representations in region CA1, but is required for the recall of 
remote locations or trajectories toward these locations (Brun et al., 2002). Neural 
ensembles in CA3 that encode spatial representations of locations ahead of the 
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animal (‘nonlocal representations’) are transiently reactivated during navigational 
decision-making (Johnson and Redish, 2007). During episodic memory retrieval, 
triggered by a sensory cue, CA1 receives a time-compressed readout of a sequence 
of event memories encoded in CA3. Readout of sequential information through 
autoassociative recall provides sequential predictions to CA1. The prediction of 
what will happen next, based on previous experience, is compared with sensory 
input arriving from layer III of the entorhinal cortex.

θ Oscillations

Parvalbumin-expressing GABAergic basket cells synapse onto somata and ini-
tial axon segments of pyramidal cells in CA1, CA2, CA3 and the dentate gyrus, 
tightly regulating the firing activity of pyramidal cells. Fast-firing basket cells 
produce inhibitory postsynaptic currents in pyramidal cells, the summation of 
which is responsible for γ oscillations in local field potentials. During exploratory 
locomotion and REM sleep, neurons in superficial layers of the entorhinal cortex 
and their projection targets in the hippocampus discharge synchronously at γ 
frequencies in relation to the phase of the θ cycle. While γ oscillations in dentate 
gyrus and CA1 are modulated by entorhinal input, γ-oscillatory patterns in CA3 
self-organize (Montgomery and Buzsáki, 2007). Basket cells, causing rhythmic 
inhibition in hippocampal pyramidal neurons, also play a role in the generation 
of θ rhythm. Synchronous γ firing in subsets of CA3 pyramidal neurons that are 
tuned to θ rhythm is necessary for the temporary storage of information during 
exploration. Cholinergic and GABAergic input from the medial septum enhances 
memory encoding by increasing θ oscillations in the hippocampal formation. 
Hippocampal θ oscillations, which are selectively present during exploratory lo-
comotion, behavioural preparedness and attentiveness to stimuli (but also REM 
sleep), ensure the continuous gathering of information about the environment. If 
exploratory behaviour leads to contact with reward or punishment, short-term, 
θ-dependent memory traces are consolidated. In CA1, assemblies representing 
past, present and future locations are activated sequentially within a single θ cycle 
during spatial navigation (Shapiro and Ferbinteanu, 2006). θ Oscillations are re-
quired for coding sequential places along a track, similarly to how the formation 
of episodic memories, that is, learning a temporal sequence of events, involves 
θ oscillations. θ Periods are necessary for tying together neuronal assemblies 
representing sequential events whatever their nature. θ Rhythm can be found in 
structures around the Papez’s circuit and was suggested to coordinate the flow 
of information between medial parietal and medial temporal regions, enabling 
the transformation between egocentric and allocentric representations, during 



206	 Ralf-Peter Behrendt

navigational tasks. θ Rhythm would also coordinate the interaction between me-
dial temporal and medial parietal regions during recall, in imagery, of episodic 
memories (Byrne et al., 2007).

Seeking to explain psychophysical findings indicative of the discrete (rather 
than continuous) nature of conscious perception, VanRullen and Koch (2003) 
argued that θ oscillations, acting as a carrier for γ oscillations, provide the context 
for conscious memory recall, whereas α oscillations may provide the context or 
carrier for γ oscillations encoding perceptual experiences. Thus, “only the entire 
slow wave” (θ or α) and its inscribed contents “is made available at once to explicit 
perception” (VanRullen and Koch, 2003, p. 212). However, we need to consider, 
firstly, that conscious perception is indistinguishably intertwined with recog-
nition based on memory retrieval. Secondly, what we experience as conscious 
memory recall or imagery is but a derivative of externalised perception; percep-
tion and imagery are, on a fundamental level, phenomenologically identical and 
should be attributable to the same process. Consciousness, be it perception of a 
seemingly external world or ‘internal’ imagery, is argued to consist of a stream 
of complex symbols that describe self-organizing patterns emerging in CA3. The 
complexity of our experience at any one time reflects the complexity of arbitrary 
associations formed by attractor dynamics of the autoassociation network. Thus, 
it is suggested that the formation of view-dependent allocentric representations 
in the CA3-dentate network, for the purpose of their episodic memorization, un-
derlies conscious awareness during both perception and imagery, consistent with 
Zeman’s (2001) “unpalatable conclusion” that “experience is a beautiful but func-
tionally irrelevant embellishment of physical processes” (p. 1284). Contemporary 
theories of consciousness tend to assume “that consciousness plays an important, 
more or less continuous role in directing our waking behaviour”, meaning that 
“consciousness makes a difference” (p. 1282). However, psychophysical evidence 
suggests that “consciousness arises too late to perform the kinds of function which 
these theories envisage”, so that it seemed possible that “rather than guiding ac-
tion from moment to moment, consciousness serves its biological purpose on a 
longer, more reflective, time scale” (Zeman, 2001, p. 1281). Chalmers (1996) had 
previously argued that consciousness, being imbued with nonphysical properties, 
could not make a difference to the physical trajectory of behaviour. Moreover, 
there is a long tradition of philosophical idealism consistent with the notion that 
consciousness, unfolding in a realm distinct from physical reality, cannot be ef-
ficacious with regard to the physical trajectory of behaviour (‘mind-body prob-
lem’) (Behrendt, 2007). Consciousness has to be seen as forming a dimension that 
is orthogonal to the physical processes that underpin it; the consciously experi-
enced world, including phenomenal space and time, occupies a dimension that is 
orthogonal, and thus irrelevant, to material reality.
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Dreaming and REM sleep

Wakeful perception, hallucinations and dreams are phenomenologically closely 
related (Behrendt, 2007), and understanding the mechanism of one variety of 
conscious experience helps us to understand the others. Sequences of patterned 
ensemble firing in the hippocampus reflecting conscious experiences during 
wakefulness are reproduced during REM sleep. Reactivated sequences of pat-
terned ensemble firing were suggested to represent reactivated episodic memory 
traces that form the content of dream states (Louie and Wilson, 2001). θ And γ 
oscillations are highly synchronized between dentate gyrus and CA3 during REM 
sleep. Dentate-CA3 synchronization may reflect the processing of event memo-
ries, whereby the dentate gyrus supports pattern separation and recombination of 
memory fragments (Montgomery et al., 2008).

Amygdala hyperresponsivity in social phobia and schizophrenia

Psychotic episodes in schizophrenia, which typically feature delusional beliefs 
about harm or danger emanating from specific individuals or social groups, are 
often preceded or accompanied by syndromatic or subsyndromatic social phobia 
characterized by intense apprehensions, generalised across all social encounters, 
about being criticized, negatively evaluated or rejected by others (Michail and 
Birchwood, 2009). In neuroimaging studies, patients with social phobia, but also 
individuals with excessive trait anxiety, show hyperresponsivity of the amygdala, es-
pecially on the left, to others’ angry or contemptuous emotional expressions (Phan 
et al., 2006). The amygdala contributes to the formation of emotional memories, 
underlying emotionally coloured conscious experience, in several ways. Firstly, the 
basolateral complex of the amygdala (particularly the lateral amygdalar nucleus) 
modulates cortical sensory processing in association areas of the anterior lateral 
temporal cortex. The anterior lateral temporal cortex, which forms part of the ‘ven-
tral visual stream’, forwards nonspatial visual information about objects to the peri-
rhinal cortex, lateral entorhinal cortex and, then, anterior (ventral) hippocampus. 
The anterior lateral temporal cortex, which, in humans, also processes visual and 
nonvisual information about social and emotional cues as well as semantic compo-
nents of language, acts as a ‘connectional hub’ to the anterior hippocampus by way 
of perirhinal/entorhinal cortices (Kahn et al., 2008). Secondly, glutamatergic pro-
jections from the basolateral amygdala to perirhinal and entorhinal cortices pro-
mote γ oscillations in these regions by rhythmically depolarizing pyramidal neu-
rons, thereby enabling the integration of neocortical inputs representing different 
sensory modalities in emotionally arousing situations (Bauer et al., 2007). Thirdly, 
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the basolateral nucleus of the amygdala provides strong excitatory input directly to 
CA3 and CA2. Thus, the basolateral nucleus of the amygdala facilitates the forma-
tion of memories for the environmental context of aversive stimulation (contextual 
fear memory). In a rat model of schizophrenia, excessive glutamatergic input from 
the basolateral amygdala to regions CA3 and CA2 causes excitotoxic reductions 
in GABAergic interneuron density (especially affecting presumptive fast-firing 
basket cells), mirroring postmortem findings of reduced GABAergic interneuron 
functionality in CA3 and CA2 in schizophrenia. Reductions in GABA-mediated 
postsynaptic inhibitory potentials in pyramidal neurons of CA3 occurred in asso-
ciation with an increase in hippocampal ‘long-term potentiation’ (Gisabella et al., 
2005). Thus, increased responsiveness of the amygdala may contribute to excessive 
formation of event memories relating to adverse experiences.

GABAergic hypofunction in schizophrenia

Postmortem studies of schizophrenia demonstrate GABAergic hypofunction in 
the hippocampus, especially in CA3 and CA2. GABAergic hypofunction pre-
dominantly affects fast-spiking interneurons (basket and chandelier cells), which 
contain parvalbumin and synapse onto perisomatic aspects of pyramidal cells 
(Lisman et al., 2008). The hippocampus of patients with schizophrenia shows 
profound reductions in parvalbumin immunoreactivity (Zhang and Reynolds, 
2002). GABAergic neurons express glutamic acid decarboxylase (GAD), which 
synthesizes GABA. Postmortem analysis demonstrates downregulation of isoen-
zyme GAD67 in CA3 and CA2 in patients with schizophrenia or bipolar affective 
disorder (Benes et al., 2007). GAD67 is more concentrated in inhibitory neurons 
that fire tonically, as opposed to those that have a low basal firing rate, consistent 
with decreased functionality of basket interneurons in schizophrenia. Decreased 
functionality of fast-spiking interneurons leads to a reduction of inhibitory post-
synaptic potentials in pyramidal neurons and, hence, compensatory upregulation 
of postsynaptic GABAA receptors on pyramidal neurons, as can be demonstrated 
in CA3 and CA2 of patients with schizophrenia.

Administration of NMDA-receptor antagonists can induce psychotic experi-
ences, such as hallucinations, in healthy subjects. NMDA-receptor hypofunction 
resulting from genetic abnormalities has been implicated in the pathophysiol-
ogy of schizophrenia (Lisman et al., 2008). Deficient GABAergic transmission in 
the hippocampus may be a consequence of NMDA-receptor hypofunction. Fast-
spiking interneurons use NMDA receptors to ‘sense’ the level of activity in sur-
rounding pyramidal neurons (by responding to extracellular glutamate) in order 
to adjust the synthesis and release of GABA. Malfunctioning NMDA receptors 
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would be relatively insensitive to glutamate levels in the surrounding milieu, 
which would lead to downregulation of GABA synthesis (involving GAD67) and 
deficient GABA release (Lisman et al., 2008). Thus, NMDA-receptor hypofunc-
tion reduces the activity of fast-spiking GABAergic interneurons in the hippo-
campus, resulting in disinhibition of hippocampal pyramidal cells. Accumulating 
evidence suggests that NMDA-receptor antagonists cause symptoms of schizo-
phrenia by reducing the output of fast-spiking GABAergic interneurons and 
thereby increasing pyramidal cell activity (Lisman et al., 2008).

The decrease in GABAergic tone in the hippocampus may be an indirect conse-
quence of elevated excitatory input from the basolateral amygdala (Gisabella et al., 
2005). Increased amygdalar input may upregulate cholinergic M1 and M3 receptors 
on pyramidal cells of CA3 and CA2. The medial-septal cholinergic system exerts 
a facilitatory influence on pyramidal-cell excitability and synaptic transmission in 
the hippocampus; and upregulation of M1 cholinergic receptors on pyramidal cells 
would enable cholinergic input from the medial septum to exert a strong excit-
atory influence on hippocampal circuitry. Enhanced firing of hippocampal pyra-
midal cells would subject connected GABAergic cells to excessive oxidative stress, 
secondarily reducing GABAergic interneuron function (Gisabella et al., 2005).

Hallucinations

Electrical stimulation of the human medial temporal lobe can elicit complex visual 
hallucinations and sometimes auditory hallucinations, whereby stimulations of the 
amygdala and hippocampus are most effective in provoking complex visual hal-
lucinations (most commonly featuring people who speak in some cases) or vivid 
experiences of autobiographic memories (Vignal et al., 2007). Direct stimulation 
of the amygdala can elicit feelings of fear and anxiety, feelings of familiarity as well 
as complex hallucinations. Brain lesions in or near the amygdala are associated 
with schizophreniform psychoses. Although hippocampal volume is often reduced 
in patients with schizophrenia, metabolic activity in the hippocampus, as mea-
sured by neuroimaging, is often increased, indicating an excess of excitatory neu-
ronal activity. Hyperactivity of the left hippocampus and parahippocampal gyrus 
is associated with a tendency, in these patients, to experience ‘positive symptoms’ 
(hallucinations and delusions) (Liddle et al., 2000). The actual experience of audi-
tory (Shergill et al., 2000) or visual hallucinations is accompanied by hippocampal 
activation in fMRI, along with activations in higher-order neocortical sensory-
processing areas (Oertel et al., 2007). These findings accord with the hypothesis 
that hippocampal hyperactivity might underlie hallucinations and other positive 
symptoms in schizophrenia (Liddle et al., 2000). Reduction of regional cerebral 
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metabolism in the left hippocampus that was induced by a single dose of risperi-
done strongly predicted the reduction in severity of ‘reality distortion’ (delusions 
and hallucinations) after 6 weeks of treatment with risperidone, “consistent with 
the hypothesis that reduction in aberrant hippocampal firing is a prerequisite for 
subsequent resolution of reality distortion” (Liddle et al., 2000, p. 406).

Patients with schizophrenia, particularly those with ‘disorganized schizo-
phrenia’ (characterised by prominent hallucinations and thought disorder), are 
impaired in Gestalt tasks that require perceptual grouping of visual stimuli. In 
rats, blocking neural activity in one hippocampus induced coactivation, at γ fre-
quencies, of pyramidal cells in the contralateral hippocampus that initially fired 
independently (Olypher et al., 2006). As a result, the ability of rats to subgroup 
distal spatial stimuli and segregate them from irrelevant local stimuli was im-
paired, preventing these rats from effectively avoiding regions of the room where 
footshock was administered. Coactivation, at γ frequencies, of initially uncoupled 
hippocampal pyramidal neurons amounts to failure to segregate cell assemblies 
encoding unrelated representations. Disorganization of spike timing between 
cells would provide the basis on which “a pathological steady and stable state of 
activity” can emerge through γ synchronisation: a ‘parasitic attractor’ “that does 
not reflect reality” but a hallucination instead (Olypher et al., 2006, p. 166).

Conclusions

Allocentric representations formed by CA3 (event memoires) are to be distin-
guished from those formed by CA1. It is argued that CA1 rapidly encodes view-
independent allocentric representations of places and, possibly, more abstract 
spatiotemporal ‘situations’, insofar as ‘situations’ provide a context for the selec-
tion of appropriate task modes and stimulus-response transformations. Even 
view-dependent allocentric representations formed by the CA3 autoassociation 
network can not be regarded as ‘conscious representations’. CA3 allocentric rep-
resentations are as unconscious as CA1 allocentric representations, although the 
former, unlike the latter are symbolically expressed in a stream of consciousness 
(owing to autoassociation processes and backprojections to the dentate gyrus). 
Allocentric representations refer to nonconscious processes that do affect the 
physical trajectory of behaviour (through hippocampal output to the medial 
prefrontal cortex and lateral septum), however consciousness, being a symbolic 
expression of view-dependent (in an abstract sense) allocentric representations, 
does not. Behaviour is all but unconscious; consciousness has no bearing on brain 
processes. Consciousness unfolds in a realm that is orthogonal to behaviour and 
neuronal processes, and indeed to physical reality.
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Overactive hippocampal pyramidal cells are thought to contribute to psy-
chosis by increasing the number of spontaneously active dopaminergic neurons 
in the ventral tegmental area and, thereby, driving a hyperdopaminergic state 
(Lisman et al., 2008). It is argued here that increased excitability in CA3 is directly 
responsible for the generation of hallucinations in psychosis (although increased 
dopaminergic input to CA3 may contribute to enhanced ‘long-term potentiation’ 
in CA3, perhaps via D2 receptor activation on basket interneurons, leading to 
decreased GAD67 expression). Hallucinations are also associated with peripheral 
sensory impairment and various pathologies, including schizophrenia, that affect 
the ability of the reticular thalamic nucleus to regulate the signal-to-noise ratio of 
neuronal activity in sensory thalamic nuclei (Behrendt and Young, 2004). These 
abnormalities would predispose to patterns of self-organizing thalamocortical 
activity that are underconstrained by peripheral sensory input but still capable of 
influencing, downstream, the formation of event memories proposed to underlie 
conscious experience. It could be speculated that the presence of visual halluci-
nations, alongside auditory hallucinations, as well as prevalent formal thought 
disorder (as is the case in patients with ‘disorganized schizophrenia’) indicates 
pathologically increased hippocampal activity, whereas hallucinations occurring 
exclusively in the auditory modality in patients with ‘paranoid schizophrenia’ 
may indicate upstream ‘underconstrained’ thalamocortical activity that, under 
conditions of abnormal reticular thalamic nucleus function, is excessively driven 
by attentional pressures (Behrendt and Young, 2004). Thus, hallucinations, which, 
too, are conscious experiences of ‘something situated in a context’, reflect disor-
dered assembly formation in CA3 that results from (a) neocortical activity that is 
insufficiently constrained by peripheral sensory input (upstream dysfunction) or  
(b) GABAergic hypofunction within the hippocampus (downstream).
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The visual unconscious
Perspectives from the Charles Bonnet Syndrome 

Dominic H. ffytche 

Neurobiological accounts of consciousness typically partition brain activity into 
two components: one correlated with conscious experience (the neural correlate 
of consciousness) and the other not. Here I use evidence derived from visual 
hallucinations in the context of eye disease – the Charles Bonnet Syndrome –  
to examine the nature of what might be termed the visual unconscious. Forcing 
us to reconsider the nature of the unconscious, this hidden system of modular 
processing underlies our apparently seamless conscious visual experience of the 
world with many of its complex functions yet to be recognised by visual science. 

Introduction 

We open our eyes and see the world around us, a conscious visual experience 
of colours, objects and movement and visual spatial relations. In this context 
conscious refers to the subjective visual experience of ‘seeing’ and not the level 
of arousal (consciousness as the spectrum of awake, drowsy and sleep states) or 
awareness of self or identity (self-reflective consciousness) and is distinct from 
reporting what is seen (access consciousness, see Block, 2005). How neural inputs 
from the eye result in such ‘seen’ conscious experience is a question that poses a 
major challenge to philosophy and neuroscience alike, going beyond vision to 
the heart of how brains and minds interact. However, in the last decade a num-
ber of small advances have been made by focussing research on brain activities 
that correlate with conscious visual experience – the so called neural correlate of 
consciousness (NCC). Such studies rest on the assumption that, if consciousness 
resides in the brain, some brain activities must be related to conscious experience 
and may be revealed using imaging techniques and careful study design. Several 
groups have identified candidate activities and processes. Yet, while the neurosci-
ence of visual consciousness has moved forward there has been little advance in 
our understanding of its natural counterpart: visual activity that might be termed 
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the neural correlate of unconsciousness (NCUC). Like consciousness and con-
scious, the terms unconsciousness and unconscious require further qualification. 
In the context of the NCUC unconsciousness is not used to refer to a specific state 
of non-arousal but to activities that are ‘not conscious’ or, more specifically, activi-
ties that even when fully wake and with the full allocation of visual attention are 
not associated with conscious visual experience. 

The unconscious is familiar to all through the early 20th Century contribution 
of the psychodynamic tradition. The self and conscious experience are thought to 
rest on a hidden unconscious world of drives, wishes and conflicts with pathology 
of the self and consciousness reflecting changes in this inaccessible inner space. 
The question arises whether unconsciousness in this psychodynamic sense bears 
any resemblance to unconsciousness in the sense of contemporary work on the 
NCC and its non-conscious NCUC counterpart. Here I seek to examine this issue 
in the context of visual hallucinations – conscious visual experiences that occur 
de novo. I argue that in the context of eye disease, visual hallucinations provide us 
with a glimpse of the visual unconscious; not an unconscious as conceived by the 
psychodynamic tradition but instead an unconscious related to the hidden work-
ings of our visual brains. 

Visual consciousness

Based on the assumption that it makes neurobiological sense to study conscious-
ness in different domains (visual consciousness, auditory consciousness, tactile 
consciousness etc.), imaging studies over the last decade have provided clues as to 
the nature of visual consciousness. Such studies attempt to dissociate conscious 
visual experience from visual input and examine differences in brain activity oc-
curring with and without visual consciousness. As illustrated in Figure 1a, the 
typical finding in such studies is an increase in the level of activity within spe-
cialised visual areas (solid line) when subjects have conscious visual experiences 
compared to when they have not (dashed line). For example, Moutoussis and Zeki 
(2002) have shown that activity within cortex specialised for faces (Fusiform Face 
Area) increases when subjects have a conscious visual experience of a face and 
that activity within cortex specialized for houses (Parahippocampal Place Area) 
increases when subjects have a conscious visual experience of a house, while Pins 
and ffytche (2003) have shown that activity within early visual areas (V1 or V2) 
increases when subjects have a conscious visual experience of a simple visual 
stimulus (a contrast grating). This increment in activity constitutes a neural cor-
relate of visual consciousness that, in some way, links to the phenomenological 
experience of seeing the visual attribute that the cortical region is specialised for. 
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What the increase in activity in such studies reveals of the underlying neuro-
physiology of conscious vision is unclear. It might reflect the recruitment of a par-
ticular neuronal cell type within a specialized area (Figure 1c white cells) or a dif-
ferent type of processing within the same population (Figure 1d white arrows) (see 
ffytche 2002). Figures 1b–d highlight the fact that a population of cells does not 
correlate with consciousness. Indeed, much of the early work on visual specializa-
tion was carried out in anaesthetized non-human primates where the anaesthetic 
ruled out a direct link to consciousness. This activity is the NCUC and we know 
relatively little about it other than that it carries the same specialisations as the 
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Figure 1.  The NCC and NCUC in specialised visual areas (see ffytche, 2002). (a) The 
typical imaging finding in studies investigating neural correlates of consciousness. An in-
creased BOLD signal (solid line) is found within a specialised visual area when subjects 
perceive the stimulus under investigation compared to when they do not (dashed line) 
under conditions in which visual inputs remain constant. (b) The NCUC, a population 
of cells whose activity corresponds to the dashed line BOLD response in (a) and is not 
associated with conscious visual experience. (c) One account of the NCC. An additional 
set of cells (white) become active when subjects consciously perceive the stimulus ac-
counting for the increased BOLD signal in (a) (solid line). (d) An alternative account 
of the NCC. A different type of neural processing (white arrows) becomes active when 
subjects consciously perceive the stimulus accounting for the increased BOLD signal in 
(a) (solid line). The white activity illustrated in (c) or (d) underlies hallucinations of the 
visual experience that the area is specialised for. In the example given, the specialisation 
of the area is for face features and the associated hallucination is of a face dominated by 
features (see text).
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NCC with which it is co-localised. Whether the NCC within a given specialised 
area is in itself sufficient for the conscious visual experience of that specialisation 
remains debated, some authors arguing that downstream activity within a global 
workspace of frontal, parietal and cingulate areas or re-entrant inputs to the pri-
mary visual cortex are necessary (see for example Dehaene and Changeux, 2004). 
However, there are grounds for believing that such down stream activity is not 
necessary (see below). 

Charles Bonnet and his Syndrome 

Sometimes we see things not present in the world around us. This type of experi-
ence – a visual hallucination – is common in a number of clinical conditions af-
fecting the brain or eye and, in the normal population, at the margins of sleep. The 
association of visual hallucinations and eye or visual pathway disease is today re-
ferred to as the Charles Bonnet syndrome (CBS – see ffytche, 2007 for a history of 
the term and its other uses). A botanist and entomologist of international repute, 
Charles Bonnet (1720–1793) changed career in his 30’s when no longer able to use 
a microscope due to visual disturbances. His research turned to what would today 
be called the cognitive sciences and in 1760 he developed a neuroanatomical ac-
count of the conscious mind.1 His account was based on emerging evidence of the 
neuronal organisation of the brain and a hypothetical neurophysiology of neural 
vibrations that underlay mental experience. Bonnet envisaged that the vibration 
of specific nerve fibres led to specific sensory experiences as well as memory, 
dreams, and imagery of these experiences, and that chains of mental associations 
were formed by the transmission of vibrations from one nerve fibre to another. To 
illustrate his theory he gave as an example the hallucinations2 of his elderly, visu-
ally impaired grandfather. He argued that when activated inappropriately, nerve 
fibres with the neurophysiological imprint of a specific visual experience gave rise 
to spontaneous visual percepts of that experience. 

CBS typically begins in the days and weeks following a significant decrease in 
vision. The hallucinations occur as a series of discrete episodes lasting seconds or 
minutes with, initially, many such episodes every day but a gradual reduction in 
their frequency over time. CBS hallucinations are silent, appear externally in the 
world and are not under volitional control in that the patient is unable to make 
them come or go by force of will. Patients with CBS feel as if they are spectators 
watching visual events enfold before them. Depending on the degree and extent 
of their visual loss, they will not be able to see real objects in the world. In con-
trast, their hallucinations are seen in perfect detail. CBS patients invariably learn 



	 The visual unconscious	 219

that such experiences are hallucinations; yet the hallucinations may be so compel-
ling that the patient is often uncertain of whether a given visual experience is real 
or not. CBS hallucinations range from simple colours, lines and shapes, through 
patterns, grids, checkerboards and tapestries to complex forms. In our survey 
of CBS the commonest complex hallucinations were faces (typically distorted 
or gargoyle-like with prominent eyes and teeth), figures (typically small, wear-
ing costumes and hats), branching forms (like the roots of a tree), letter strings 
(which subjects are unable to read as words), and vehicles (see Santhouse et al., 
2000). Subjects also saw multiple copies of the same object (polyopia) and objects 
that moved with their eyes (visual perseveration). 

There are no specific psychodynamic theories of CBS hallucinations. How-
ever, the traditional account of CBS as the release of stored memories has strong 
links to psychodynamic theory. Release theory was first developed by West in 
the 1950s (see West, 1975) who held that a constant stream of unconscious back-
ground information-processing3 was kept outside the sphere of consciousness by 
a process conceived in terms of scanning, filtering, and inhibiting, and linked 
to sensory input. Loss of sensory input released redundant information which, 
given a sufficient level of cortical arousal, appears in consciousness as a halluci-
nation, the higher the arousal the more vivid the hallucinatory experience. West 
illustrated the theory by analogy to a man looking out of a window from a room 
containing a fire. In bright sunlight the man sees only the world outside; however, 
as night begins to fall the man begins to see things inside the room reflected on 
the glass. When dark outside, the man sees the contents of the room as if they 
were outside the window while the fire burns brightly, yet he sees nothing more 
as the fire dies down. In West’s analogy, daylight is akin to visual sensory input, 
the contents of the room are akin to unconscious memories and firelight is akin 
to cortical arousal. 

CBS hallucinations and the NCUC 

The conscious experience of seeing something that is not there is exactly the same 
as the day-to-day experience of seeing the world around us, the only difference 
being that the experience occurs without an appropriate visual input. Visual hal-
lucinations thus provide a way to study the neural mechanism of visual conscious-
ness without the confound of visual inputs (see ffytche, 2000; ffytche et al., 1998). 
Our studies of CBS found that during hallucinations of colours, activity increased 
in colour-specialised cortex, during hallucinations of faces, activity increased in 
face-specialised cortex and so forth. A more recent study of visual hallucinations 
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has replicated the finding in the context of schizophrenia (see Oertel et al., 2007). 
The fact that frontal areas do not seem to be activated in such studies provides evi-
dence that frontal cortex is not a necessary prerequisite for conscious vision, argu-
ing against global workspace accounts of consciousness (see ffytche et al., 1998). 

How do increases in activity within specialised cortical areas during hallu-
cinations relate to the NCC and NCUC? In terms of Figure 1, it is activity in the 
NCC (white cells or process) that underlies the hallucination. What is unclear is 
where the NCC activation originates. One possibility is that it arises first within 
the NCUC with the transition from NCUC to NCC occurring as normal. In this 
case the core underlying pathology of a hallucination is spontaneous activation 
of the NCUC. An alternative possibility is that activity arises de novo within the 
NCC itself. Here the core pathology is of the cells or processes of the NCC, with-
out the necessary involvement of the NCUC. Whether hallucinations reflect core 
pathology within the NCC, NCUC or both, they constitute a perceptual record of 
activity within a given specialised visual area and it follows that for every type of 
hallucination there must be an underlying NCC / NCUC. 

For some types of visual hallucination this comes as little surprise. We know 
there are regions of the brain specialised for colour accounting for why patients 
with CBS report hallucinations of colours. Similarly we know there are regions of 
the brain specialised for objects accounting for why patients with CBS hallucinate 
objects. But what of hallucinations of distorted faces, vehicles or figures in cos-
tume wearing hats. Could cortical specialisations account for such experiences? 
Where this seemingly unlikely possibility has been tested, it turns out to be cor-
rect. Figure 2a shows the results of an unpublished study we have undertaken to 
examine the responses of normal-sighted subjects to faces distorted in such a way 
as to match the hallucinations of patients with CBS. The distorted face stimulus 
activates an area of cortex on the lateral occipital surface (the occipital face area 
or OFA) thought to be involved in the processing of face features. Surprisingly it 
activates this area better than a normal face. The larger activation evoked by the 
distorted face than the normal face does not seem to reflect a general difficulty 
of processing distorted stimuli as an object distorted in a similar fashion did not 
cause a similar increase in activity in this, or any other, brain region when com-
pared to the same object without distortion. Spontaneous activation of the NCC 
/ NCUC in the OFA would be expected to result in the hallucination of a face 
dominate by its features, accounting for the prominent eyes, teeth and feature dis-
tortions in the gargoyle-like face hallucinations of CBS. In support of this view, a 
patient with a lesion encroaching on the same lateral occipital region (Figure 2b) 
perceived distortions of real faces during seizures affecting this region, an experi-
ence with obvious phenomenological links to the distorted face hallucinations 
of CBS. One might envisage that the same principle applies for hallucinations of 
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figures in period costume, vehicles, multiple copies of an object and other types 
of bizarre visual experience. As yet unknown specialisations of object, figure or 
spatial processing mean that when their corresponding NCCs become active, hal-
lucinations occur of these seemingly bizarre categories. 

Refining the visual unconscious

The observations and evidence outlined above allow us to reconsider what is 
meant by the visual unconscious. CBS visual hallucinations seem better conceived 
in terms of the generic representations, visual templates or visual processes em-
bodied within specialised visual areas than re-activated unconscious visual mem-
ories. Indeed, there is little evidence to support a direct link between hallucina-
tion content and reactivated memory. In one study, 77% (46/60) of CBS patients 

>

(a)
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Figure 2.  Brain activity related to distorted faces (unpublished data). (a) 8 normal-
sighted subjects were presented a face with varying degrees of distortion and a canoni-
cal or distorted object (a teapot). The normal and maximally distorted face stimuli are 
shown on the left. The distorted face led to greater activation of bilateral regions in the 
lateral occipital lobe compared to the normal face, shown here as white areas super-
imposed on a high resolution axial MRI slice of brain (white regions are significant at 
p < 0.05 corrected for multiple comparisons). (b) The same lateral occipital region is 
active in the right hemisphere of a patient who saw real faces as distorted. The activation 
(white arrows) lies on the margins of a lesion in the right occipital lobe (the left of each 
axial brain slice is the right of the brain) (see Heo et al., 2004). 
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reported no personal relevance of their hallucinations with, of particular interest 
here, one patient even noting that their hallucinations carried less personal rel-
evance than their dreams (see Teunisse et al., 1996). Indeed, one might argue that 
much of the bizarre content reported by patients with CBS could not have been 
encountered previously or constitute a memory in the senses of a previously en-
countered visual experience. 

Traditional psychodynamic theory treats hallucinations as a single type of 
symptom irrespective of whether the hallucination is heard or seen. Freud argued 
that hallucinations reflect the translation of memories and ideas into formal per-
cepts (the same process as occurs in dreams and infancy) as the result of regres-
sion to an earlier state (see Freeman et al., 1965). For example, a patient regretting 
the loss of contact with her family has visual hallucinations of photographs of her 
relatives, the conscious visual manifestation of an unconscious distressing idea or 
conflict (see Freeman et al., 1965). Although such accounts may help explain hallu-
cinations in some clinical contexts they do not seem to account for CBS. What type 
of conflict might explain seeing a distorted face as opposed to a tapestry pattern 
or a formless colour? Such experiences seem better accounted for in terms of the 
mechanisms of visual processing. Indeed, one psychodynamic theory holds that 
bizarre visual hallucinations are not specific ideas or conflicts but to relate instead 
to archetypes4 (see Faergeman, 1963), an account which could be conceived as a 
metaphor for collectively shared mechanisms of vision embodied in our brains. 

When viewed from the perspective of CBS the visual unconscious can be 
conceived as a hidden realm, not of conflicts, drives wishes or memories as held 
by psychodynamic theory, but of visual processing. This realm is hidden in two 
distinct ways. First NCUC activity does not have a conscious correlate even in 
states of full attention and arousal and is thus hidden by definition. CBS halluci-
nations provide indirect views of the NCUC through its co-localised NCC; yet, 
hallucinations are not unique in this respect. Our current understanding is that 
all day-to-day visual experience is based on co-localised NCUC and NCC activ-
ity so that all conscious vision provides a view of the NCUC. The key difference 
between CBS hallucinations and day-to-day vision is that in CBS the NCC and 
NCUC activities arise out of context and thus reveal a second hidden aspect of vi-
sual processing – its modularity. Day-to-day visual experience gives no clue as to 
the modular nature of visual processing and we are unable to overcome by force 
of will the impression of a seamless, unitary visual experience of colours, motion 
form and spatial location. This modularity is not amenable to introspection and 
can be considered part of the visual unconscious although unconscious in this 
context need not imply the NCUC as it remains unclear whether such unitary 
experience has an underlying neurobiology or is illusory. By placing modules out 
of their normal context, CBS hallucinations betray their unsuspected presence 
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in our day-to-day visual experience. Take, for example, distorted face hallucina-
tions. Even though we have a separate NCC for face features and face wholes, our 
subjective experience of seeing faces is not of two separable face qualities (features 
and wholes) but of a face, unified with other visual attributes and sense modali-
ties. By placing the face feature module within consciousness but out of its normal 
context, a distorted face hallucination reveals the presence of an otherwise unsus-
pected specialisation. CBS hallucinations thus provide snapshots of separable vi-
sual modules, revealing a range of visual processes and functions, many of which 
have yet to be recognised by visual science. 

Beyond Charles Bonnet Syndrome 

The neurobiological account of hallucinations outlined above refers specifically 
to the context of eye disease. Here hallucinations are entirely visual and can thus 
be related to the visual cortex and its various NCC / NCUC specialisations. Can 
the same principles be applied to hallucinations and the unconscious in other do-
mains? Although less is known of the auditory NCC, one might predict the same 
principles apply as in the visual system. Consistent with this view, both struc-
tural and functional changes are found within auditory and language circuitry in 
patients with auditory verbal hallucinations in the context of schizophrenia (see 
Allen et al., 2008). Where visual hallucinations occur in such patients, they are in-
variably associated with another modality, either at the same time (a multimodal 
hallucination) or at different times (auditory hallucinations on some occasions, 
visual hallucinations on others). It is therefore of interest that some of the cortical 
areas implicated in the visual hallucinations of schizophrenia are heteromodal 
with both auditory and visual modalities represented (e.g. limbic activation not 
found in CBS, see Oertel et al., 2007). One might hypothesise that it is the NCC 
in heteromodal cortex that causes the hallucinations of both sensory modalities 
simultaneously or the switch from one modality to another. 

Conclusions 

Charles Bonnet realised the significance of visual hallucination in helping un-
derstand the neural mechanisms of the mind. 250 years later the account pre-
sented here differs little from Bonnet’s original conception. Replace specialised 
‘nerve fibres’ with the ‘NCC’ or ‘NCUC’ and replace spontaneous ‘vibration’ with 
‘activation’ and the two accounts are almost identical. Where we have moved for-
ward is in a better understanding of what visual hallucinations reveal about the 
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architecture of the visual mind. Visual hallucinations seem to make accessible 
aspects of processing underlying our day-to-day visual experience that remain 
hidden under normal circumstances. In so doing they challenge our current 
models of visual processing and force us to reconsider what we mean by the 
visual unconscious. 

Notes

1.	 Bonnet referred to the Soul but the scope and remit of his theory relates better to the mod-
ern day usage of Mind and Consciousness. 

2.	 Bonnet used the term Visions. Hallucination was not used in its current sense until the early 
19th century. 

3.	 West referred to the information processing as ‘percepts or memory traces’ in his 1962 
monograph (see Cogan 1973). 

4.	 Stored ancestral memories.
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Believing is hearing is believing
The reciprocal nature of consciousness

William Sedley 

Auditory consciousness takes many forms. Some of these, such as auditory 
perception and imagination, are familiar to nearly all people, while others, such 
as tinnitus or hearing voices, are unfamiliar to most. This chapter proposes a 
simplified conceptual model of the auditory system, involving bottom-up influ-
ences from the lower auditory pathways and top-down influences from higher 
evaluative mechanisms. This model is used to explain auditory perception, hal-
lucinations and illusions based, for each phenomenon, on only minor variations 
from the normally functioning system. Neuroimaging and electrophysiological 
correlates of these processes are discussed, along with their inability to qualita-
tively differentiate conscious from unconscious processes, and how we might 
approach this problem in future. 

Everybody with a functioning auditory system knows what is like to hear, and 
thereby experiences auditory consciousness. In fact, few if any would be able to re-
member the last time they were awake and not experiencing some sort of auditory 
consciousness (i.e. in “perfect silence”). By contrast, auditory hallucinations (the 
experience of auditory consciousness in the absence of a corresponding auditory 
stimulus) are generally thought of as the experience of only a minority of individ-
uals, who are often stigmatised as a result. It is therefore easy to imagine that these 
processes are distinctly and qualitatively different in terms of their underlying 
neural mechanisms. This chapter explores neural mechanisms underlying nor-
mal auditory perception, auditory hallucinations and also auditory illusions. The 
result is a proposed common model for auditory consciousness, which addresses 
issues including how a diverse range of mental processes can result in the same 
experience, how we can further refine our understanding of the neural correlates 
of consciousness and how it can be too loud to hear ourselves think. The content 
of this chapter is not intended to provide an exhaustive account of every neural 
mechanism that can lead to auditory consciousness, but rather to highlight com-
mon elements to some of the more frequently-encountered auditory phenomena. 
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By contrast, these processes need not apply only within the auditory system, but 
might be similar to those resulting in perceptual consciousness in other modali-
ties such as the visual or olfactory systems.

Definitions

Before we begin developing arguments and models we should clarify some terms, 
and their assumed meanings within this chapter, that are crucial to building these. 
These are not intended to be unfamiliar or controversial concepts, and neither are 
they proposed as authoritative definitions, but simply to introduce key concepts 
and provide an unambiguous language for developing the arguments to be made.

“Auditory consciousness” – The subjective experience of hearing something. It 
is assumed that this entity is inextricably linked to (or entirely caused by) a certain 
type of neural activity within the brain, its “neural correlates”. This definition ex-
cludes all neural activity which is sometimes associated with auditory conscious-
ness (e.g. electrical impulses being relayed from the cochlea along the auditory 
nerve), but that is not essential for auditory consciousness to occur.

“Auditory perception” – Auditory consciousness arising principally as a con-
sequence of an acoustic stimulus being relayed via the auditory pathways, where 
the resulting conscious experience is an accurate representation of the causative 
stimulus.

“Auditory illusion” – Auditory consciousness arising principally as a conse-
quence of an acoustic stimulus being relayed via the auditory pathways, where 
the resulting conscious experience is an inaccurate representation of the causative 
stimulus (i.e. one thing is heard but a different thing is perceived, such as the false 
perception of hearing somebody say your name in a noisy room). It is fairly obvious 
that no absolutely concrete division can exist between this phenomenon and nor-
mal auditory perception, but the distinction between the two concepts is helpful.

“Auditory imagery” – A weaker, qualitatively different form of auditory con-
sciousness; one has an awareness of a sound or voice and its acoustic character-
istics, but without actually perceiving it to its normal intensity, or as if it is heard 
from an external source. Examples include thought, memory, imagination and 
silent reading.

“Auditory representation” – A pattern of neural activity in the auditory cortex 
that is an encoded representation of an auditory stimulus, but that is separate 
from the neural correlates of consciousness that might result from it.

“Externality label” – A label, signature or property attached to an auditory 
representation that cause it to be experienced as full auditory consciousness (as 
if perceived from the environment) rather than auditory imagery or unconscious 
auditory activity. It does not necessarily follow that the externality label is itself a 
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neural correlate of consciousness, as it could instead be a pattern of neural activity 
that stimulates the neural correlates of auditory consciousness.

“Unconscious auditory activity” – Similar in its origins to auditory imag-
ery. Processes utilising the auditory cortex to generate auditory representations 
(reading, speech planning, subconscious thought, etc), but where there is no 
conscious awareness of this representation either as auditory perception or au-
ditory imagery. i.e. The person is completely unaware of this auditory represen-
tation taking place.

“Auditory hallucination” – Auditory consciousness, perceived as if heard from 
an external source, arising from mechanisms other than as a consequence of 
sound being relayed through the auditory pathways (e.g. hearing voices talking 
about you in schizophrenia). In this chapter, the term also covers tinnitus (the 
perception of “ringing”, “buzzing” or other droning noises in the ear(s)) and mu-
sical hallucinations.

“Auditory cortex” – The part of the cerebral cortex in the temporal lobes that 
processes, interprets, remembers, recalls and imagines sounds. For the purpos-
es of this chapter, there is not generally drawn a distinction between primary, 
secondary and association auditory cortex. While it is understood that there is 
hierarchical processing of sounds, from simple to increasingly complex charac-
teristics, from primary to association auditory cortex, this organisation is largely 
irrelevant to the arguments made herein. I also wish to avoid the vogue for try-
ing to define the responsible anatomical “centre” for various brain functions and 
conscious perceptions. While this approach has many merits, it can be reasonably 
argued that it simply shrinks the box in terms of defining consciousness rather 
than actually helping to delineate its underlying mechanisms.

“Evaluative mechanisms” – Communications from the auditory cortex to 
parts of the brain involved in semantic evaluation, emotional responses, auditory 
memory, cross-modal integration and interaction with the rest of the conscious 
and subconscious mind. This includes the frontal, parietal and temporal corti-
ces, subcortical structures such as the thalamus, amygdala and hippocampus, and 
parts of the auditory cortex itself. In essence, these are higher brain functions that 
are fed by auditory consciousness, imagery and unconscious auditory activity but 
are not directly responsible for supporting auditory consciousness or encoding 
other auditory representations.

“Predictive mechanisms” – Communications to the auditory cortex for the 
purposes of generating auditory imagery (e.g. thought, speech rehearsal, music/
lip reading), recalling from auditory memory (e.g. predicting the next note in 
a tune or word in a sentence) or tuning the perception of externally-perceived 
sounds (e.g. hearing yourself sing the note you intended rather than the one you 
actually produced). These communications can be from many of the brain re-
gions associated with evaluative mechanisms, or from the auditory cortex itself.
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The auditory perceptual pathways

The (simplified) model of normal auditory perception proposed in this chapter is 
illustrated in Figure 1a. The other parts of Figure 1 apply the same model to other 
forms of auditory representation, consciousness and hallucinations. The follow-
ing paragraphs describe and explain these model variations.

Auditory perception (Figure 1a)
Auditory stimuli are encoded into nerve impulses by the cochlea. This electrical 
activity undergoes processing in the early auditory pathways in the brain stem 
and medial geniculate body. Early processing includes gain whereby, in low sound 
conditions, stimuli are amplified to make them more salient and therefore more 
amenable to interpretation (the auditory equivalent of night-vision). Activity is 
relayed to the auditory cortex, which results in auditory representations. Competi-
tive processes take place in the auditory cortex, whereby representations are eval-
uated in terms of salience, relevance, plausibility, consistency and expectedness 
based on concurrent or preceding stimuli (for a discussion of the issue of auditory 
objects and how these are processed, see Griffiths et al., 2004). Higher-scoring rep-
resentations are more strongly represented, and lower-scoring ones disintegrate 
and disappear. Only the highest-scoring representations reach consciousness, and 
the threshold for this to occur depends on factors such as the number and salience 
of other current representations, overall wakefulness and selective attention being 
paid. However, it is not simply the case that the highest scoring representation is 
consciously perceived, as we do not hear out thoughts spoken aloud simply by sit-
ting in a very quiet place. The described competitive processes occur via feedback 
loops within the auditory cortex itself, and through a wider feedback loop involv-
ing communication with evaluative mechanisms, which reciprocate with the audi-
tory cortex by way of predictive mechanisms. It has been shown that conscious 
processes are strongly associated with cortical electrical oscillations of 40 to over 
100 Hz (gamma oscillations), and that these display synchrony (i.e. communica-
tion) both locally and between anatomically separate brain regions involved in 
the processing of a given percept (for a discussion of gamma oscillations in gen-
eral and with relevance to auditory perception see Tallon-Baudry et al., 1999 and 
Crone et al., 2001 respectively). Given that conscious perception develops over a 
delay of hundreds of milliseconds, it is probable that a large number of feedback 
cycles have occurred (and thereby extensively modified an auditory representa-
tion) before any auditory consciousness begins to occur. This would explain why 
we usually perceive auditory percepts as fully formed from the outset (e.g. hearing 
a doorbell ring or a word spoken rather than a collection of tones and sounds that 
subsequently assemble themselves into a singularly perceived entity).
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Figure 1.  Simplified model of the auditory perceptual pathways, and how these are 
modified to produce all types of auditory consciousness. Standard thickness arrows 
denote connections of normal strength, with thinner or wider arrows denoting reduced 
or increased connectivity respectively. Blunt-ended arcs denote inhibitory connections.
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Tinnitus (Figure 1b)
Stimuli reaching the cochlea are unchanged from normal. However the cochlea 
has suffered damage, resulting in high-frequency hearing loss. Therefore regions 
of the lower auditory pathways that receive input from these damaged parts of the 
cochlea are understimulated. This understimulation leads to spontaneous activ-
ity, which is subject to gain mechanisms, that causes activation of the auditory 
cortex and thereby auditory representation and consciousness (see Eggermont et 
al., 2004 and Llinás et al., 2005 for discussion of how understimulation leads to 
spontaneous activity, Lockwood et al., 1998 for demonstration of human audi-
tory cortex activation and Ashton et al., 2007 for gamma oscillations in tinnitus). 
Feedback through evaluative and predictive mechanisms is not an essential part 
of the mechanism of tinnitus generation. However negative emotional reactions 
to the perception of tinnitus are believed to cause hypersensitivity of the auditory 
cortex to the tinnitus percept, and therefore, via a positive feedback cycle, a more 
intense experience of tinnitus and the tendency to selectively focus on the tinnitus 
above externally perceived sounds (see Jastreboff, 1990 for a model of tinnitus that 
continues to guide successful psychological intervention today). However, hear-
ing loss is not always the initiating event in the generation of tinnitus. Ingestion 
of salicylates, withdrawal from benzodiazepines and sensorimotor stimuli from 
the face, head and neck (Levine et al., 2003) can all lead to or enhance tinnitus. 
The likelihood is that tinnitus represents an inherent tendency for the auditory 
system to produce, enhance and interpret activity, which becomes pathologically 
overactive under certain conditions.

Musical hallucinations (Figure 1c)
Similarly to in tinnitus, there is significant hearing loss at the level of the cochlea, 
and therefore spontaneous activity in the lower auditory pathways. In contrast to 
tinnitus, in this condition there is another contributing factor, possibly social iso-
lation, which influences how the spontaneous auditory activity is interpreted. For 
instance, social isolation might leave cognitive and emotional evaluative networks 
understimulated through normal channels, leaving them hyper-reactive to stimu-
lation by the auditory cortex. When these evaluative mechanisms are engaged, 
they feed back to the auditory cortex, via predictive mechanisms, and modify the 
auditory representation accordingly to make it fit the preferred interpretation (i.e. 
music). Once the necessary conditions are fulfilled for the spontaneous auditory 
activity to begin to be perceived as music, its interpretation as music by evaluative 
mechanisms becomes strengthened, and these increase their feedback to predic-
tive mechanisms and auditory cortex. A positive feedback cycle thus quickly de-
velops. Due to the strong sequential nature of the perceived music, once a short 
section of the melody (even, perhaps, one or two notes) becomes established, the 
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rest easily follows on, as each section is predicted from the last by the very cogni-
tive mechanisms that initiated the process (see Griffiths et al., 2000 for a com-
prehensive model for musical hallucinations). While hearing loss and resultant 
understimulation is the principal cause for musical hallucinations, it should be 
bourn in mind that other processes (such as focal seizures and psychotic illness) 
can lead to musical hallucinations.

Verbal hallucinations (Figure 1d)
The model discussed below is primarily based around hallucinations in schizo-
phrenia (which most classically take the form of hearing one’s thoughts spoken 
aloud or hearing voices talking to or discussing one’s self), but it is intended to not 
be incompatible with verbal hallucinations experienced by other mechanisms. 
Unlike the above examples of tinnitus and musical hallucinations, the primary 
process underlying verbal hallucinations is a top-down one. Predictive mecha-
nisms that usually result in auditory representations or imagery (see Shergill et al., 
2000 and 2003 for the relationship between verbal imagery and verbal hallucina-
tions), but not perception, (e.g. verbal thoughts or silent articulation) become de-
tached from corollary discharges that normally suppress resultant auditory con-
sciousness by preventing the generation of an externality label. i.e. In the normal 
situation auditory imagery is co-generated and co-transmitted with activity that 
identifies it as internally-generated, and that this process is disrupted in the brains 
of people with schizophrenia who are prone to verbal hallucinations. Experimen-
tally, normal subjects have been shown to suppress auditory cortex reactivity 
when engaging in verbal imagery, but people with schizophrenia who are prone 
to verbal hallucinations do so to a much lesser extent (see Ford et al., 2005). Con-
sistent with this finding, schizophrenia has been found to be associated with dis-
ruption of synchronised gamma oscillations between brain regions (see Spencer 
et al., 2003), which might explain the dysfunction of corollary discharges. An 
additional possible influence is that the stressful life circumstances that often pre-
cipitate the onset of psychosis result in a partial detachment from environmental 
influences (in this case auditory perception), which therefore leave the auditory 
cortex understimulated, and prone to internally-generated stimulation (through 
reduced competition) as described above. Once the threshold is crossed where 
auditory consciousness can result from internally-generated processes, a positive 
feedback cycle is created (via evaluative and predictive mechanisms) where the 
perceived speech is concordant with the current content of thought (because the 
latter produced the former), and therefore each strengthens the other.
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Misperception (Figure 1e)
A limited amount of auditory information is conveyed to the auditory cortex, 
either because the stimulus is quiet, or it is perceived alongside a high level of 
background noise. Sometimes there might not actually be a “stimulus” as such, 
but rather only a minority of the afferent signal might be subjected to higher 
interpretation. Whichever the case is, the auditory representation in question 
is of insufficient salience, quantity and/or clarity to permit easy recognition. 
This results in increased interpretation by evaluative and predictive mechanisms 
which, when correctly applied, would result in optimum stimulus interpreta-
tion. However in these situations of low stimulus information, such mechanisms 
rely more heavily on prediction based on other thought or stimuli. This pro-
vides a mechanism whereby the content of thought can be projected into audi-
tory consciousness provided there is a rough concordance between the content 
of thought and the afferent stimulus. In most situations where the content of 
thought is projected into the auditory domain (e.g. auditory imagery), it does not 
gain an externality label, and is hence not consciously perceived. However in the 
case of misperception, the content of thought is projected onto auditory cortical 
activity that already has an externality label, resulting in full auditory conscious-
ness rather than imagery.

Auditory imagery and unconscious auditory representation (Figure 1f)
These phenomena essentially arise from the same process, with the difference that 
unconscious auditory representations result from weaker input from predictive 
mechanisms or fare less well in competitive selection in the auditory cortex. In 
either case, predictive mechanisms feed into the auditory cortex and generate an 
auditory representation. This is accompanied by corollary discharges that prevent 
an externality label from being gained. The result is that although there is feed-
back via evaluative and predictive mechanisms, this is by definition not sufficient 
to sustain or amplify the auditory representation. This means that the auditory 
representation cannot become strong enough to reach full consciousness, and it 
will only endure as long as there is continuing external input to predictive mecha-
nisms that are driving it. This is essential from an evolutionary point of view, as 
an organism that became capable of satisfying its perceptual wants by imagina-
tion alone would lose the drive to continually engage with its surroundings that is 
necessary for survival. One of the most enduring examples of auditory imagery is 
having a “tune stuck in your head”, and even then it never reaches full conscious-
ness, and cannot begin to compete with more salient or externally perceived audi-
tory representations. Input from lower auditory pathways has been omitted from 
the diagrams to indicate that its presence or absence is not necessary for this phe-
nomenon. However, as alluded to, these processes occur most easily in the relative 
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absence of external auditory stimuli, or by selectively ignoring external stimuli. 
The later situation will be familiar to most people, who will at times found them-
selves “unable to think” due to excessive background noise.

Prerequisites for auditory consciousness

The above models all describe the generation of auditory representations, and in 
most cases these lead to auditory consciousness (either weak as in auditory im-
agery, or full consciousness as in perception, misperception and hallucination). 
Neuroimaging studies on all of these processes demonstrate associated activity 
in the auditory cortex (see individual references listed under each process), and 
there is no clear, consistent difference in the anatomical distribution of this activ-
ity that would suggest one or more given locations or “centres” which are active 
in auditory consciousness, less active in auditory imagery and inactive in uncon-
scious auditory representations (i.e. “auditory consciousness centres”). Further-
more, it would seem redundant and inefficient for the brain to develop parallel 
representational networks of the kind that would allow this (i.e. one neuronal 
assembly to perceive a stimulus, and another, separate, equivalent assembly to 
recall or imagine it subsequently). Rather, I argue that auditory consciousness is 
an emergent property of the auditory system, which arises when the following 
conditions, or prerequisites, are satisfied:

Auditory representation
The auditory cortex needs to be stimulated from the lower auditory pathways (as 
in normal perception or tinnitus) and/or predictive mechanisms (as in imagery 
or verbal/musical hallucinations) in order to activate the neuronal assembly that 
encodes an auditory representation.

Externality label
The externality label (or lack of an “internality label”) is always present when an au-
ditory representation arises as a result of input from the lower auditory pathways, 
but is necessarily absent from auditory representations arising from predictive 
mechanisms. Without it, only weak auditory consciousness (i.e. imagery) can oc-
cur. In verbal hallucinations, the externality label is falsely attributed due to failure 
of corollary discharge mechanisms that would usually prevent this occurrence.

Stability/reciprocity
All of the above examples of auditory consciousness have a feedback cycle inher-
ent to their underlying mechanism. In tinnitus, this is the self-sustaining activity 
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in the lower auditory pathways, resulting in persistent activation of the auditory 
cortex. In other forms of auditory consciousness (and often also in tinnitus) it 
arises from a reciprocal loop consisting of auditory cortex, evaluative and pre-
dictive mechanisms. It is this loop that in normal auditory perception fine-tunes 
perceived sounds into fully-formed, coherent percepts prior to entering audi-
tory consciousness. In this situation the loop cannot be sustained once the input 
from the lower auditory pathways ends. The same loop permits imagery in the 
absence of an auditory stimulus, but cannot self-sustain without continual input 
to predictive mechanisms. In the presence of an inappropriately attributed exter-
nality label, these loops can self-sustain and self-amplify, resulting in auditory 
hallucinations.

Competitive weighting
Even with the first three conditions satisfied, an auditory representation will only 
make it into consciousness if it is selected, through competitive processes via 
reciprocal loops as previously described, above other auditory representations. 
A very loud or sudden stimulus might quickly surpass the threshold necessary to 
enter auditory consciousness, while a quiet stimulus against background noise 
might only do so after a delay (if at all) while its competitive weighting is en-
hanced through evaluatory mechanisms. In the case of verbal hallucinations, the 
competitive weighting of the initially generated (subconscious) auditory repre-
sentation is extremely low, and nowhere near the threshold for entering con-
sciousness. As reciprocal feedback cycles occur, auditory representations that are 
going to become hallucinations must go through a very high number of cycles, 
and their competitive weighting often increases in an exponential fashion (in 
contrast to the majority of internally-generated representations that will not en-
dure beyond a few cycles). By the time the threshold for conscious perception 
is reached, the auditory representation is often so stable and has such a rapidly-
increasing competitive weighting that there might be no time for voices to start 
as whispers, or to fade in gently as intermittently perceived words or phonemes. 
Instead they can arrive loud and clear, and as salient as any externally-perceived 
voice. In other situations, a more tenuous balance of processes enhancing or 
suppressing verbal hallucinations might exist, allowing for a gradual fading in of 
hallucinatory experiences.
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Implications for the study of consciousness

The emergent nature of consciousness
We can see from the above models that similar activity within the same regions 
of auditory cortex can give rise to anything from no conscious awareness to a 
strong conscious awareness. It is therefore unlikely that functional imaging stud-
ies looking at which brain regions “light up” in association with various cognitive 
or perceptual tasks will shed much more light on consciousness. However, there is 
potentially a lot to be gained by the qualitative analysis of the type of activity that 
occurs within a single brain region for an equivalent auditory representation in 
its unconsciously represented, imagined, perceived and hallucinated forms. For 
instance, reading a phrase, silently articulating it, imagining a voice speaking it or 
being played a recording of a voice speaking it.

The reciprocal nature of consciousness
Feedback loops between auditory cortex, evaluative and predictive mechanisms are 
a necessary part of auditory consciousness, but also of auditory imagery and uncon-
scious auditory representation. The findings of gamma-band oscillations as a cor-
relate of consciousness are therefore likely to signify their importance in facilitating 
reciprocal connectivity between cortical regions, but does not imply that gamma 
oscillations and the neural correlates of consciousness are one and the same. For in-
stance, gamma band oscillations have also been reported as a correlate of increased 
selective attention without a change in conscious perception (see Ray et al., 2008). 
If my assertion that multiple executions of these cycles often need to occur before 
consciousness arises, it should in theory be possible to separate gamma oscillations 
subserving pre-conscious representation from those subserving conscious percep-
tion in order to identify neural correlates unique to consciousness itself. 

Summary

In this chapter we have introduced a simplified model of the auditory perceptual 
pathway, and shown how this single network (even in its simplified form) can 
give rise to the whole spectrum of normal and abnormal auditory consciousness. 
The process underlying these forms of consciousness, and unconscious auditory 
representation, seems to be reciprocal connectivity with evaluative mechanisms, 
which can be measured as synchronised gamma band oscillations in neuronal 
electromagnetic activity. All types of auditory consciousness seem to result from 
activity within the same anatomical regions of the brain, so the key to the de-
gree of consciousness perceived seems to be the exact nature of these reciprocal 
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connections and the resultant neuronal activity patterns. We have explored how 
all individuals can be prone to auditory illusions, and how disruptions in connec-
tivity in the normal auditory pathways can lead to positive feedback cycles that 
cause and enhance hallucinations.
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Dreaming as a physiological psychosis
Connecting states of consciousness

Armando D’Agostino, Ivan Limosani and Silvio Scarone

Periodicity, hallucinatory phenomena and lack of awareness of one’s detachment 
from reality seem to connect the subjective experience of dreaming to that of 
psychosis. Both can be considered fully conscious states of the brain/mind, with 
an immediate influence of non-conscious elements caused by an impaired in-
teraction with the external world. Psychological and pharmacological induction 
of lucidity in dreams may prove useful in the comprehension of acute psychoses 
and in clinical practice.

In 1896 William James stated: “Sleep would be a dreadful disease but for its fa-
miliarity … We do not regard dreaming as morbid because it is customary, but 
if it were not, it would be the subject of much medical wonder.” (Taylor, 1983). 
Thus, almost 120 years ago, sleep and dreams were recognized as highly peculiar 
phenomena, enigmatic and somewhat pathological. The aim of this chapter is 
to demonstrate the plausibility of the hypothesis that dreaming mimics being 
psychotic in its fundamental intrinsic aspects. The validation of such hypoth-
esis would lead to dreaming and being psychotic to be considered as the direct 
expression of specific functional states of the mind, thus calling for a careful 
examination of the problem of boundaries between the physiology and pathol-
ogy of the mind. The difference between being psychotic and being affected by a 
psychotic mental disorder will also be carefully considered, in order to support 
the conclusion – that currently does not appear to be so clearly formulated in 
scientific literature – that the two conditions are not the same. In conclusion, the 
relationship between conscious and non-conscious processes will be discussed 
with reference to recent research on lucid dreaming with possible implications 
for the field of psychiatry.
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The dreaming brain/mind

Dreaming has been defined as a mental activity characterized by vivid sensorimo-
tor imagery that is experienced as waking reality despite such distinctive cogni-
tive features as impossibility or improbability of time, place, characters and re-
lated actions (Hobson et al., 2000). The first intrinsic property of dreaming to be 
considered useful to our discussion is its periodicity, its recurrence in function of 
time. Our daily life cycle may be considered over 24 hours in terms of alternation 
between waking and sleeping and, within sleep, between periods in which one has 
the subjective experience of dreaming and others in which one doesn’t. Quanti-
tatively, this experience has a great interindividual variability: whereas some sub-
jects report they never dream, others that they dream regularly every night. It 
seems reasonable to ascribe this variability to memorization mechanisms. Indeed, 
the experience of dreaming recalled upon awakening is commonly labile in its 
particulars and, in the majority of cases, tends to rapidly fade. Although dreaming 
appears to occur across all stages of sleep, it is broadly accepted that a subject is 
more likely to recall a dream when awakened at the end of a REM stage.

 Several experimental settings have associated highly bizarre, vivid, halluci-
noid dreams with REM sleep periods, and REM-like neurobiological modifica-
tions have been hypothesized to underlie similar subjective experiences during 
different EEG-defined stages of sleep (Nielsen, 2000). Dreaming usually occurs 
after a period of dreamless sleep, with dreams only rarely appearing at the begin-
ning of sleep in physiological conditions. This evidence supports the hypothesis 
of a more than casual relationship between REM sleep and dreaming, because the 
same mechanism is observed in the structure of sleep, with REM stages rarely oc-
curring at the beginning of sleep in physiological conditions.

Several theories and models have been proposed to explain this rigid ciclic-
ity, on both the psychological and neurophysiological level. Early psychoanaly-
sis considered the experience of dreaming as the expression of a satisfaction of 
unconscious desires of which dreamless sleep represents a preliminary appeti-
tive phase (Freud, 1895). Classical neurophysiology proposed to consider sleep 
as an instinct, made up of a preparatory stage and a consummatory one, echo-
ing the psychoanalytic model in some way. Considering the wakefulness-coma 
continuum determined by the Ascending Reticular Activating System (ARAS), 
the model hypothesized a first preparatory stage-consummatory stage cycle be-
tween wakefulness and sleep, where the ARAS activated/deactivated in order to 
induce or not to induce one of the states, and a second cycle between NREM 
sleep and REM sleep, within the first, in which the ARAS further deactivated 
(deep sleep NREM stage) or reactivated (REM stage) on the border with sleep 
and coma (Moruzzi, 1969). Recent research confirmed the role of the ARAS in 
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the genesis and maintenance of wakefulness and REM sleep, with the mutual in-
terplay between cholinergic, serotonergic and noradrenergic systems sustaining 
shifts across wakefulness and different stages of sleep. 

This basic and well established set of assumptions has been further expanded 
by a series of reports claiming for a complementary role of dopaminergic me-
solimbic activation and/or of dopaminergic mesocortical activation with the 
simultaneous absence of serotonergic cortical inhibitory modulation. The posi-
tive neurochemical feedback between the cholinergic and dopaminergic systems 
opens the question of the possible involvement of dopamine in sustaining the 
dreaming state of the brain. A raise in cortical dopamine activity has indeed been 
causally linked to the generation of nightmares, possibly implying an intensifica-
tion of cholinergically-driven aspects of REM sleep-related dream mentation (for 
a detailed review on the neurochemical modulation of sleep, see Hobson et al., 
2000). In summary, the periodicity of the presentation of single phases appears 
to be linked to feedback mechanisms between the different systems, on which 
the general homeostasis of the sleep-wake rhythm depends. The dramatic shifts 
in periodicity of the NREM-REM rhythm caused by the experimental selective 
deprivation of REM sleep appear to be consistent with this hypothesis.

The second intrinsic property of dreaming that can be found in acute psy-
chosis is an impairment in conscious awareness. With the exception of so-called 
lucidity, the dreaming subject cannot consider the dream a mere construction 
of his own brain/mind until he is awake; the dreamer is not aware of dreaming 
but in contrast is fully immersed in a world experienced as real. Moreover, the 
dreaming subject loses the ability to critically evaluate what happens in the onei-
ric reality, so that the most improbable, bizarre and unreal things are experienced 
as natural. However, consciousness intended as the phenomenal level of the or-
ganization of the brain, with the sensory and spatial characteristics typical of the 
sense of personal presence in a multimodal reality, is fully realized in dreaming 
as in wakefulness (Revonsuo, 2000). The phenomenal first-person perspective is 
physiologically preserved with the sense of “me-ness” and of “phenomenal sub-
jectivity”, meaning the awareness that the dynamics of experience rotate around a 
space centred on an experiential self (Metzinger, 2004). 

Neurobiological substrates of dream consciousness supposedly lie in the 
functional interplay between cortical and subcortical structures. PET studies have 
shown that the REM stage of physiological sleep is characterized by a reduction in 
the metabolism of frontal structures, the dorsolateral prefrontal cortex (DLPFC) 
in particular, and a rise in metabolism of subcortical limbic structures and that 
dopaminergic mesolimbic reward circuits produce an instigating impulse for 
dreaming when they are activated by ascending brainstem arousal (Solms, 2000). 
This functional picture appears to be the basis of the subjective experience of 
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dreaming characterized by a relevant intensity in emotional charge and an al-
most total absence of metacognition and reflective awareness, functions linked to 
a normal activation of frontal cortical structures.

The third property of dreaming which appears to closely bind this form of 
mentation to psychosis is the presence of a complex sensory activity, predomi-
nantly visual and acoustic, of an hallucinatory nature. The full complexity of the 
physiological sensory activity of wakefulness can be found in the absence of ex-
ternal stimuli during dream sleep. Indeed, the dreaming brain/mind appears to be 
the biological proof that complex subjective experiences are possible in absence of 
sensorimotor activity: the dreaming world, though internally generated, is com-
plete with its objects, spaces and actors which interact in often quite complicated 
events. Vision appears to be the central component of dreams, as dreaming most 
commonly means “seeing” (people, landscapes, places) and only in association to 
seeing can hearing or talking usually be experienced: in other words, whereas the 
hallucinatory visual experience is an essential condition of dreaming, hallucina-
tory experiences linked to the other sensory organs are optional.

The psychotic condition

A wealth of often contrasting definitions has been associated to the term psycho-
sis since the early days of psychopathology. Little consensus has been reached to 
date, so that the Fourth edition of the Diagnostic and Statistical Manual opted for 
a restrictive definition of psychosis, to be preferably used as a term encompass-
ing those serious mental disorders, including schizophrenia, major depression, 
alcohol withdrawal delirium, and others where the individual “loses touch with 
reality”. However, given the complexity and variety of clinical presentations, the 
Manual stresses the need to consider such a definition as an operative simplifica-
tion (American Psychiatric Association, 2000). Karl Jaspers considered psychosis 
to be a lucid alienation encompassing bizarre behaviour, senseless furor, sense-
lessness of affect and delusional ideas with a preserved orientation in space and 
time and a physiological level of vigilance; the loss of critical capacities and judg-
ment over one’s experience is lost (Jaspers, 1963). Indeed, to be out of touch with 
reality means to present with signs of alienation accompanied by the absence of 
awareness of their being alien. Periodicity is an important property of this condi-
tion: acute psychosis presents clear waxing and waning within the individual life 
and the complexity of characterizing signs may disappear completely, or dampen 
and then reappear. The necessary and sufficient condition for the disappearance 
of signs to be clinically defined complete remission is for the subject to show a 
complete awareness of the impaired judgment of reality linked to the psychotic 
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mental state. The characterization of mental disorders presenting psychotic men-
tal states in terms of periodicity is so important that their classification in periodic 
vs. non-periodic psychoses has been proposed. 

Psychopathology and clinical psychiatry have indicated the full or partial re-
trieval of an awareness of reality as a differential element in the determination of 
the type of psychosis. From this viewpoint, for example, typical bipolar disorder 
is qualitatively different from typical schizophrenic disorder: the latter, though ca-
pable of yielding a silent psychopathology in certain phases with respect to typi-
cal signs (delusions, hallucinations or ideational incoherence) does never totally 
retrieve awareness of reality, as opposed to the former. Moreover, the time of life 
spent in a psychotic mental condition is directly correlated to a bad prognosis. 
This is true for mental disorders in which being psychotic is univocally inherent 
to the disorder itself (schizophrenia and paranoia – or delusional disorder – for 
example), but also when being psychotic is an optional state condition, as in af-
fective disorders or substance abuse. On one side are subjects who show discrete 
psychotic periods with complete remission and on the other subjects presenting 
a psychotic state from which they never completely recover. It seems important 
to stress that this condition may arise in anybody: very seldom in subjects who 
are completely normal before and after the episode, more frequently in subjects 
affected with mental disorders that do not intrinsically imply an impaired judg-
ment of reality, quite often in mental disorders characterized by mood oscillations 
and very frequently in two specific mental disorders: schizophrenia, where the 
psychotic condition is intermittent as far as productive symptoms are concerned 
(senseless furor, delusional ideas, bizarre behaviour, senselessness of affect) but 
continuous with regard to awareness of reality, and paranoia, where the psychotic 
condition is continuous in the two essential characteristics of delusional ideation 
and impaired judgment of reality. 

Three strong lines of evidence support the hypothesis that the appearance of 
a psychotic mental state is supported by an increase in activity in the dopaminer-
gic system: first, animal models that are considered closest to the psychotic men-
tal state are induced by amphetamine and amphetamine-like substances; second, 
all substances which increase dopaminergic tone may precipitate acute psycho-
ses; third, all substances which block post-synaptic dopamine receptors can ef-
fectively reduce signs of psychosis (Howes and Kapur, 2009). The increase in do-
paminergic tone appears to be limited to mesolimbic pathways and accompanied 
by a contemporary fall in dopaminergic tone in the mesocortical pathways. This 
appears to lead to a dramatic fall in feedback control exercised by the DLPFC 
on limbic structures, which has been theoretically linked to the appearance of 
“positive” psychotic symptoms. The hypofrontality of the continuous psychotic 
mental state in schizophrenia has been confirmed by brain imaging techniques 
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(Minzenberg et al., 2009) and cognitive psychology has evidenced that the psy-
chotic mental state is always accompanied by deficient performances in execu-
tive functions that are supposedly expression of dorsolateral prefrontal regions. 
The same cortical areas are thought to be involved in context analysis and in 
matching willed intention with acquired long-term memory patterns through 
a monitor system, and prefrontal cortex lesions and lesions of the cholinergic 
system ascending to the hippocampus have been found to destroy this complex 
neurofunctional pattern (Frith, 1991).

Hallucinatory phenomena involving different sensory modalities are often 
found in psychosis, with simple or complex visual experiences most commonly 
reported in organic conditions. “Voices” remain by far the most common type 
of hallucination in schizophrenia, although visual hallucinations are thought to 
be more frequent than generally reported. In the psychoses, internally generated 
percepts are usually experienced as sensory inputs from the external world, with 
no awareness of their pathological origin.

Connecting states of consciousness

The human brain has the ability to build a virtual world within which the Self 
finds itself immersed. This happens periodically during normal sleep and during 
wakefulness in the psychotic mental state. Both these conditions show extraordi-
nary similarities in underlying cerebral functional patterns, with rises in choliner-
gic and dopaminergic tone in the neuronal pathways reaching the cortex and the 
limbic structures respectively from the brainstem. A fall in dopaminergic tone in 
the mesocortical pathways and a fall of the DLPFC activity is also necessary for 
both experiences to occur. 

The common emerging picture is that of a broad activation of instinct and 
emotion-related structures with a simultaneous relative deactivation of inhibi-
tory and executive cortical structures. This neurobiological framework is consis-
tent with the original psychoanalytic model that highlights the instinctual origin 
of both dreaming and psychosis, with a consequent emergence of unconscious 
drives to consciousness. An obviously important difference between the dream-
ing and the psychotic brain/mind which currently finds no obvious explanation 
in terms of CNS functional physiology, is that psychosis coexists with varying lev-
els of vigilance in an activated ARAS, whereas dreaming occurs within sleep, with 
the peculiar ARAS activation previously discussed. Indeed, psychosis occurs in 
both organic conditions such as delirium in which low or fluctuating levels of vig-
ilance are found and so-called functional brain/mind states such as those found 
in schizophrenia or bipolar disorder in which vigilance is fully preserved. This 
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difference may account for the varying prevalence of different sensory modalities 
in the hallucinatory experience of dreaming and of different types of psychoses: 
conceptualized along a continuum, the brain’s intrinsic ability to generate a multi-
sensorial internal world is inversely correlated to the intensity of the external in-
put. Interaction with the external world is primarily visual, so it is not surprising 
that on the end of the continuum in which this interaction is blocked internally 
generated inputs are most prominently visual. On the other end, when vigilance 
is fully maintained – as in mental disorders – the intensity of the external visual 
input is more likely to suppress the tendency to hallucinate visually and auditory 
hallucinations appear to be more prominent. Non-conscious brain processing, 
defined as a set of implicit operations in continuous development beneath the 
threshold of conscious awareness, may be hypothesized to represent the substrate 
of the internally generated input emerging when the subject’s interaction with the 
external world is impaired. A possible explanation that appears to be consistent 
with this functional framework, is that of a mesolimbic dopaminergic hypertone 
responsible of the reduction of the inhibitory power of the GABAergic systems 
arising from the nucleus accumbens and reaching the cholinergic neural path-
ways of the forebrain, thus promoting psychosis. Interestingly, pharmacological 
compounds that are known to enhance GABA tone such as benzodiazepines have 
been hypothesized to have an antipsychotic efficacy, although recent investiga-
tions stress the need for new clinical data (Volz et al., 2007). On the other hand, in 
terms of sleep architecture, it is broadly accepted that these same agents suppress 
the occurrence of REM sleep.

In keeping with our hypothesis, both dreaming and psychosis may be consid-
ered physiological functioning modes of the brain/mind. Indeed, both conditions 
may be interpreted as the only recognizable mental activity when affective and 
emotional energy persists in absence of sensory inputs (dreaming), or within a 
chronic process of blockade of affective cathexis towards objects of the external 
world (psychosis). This view appears to be in striking agreement with Hughlings 
Jackson’s hypothesis that the psychotic symptomatology found in alienated pa-
tients is what physiologically remains in a brain affected by an organic degenera-
tive process. In these terms, schizophrenia or bipolar disorder may be viewed as 
clearly pathological, chronic mental conditions within which a dreamlike brain/
mind activation is more likely to occur in wakefulness. Indeed, the continuum 
vs. dimension debate has recently began to shift in favour of several dimensions 
of psychosis occurring across diagnostic categories rather than discretely defined 
symptomatic entities. However, schizophrenia – a multifaceted disorder – is still 
the clinical condition within which psychosis may be diagnosed most frequently, 
and neurobiological and experiential correlates of psychosis are often derived from 
schizophrenic patients. For this reason, an erroneous equation schizophrenia = 
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psychosis is common in clinical practice and research settings, whereas several 
aspects of psychosis are known to occur in different disorders and schizophre-
nia with no relevant psychotic symptoms can occur. It is well known that a great 
variety of other predisposing conditions may precipitate psychosis, namely uni-
polar depression, mental retardation, drug intoxication or withdrawal and sev-
eral metabolic or neurological conditions affecting the anatomy and physiology 
of the brain. Furthermore, psychosis can occur in otherwise normal subjects, in 
response to sensory deprivation or highly stressful events, and underlying neu-
robiological mechanisms have been hypothesized to involve stress-response cas-
cades converging on dopamine pathways (van Winkel et al., 2008).

However, alternative to such determinism, a probabilistic view of brain func-
tioning holds that the brain may express itself in an extraordinarily broad num-
ber of ways: the first concepts linked to this idea date back to the 1960s, when 
the physicist Walter Elsasser used the term immense to describe numbers greater 
than 10110. The choice of this measure is not arbitrary, resulting from the mass 
of the Universe multiplied by its supposed age. The calculation of the “possible 
brains” in these terms yields a “hyperimmense” number, a number billions of 
times greater than 10110 (Scott, 1995): it appears, therefore, plausible to think of 
the psychotic mental state and of dreaming as two of the close to infinite ways of 
being of the human brain/mind.

Concluding remarks

The therapy of psychotic mental states is still largely unsatisfactory and mental 
health professionals struggle with the patients’s loss of touch with reality. The 
dreamlike immersion in an internally generated world of perceptions and beliefs 
that are firmly held in contradiction with reality clearly pose a serious problem 
in the development of a therapeutic alliance. Emerging data from dream and 
sleep research may prove useful in psychiatric practice: the establishment of a 
conscious awareness of dreaming while still asleep is quite rare but has been 
shown to exist, and new quantitative EEG data seem to show that this mental 
state can be visualized in terms of a dissociated brain state (Voss et al., 2009). In 
this peculiar state of consciousness, termed “lucid dreaming”, the physiologically 
suppressed ego functions of dreaming appear to emerge either spontaneously in 
a limited number of individuals or through an induction technique requiring a 
standardized training. 

Though data are still sparse, it has been reported that subjects most common-
ly become lucid by noticing bizarre elements within their dreams. Bizarreness 
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itself has long been recognized to represent a specific phenomenological aspect 
of dream cognition, although no consensus has been reached over its definition 
and several different theories have been developed to explain its occurrence: in 
our view, bizarreness in dreams may be best understood in terms of incongrui-
ties and discontinuities in the nature and mutual relationships amongst dream 
objects, thoughts and emotions. It seems plausible to hypothesize that the emer-
gence of non-conscious processes results in the formally bizarre architecture of 
the conscious experience when the brain/mind’s access to reality is blocked. The 
quantification of bizarreness is a useful experimental tool to compare the waking 
mentation of psychotic subjects with dream mentation, and an interesting overlap 
can be found (Scarone et al., 2008). Considering the dreaming subject’s ability to 
control the dream experience once lucidity has been reached, the recognition of 
formally bizarre elements within one’s own waking experience, be it in emotion, 
interpretation of reality, thought processes or hallucinatory phenomena, may 
prove of use in a subject’s elaboration of psychosis. Studies into both the phar-
macological and psychological induction of lucidity open a promising window 
for the comprehension of conscious/non-conscious interactions underlying the 
synthesis of what we call cognitive bizarreness and, consequently, the neurofunc-
tional dynamic of psychotic mental states.

References

American Psychiatric Association (2000). Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth edition, text revision. Washington, DC: American Psychiatric Association.

Freud, S. (1895). Project for a scientific psychology. In J. Strachey (Ed. & Trans.), The stan-
dard edition of the complete works of Sigmund Freud – Volume 1 (1950). London, UK: 
Hogarth Press. 

Frith, C. (1991). In what context is latent inhibition relevant to the symptoms of schizophrenia? 
Behavioral and Brain Sciences, 14, 28–29. 

Hobson, J. A., Pace-Schott, E. F. and Stickgold, R. (2000). Dreaming and the brain: Toward a 
cognitive neuroscience of conscious states. Behavioral and Brain Sciences, 23, 793–842.

Howes, O. D. and Kapur, S. (2009). The Dopamine Hypothesis of Schizophrenia: Version III—
The Final Common Pathway. Schizophrenia Bulletin, 35, 549–562. 

Jaspers, K. (1963). General Psychopathology. Baltimore and London: Johns Hopkins University 
Press. 

Metzinger, T. (2004). Being No One: The Self-Model Theory of Subjectivity. Cambridge, MA: 
MIT Press.

Minzenberg, M. J., Laird, A. R., Thelen, S., Carter, C. S. and Glahn, D. C. (2009). Meta-analysis 
of 41 functional neuroimaging studies of executive function in schizophrenia. Archives of 
General Psychiatry, 66, 811–822.

Moruzzi, G. (1969). Sleep and instinctive behavior. Archives Italienne de Biologie, 107, 175–216. 



248	 Armando D’Agostino, Ivan Limosani and Silvio Scarone

Nielsen, T. A. (2000). A review of mentation in REM and NREM sleep: “Covert” REM sleep 
as a possible reconciliation of two opposing models. Behavioral and Brain Sciences, 23, 
851–866. 

Revonsuo, A. (2000). The Reinterpretation of Dreams: An evolutionary hypothesis of the func-
tion of dreaming. Behavioral and Brain Sciences, 23, 877–901.

Scarone, S., Manzone, M. L., Gambini, O., Kantzas, I., Limosani, I., D’Agostino, A. and 
Hobson, J. A. (2008). The dream as model for psychosis: An experimental approach using 
bizarreness as a cognitive marker. Schizophrenia Bulletin, 34, 515–522. 

Scott, A. (1995). Stairway to the Mind: The controversial New Science of Consciousness. New 
York, NY: Springer-Verlag. 

Solms, M. (2000). Dreaming and REM sleep are controlled by different brain mechanisms. 
Behavioral and Brain Sciences, 23, 843–850.

Taylor, E. (1983). William James on exceptional mental states: The 1896 Lowell Lectures – Lec-
ture 1. New York, NY: Charles Scribner’s Sons.

van Winkel, R., Stefanis, N. C. and Myin-Germeys. (2008). Psychosocial stress and psychosis. 
A review of the neurobiological mechanisms and the evidence for gene-stress interaction. 
Schizophrenia Bulletin, 34, 1095–1105. 

Volz, A., Khorsand, V., Gillies, D. and Leucht, S. (2007). Benzodiazepines for schizophrenia. 
Cochrane Database of Systematic Reviews, Jan 24(1), CD006391. 

Voss, U., Holzmann, R., Tuin, I. and Hobson, J. A. (2009). Lucid dreaming: A state of conscious-
ness with features of both waking and non-lucid dreaming. Sleep, 32, 1191–1200.



Conscious awareness versus optimistic 
beliefs in recreational Ecstasy/MDMA users

Andrew Parrott 

The willingness of humans to take psychoactive drugs may reflect an uncon-
scious optimism bias, where users focus on desired aims rather than actual 
consequences. A series of in-depth interviews will illustrate the experiences and 
explicit knowledge of recreational Ecstasy/MDMA users. Next an unpublished 
empirical study will be described, where four subgroups of Ecstasy users reported 
that MDMA loses its efficacy over time, while drug-related distress increased. As 
this cost-benefit ratio deteriorates, users take MDMA less frequently, before quit-
ting permanently. The in-depth personal knowledge of experienced Ecstasy users 
might be useful for drugs education packages, since it could replace unconscious 
optimism with greater conscious awareness. 

Lenton, Boys and Norcross (1997) investigated the drugs-knowledge of 83 rave 
attendees in Australia, many of whom had first taken Ecstasy/MDMA while 
still at school. They noted that: ‘Many new ravers were found to have romantic 
positive beliefs about the effects of Ecstasy, LSD and speed, and were effectively 
blind to the more negative effects’. They also found that novice drug users had 
significantly less knowledge than experienced users. Romantic optimism about 
recreational drugs is widespread. It is often present in the web-pages designed 
for recreational drug users. The Internet site ‘Dancesafe’ has attractive butterflies 
flying across its Ecstasy pages, and this may unconsciously foster pro-Ecstasy 
beliefs. The verbal information also focuses more on acute mood gains, rather 
than longer-term problems. The name ‘Dancesafe’ reflects this optimism bias, 
and does not acknowledge that recreational stimulants are inherently damaging, 
irrespective of how they are taken (Parrott, 2001; 2006). Many experienced users 
do however display extensive drugs knowledge, with surveys revealing numer-
ous Ecstasy-attributed problems (Parrott et al., 2002; Rodgers et al., 2003; Topp 
et al., 1999). Some recreational users also argue for ‘informed choice’, stating that 
decisions about drug-taking should be conscious, reflective, and well-informed. 
There is little evidence to support this model among young non-users, who are 
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mainly ‘at risk’ from unconscious social pressures. The aim of the chapter is to 
examine the knowledge of Ecstasy/MDMA users, to see if it might be useful for 
drugs education packages. Their personal experiences could increase conscious 
awareness in younger ‘at risk’ individuals. It might replace unconscious optimis-
tic beliefs, with more realistic information about the practical consequences of 
becoming a drug user. 

Interviews with Ecstasy/MDMA users 

Each year, the undergraduate students on my ‘Drugs and Behaviour’ course at 
Swansea University conduct detailed interviews with drug users. They devise 
their own semi-structured questionnaires, covering topics such as positive and 
negative experiences, first usage, recovery phenomena, and longer-term effects. 
In our most recent cohort, five students conducted interviews with Ecstasy/
MDMA users whom they knew. Their reports are summarized in Table 1. 
The on-drug experiences were described in very positive terms: ‘love every-
one’, ‘very euphoric and a feeling of closeness’, ‘nothing as good – that is why 
they call it Ecstasy’ (Table 1). These findings were similar to previous studies 
(Cohen, 1998; Parrott, 2001), and reflect the increased levels of serotonin, do-
pamine, noradrenaline and other neurotransmitters (Green et al., 2003). These 
neurotransmitters underlie many different psychobiological functions, so that 
numerous side-effects can occur. These includes jaw-clenching, gurning, and 
tooth-grinding; hence: ‘chewing mouth and lips all night so they can get very 
swollen’ (Table 1), with long-term dental problems which can include tooth 
erosion. MDMA also affects the hypothalamus, and impairs temperature regu-
lation and water intake (Green et al., 2003). Morefield et al. (2009) found an 
average temperature increase of +0.8ºC in recreational MDMA users, hence the 
current reports of ‘feeling hot’ (Table 1). For several days following MDMA, the 
body is in a state of neuropsychobiological recovery, with low energy, impaired 
sleep, reduced appetite, and feelings of paranoia (Table 1). Again, this agrees 
with previous reports of mid-week problems including, lethargy, depression, 
anger, disrupted sleep, and acute psychiatric distress (Cohen, 1998; Jones et al., 
2008; Parrott and Lasky, 1998; Schifano, 2000; Verheyden et al., 2003). The long-
term effects of regular MDMA use can include poor memory, reduced social 
intelligence, sleep apnoea, weight loss, impaired immunosuppression, sexual 
dysfunction, and various psychiatric symptoms (Parrott, 2001; 2006; Rodgers et 
al., 2003; Schifano, 2000; Topp et al., 1999). 
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Table 1.   Interviews with five ecstasy/MDMA users 
Female aged 21, taking Ecstasy/MDMA for 2 years.
First usage: ‘I was offered them at a club by my friend when I was drunk. It was a split second 
decision and I didn’t really know what it was I was taking, but had I had more information and 
been sober, I would still have tried them that night’. 
Continued usage: ‘If I used pills now I would take 3 or 4, but I’ve taken more than this in the 
past. When I first used them I wouldn’t have taken more than 2. I wouldn’t take more than 
⅓ gm of MDMA now – I think more than ½ gm can be dangerous’. 
On-drug effects: ‘very euphoric and a feeling of closeness’, ‘mildly hallucinogenic’.
Off-drug recovery period: ‘no energy/motivation to do anything’, ‘can be impossible to sleep’, 
‘appetite massively affected the first few occasions’, ‘either no mood change, or a negative one 
which could range from mild to severe’, ‘lot of inward thinking’. Sensitivity increased: ‘almost 
cried because I could not find something I wanted in the supermarket’, feelings of ‘mild para-
noia’, and ‘once had extreme paranoia when I got home after taking pills. I had heart palpita-
tions and was very panicky…scared to leave my room’. 
Cessation: Still uses occasionally, but frequency of usage had reduced. ‘occasionally I have been 
sick of pills and MDMA’.

Male former-user aged 24; had used when 18–21 years old.
First usage: ‘began using MDMA with a group of friends during a dark and depressive phase of 
his life. He does not go into much detail about this’. 
Continued usage: Usually took ½ pill and did not increase this for a long time. With larger 
supplies he repeated its usage. MDMA powders ‘more expensive to acquire and much more 
intensive in effect’. 
On-drug effects: ‘more sociable and amiable’, ‘very embarrassed at memories exemplifying dis-
inhibition when on drug… expressly dislikes dancing and remembers doing so with distaste’, 
‘more active sex life… qualitatively less successful’, ‘stronger desire to drink water paired with 
cautiousness due to a rumour of being able to drown oneself ’, ‘feeling very hot or very cold even 
if the actual temperature did not match’, ‘twitching or shaking of the leg and continuous rolling 
of cigarettes… use the rolling habit to stock up on cigarette supply’.
Off-drug recovery: ‘one or two days of bad moods and tiredness’, ‘repressed appetite, feeling 
extremely fatigued and being generally disinterested’, ‘sleep pattern very irregular’.
Cessation: had now quit using. ‘He could not see himself functioning appropriately in today’s 
society while continuing drug use’. ‘Too strongly negative effects upon his appetite’. ‘Decided to 
quit one day and did so without any problems of withdrawal’. 

Female aged 19 years, using MDMA for 8 months. 
First usage: ‘wanted to try it’, ‘have a mind set to try everything once’
Tolerance: ‘only used to take one bomb a night’….now takes: ‘three or more bombs a night’ 
[Note: a bomb is MDMA powders in a twist of cigarette paper, which is swallowed], ‘would 
never pay for drugs before but now pay for MDMA’. 
On-drug effects: ‘more aware. Loads of energy to dance, buzzing. Love everyone. Giggly’.
Off-drug recovery: ‘body feels heavy. Need to relax, don’t want to do anything. Sometimes feel 
hot and sweaty and have a headache. Just want to sleep through it’. Housemates say she should 
not take it as ‘they do not like it’, but ‘they are ignorant to drugs, don’t know anything’. 
Cessation: ‘Only take it on certain nights, can go for months without it’
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Male 20 years old. Duration of usage and amounts not described.
First usage: ‘influenced by friends at school. When they did it he followed suit’.
Continued usage: ‘to avoid this state of dependency and having to constantly increase the dose 
to achieve the same hit, he varies how often he takes MDMA’, and now leaves ‘a few months’ 
between uses. 
On-drug effects: ‘nothing like it, nothing as good – that why they call it ecstasy’, ‘feel really en-
ergetic… want to jump around and dance’, ‘nerve endings are alive and just tingling all over the 
body’, ‘chews his mouth and lips all night so they can get very swollen’.
Post-drug recovery: ‘bad come down’, ‘impossible to sleep’, ‘Don’t want to eat at all… if continu-
ally took it you wouldn’t need to eat for a week’, ‘after taking a bit hit one can be very vague and 
forgetful for about a week but then your memory goes back to normal’. 
Cessation: ‘Doesn’t think it is addictive’ ‘Feeling when you are out sometimes that you want 
some when out clubbing, but its not a need, its just a indulgence’. ‘It is better to take it when you 
are younger, because when people try it in their early twenties they are more like to start off 
doing more and you have more at stake to lose, for example their university degree’. 

Male novice user 21 years, taken around 4–5 times. 
First usage: ‘first tried MDMA at a house party 5 months ago. His friends were using it and out 
of curiosity he tried it to see what it was like. He said he lives by the mantra ‘try everything once’ 
so decided to give it a go after his friends had explained the pros and cons of the drug’.
Continued usage: ‘first tried a small amount’, subsequently using ‘around 500 mg per trip’. 
On-drug effects: ‘imagine the best feeling you have ever felt, times it by ten and you’re still not 
close to how amazing you feel’, ‘cold things feel great’, ‘salt and vinegar crisps taste disgusting’, 
‘looking at patterns is mind-boggling. I once thought a plastic fish was swimming on the spot 
out of water’.
Off-drug recovery: ‘Short term memory loss. Sometimes you will be talking to someone and 
mid sentence you will forget what you wanted to say’, ‘difficulty sleeping’. 
Cessation: ‘Had never felt an urge or craving to take MDMA’ ‘If he did feel a craving it would be 
more for the social aspect than the physiological’. 

With regard to drug initiation, the main reasons given were peer influence and 
curiosity: ‘Friends were using’, ‘To see what it was like’, and ‘Influenced by his 
friends at school’ (Table 1). This is typical of all recreational drugs, whether legal 
or illicit (Parrott et al., 2004). Dancing and partying were also noted, which is 
consistent with Ecstasy/MDMA being a dance club drug. Informed choice was 
only noted by one of the five interviewees, who ‘decided to give it a go after his 
friends had explained the pros and cons of the drug’. The interview report did not 
describe what these friends had told him, although in previous interviews with 
Ecstasy users, the information typically comprised practical advice, such as drink 
fluids regularly, and rest when you overheat. Indeed many young drug initiates 
seem to be aware of these types of practical guideline (Lenton et al., 1997). 

However, there was no evidence that any novice user displayed any real un-
derstanding of how and why MDMA was inherently damaging (Table 1). Hence 
there was minimal support for the ‘informed choice’ model. Indeed, in fifteen 
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years of Ecstasy/MDMA research, I have come across only one young person who 
had undertaken any scientific reading prior to taking MDMA. This was an un-
dergraduate student who had read about the neurotoxic effects of MDMA in a 
popular science journal. Then when his friends started to take ecstasy, he argued 
against them, stating that it was not safe. He regularly went clubbing with them – 
but without taking the drug himself. Some time later he read another scientific 
article about the USA government giving MDMA a license for psychotherapy, 
and so he decided to take it. That was two years previously, and now he was a 
volunteer in one of our laboratory studies. Subjectively he complained of various 
problems including memory deficits, and his cognitive performance on some of 
the laboratory tasks was impaired.

Two of the five users stated that they took Ecstasy because they wanted to ‘try 
everything once’ (Table 1). However neither of them stuck with this intention, 
and instead had taken it on multiple occasions. Furthermore, all five users had 
increased their dosage levels over time (Table 1). Most users start with a single 
tablet, before increasing the number of tablets per occasion. MDMA powders 
have recently become more popular, and they provide a further means for taking 
higher doses, since MDMA ‘bombs’ can contain the equivalent of 2 or 3 Ecstasy 
tablets (150–225 mg MDMA). The trend for higher doses reflects chronic toler-
ance, or the reduction in drug efficacy with repeated usage, and reflects neuro-
adaptive reactions in the brain and liver (Parrott, 2005). The rate of development 
of chronic tolerance can be variable, with two of the interviewees reporting rapid 
dosage escalation, but another showing minimal escalation (Table 1). An Austra-
lian study of careful non-ravers also showed slower dosage escalation, and inter-
viewee 2 also seems to have not been much of a raver: ‘Expressly dislikes dancing 
and remembers doing so with distaste’ (Table 1). Environmental co-stimulation 
may indeed exacerbate the neuropsychobiological effects of MDMA (Parrott, 
2005; 2006). Few drug users are however consciously aware of drug tolerance. 
Instead they often attribute their need for higher doses as due other factors; the 
most common being Ecstasy tablets are ‘getting weaker’. This is similar to alcohol 
drinkers complaining about beer being, ‘watered-down’ [note: the empirical evi-
dence shows similar Ecstasy/MDMA dosage levels over time]. 

One intriguing aspect of Ecstasy/MDMA is the variation in cognitive aware-
ness between individuals, and differences in recognition and admission of drug-
related problems. Fox et al. (2001) compared the cognitive profiles of Ecstasy 
users who said that did have problems due to Ecstasy/MDMA, with a subgroup 
who stated that they did not have problems. Performance levels on two cognitive 
planning and spatial memory tasks were significantly impaired in both groups. 
These cognitive deficits were significantly linked to lifetime usage, with more 
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problems in the heavy Ecstasy/MDMA users, irrespective of either conscious 
awareness, or explicit recognition. Variation in problem-recognition also oc-
curred here (Table 1). One interviewee noted that her flatmates did not like her 
use of MDMA, but stated that their comments were not valid since ‘they are 
ignorant to drugs, don’t know anything’. This illustrates the cognitive rationaliza-
tion that often surrounds drug usage. Others displayed more awareness, with 
a former user noting: ‘He could not see himself functioning appropriately in 
today’s society while continuing drug use’ (Table 1). An interesting topic for fu-
ture research is meta-cognition. How do different users attribute their problems? 
How important are unconscious processes such as denial and repression – do 
they facilitate continued usage ? 

Awareness of the positive and negative effects of Ecstasy/MDMA 

In this second study, we investigated the explicit conscious awareness of positive 
and negative drug effects. Four subgroups of current and former ecstasy/MDMA 
users completed an Ecstasy/MDMA effects questionnaire (Parrott and O’Sullivan, 
unpublished). Table 2 presents the findings from four questions: positive effects on 
the first occasion they had taken MDMA, negative effects on the first occasions, 
and these same two questions for their most recent Ecstasy/MDMA experience. 
Light users who had taken Ecstasy/MDMA a few times before quitting, showed 
lower ‘positive’ drug experiences on their first occasion, than the other three 
groups (Table 2). Their less euphoric drug reaction, may provide a reason for their 
quitting usage after just a few experiences. It agrees with Louisa Degenhardt, who 
has noted that many who experiment with drugs find the effects aversive and do 
not persist. Hence not every reaction to MDMA is favorable, with marked vari-
ance in subjective mood reactions. Hence many reactions to MDMA comprise a 
mixture of positive and negative changes (reviews: Parrott, 2001; 2006). 

Another general finding here was that positive effects declined from the first 
to the last drug experience, while negative effects increased (Table 2). This was 
consistent with some early findings by Peroutka (cited in Parrott, 2005). Every 
subgroup showed these changes, although they occurred to different extents. The 
two heavy user subgroups, who had taken most drug overall, showed the greatest 
declines in mood (Table 2). This illustrates the chronic tolerance noted earlier. 
The positive and negative self-report data were used to calculate cost-benefit ra-
tios (See Chapter 15 in Parrott et al. 2004, for a debate about cost-benefit ratios). 
All four groups reported beneficial cost-benefit ratios the first time they took 
MDMA, although the score for novice-quitters was noticeably lower (Table 1). 
Every group also reported a decline in cost-benefit ratio with repeated drug usage. 
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The only group to still report a positive ratio – with more gains than losses, was 
current novice users. The ratios for both groups of experienced users were negative 
(Table 2). Furthermore, the frequency of MDMA use tends to decline over time 
(Verheyden et al., 2002), a pattern of usage that is almost unique amongst recre-
ational drugs (Parrott, 2005). In other informal interviews, experienced Ecstasy/
MDMA have told us that as their negative reactions increase, they take the drug 
less frequently, before quitting permanently. 

Table 2.  Positive and negative effects for the first and last times on Ecstasy. Self-reported 
questionnaire scores for four subgroups of recreational users: divided into light and 
heavy lifetime use, current and former users (Unpublished study: Parrott & O’Sullivan, 
unpublished) 

Dependent variable Light 
former 
users

Light  
current 
users

Heavy 
former 
users

Heavy 
current 
users

ANOVA Group Effect 
F-value (df 3,60) & 
significance level

 Sample size (N) 18 10 22 18 —

Positive effects first time 4.9 6.6 8.6 8.8 F = 12.22, p < 0.001
Positive effects last time 3.9 6.2 3.4 4.3 F = 4.40, p < 0.01
Decline in positive effects: 
− from first to last time

−1.0 −0.4 −5.2 −4.5 —

Negative effects first time 3.6 3.2 3.9 2.9 F = 0.55, non-sig
Negative effects last time 5.8 4.2 5.3 5.0 F = 0.66, non-sig
Increase in negative effects: 
− from first to last time

+2.2 +1.0 +1.4 +2.1 —

Cost-Benefit ratio first time +36% +103% +120% +203% —
Cost-Benefit ratio last time −33% +47% −36% −14% —

Self-rating scales: 1–10 (minimum–maximum).

Conclusions

Most young people have little conscious knowledge about drugs. Instead many of 
their beliefs are unrealistically optimistic, reflecting unconscious social influences 
(Lenton et al., 1998). The aim of this chapter is to discuss how their low levels 
of conscious awareness might be improved. MDMA is a powerful CNS stimu-
lant (Green et al., 2003), which adversely affects core psychobiological systems 
for sleep, memory, cognition, immunocompetence, and psychiatric well-being 
(Parrott, 2001; 2006; Schifano, 2000; Jones et al., 2008; Topp et al., 1999); some of 
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these adverse effects were illustrated here (Table 1). Furthermore, the on-drug ex-
periences of Ecstasy users decline with repeated usage (Table 2). This information 
could be very useful for drugs education packages. The personal stories of experi-
enced users, and their reasons for quitting, might be something which a younger 
cohort would relate to. This personal knowledge might also be supplemented by 
basic scientific findings. In a recent study of recreational Ecstasy users, MDMA 
use while dancing led to an 800% increase in the stress hormone cortisol (Parrott 
et al., 2008). In post-study feedback sessions, the Ecstasy users were impressed 
by the strength of this effect, and particularly interested in how this stress neu-
rohormone is often associated with psychobiological problems (Parrott, 2009). 
There is also evidence for serotonergic neurotoxicity in regular users (Cowan, 
2007), and altered brain microvasculature in novice users (de Win et al., 2008). 
Given this wide range the problems, it is difficult to see how anyone with a limited 
knowledge of its adverse effects on the human body and brain, would decide to 
take it. If the ‘informed choice’ model were correct, then we would have very few 
recreational MDMA users. 
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Conscious and unconscious  
placebo responses
How the ritual of the therapeutic act 
changes the patient’s brain

Fabrizio Benedetti 

The study of the placebo response is basically the study of the psychosocial 
context around the therapy, which constitutes the ritual of the therapeutic act, 
and of its effects on the patient’s brain. Many mechanisms are involved, both 
conscious, like expectation of a future outcome, and unconscious, such as classi-
cal conditioning. Overall, recent research indicates that different social stimuli, 
first and foremost the therapist’s words, may induce cellular and molecular 
changes in the patient’s brain, thus placing psychotherapy into the neurobiologi-
cal domain.

The placebo effect, or response, has recently emerged as a model to understand 
how the brain influences, both consciously and unconsciously, the course of dis-
ease and the response to a therapy. Until a few years ago the placebo effect was 
considered a nuisance in clinical research whenever the efficacy of a new therapy 
had to be validated. In a typical clinical trial, the treatment under test is compared 
against a placebo, that is, an inert treatment that has no specific effect for the 
pathology that has to be treated. For example, in a clinical trial for the assess-
ment of a new painkiller, a new pharmacological agent is compared against a 
saline solution (the placebo) which, of course, has no analgesic properties. If the 
pharmacological agent relieves pain better than the placebo, it is considered to be 
an effective painkiller. Conversely, if the drug and the placebo produce the same 
therapeutic outcomes, the drug is considered to be ineffective.

In a pragmatic clinical trial, clinicians and clinician scientists are usually not 
interested to understand why the patients who receive an inert treatment (the 
placebo) show a clinical improvement. What matters is that the therapy under 
test be better than the placebo. In contrast to this pragmatic approach, which is 
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only aimed at assessing whether or not a therapy works, in recent years there 
has been a growing interest in understanding why the patients who get the pla-
cebo improve. Needless to say, neither water solutions nor sugar pills will ever 
acquire therapeutic properties. What matters is the psychosocial context within 
which the placebo is administered. In other words, the study of the placebo ef-
fect is basically the study of the psychosocial context around the patient and the 
treatment and how these social stimuli affect the patient’s brain. Anything that 
surrounds the therapy is part of the psychosocial context, for example, doctors, 
nurses, syringes, complex medical machines and, probably most important, the 
words by the therapist. All these social/sensory stimuli tell the patient that a 
therapy is being performed and, as a whole, they represent the so-called thera-
peutic act (Benedetti, 2008b).

The idea of a top-down control on several physiological processes by a variety 
of psychological and social factors is not new, of course. Indeed, the top-down 
modulation of sensory inputs plays a fundamental role in shaping the global 
perceptual experience. What is somehow different for the placebo effect is that 
this top-down cognitive and emotional modulation occurs in the clinical setting, 
whereby the intensity and severity of symptoms can be shaped by the psycho-
logical state of the patient and by the social context surrounding the treatment 
(Benedetti, 2008a, b; Price et al., 2008). Therefore, it goes without saying that 
this has profound implications for clinical practice, pharmacotherapy and psy-
chotherapy, as well as for our understanding of how the brain controls different 
physiological processes throughout the body.

What is emerging today is that the psychosocial context around the therapy, 
namely the therapeutic act itself, activates several molecular and cellular mecha-
nisms in the patient’s brain that are the same as those activated by drugs (Colloca 
and Benedetti, 2005). In other words, social stimuli and drugs may activate com-
mon biochemical pathways, and this occur through both conscious and uncon-
scious mechanisms.

Conscious placebo responses

By definition, a placebo effect is the effect that follows the administration of a 
placebo, that is, of an inert treatment. As the inert treatment is given along with 
contextual stimuli, for example verbal suggestions of clinical improvement which 
make the patient believe that the treatment is real and effective, its study is basically 
the study of the context around the treatment and how it affects the patient’s brain. 
When the context is positive and leads to positive outcomes, the term placebo effect 
is used. Conversely, when the context is negative and leads to negative outcomes, 
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the term nocebo effect is adopted. Therefore, the placebo effect is a psychobio-
logical phenomenon, i.e. something active happening in the patient’s brain. It has 
nothing to do with spontaneous remission, patients’ and/or physicians’ biases, the 
effects of unidentified co-interventions, and many other factors, which are all phe-
nomena that are sometimes mistakenly taken for placebo effects. 

There is not a single mechanism of the placebo effect and there is not a single 
placebo effect but many, so that we have to look for different mechanisms in dif-
ferent medical conditions and in different therapeutic interventions (Benedetti, 
2008a, b). Most of the research on placebos has focused on expectations as the 
main factor involved in placebo responsiveness. Indeed, the literature is full of 
studies whereby expectations are analyzed, and the terms “effects of placebos” 
and “effects of expectations” are frequently used interchangeably. In general, the 
expectations of a future outcome and of a future response, the so-called response 
expectancies, are held by an individual about one’s own emotional and physi-
ological responses such as pain, anxiety and sexual arousal (Kirsch, 1999). Expec-
tations may lead to positive or negative outcomes in a number of ways. From a 
neuroscientific point of view, expecting a future event may involve several brain 
mechanisms that are aimed at preparing the body to anticipate that event. For 
example, the expectation of a future positive outcome may reduce anxiety and/or 
activate the neuronal networks of reward mechanisms, whereas the expectation 
of a negative outcome is aimed at anticipating a possible threat, thus increasing 
anxiety (Enck et al., 2008). Indeed, anxiety has been found to be reduced after pla-
cebo administration in some studies, for example in patients with irritable bowel 
syndrome (Vase et al., 2005).

That anxiety is an important mediator of placebo responses is indicated by the 
opposite effects, that is, the nocebo responses. The nocebo effect is a phenomenon 
that is opposite to the placebo effect, whereby expectation of a negative outcome 
may lead to the worsening of a symptom. It basically consists in delivering ver-
bal suggestions of negative outcomes so that the subject expects clinical wors-
ening. Recent experimental evidence indicates that negative verbal suggestions 
induce anticipatory anxiety about the impending pain increase, and this verbally-
induced anxiety triggers the activation of cholecystokinin (CCK) which, in turn, 
facilitates pain transmission. In fact, CCK-antagonists have been found to block 
this anxiety-induced hyperalgesia (Benedetti et al., 2006).

Expectations may also induce changes through reward mechanisms, which 
ensure future reward acquisition (Enck et al., 2008). These mechanisms are 
mediated by specific neuronal circuits linking cognitive, emotional, and motor 
responses, and are traditionally studied in the context of the pursuit of natural 
(e.g., food), monetary, and drug reward. Within the context of placebo respons-
es, whereby the reward is the therapeutic benefit and the clinical improvement 
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itself, de la Fuente-Fernandez et al. (2001), by using positron emission tomog-
raphy, found dopamine activation in the nucleus accumbens, a major region of 
the reward circuitry, following the administration of a placebo in patients with 
Parkinson’s disease. Interestingly, no relationship was found between nucleus ac-
cumbens dopamine activity and the actual placebo effects on motor function, 
thus suggesting that dopamine activation was better related to the expectation of 
reward. Likewise, Mayberg et al. (2002) observed nucleus accumbens activation 
in depressed patients after one week of placebo treatment, and Scott et al. (2007) 
found a correlation between the responsiveness to placebo and that to monetary 
reward, along with the activation of dopamine in the nucleus accumbens. Scott 
et al. (2008) also found an activation of opioid receptors in the nucleus accum-
bens during placebo analgesia, thereby confirming previous pharmacological and 
imaging studies on the involvement of endogenous opioids in placebo analgesia 
(Amanzio and Benedetti, 1999; Wager et al., 2007). Therefore, placebos activate 
the same receptorial pathways that are activated by drugs, namely, dopamine re-
ceptors are activated by both placebos and anti-Parkinson drugs and, similarly, 
opioid receptors are activated by both placebos and opioid analgesics.

Learning is another mechanism that is central to placebo responsiveness. 
Subjects who suffer from a painful condition, such as headache, and who regu-
larly consume aspirin, can associate the shape, colour and taste of the pill to pain 
decrease. After repeated associations, if they are given a sugar pill that looks like 
aspirin, pain can decrease. In place of the shape, colour and taste of pills, several 
other stimuli can be associated to clinical improvement, such as syringes, stetho-
scopes, white coats, hospitals, doctors, nurses, and so on. The mechanism that 
underlies this effect is conditioning, whereby a conditioned (neutral) stimulus, 
e.g. the colour and shape of a pill, can become effective in inducing the reduc-
tion of a symptom if repeatedly associated to an unconditioned stimulus, i.e. the 
drug inside the pill. This type of associative learning may represent the basis of 
many placebo effects, whereby the placebo is the conditioned (neutral) stimulus 
itself. In this regard, it is fundamental to point out that several forms of condition-
ing include important cognitive components. In fact, many authors dissent from 
the view that conditioning is an automatic unconscious event that is due to the 
temporal contiguity between the conditioned and the unconditioned stimulus. 
Indeed, conditioning has been reinterpreted in cognitive terms on the basis that 
conditioned learning does not depend simply on the pairing of the conditioned 
and the unconditioned stimuli, but on the information that is contained in the 
conditioned stimulus (Rescorla, 1988). In other words, conditioning would lead 
to the expectation that a given event will follow another event, and this occurs 
on the basis of the information that the conditioned stimulus provides about the 
unconditioned stimulus (Rescorla, 1988).
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That cognition plays a crucial role in placebo analgesia has recently been 
shown in a study in which social learning was found to be as effective as con-
ditioning in inducing robust placebo responses. Colloca and Benedetti (2009) 
compared placebo analgesia induced through social observation with first-hand 
experience via a typical conditioning procedure and with verbal suggestion alone. 
In the social condition, subjects underwent painful stimuli and placebo treatment 
after they had observed a demonstrator (actually a simulator) showing analgesic 
effect when the painful stimuli were paired to a green light. In the conditioning 
experimental condition, subjects were conditioned according to a classical con-
ditioning procedure, whereby a green light was associated to the surreptitious 
reduction of stimulus intensity, so as to make them believe that the treatment 
worked. In the verbal suggestion condition, subjects received painful stimuli and 
were verbally instructed to expect a benefit from a green light. It was found that 
observing the beneficial effects in the demonstrator induced substantial placebo 
analgesic responses which were positively correlated with empathy scores. More-
over, observational social learning produced placebo responses that were similar 
to those induced by directly experiencing the benefit through the conditioning 
procedure, whereas verbal suggestions alone produced significantly smaller ef-
fects. Thus, social observation is as powerful as conditioning in producing sub-
stantial placebo responses, which indicates that conditioned placebo analgesia is 
not only an automatic process, but it involves cognitive factors.

Unconscious placebo responses

The ritual of the therapeutic act can affect the patient’s brain through totally un-
conscious processes. In other words, one needs not believe in the treatment and 
trust his doctor in order to respond to a placebo treatment. Immune and hor-
monal responses represent two good examples of unconscious placebo responses, 
whereby the underlying mechanism is likely to be classical, or Pavlovian, condi-
tioning. This aspect of placebo responsiveness is important because conditioned 
placebo responses take place regardless of what the patient expects. For example, 
conditioned hormonal increases can be obtained even if the subject expects hor-
monal decreases (Benedetti et al., 2003).

Some of the first compelling evidences that immunological responses can be 
behaviourally conditioned was obtained by a long series of experiments performed 
in the 1970s and 1980s. By using a taste aversion conditioning paradigm in rats, 
Ader and Cohen (1975) paired a flavoured drinking solution (saccharin) with the 
immunosuppressive drug, cyclophosphamide. The rats were subsequently immu-
nized with sheep red blood cells. Those rats that were re-exposed to saccharin at 



264	 Fabrizio Benedetti

the time of antigenic stimulation were found to have lower hemagglutinating an-
tibodies six days after the injection of the sheep red blood cells compared to con-
ditioned animals that were not re-exposed to saccharin, non-conditioned animals 
given saccharin and a placebo group. Thus, saccharin was capable of mimicking 
the immunosuppressive action of cyclophosphamide. Many subsequent studies 
confirmed these findings in a variety of experimental models.

What is more interesting is perhaps the finding that conditioned immune 
responses can also be obtained in humans. Although some early studies produced 
contrasting results, more recent research provides convincing evidence that be-
havioural conditioning of immunosuppression is possible in humans (Goebel et 
al., 2002). Repeated associations between cyclosporin A and a flavoured drink 
induced conditioned immunosuppression in healthy male volunteers, in which 
the flavoured drink alone produced a suppression of the immune functions, as as-
sessed by means of interleukin-2 (IL-2) and interferon-γ (IFN-γ) mRNA expres-
sion, in vitro release of IL-2 and IFN-γ, as well as lymphocyte proliferation. It is 
interesting to note that the effects of the conditioned stimulus were virtually the 
same as those of the specific effects of cyclosporine A.

In the endocrine system, similar effects can be found. For example, hypogly-
caemia can be conditioned in humans by pairing insulin with a conditioned 
stimulus (Stockhorst et al., 1999). In order to assess whether a cognitive compo-
nent is present in hormonal conditioning, the study by Benedetti et al. (2003) was 
aimed at differentiating the effects of conditioning and expectation on plasma 
levels of growth hormone and cortisol. In the first experimental condition, ver-
bal suggestions of growth hormone increase and cortisol decrease were delivered 
to healthy volunteers, so as to make them expect hormonal changes. These verbal 
instructions did not have any effect on both hormones, and in fact no plasma 
concentration change was detected. In the second experimental condition, su-
matriptan, a serotonin 5-HT1B/1D receptor agonist that stimulates growth hor-
mone and inhibits cortisol secretion, was administered for two days in a row and 
then replaced with a placebo on the third day. A significant increase of growth 
hormone and decrease of cortisol plasma concentrations were found after pla-
cebo administration. These conditioned effects occurred regardless of the verbal 
suggestions the subjects received. In other words, the placebo mimicked the su-
matriptan-induced growth hormone increase, even though the subjects expected 
a growth hormone decrease. Likewise, the placebo mimicked the sumatriptan-
induced cortisol decrease, even though the subjects expected a cortisol increase. 
It can be assumed that in this case the conditioned stimulus was represented by 
the act of injecting the pharmacological agent (i.e., the context around the treat-
ment). The experiment by Benedetti et al. (2003) clearly shows that sometimes 
it is not necessary to expect anything in order for a placebo response to occur. 
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These represent the best examples of unconscious placebo effects that take place 
even in the absence of the patient’s expectations and beliefs.

When do conscious and unconscious placebo responses occur?

The effects of the therapeutic act on the patient’s brain are attributable to both con-
scious expectation mechanisms and unconscious conditioning mechanisms. In 
some circumstances, expectation can override a conditioning procedure, whereas 
in some other conditions, conditioning overrides conscious expectations. In this 
regard, the study by Benedetti et al. (2003) was aimed at inducing conflicting ex-
pectation and conditioning outcomes. In other words, whilst the conditioning 
procedure went towards a given direction, expectation was manipulated in the 
opposite direction. In this study, in one group of subjects a pharmacological pre-
conditioning with ketorolac, a nonopioid analgesic, was performed for two days in 
a row and then ketorolac was replaced with a placebo on the third day along with 
verbal suggestions of analgesia. This procedure induced a robust placebo analgesic 
response. In order to see whether this placebo response was due to the pharmaco-
logical pre-conditioning, in a second group of subjects the same pre-conditioning 
procedure with ketorolac was carried out but the placebo was given on the third 
day along with verbal suggestions that the drug was a hyperalgesic agent. These 
verbal instructions were enough not only to block placebo analgesia completely, 
but also to produce hyperalgesia. These findings clearly show that expectation of 
hyperalgesia antagonized the pharmacological conditioning completely.

In the same study (Benedetti et al., 2003), Parkinson patients implanted for 
deep brain stimulation were tested for the velocity of movement of their right hand 
according to a double-blind experimental design in which neither the patient nor 
the experimenter knew whether the stimulator was turned off. The velocity of 
hand movement was assessed by means of a movement analyzer. The stimulator 
was turned off several times (at 4 and 2 weeks) before the test session. Each time 
the velocity of movement was measured just before the stimulator was turned off 
and 30 minutes later. On the day of the experimental session, the stimulator was 
maintained on but the patients were told that it had been turned off, so as to in-
duce negative expectations of motor performance worsening (nocebo procedure). 
It was found that, although the stimulator was on, motor performance worsened 
and mimicked the worsening of the previous days. Importantly, this nocebo bra-
dykinesia could be prevented completely by verbal suggestions of good motor 
performance (placebo procedure). Therefore, as occurs for pain, in this case also, 
motor performance can be modulated in two opposite directions on the basis of 
positive and negative expectations about motor performance.
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Besides pain and motor performance, the same study (Benedetti et al., 2003) 
also tested hormone secretion, as already described above. Whereas verbally in-
duced expectations of hormonal changes did not produce any effect on growth 
hormone and cortisol secretion, conditioning with sumatriptan induced placebo 
responses that mimicked the effects of sumatriptan itself, regardless of what the 
subjects expected (see the previous section). Therefore, in contrast to pain and 
Parkinson’s disease, whereby expectation modulates the direction of the condi-
tioning procedure, in hormonal secretion the direction of conditioning cannot be 
modulated by conscious expectations.

These data suggest that conscious expectation and unconscious conditioning 
may be at work in different conditions. In particular, conscious expectation of a 
future outcome seems to be important in the modulation of conscious processes, 
like pain and motor performance, whereas unconscious conditioning appears to 
be involved in unconscious physiological processes, such as hormone secretion. 
Therefore, the conditioned placebo hormonal responses indicate that unconscious 
conditioning is possible in humans, and cognitive components do not need to be 
always present.

Re-shaping neuronal activity through verbal suggestions  
of clinical improvement

Recent research aimed to identify possible cellular changes following placebo ad-
ministration. In Parkinson’s disease, whereby expectations and verbal suggestions 
of clinical benefit play a critical role in placebo responsiveness (see above), part 
of the neuronal circuit of the basal ganglia during a placebo response was investi-
gated by means of microrecording techniques in awake patients who were under-
going electrode implantation fro deep brain stimulation (Benedetti et al., 2004; 
Benedetti et al., 2009). In those patients who showed a clinical placebo response, 
there was a decrease in firing rate in subthalamic nucleus (STN) neurons, to-
gether with the disappearance of bursting activity, whereas placebo non-respond-
ers did not show these changes (Benedetti et al., 2004). By performing a detailed 
analysis of the output regions of STN, the same authors were able to identify part 
of the circuit that is involved in the anti-parkinsonian placebo response. In fact, 
the STN activity decrease was associated to a decrease in the substantia nigra pars 
reticulata (SNr) and an increase in the ventral anterior (VA) and anterior ventral 
lateral (VLa) thalamus, thereby showing that placebo bridles STN and SNr ac-
tivity whereas it increases VA-VLa activity. By contrast, placebo non-responders 
showed either a lack of changes in this circuit or partial changes in the STN only. 
Thus, changes in activity in the whole basal ganglia-VA-VLa circuit appear to be 
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important in order to observe a clinical placebo improvement (Benedetti et al., 
2009). This circuit is likely to be a part of a more complex circuitry that is modi-
fied by a placebo treatment.

Therefore, verbal suggestions of benefit, which represent the basis of a placebo 
intervention, can reverse the malfunction of a complex neuronal circuit. This may 
have profound implications for psychotherapy, because the enhancement of ex-
pectations through verbal suggestions may indeed induce specific changes in the 
brain, thus placing psychotherapy into a therapeutic context which per se is ca-
pable of modifying the patient’s brain.

Conclusions

Placebo responses represent the responses of the patient’s brain to a variety of 
psychological factors and social stimuli. As a whole, these psychological/social 
factors constitute the ritual of the therapeutic act, through which the patient 
understands that he is being treated for his illness and, consequently, expects a 
clinical benefit. The therapeutic act may induce several changes in the patient’s 
brain, including the release of specific neurotransmitters and the re-shaping of 
neuronal activity. These effects make the placebo response an excellent model 
to understand the intricate relationship between a complex mental activity, the 
nervous system and different physiological processes of the body. Furthermore, 
placebo responses represent a straightforward example of how verbal suggestions 
of benefit can induce changes at the cellular level, thereby placing psychotherapy 
into the neurobiological domain.
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The paradoxes of creativity

Ashish Ranpura and Mark F. Lythgoe

Creativity is the crowning jewel of human cognition, the ability that most 
uniquely characterizes our species. At the heart of subjective accounts of 
creativity are three deeply paradoxical features. First, creative acts are widely 
considered acts of self-expression, yet by many accounts the creative experience 
is selfless and only partially volitional. Second, creative activity is often hypnoti-
cally engrossing, while psychological theories about creativity emphasize loose, 
defocussed thinking. Third, loose associations during creative acts might be 
profligate and degenerate, but creative products are often highly specific and op-
timal. Here we present two novel hypotheses which might explain the paradoxi-
cal nature of subjective accounts of creativity. First, we suggest that creativity 
requires a “quiet mind,” simultaneously focused and disinhibited. Second, we 
describe how this paradoxical activity in the cerebral cortex might support the 
Darwinian selection engine, a previously-proposed network-level mechanism 
for organizing and developing mental representations.

Socrates once asked how a man might become shorter than another without 
losing height (Frankfurt, 2004). It’s a shallow paradox, but by the great philos-
opher’s own admission, dwelling on it makes you dizzy with possibilities. You, 
the clever reader, are even now racking your brain in a flurry of possible inter-
pretations about why a 2,500 year old parlor trick should present such a deep 
philosophical problem. 

Of the many ways in which our thinking might be described as computa-
tion, this desire to push and play with ambiguity remains deeply and essentially 
human. Maybe all creative acts, from tricks with language to artistic expressions 
and scientific insights, prove to us that we are individual souls. They affirm that a 
man must be more than the sum of his constituent chemistry, that insight and in-
spiration are far removed from the mundane machinations of cells and synapses. 
Defining a biology of creativity isn’t just an ambitious project; it’s a proposition 
that profoundly tests our belief in the biological basis of mental life.

We don’t hope to fully resolve this crisis of faith in these pages. Rather, we 
hope that by carefully examining converging lines of evidence and argument, we 
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can sketch out a plausible mechanism that might enable a humble lump of nerve 
tissue to produce an astonishing range of divergent, creative thought. Where 
previous authors have attempted to characterize creativity in terms of the range 
and quality of creative output, here we take a difference approach. We will first 
describe a novel characterization of subjective creative experience in the form 
of three deep paradoxes. The first of these is a paradox of ego: creativity seems 
to require a loosening of egocentric thinking, but creative products are often 
deeply representative of their creator (Limb and Braun, 2008). The second para-
dox is one of focus: the creative moment itself is hypnotically engrossing, while 
creative activity generally requires loose, defocussed thinking (Eysenck, 1995; 
Greely et al., 2008). And finally, the paradox of quality: why do degenerate, loose 
and profligate associations often result in extremely specific, high-quality solu-
tions (Andreasen, 2006)?

We propose two novel hypothesies to account for these paradoxes of creativ-
ity. First, we suggest that creativity requires a “quiet mind,” simultaneously fo-
cused and disinhibited. The quiet mind hypothesis is a novel proposal, and we 
will present both introspective and objective evidence in its favor. Second, we will 
describe how the quiet mind can provide the ideal environment for a Darwinian 
selection engine, a previously-proposed network-level mechanism for organizing 
and developing activity patterns in the cerebral cortex (Calvin, 1996). 

The paradoxes of creativity encapsulate something quirky, something essen-
tially human, that defines creative thinking. In this essay, we will argue that these 
paradoxes are also necessary consequences of a biological mind. By directly tack-
ling the most baffling elements of creativity, perhaps we can find some insight 
into how a very physical brain produces this most spiritual, unique, and somehow 
mundanely human of all experiences.

There is a certain feverish and often uncomfortable intensity that surrounds a 
creative act. The ego comes unhinged. Consciousness, as we normally experience 
it, shifts. At the height of our creative powers, our sense of self begins to dissolve, 
and we lose ourselves in the act of creation. Techniques to help foster creativity 
focus explicitly on subverting the censorious voice of the ego to allow a dormant, 
subconscious self to emerge (Edwards, 1999). But why is creativity so difficult to 
achieve in the course of our normal, conscious experience? 

To have any hope of addressing that question, we’ll limit our discussion 
of consciousness to the process that’s engaged to produce and interpret an in-
ternal monologue – the inner narrator. That’s what most non-specialists mean 
when they refer to consciousness, and roughly corresponds to Block’s concept 
of “access consciousness” (Block et al., 1997). We don’t intend our definition to 
be comprehensive and absolute, but it allows us to make a distinction between 
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those mental processes that we can observe ourselves doing (we’ll call these 
conscious actions) and those processes that we’re unaware of doing (subcon-
scious actions).

That distinction lies at the heart of subjective descriptions of creativity. The 
bulk of what we normally consider a creative process is internal and almost with-
out ego; this lack of conscious access to creativity leads the more spiritually in-
clined to consider the creative act an expression of the soul, or even of the divine. 
More simply put, the majority of the creative process happens subconsciously, in 
the absence of an internal monologue, and often in a trance-like state character-
ized as “flow” (Csikszentmihalyi, 1990). Flow is an egoless rapture, a state of auto-
matic action with its own peculiar feeling of selfless consciousness. The flow state 
is a good illustration of the first paradox of creativity: creativity is both an egoless 
process and a profound expression of the self.

Maybe some aspects of this ego paradox can be clarified with our definition 
of consciousness itself. We are interested in consciousness as the voice of an in-
ternal narrator, an inner monologue through which we comment on our own 
mental life. It follows that fully conscious perceptions need to be unambiguous, 
so that they can be represented in language. The narrow focus of attention should 
encompass the whole of the conscious thought. Subconscious perceptions, on 
the other hand, are characteristically ambiguous – they represent incomplete and 
sometimes contradictory information. For the mind to operate on subconscious 
representations, the language of the inner narrator must be suppressed, ambiguity 
maintained. We suggest that when the mind is able to suppress the linguistic ego 
while still focusing on an abstract thought process, the result is the weird sense of 
dissociation that seems to accompany deeply creative moments.

This simple observation gives us our first hint about a brain mechanism for 
creativity: the creative brain must allow mental representations to remain par-
tially-formed and ambiguous for a prolonged period of time (Gardner, 1984). 

The ego paradox demonstrates the importance of prolonged ambiguity, but 
creativity is also characterized by an intense, bizarrely obsessive focus on the cre-
ative task itself. This tension between unfocused ambiguity and obsessive focus 
on the task is at the heart of the creative experience. It creates a mental state that 
can be fragile, easily lost, and even threatening. The great Russian composer Pyotr 
Tchaikovsky wrote that, “In the midst of this magic process it frequently hap-
pens that some external interruption wakes me from my somnambulistic state… 
Dreadful indeed are such interruptions. Sometimes they break the thread of in-
spiration for a considerable time, so that I have to seek it again – often in vain… 
If that condition of mind and soul which we call inspiration lasted long without 
intermission, no artist could survive it” (Andreasen, 2006).
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Tchaikovsky describes an overwhelming obsession in the creative moment, 
one so powerful that it can’t be maintained for long. But he also describes that 
state as “somnambulistic,” magical, and dreamlike. Tchaikovsky’s paradoxical ob-
servation can be translated into a prediction about brain function: in the creative 
state, the brain has low inhibition for ideas themselves, but high inhibition for 
mental task switching. The creative person is obsessive, and good evidence dem-
onstrates that at the extremes there is a relationship between creativity, mania, 
and obsessional disorders (Andreasen, 1987). But even in its most benign mani-
festations, the paradox of focus is a hallmark of deeply creative thinking.

What can this tension between obsessive focus and loose association tell us 
about the neurobiological mechanisms of creativity? Simply that there is a need 
for both a driver and a vehicle in creative cognition. Strong task-orientation en-
sures that the maximum number of cortical resources are devoted to driving 
the creative project, and indeed in non-pathological situations, creative break-
throughs seem to occur only after periods of intense concentration. This con-
centration represents a drive. At the same time, loose associations and ambiguity 
allow idea generation, unconstrained by filtering mechanisms or goals. An idea 
generating machine can be a vehicle for creativity. A paradoxically focused brain 
is one which is driven to generate the maximum number of task-relevant mental 
representations, without requiring goal-oriented attention.

So far we’ve described creativity as a free-flowing mental state. Ideas blossom, 
interact, and change in the fertile landscape of an attentive but defocused and 
egoless mind. This notion of creativity as principally a generative process is at the 
heart of the Torrence Tests of Creative Thinking, an influential set of cognitive 
instruments that define creativity in the modern neuroscientific sense (Lissitz and 
Willhoft, 1985; Torrance, 1966).

The Torrence Tests do a good job of measuring a certain type of creativity, the 
ability to generate original, divergent solutions to well-defined problems. But prac-
tical artistic and scientific creativity is more elusive. In those situations problems 
are ill-defined and their solutions aren’t immediately recognizable. The most cre-
ative thinkers aren’t necessarily the ones who generate the most ideas or the strang-
est ones. Practical creativity is about insight, the ability to frame both the problem 
and the solution in terms that work. Creative solutions are ones that seem obvi-
ously right to everyone in hindsight, but were never obvious beforehand – they 
tend to elicit the “why didn’t I think of that” response from onlookers.

In other words, the central feature of practical creativity is a judgement about 
quality. The Torrence Tests fail to capture that critical faculty of separating insight 
from nonsense. Dream states, for example, are low-quality, incoherent, and highly 
divergent. Sometimes dreams do inspire creative solutions, but the creative act 
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itself happens when the sense in a dream is distilled from the nonsense. Distilling 
requires expertise applied to a generative process; ultimately, distilling is driven 
by a desire to enact a solution, while the generative process is driven by a desire 
to attend to the creative problem. Finding real creative insights requires original, 
divergent thinking coupled with an ability to recognize high-quality solutions.

This brings us to the final paradoxical aspect of creativity, the paradox of 
quality. How do large numbers of loose, low-quality, mental representations sum 
to a single, high-quality solution? How does the brain flip from divergent creative 
thinking to actual, focused creating? 

Some insight into this strange problem may come from an even stranger 
source: Darwinian evolution. Evolution by natural selection also proposes a sys-
tem of change that begins with profligate, degenerate variants which, after pass-
ing a rigorous fitness test, end up defining a specific and optimal solution. In the 
natural world, a “variant” is simply a creature that’s slightly genetically different 
to either of its parents. This difference may or may not help the creature’s chances 
of survival and reproduction. If the genetic difference does help, then the crea-
ture is more likely to reproduce – and therefore the novel genetic contribution is 
more likely to spread. The proof is in the genetic pudding: creatures that appear 
extremely well-adapted to their environment became that way through massive 
random mutation coupled with specific selection.

Previous theoretical work has described how a Darwinian selection engine 
might be implemented in the neurons that comprise the cerebral cortex (Calvin, 
1996). These neurons are densely interlinked, electrically active cells that repre-
sent information both by the set of physical connections they make and by the 
temporal frequency of their signals. Collectively, the neurons of the cerebral 
cortex represent a sort of tangled “jungle,” a cellular territory with resources for 
sustaining only a limited number of simultaneous activity patterns. The corti-
cal jungle can be colonized by several activity patterns, which might compete 
through a selection engine. In analogy with natural selection, a cortical selection 
engine depends on a few key mechanisms: a way to generate an activity pattern, a 
way to copy and spread that pattern, a way to mutate or degrade the copies, and a 
way for the degenerate patterns to compete for cortical representation. 

This kind of a Darwinian engine could be an excellent generator of creativ-
ity. With the drive of obsessive focus, the engine is pushed to build, mutate, and 
copy a large number of divergent representations of both problems and solutions. 
Each representation is a pattern of activity in the cerebral cortex, and the cortex 
is limited in the number of representations it can support simultaneously. So each 
representation – each creative possibility – competes for representational space. 
But in creative individuals, the representational space isn’t a blank slate. Biases in 
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the cortex, the residue of experience and training, favor certain activity patterns 
over others. Those activity patterns are copied more frequently, and represented 
more often in cortex. Solutions which are too far afield from experience and from 
each other soon wither and die out. Successful mutants help to create even more 
successful mutants, until eventually a single mental representation comes to dom-
inate the jungle. We propose that the paradox of quality is resolved through an 
unsupervised, unconscious accumulation of degenerate changes, superimposed 
on a background of experience and knowledge.

There are times, however, when the background rule of expertise is turned 
on its head. Instances in which a 56-year-old housewife having no experience in 
art suddenly and compulsively begins to paint beautiful and sophisticated scenes 
(Miller et al., 1998). Or a 51-year-old builder, a practical man with no inclination 
towards esoteric expression, suddenly and obsessively begins to fill his house with 
sculpture and poetry (Lythgoe et al., 2005). In these rare and extraordinary sto-
ries, men and women have mostly suffered from damage to the frontal lobes from 
frontotemporal dementia (FTD), or a brain injury of some form.

FTD is an abnormal age-related change in brain structure, and initially it is as-
sociated with personality change and behavioral disinhibition. As the disease pro-
gresses it may affect a patient’s ability to speak and to concentrate. And although 
most patients with brain injuries don’t develop recognizably creative artistic ten-
dencies, a few become profoundly artistically productive (Pollak et al., 2007). Some 
become accomplished visual artists (Lythgoe et al., 2005; Miller et al., 1998), others 
develop astonishing musical abilities (Miller et al., 2000), still others become writ-
ers and poets (Mendez, 2005). In all cases, the artistic productivity seems to reflect 
the paradoxes of ordinary creativity: it is egoless, focused, and, given its spontane-
ous nature, surprisingly high-quality. But in FTD patients, this creativity is often a 
strangely preserved island of ability in a rising sea of struggle and loss.

Why should patients with an overall deterioration in brain function suddenly 
exhibit an improved ability to think creatively? A clue to the answer might be 
found by examining the range of frontal lobe dysfunctions. Previous studies have 
demonstrated that patients with frontal lobe disturbances, including FTD, stroke, 
and traumatic brain injury, do worse at tasks that require egocentric thinking, like 
making judgements about self-relevant adjectives (Kelley et al., 2002). In addition, 
a long history of neuropsychiatry has shown that the frontal lobes are involved in 
task switching, and that frontal lobe damage often results in obsessional thinking 
and perseveration. So paradoxically, mild to moderate frontal lobe dysfunction 
may actually supercharge the Darwinian creativity engine by suppressing the ego 
and prolonging the longevity of degenerate mental representations, while at the 
same time promoting an intensely single-minded task-orientation. The resulting 
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state of mind was captured well by one of our patients, who reported an absolutely 
relentless flood of associations and ideas; as he put it, “Even when looking at my 
kitchen floor I see hundreds of different faces which I need to draw, paint or write 
about.” (Lythgoe et al., 2005). 

The flood of associations that can result from frontal lobe injuries seems to 
be the result of a disinhibited mind (Pollack et al., 2007), what previous writ-
ers have called lowered latent inhibition (Carson et al., 2003). Latent inhibition 
may be described as the capacity of the brain to filter from conscious awareness 
stimuli previously perceived as irrelevant (Lubow and Moore, 1959). The latent 
inhibition theory fits well with anecdotal observations that creative individuals 
are often unusual or eccentric; they simply don’t self-censor to the same extent 
as others. The theory also does an excellent job of explaining the rapture of the 
creative experience, the obsessive focus and the relentless stream of ideas. Sup-
pressing some frontal lobe functions, either through injury or through artificial 
techniques, seems to allow others to be unmasked (Snyder et al., 2003). 

Like the Torrance Tests, the theory of latent inhibition emphasizes idea gen-
eration as the defining element of creative thought. What the theory leaves out is 
the element of insight. Why is it that creative acts are not simply bizarre, but in 
some cases that they are immediately recognizable as innovative and insightful? 
The productively creative individual has the ability to distill sense from nonsense. 
To see what everyone else has already seen in a new and useful way. In short, cre-
ative individuals are able to create.

The advantage of a Darwinian engine theory is that it makes the last explana-
tory leap, from creative thought to creative action. As the engine ticks over, gen-
erating ideas, mutating them, and allowing them to compete with one another, 
eventually a single solution comes to dominate. The dominance of that solution 
is influenced by previous experience, by learned parameters already present in 
the cortical environment. The productivity of the engine can be increased in a 
number of ways. It could happen through an obsessional drive, or by increasing 
the time that ideas have to compete for cortical dominance. It could happen by 
changing the rate of mutation, distorting cortical representations more or less. 
And finally, the creative output of the process can be increased through learning, 
observation and experience – those elements that ultimately switch the brain’s 
Darwinian engine from a drive to contemplate to an ability to create.

The three paradoxes of creativity, the paradox of ego, of focus, and of quality, 
are defining features of this quintessentially human experience. Evidence from 
neuroscience can now support the argument that frontal lobe functions may un-
derlie all three paradoxes. Reduced frontal lobe functions might explain a sup-
pression of egocentric thinking and the experience of flow; obsessive focus and 
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the desire to avoid distraction; and finally, the lifting of widespread inhibition to 
harness the power of a Darwinian selection engine. When these influences are 
tempered by expertise and insight, the ability to engage and the desire to act, the 
humble biology of our brains and bodies can produce a marvelous outpouring of 
soul and spirit.
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Potential contributions of research 
on meditation to the neuroscience 
of consciousness

Antoine Lutz 

Exploring the initial findings of neuroscientific research on meditation, new 
horizons of further inquiry in consciousness research are apparent. While such 
studies of contemplative practices are still in their infancy, early findings prom-
ise to contribute in three key areas. These include: Neuroplasticity –  physiologi-
cal and psychological indices of short and long terms responses of the brain 
circuits that underlie complex mental functions associated with specific types 
of meditation techniques; Mind body Interactions – revealing mechanisms by 
which such training may exert beneficial effects on physical health; and Subjec-
tivity – well developed introspective skills of practitioners potentially shedding 
new light on the neural counterpart of subjectivity. 

How does one define meditation? How does contemplative neuroscience con-
tribute to the study of consciousness? These questions are not easily answered, 
in part because the term “meditation” encompasses many activities and in part 
because of the paucity of empirical data currently available in this field. For these 
reasons, this chapter remains largely programmatic (for details see Lutz et al., 
2006; Lutz et al., 2008). Its overall goal is to explore the initial findings of neu-
roscientific research on meditation; in doing so, it also suggests new horizons of 
further inquiry in conscious research. This chapter has four sections. The first 
section clarifies meditation as an explanandum, provides a brief overview of some 
standard meditation practices and proposes three methodological advantages to 
collaborate with practitioners to study consciousness. These methodological ad-
vantages appear particularly relevant in relation to three neuroscientific agendas: 
neuroplasticity, the interaction of mind and body, and the possibility of neural 
counterparts to subjective experience. These three agendas are discussed in the 
remaining three sections.
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 Meditation as an explanandum

The term ‘meditation’ refers to a broad variety of practices, ranging from tech-
niques designed to promote relaxation to exercises performed with a more far-
reaching goal such as a heightened sense of well-being. It is thus essential to be 
specific about the type of meditation practice under investigation. Failure to make 
such distinctions would be akin to the use of the word “sport” to refer to all sports 
as if they were essentially the same. In order to narrow the explanadum to a more 
tractable scope, this article uses Buddhist contemplative traditions as a paradig-
matic framework. The reason, in brief, is that unlike many contemplative tradi-
tions, Buddhist traditions tend to offer extensive, precisely descriptive and highly 
detailed theories about their practices in a manner that lends itself readily to ap-
propriation into a neuroscientific context. Despite the variety of contemplative 
practices encompassed by the term “meditation” within Buddhism, most Bud-
dhist traditions use a term for meditation that correlates with the Sanskritterm 
bhāvanā, literally, “causing to become.” In Tibetan traditions, the usual translation 
for bhāvanā is gôm (sgom), which roughly means “to become habituated to,” or 
“to become familiar with.” These Buddhist traditions share two axioms articulated 
in highly detailed scholastic texts such as the Abhidharma: (1) that a central goal 
of Buddhist practice is the elimination of suffering, where “suffering” coarsely 
refers to the negative affects associated with physical pain, aging, neurosis or so-
cial stress; and (2) that any effective method to eliminate suffering must involve 
changes in one’s cognitive and emotional states, in particular one’s self-centered 
habits (Gethin, 1998). Meditation is thus conceptualized here as a family of com-
plex emotional, conceptual and attentional regulatory training regimes developed 
for various ends, including the cultivation of well-being and emotional balance.

The most commonly practiced style of meditation consists of focusing or sta-
bilizing concentration on an object such as the breath (this concentrative part is 
here labeled Focus Attention (FA) meditation. See Lutz et al., 2008 for details). By 
cultivating a form of meta-attention, or non-reactive awareness, this technique 
further enables the practitioner to be more anchored in one's experience from 
moment to moment and to gain insight into one’s habits and assumptions about 
identity and emotions (this later stage is here labeled Open Monitoring (OM) 
meditation, see Lutz et al., 2008). This style of meditation is often called Vipassana 
meditation (Vipaśyanā in Sanskrit, or Vipassanā in Pāli) or mindfulness medita-
tion. It is traditionally paired with practices such as compassion and loving-kind-
ness meditations. These meditations often combine an emotional component, 
such as the invocation of a state of compassion, with the development of cogni-
tive schemas, such as the cultivation of a sense of equanimity toward others. The 
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purpose of these compassion-based meditations is to cultivate altruistic behaviors 
and positive effects and to counteract self-centered tendencies. The Buddhist so-
teriological project is thus intrinsically embodied in an explicit effort to directly 
examine, understand and transform one’s mind through meditative training.

The neuroscientific study of advanced practitioners of the aforementioned 
styles of meditation may contribute to the study of consciousness through, 
among others, three methodological hypotheses: (1) Advanced practitioners can 
generate new data that would not exist without sustained mental training. These 
data encompass either meditative states or traits induced by meditation. (2) Ad-
vanced practitioners can robustly reproduce specific features in experience as 
cultivated in a given meditative practice. This reproducibility makes those fea-
tures scientifically tractable. (3) Advanced practitioners provide more refined 
first-person descriptions of their experiences than naïve subjects. Thus, the neu-
rophysiological counterpart of these first-person accounts can be defined, identi-
fied and interpreted more easily by the experimentalist. These hypotheses appear 
particularly relevant in relation to three neuroscientific agendas: neuroplasticity, 
the interaction of mind and body and the possibility of neural counterparts to 
subjective experience. 

Transforming the mind and neuroplasticity

 In the Buddhist tradition, emotions, attention and introspection are viewed 
as ongoing and labile processes to be understood and studied as skills that can 
be trained, similar to other human domains like music, mathematics or sports. 
As a result, the methods employed by Buddhist contemplative practices reso-
nate with widely accepted developmental models of basic cognitive processes. 
This basic stance also reflects another well-documented theory: that experience 
changes the brain, a process known as neuroplasticity. The current findings on 
neuroplasticity raise the possibility that trainings that are specifically designed 
to cultivate these skills will produce specific alterations in brain function and 
structure. Several recent studies have reported expertise-related changes in at-
tentional processing and brain structures in those proficient in attention-based 
meditation. In one study (Lutz et al., 2004), we showed that, in comparison to 
controls, the ratio of fast-frequency electroencephalogram (EEG) activity (25–
42 Hz) to slow oscillatory activity (4–13 Hz) is initially higher on average across 
electrodes in the resting baseline before meditation for advanced practitioners. 
During objectless compassion meditation, this difference increases sharply over 
medial fronto-parietal electrodes and remains higher than the initial baseline in 
the post-meditative baseline. 
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These changes across group and time support the view that meditative prac-
tice induces short-term and possibly long-term functional changes in brain os-
cillatory processes. Similarly, Carter et al. (2005) found that Tibetan Buddhist 
monks were able to perceive a stable, superimposed percept of two dissimilar, 
competing images presented to separate eyes for a longer duration both during 
and after a Focused Attention (FA) meditation but not a form of ‘compassion’ 
meditation. These behavioral findings obtained using a ‘binocular rivalry’ task 
support the hypothesis that extensive training in FA meditation may improve the 
practitioner’s ability to sustain attention on a particular object for a prolonged 
period of time. Building on this finding, we recently investigated the impact of 
Vipassana meditation on the moment-to-moment stability of attention by quan-
tifying the trial-to-trial variability of both reaction time and consistency of brain 
responses, as measured by electroencephalography (EEG) during a selective at-
tention task (Lutz et al., 2009). This measure of variability in both the behavioral 
and brain response is particularly relevant to measure ongoing fluctuations in 
attention stability, which are thought to reflect competitive interactions between 
task-related and task-unrelated processes, such as mind-wandering. For instance, 
Attention Deficit Hyperactivity Disorder (ADHD) patients typically show larger 
intra-individual variability in reaction time than controls during performance 
of sustained attention tasks. We showed that three months of rigorous training 
in Vipassana meditation improved people’s ability to stabilize attention on target 
tones, as indicated by both a measure of consistency of brain response and re-
duced reaction time variability. Furthermore, those individuals who showed the 
greatest increase in neural response consistency showed the largest decrease in 
reaction time variability. 

In the same study we further investigated the impact of OM meditation on 
mental and brain functions. In Vipassana, OM meditation is typically practiced 
once the focus of attention is more stabilized. OM meditation fosters nonreactive 
awareness of the stream of experience without deliberate selection of a primary 
object. Intensive practice can be expected to reduce the elaborative thinking that 
would be stimulated by evaluating or interpreting a selected object. In line with 
this prediction, Slagter et al. (2007) further found, during an attentional blink 
task, reduced elaborative processing of the first of two target stimuli (T1 and T2) 
presented in a rapid stream of distracters, as indicated by a smaller T1-elicited 
P3b, a brain potential index of resource allocation (Slagter et al., 2007). Moreover, 
this reduction in resource allocation to T1 was associated with improved detec-
tion of T2. Because participants were not engaged in formal meditation during 
task performance, these results provide support for the idea that one effect of an 
intensive training in OM meditation might show reduction in the propensity to 
‘get stuck’ on a target, as reflected in less elaborate stimulus processing and the 
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development of efficient mechanisms to engage and then disengage from target 
stimuli in response to task demands.

These changes across group and time support the view that meditative prac-
tice induces short-term, and possibly long-term, functional changes in brain os-
cillatory processes. Consistent with these findings, several groups have started 
reporting meditation-related structural changes using magnetic resonance imag-
ing. In one study, cortical brain regions associated with attention, interoceptive 
and sensory processing were found to be thicker for a group of mid-range practi-
tioners than for matched controls (Lazar et al., 2006). In another study, Pagnoni 
et al. found age effects on gray matter volume and attentional performance among 
Zen meditation practitioners (Pagnoni et al. 2007). While control subjects dis-
played the expected negative correlation of both gray matter volume and atten-
tional performance with age, meditators did not show a significant correlation of 
either measure with age.

Interaction mind and body

Although there are many popular claims about the health benefits of meditation 
and contemplative practice, there is relatively little that is reliably known about 
this potentially crucial issue. It is established that there is bi-directional commu-
nication between the brain and peripheral biological systems, and that this com-
munication proceeds along three basic routes: the autonomic nervous system, the 
endocrine system and the immune system. Some conditions of the peripheral 
biological systems may be affected by meditative practices because those condi-
tions – such as an illness – are susceptible to modulation by the autonomic, en-
docrine and/or immune pathways involved in brain-periphery communication. 
Davidson et al. examined this possibility on individuals randomly assigned to 
a secularized, 8-week course in meditation called the Mindfulness Based Stress 
Reduction (MBSR) program (Kabat-Zinn, 1985) or a wait-list control group. This 
program is routinely used in a clinical environment as a complementary treatment 
to a variety of illnesses such as depression, chronic pain or anxiety (Kabat-Zinn, 
1985). After this training, meditators exhibited a significantly greater antibody 
response to the influenza vaccine than controls. The individual differences in pat-
terns over central electrode locations, interpreted as reflecting dispositional posi-
tive affect (Davidson et al., 2003), were also positively associated with differences 
in antibody response to the influenza vaccine (Davidson et al., 2003). The long-
term consequence of this training is still unknown and is being explored. Carlson 
et al. (2007), for instance, studied the ongoing effects of MBSR on biomarkers of 
stress in a population of cancer patients. 59, 51, 47 and 41 patients were assessed 
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pre- and post-intervention and at 6- and 12-month follow ups. The participation 
in this intervention was associated with enhanced quality of life, decreased stress 
symptoms and altered cortisol and immune patterns consistent with less stress 
and mood disturbance. The long-term question is to evaluate whether repeated 
practice in such techniques could result in enduring changes in the functions and 
structures of peripheral biology and whether these changes are specific to selected 
practices (for a preliminary study on the effect of compassion meditation on the 
immune response see Pace et al., 2009). 

Neural counterpart of subjectivity

As stated above, meditation training may develop introspective skill. Thus, the 
neurophysiological counterpart of the first-person accounts from advanced 
practitioners may be identified more easily by the experimentalist. Furthermore, 
various meditative practices induce a wide variety of altered states of conscious-
ness. Some forms of Buddhist objectless meditation, for example, attempt to de-
emphasize the explicit sense of narrative or autobiographical self, that encompass 
categorical or moral judgment, emotions, anticipation of the future and recollec-
tions of the past, so as to further enhance access to a minimal subjective sense of 
“I-ness”in experience, or ipseity (for details see Lutz et al., 2006). The collabora-
tion with long-term Buddhist practitioners is thus of great potential interest in the 
study of the physical correlates of subjectivity or the self. 

As OM meditation involves the cultivation of awareness of the subjective fea-
tures of a given moment, such as its emotional tone it is conceivable that it engages 
processes involved in introception, or the perception of internal bodily responses 
(Lutz et al., 2008). These processes rely on meta-representations in the brain of 
homeostatic afferent activity (e.g. temperature change or pain), in particular in 
the anterior insula, somatosensory cortex and anterior cingulate cortices (Craig, 
2007). To test this idea behaviorally, we compared two groups of meditators  
(Tibetan Buddhist and Kundalini) to an age- and body mass index-matched group 
of nonmeditators (Khalsa et al., 2008). Contrary to our prediction, we found no 
evidence that meditators were superior to nonmeditators in the heartbeat detec-
tion task, across several sessions and respiratory modulation conditions. Con-
trary to this pilot study and in line with the idea that OM meditation engages 
processes involved in monitoring one’s body state, a recent study found greater 
activity in this neural circuitry during a monitoring state relative to a narrative 
generation state in participants who attended an eight-wee course incorporating 
OM meditation (MBSR) compared with a group of controls (Farb et al., 2007). 
This promising avenue of research critically needs further investigation.
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Finally, while this discussion has focused largely on long-term Buddhist prac-
titioners, it is crucial to note the importance of future research on novices or on 
practices from other contemplative traditions (for an example of a neuroimag-
ing study on Christian contemplatives, see Beauregard et al., 2008). Overall the 
neuroscientific study of contemplative practices is still in its infancy, but the early 
findings promise (1) to underscore the plasticity of the brain circuits that underlie 
complex mental functions; (2) to reveal the mechanisms by which such training 
may exert its beneficial effects on physical health and (3) to potentially shed new 
light on the neural counterpart of subjectivity. 
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Self-induced altered states of consciousness

Bangalore N. Gangadhar and Naren P. Rao

Consciousness can be altered willfully. There are different methods to induce 
altered state of consciousness including psychological means. While some such 
induced states are pathological many others are not. Indian and other eastern 
concepts emphasize one can induce “higher states of consciousness” oneself. 
Physiological changes are observed in these altered states of consciousness that 
point to a neural basis.

Consciousness has attracted attention of scientists from various disciplines and 
has been called the last frontier of science. However, there is no uniform defini-
tion of consciousness. It is a multi-faceted concept with different definitions but 
has been used mainly in three meanings: consciousness as awareness, conscious-
ness as experience and consciousness as mind. 

From a medical viewpoint, in neurology, consciousness is equated with wak-
ing state, with the abilities to perceive, interact, and communicate with others in 
the integrated manner. This ranges from waking through sleep into coma. How-
ever, in addition to its outward characteristics, consciousness has inner characters 
too, which are qualitative. This inner experience is beyond the normal aware-
ness and is explained in Eastern philosophical traditions as “being aware of one’s 
awareness”. Neurophysiologically, consciousness has two components, namely 
vigilance (the level of wakefulness) and awareness. Awareness is further divided 
into conscious perception of the environment and of our inner world, that is self-
awareness (Laureys, 2005). 

Altered states of consciousness 

As there is no uniform definition of consciousness, the term ‘altered states of con-
sciousness (ASC)’ though encountered frequently, has defied systematic definition 
and boundary. Various conditions, ranging from reversible to irreversible have 
been described. Though some of the pathological conditions are irreversible, most 
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of the authors restrict the term ASC to reversible, short term conditions (Farthing, 
1992). The Altered states of consciousness consortium, has focused mainly on clini-
cal conditions or those states induced by physiological and psychological methods. 
ASC can be classified based on whether it is spontaneous or induced. Spontaneous 
altered states of consciousness occur in health during daily activities and include 
states of drowsiness, hypnagogic states, sleep and daydreaming. 

The induced variety can be autogenous (that is induced by self) or allogenous 
(that is induced by others). The mode of induction may vary namely, physical, 
physiological, pharmacological or psychological. Examples of Physically and Phys-
iologically induced altered states of consciousness include respiratory maneuvers, 
sexual activity and orgasm, extreme environmental conditions, starvation, sen-
sory deprivation, homogenization (a homogeneous perceptual field usually visual 
but may also be auditory) or overload. Those induced by Psychological means 
include myriads of conditions namely relaxation, different kinds of meditation 
(Pranayama, Sudarshan Kriya, Transcendental Meditation, Om meditation), hyp-
nosis, biofeedback and rhythm-induced trance. Pharmacologically induced ASC 
are the result of use of psychoactive substance like LSD. From a medical point, 
ASC can be physiological or pathological. Physiologically induced states are as 
described above. Pathological ASC may be organic or functional. Epilepsy is an 
example for organic ASC and dissociation is an example for functional ASC. 

In this review, we focus on self-induced altered states consciousness by psy-
chological methods and briefly discuss about the Indian and eastern concepts of 
consciousness with a focus on ‘higher states of consciousness’.

Phenomenologically, altered states of consciousness are heterogeneous. As 
seen above, the causes of ASC are multitude, so also the features of ASC. A num-
ber of dimensions have been proposed by different authors to define the charac-
teristics of altered states of consciousness for example Farthing (Farthing, 1992) 
proposed a 14-dimension concept. 

A four dimensional descriptive system has been proposed recently to de-
scribe the phenomenology and physiologic mechanisms behind altered states of 
consciousness. Alterations in one or many of these can result in altered state of 
consciousness (Vaitl et al., 2005). The four dimensions are activation (readiness 
of an organism to interact with its physical or social environment), awareness 
span (variability of contents available for conscious processing), self-awareness, 
and sensory dynamics (sensory and perceptual component of subjective experi-
ence). Different methods of induction cause alterations in different dimensions in 
both the directions; the experiences are either enhanced or reduced. For exam-
ple, sensory deprivation results in decrease in sensory dynamics and activation, 
but awareness span is increased. In meditation, activation and self-awareness is 
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reduced and awareness span and sensory dynamics varies according to the kind 
of meditation technique –  it may be narrowed in concentrative meditation but 
widened in mindfulness meditation. In dissociation, while there is decrease in 
self-awareness other three dimensions are preserved. Among the four dimen-
sions, activation is the basic and is nearest to the physiological description as it is 
related to changes in autonomic nervous system. However, the other dimensions 
are related to central and regulatory functions of higher brain regions.

These mechanisms are related to the clinical features of ASC as exemplified in 
two common forms of ASC, one being pathological – dissociation and the other 
being psychological self induced – meditation.

Dissociation.  The essential feature of dissociative disorders is a disruption in the 
usually integrated functions of consciousness, memory, identity or perception of 
environment. Significant stressful event precedes the onset of symptoms. Differ-
ent subtypes of dissociative disorders have been described; conversion disorder, 
dissociative amnesia, dissociative fugue and dissociative identity disorder. In dis-
sociative stupor there is significant reduction or absence of voluntary movement 
along with disturbance of consciousness in which patient is neither asleep nor 
conscious. In dissociative amnesia, there is a loss of knowledge of personal iden-
tity with preservation of other information. In dissociative fugue, in addition to 
amnesia, an impulse to wander is present; the patient may travel away from home 
and at times to unusually long distances. Sometimes, a partial new identity may 
be assumed. The most interesting and widely publicized form of dissociation is 
dissociative identity disorder (earlier called as multiple personality disorder). In 
this there are two or more distinct identities, each with its own relatively endur-
ing pattern of perceiving, relating to and thinking about the environment and 
self. Most of them lack memory of other personality but some know each other 
(Merskey and Piper, 1998). Thus, importantly, there is decreased self-awareness 
along with reduced activation and awareness span.

Meditation.  There are different methods of yogic practice and each has differ-
ent dimensions of altered state. Among the meditation techniques, Transcen-
dental Meditation (TM) and Sudarshan Kriya Yoga (SKY) are widely examined. 
SKY consists of specific sequence of breathing patterns (pranayam) separated by 
brief periods of normal breathing: Ujjayi is the phase of slow strained breath-
ing, bhastrika is forceful exhalation and a meditation phase of chanting Om 
(Janakiramaiah et al., 2000). This cyclical breathing is practiced with a rate of 60 
cycles per min up to a period of 20 minutes. The procedures are synchronized 
with chanting of mantra “so hum”. The subjective experience is of excitation, fol-
lowed by emotional calming with mental activation and alertness. 
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Neural basis of consciousness 

Pioneering work of Moruzzi and Magoun revealed that ascending reticular ac-
tivating system in brainstem and thalamus regulates the state of consciousness 
(Moruzzi and Magoun, 1949). However, later studies in animals showed that 
consciousness does not depend upon one structure: rather, multiple structures 
are involved in maintenance and modulation of wakefulness. These structures 
include cholinergic nuclei in brainstem and basal forebrain; locus coeruleus, the 
noradrenergic nuclei; histaminergic projection from posterior hypothalamus 
and dopaminergic and serotonergic pathways from brainstem. Functional im-
aging experiments in humans have also confirmed the involvement of these ar-
eas in maintenance of consciousness: during slow wave sleep there is decline in 
blood flow in rostral brainstem, thalamus, prefrontal cortex and cingulate cortex 
(Hofle et al., 1997). 

Electrophysiological studies have shown that in wakeful state, thalamocortical 
neurons are tonically depolarized by cholinergic, noradenergic and histaminergic 
inputs from the brainstem and hypothalamus, which block a hyperpolarizing po-
tassium conductance. During sleep, there will be a simultaneous disinhibition of 
reticular nucleus of thalamus and reduction of inhibitory cholinergic input from 
brainstem resulting in a synchronized GABAergic thalamocortical inhibition. 
Interestingly, recent functional neuroimaging studies have suggested possible 
role of precuneus in self-consciousness and sense of agency. Precuneus and sur-
rounding area have highest resting metabolic rates in non self-referential goal di-
rected activities. Also, consistent with the above, there is hypometabolism in this 
area in altered states of consciousness like sleep, vegetative states and anesthesia 
(Cavanna and Trimble, 2006). 

Neural basis of altered states of consciousness 

Meditation.  Transcendental meditation is associated with decreased heart rate 
and higher skin resistance. The changes may reflect the change in the state of con-
sciousness of the subject from awareness to altered transcendental consciousness. 
Different changes like increase in alpha activity and coherence have been noted in 
EEG, during meditation (Fenwick et al., 1977). Some have proposed this as reflec-
tive of ordering of the mind but considered nonspecific by others. 

Individuals who practiced meditation for a long term differed from those who 
practiced for only a short term with respect to theta activity over frontal region. 
Interestingly, there was also increased theta synchronization in left prefrontal 
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cortex and posterior association cortex suggesting an emotionally positive state. 
SKY results in increased brain perfusion, increased vigilance and slowing of heart 
rate due to parasympathetic dominance and people feel calmed. This subsequent-
ly, results in thalamic stimulation in turn quieting of frontal cortex. This is re-
flected in EEG as increased beta activity and increased alpha activity (Brown and 
Gerbarg, 2005). 

Functional neuroimaging studies 

With the advent of functional neuroimaging, a new window was opened to in-
vestigate the neurobiology of meditation and the dynamic neurophysiology of 
altered states of consciousness. Different techniques like positron emission to-
mography (PET), single photon emission computed tomography (SPECT) were 
used (Newberg and Iversen, 2003). Different forms of meditation have been 
examined namely yoga, tantric meditation, Tibetan meditation. Interestingly, 
though the techniques differed, most of them had activation of prefrontal cortex 
and hippocampus but in one study, there was decreased activation of parietal cor-
tex (Newberg and Iversen, 2003). Recently Lazar and colleagues used functional 
magnetic resonance imaging (fMRI) in a study. They examined fMRI changes 
associated with kundalini meditation in five practitioners. There was activation of 
neural structures involved in attention (frontal and parietal cortex) and arousal/
autonomic control (pregenual anterior cingulate, amygdala, midbrain and hypo-
thalamus) on meditation. There was also a significant activation identified in the 
putamen, precentral and postcentral gyri as well as hippocampus/parahippocam-
pus suggesting their role in meditative states (Lazar et al., 2005). 

OM meditation.  Meditation involves chanting of certain mantras while focusing 
on breathing. One of the important chanting used in meditation is ‘OM’. Thus, 
OM meditation has attracted several researchers. In one study, the auditory 
middle latency evoked response potential obtained during OM meditation had 
shorter latency and larger amplitude suggestive of a possible midbrain-thalamic 
activation. There was also a lowering of sympathetic tone or increase in parasym-
pathetic tone, which could be because of the effects of OM chanting on limbic 
circuits (Telles et al., 1994). Recently, we studied neurohemodynamic correlates 
of OM chanting using fMRI. Significant deactivation was observed in bilateral or-
bito-frontal, anterior cingulate, parahippocampal gyri, thalami, hippocampi and 
right amygdala. Together, these indicate limbic deactivation that may help quiet-
ing the emotions (Kalyani et al., 2009).
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Self induced hypnosis.  Hypnosis is both self-induced and induced by others. 
Hypnosis is reported to be associated with left dorsolateral prefrontal inhibition; 
neuropsychological studies have shown impaired letter fluency. EEG studies have 
reported higher delta and theta EEG activity posteriorly and alpha and beta-1 ac-
tivity anteriorly during hypnosis, suggesting the co-occurrence of electrophysi-
ological characteristics of lowered vigilance and increased attention (Katayama 
et al., 2007). 

Relaxation.  Relaxation predominantly has three components- focusing, passivity 
and receptivity. Focusing is the ability to concentrate on a single stimulus; passiv-
ity is the ability to refrain oneself from an active analytical thinking; receptivity 
is the ability to tolerate different contrasting experiences. Relaxation is associated 
with physiological changes such as decrease in sympathetic activity, resulting in 
bradycardia, decreased skin conductance, peripheral vasodilatation, decreased 
oxygen consumption (Shapiro and Lehrer, 1980). Imaging studies have shown ac-
tivation of left superior temporal gyrus and anterior cingulate cortex (Critchley et 
al., 2001). Particularly, there was a strong relation between enhanced anterior cin-
gulate activity and voluntary control of bodily arousal. Thus, relaxation, capable 
of reducing autonomic and central arousal can also be utilized to induce ASC.

Dissociation.  Three neurobiological theories of dissociation have been proposed; 
neuro-chemical, epileptic model and hemispheric laterality model. Neurochemi-
cal theories indicate that stress increases release of glutamate and results in devel-
opment of dissociative symptoms (Loewenstein and Putnam, 2005). This is based 
on the observation that NMDA receptor antagonists like ketamine, can result in 
release of glutamate and subsequently dissociation like symptoms. This is also 
supported by hippocampal volume loss in structural MRI studies. However, in 
addition to glutamate, serotonin and noradrenaline are also implicated as LSD 
and Yohimbine can also result in dissociative symptoms. The epileptic model is 
based on the observation of dissociative symptoms in patients with epilepsy dur-
ing preictal and ictal stages and increased prevalence of temporal slow waves in 
dissociative disorder.

Thus, while some of the allogenous altered states may follow ‘bottom-up’ 
method with main effect on activation; autogenous altered states of conscious-
ness probably follow a ‘top-down’ inhibition. That is, through different mecha-
nisms, there is either exertion of self-control (as in meditation, relaxation) or 
loss of control (as in dissociation), which in turn results in changes in autonomic 
and cortical functions. This subsequently results in increase or decrease in one or 
more of the four domains of consciousness leading to altered state of conscious-
ness (Vaitl et al., 2005).
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Indian and other Eastern thoughts

Indian thought conceptualizes consciousness as a multilayered entity. It differ-
entiates awareness from consciousness; basic level of consciousness is called as 
chethana or pragna (awareness). On this, the chitta or manas (mind) is created 
by the sensory and motor systems (Indriyas). Manas responds to the input from 
indriyas and decides whether to reject or accept these inputs. Above the ma-
nas lies the buddhi (intelligence) which discriminates and imposes decision on 
manas. Above the level of awareness comes ‘self-awareness’ or ‘I’ness, which is 
being aware of oneself. The ‘I’ can perceive the action of mind and can restrain 
the mind. 

According to Upanishads, the ancient Hindu scripts, consciousness evolves in 
each individual from physical plane to vital plane to mental plane. If one could rise 
above the mental plane they can reach the plane of creative intelligence (budhi) 
and then that of bliss (ananda). This is described in Taittariyopanishad as different 
layers of consciousness: physical (anna-mayakosa), psychic (mano-mayakosa) 
and beautitudinous (ananda-mayakosa) (Tandon, 1995).

Mandukyopanishad describes four states of consciousness: Jagratha (awake 
state), Swapna (dream state), Sushupti (deep sleep state) and Thuriya avastha (the 
fourth state – non-dual or thoughtless state). The fourth state is described as a 
state in which thoughts cease and mind is still. There will be a feeling of great hap-
piness or bliss (Ananda) and there will be no external or internal impulses reach-
ing from peripheral sensory systems. Patanjali, the father of yoga, in his yoga sutra 
describes fourth state as the one in which “the individual is firmly established in 
his original state. In all other states, the individual identifies himself with his mind 
and thoughts”. That is, in fourth state, an individual eliminates the limitations by 
his body, senses, mind, thought and reaches a thoughtless and infinite state of 
pure awareness (Ramamurhti, 1995).

Though Upanishads and other treatises give different descriptions of stages of 
consciousness, all of them emphasize on the cosmic consciousness as the source 
of all consciousness. Also, Indian and other Eastern thoughts emphasize that 
one can achieve a healthy ASC through practice, different from pathological or 
physiological ASC (Tandon, 1995). In yoga, the individual is trained to prevent 
sensory impulses from reaching consciousness – initially both exteroceptive and 
proprioceptive and later, even the nociceptive. These impulses are not only pre-
vented from reaching consciousness but also from eliciting limbic and autonomic 
responses. As the yogi practices, fewer and fewer sensory impulses reach con-
sciousness. The Yogi gradually starts controlling his thoughts and consciousness. 
Two techniques have been described in Hindu-Budhist traditions for controlling 
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thoughts. One is to actively suppress the thoughts, which arise and concentrate on 
only one thought. The second technique is the standing back technique and is the 
basis of Buddhist Vipasana meditation in which the individual is trained to allow 
every thought that arises to flow through without in anyway controlling them. In 
the course of time, the thoughts subside and only one thought will remain. This 
too disappears after some more time and the yogi reaches the thoughtless fourth 
state. This is also described in Bhagavadgita as ‘realizing that natural elements 
like mental waves and disturbances reside in the nature of our body, the wise man 
does not get attached to these and stands back’ (Deshmukh, 2009).

Though the possibility of attaining higher states of consciousness was de-
scribed much earlier, interest resurged in the last few decades with the scien-
tific investigation of Transcendental meditation and Zen traditional meditation 
(Wallace, 1970). In a landmark study, those who practiced Transcendental medi-
tation (TM) had increased skin resistance, decreased heart rate and oxygen con-
sumption. In addition, there were interesting EEG changes, namely large ampli-
tude alpha waves that were different from sleep (Wallace, 1970). Similar changes 
were observed in practitioners of Zen meditation (Kasamatsu and Hirai, 1966). 
The authors interpreted the EEG pattern as special state of consciousness in which 
the cortical excitatory level becomes lower than the ordinary wakefulness but is 
not lowered as in sleep and yet outer and inner stimulus is precisely perceived 
with steady responsiveness. The altered conscious state achieved is also different 
from those induced by hypnosis or autosuggestion. 

A recent study investigated structural changes in brain following medita-
tion. Cortical thickness of a group of mindfulness meditation practitioners and 
matched controls who were non-practitioners was compared. Interestingly, medi-
tation practitioners had significantly higher cortical thickness in Right anterior 
insula, right middle and superior frontal sulci than non-practitioners. The thick-
ness was more pronounced in older participants and authors inferred that medi-
tation might offset age-related cortical thinning. In addition, there was a corre-
lation between meditation experience and cortical thickness indicating cortical 
plasticity is associated with meditation (Lazar et al., 2005). 

Conscious–Nonconscious interface

Several physiological and pathological processes affect consciousness. Net effect 
is a behaviorally observed altered state of consciousness. The external/outward 
presentation may not necessarily depict the true consciousness. That the con-
sciousness so also its altered state can be experienced is strange but true. The 
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experience or ‘inner’ consciousness is poorly examined. Much of this is a teaching 
from Eastern philosophies. 

In Indian Vedanta literature, the self (purusha) is described as threefold – the 
outer bahyatman, the inner antaratman and the transcendental paramatman.The 
bahyatman is the outer body which is made of sense organs. The antaratman is the 
one that perceives the physical and mental states, in other words the conscious-
ness. The transcendental state, paramatman, is realized by one who masters the 
yoga (self integration), the pranayama (quiet, conscious breathing), pratyahara 
(detatched attitude) and Samadhi (absolute ultimate reality) (Deshmukh, 2009). 
This, though an altered state, is a heightened state of consciousness in which the 
person is beyond senses which is unthinkable and indescribable. The Indian 
thought emphasizes the continuum along the conscious and non-conscious states 
and importantly this altered state can be produced willfully.

Attempts have been successfully made to autogenously alter the states of con-
sciousness. While the behavioral manifestations are observable, the experience 
remains subjective. The efforts have been directed to objectively assess this inner 
state. Such attempts may be compared to the ‘blind men describing the elephant’. 
Manipulations in the inner consciousness by will have also led to changes in the 
observed consciousness. The observations included several variables that also 
measure physiological changes in different organs and brain. The evidence for 
this autogeneously induced altered states of consciousness has been substantial; 
neurophysiological changes both at periphery and central are willfully produced 
in the process of altering the state of consciousness. 

Conclusion

Consciousness is an active and dynamic state. The experience or ‘inner’ con-
sciousness is poorly examined. Much of this is a teaching from Eastern philoso-
phies. Attempts have been successfully made to autogenously alter the states of 
consciousness. This is a paradigm shift in the past three decades as regards our 
understanding of mind and matter. If properly harnessed it has the potential for 
several applications in health sciences.
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Beyond the boundaries of the brain

Dean Radin 

Does telepathy – a purported means of communication unmediated by the 
ordinary senses – exist? Experimental evidence, meta-analyses and debates 
suggesting an affirmative answer can be found in a growing number of main-
stream journals, and a physical basis for telepathy appears to be increasingly 
plausible based upon considerations of quantum holism and advancements in 
quantum information processing. Future neuroscience models of conscious and 
unconscious perception may be obliged to take into account a common human 
experience once dismissed as mere superstition.

Most people, most of the time, take for granted that reality – the objective world 
“out there,” independent of ourselves – is revealed by common sense. This is as 
true for the general public as it is for most scientists. Common sense presents a 
reality where objects are separated from one another in space and time, the world 
is stable and independent of observers, causality is a mechanistic, deterministic 
process, time is strictly unidirectional, and so on.

The problem is that we know this picture of reality is false. Not just mildly 
wrong, but incorrect in fundamental ways. By probing ever deeper into the fab-
ric of reality, physics has revealed that naïve realism is based upon a miniscule 
slice of a much larger and exceedingly variegated world. Einstein’s theories tell us 
that what were once thought to be basic building blocks of reality – space, time, 
matter and energy – are not foundational after all, but intertwined relationships. 
Quantum mechanics shows that objects are not as separate as they appear to be, 
but entangled beyond the usual boundaries of space and time. Even our most 
cherished assumptions about local reality – that the world exists independently of 
observation – has been empirically falsified (Gröblacher et al., 2007). And some 
physicists now suggest, in the pages of Nature no less, that “The only reality is 
mind and observations, but observations are not of things. To see the Universe 
as it really is, we must abandon our tendency to conceptualize observations as 
things” (Henry, 2005).
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If exotic physics seems too far removed from human experience, then con-
sider that conscious awareness is the only direct link to reality available to us, and 
awareness is a mere trickle of the torrents of information unconsciously being 
processed by the nervous system and brain. In the process of throttling down this 
information for the sake of cognitive efficiency, the brain tricks us into perceiving 
not the world as it is, but as we expect it to be, or what might be expedient for the 
sake of survival. The lesson is that when it comes to pondering the boundaries 
between objective and subjective realities, it is useful to cultivate tolerance for the 
unexpected.

And for good reason, for when probing that enigmatic boundary, we can 
quickly encounter phenomena that aggressively violate common sense. Such ex-
periences tend to be labeled anomalous, paradoxical, paranormal, or if the mis-
match is too intense, bizarre or crazy. One such phenomenon, telepathy, involves 
a class of human experiences documented throughout history, in all cultures, and 
at all educational levels. These experiences are readily accepted by the majority of 
the world’s population, but the possibility that it is what it appears to be is either 
studiously ignored in academia, or its mere existence is flatly and occasionally 
vehemently denied.

A forgotten episode in the origins of the neurosciences

An introspective country youth decided to become an astronomer. While at the 
university, the pace of big city life disagreed with his simple ways, and so he 
left school. It being peacetime, he decided to enlist in the cavalry for a year of 
service, looking forward to a year of riding horses and enjoying the outdoors in 
relative serenity.

One morning, while on a training exercise, his horse was spooked and sud-
denly reared. He was tossed into the air and landed hard on the road directly 
in the path of a fast-approaching, horse-drawn cannon. With sudden horror, he 
knew that he was about to be crushed. Miraculously, the driver of the artillery 
battery managed to stop the horses just in time. The accident left him shaken but 
without serious injury.

At that very moment, a hundred miles away in his family’s home, the young 
man’s sister was suddenly overwhelmed with an ominous certainty that something 
bad had happened to her brother. She anxiously insisted that their father contact 
him, and he did so using the fastest means possible at that time – a telegram.

That evening, the young man received the telegram and became concerned, 
because he had never before received a telegram from his father. Then, upon read-
ing his sister’s urgent concern about his well-being, he realized that his feelings of 
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intense fear earlier in the day had somehow reached his sister. Many years later 
he wrote in his memoirs, “This [was] a case of spontaneous telepathy in which at 
a time of mortal danger, and as I contemplated certain death, I transmitted my 
thoughts, while my sister, who was particularly close to me, acted as the receiver” 
(Berger, 1940). 

This experience profoundly transformed the young man’s interests from the 
mysteries of outer space to the mysteries of inner space. After finishing his mil-
itary service, he returned to the university and focused on learning medicine, 
determined to understand how the “psychic energy,” as he called it, could have 
possibly carried a telepathic message to his sister a hundred miles away.

After many years of concentrated effort, this man finally published his record-
ings of human brainwaves (in 1929). With this invention, German psychiatrist 
Hans Berger established his place in the history of the neurosciences, because for 
the first time he showed that electrical activity of the human brain was correlated 
with subjective states of mind.

What is less well known is that Berger also pursued an experimental program 
investigating telepathy in hundreds of people. He was attempting to develop an 
explanation for his sister’s telepathic episode based upon a “mental radio” anal-
ogy. To his regret the analogy proved to be inadequate because it did not explain 
how his sister could have detected ultra-weak electromagnetic signals over many 
miles, and even if she could, there were no known means of “decoding” those 
signals. Berger was stumped by his sister’s apparent “non-local” connection with 
him, a connection that defied all known physical laws of the day. Not surprisingly, 
his colleagues did not think highly of his interests, and today hardly anyone re-
members the origins of the EEG.

Experimental tests

Many scientists have heard stories from trusted friends that resemble Hans Berger’s 
experience, or they have personally encountered episodes of their own. Starting 
in the mid-1800s, controlled experiments were devised to explore whether these 
effects were best understood in terms of coincidence, misreporting or confabula-
tion, or whether it might be a phenomenon involving genuine distant commu-
nication. Over the past half century, one of those methods has been refined and 
repeatedly tempered into a simple but effective laboratory demonstration.

The method is known as the ganzfeld (German for “whole field”) telepathy 
experiment. A participant in the ganzfeld condition reclines in an easy chair in a 
sound-proof room with translucent hemispheres placed over his or her eyes. The 
participant’s face is illuminated with a soft red light, the eyes remain open, and 
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white noise is played over headphones. After a few minutes in this state, most 
participants accommodate to the uniform stimuli and soon afterwards begin to 
experience mild visual and auditory hallucinations.

The experiment involves two people, a nominal “sender” and “receiver.” The 
receiver relaxes in the ganzfeld condition in an isolated, shielded location while 
a sender, sequestered in a distant room, views a video clip randomly selected out 
of a large pool of potential target clips. The sender is asked to mentally send the 
contents of the target clip to the receiver, and the receiver is asked to speak aloud 
his or her mental impressions into an audio recorder. A typical test session lasts 
about 30 minutes, during which time the sender might view 15 to 20 repeated 
presentations of the same video clip.

After the sending period ends, the receiver is taken out of the ganzfeld con-
dition by an experimenter who is also blind to the actual target. The recorded 
mentation is played back while the participant views four video clips in random 
order, one the actual target along with three decoys. The clips in these target 
pools are previously arranged to be as different from one another as possible to 
help the receiver select just one of the four clips as the best match to his or her 
subjective impressions.

Under the null hypothesis, the probability that the receiver will correctly 
guess the actual target is 1 in 4, for a 25% chance hit rate. Over repeated sessions 
if the average hit rate is sufficiently above 25%, this provides evidence for a com-
munications anomaly that confirms the essence of anecdotal reports of telepathy.

To provide valid interpretation of data collected in these experiments, dili-
gence must be exercised to prevent any conventional means of communication 
between sender and receiver. Surveillance may be employed to detect subject or 
experimenter fraud, methods used to ensure adequate randomization of targets, 
and laboratories obsessively checked to shield against potential cues carried by 
third party confederates, or by sounds, vibrations, odor, lights, or electromagnetic 
signals. Most modern versions of these tests use fully automated digital recording 
and video presentations. 

Cumulative results

From 1974 to 2008, 32 principal investigators, representing a dozen laboratories 
located in Europe, North and South America, published 112 articles describing 
ganzfeld telepathy experiments. Cumulatively they report 1,498 hits in 4,705 tri-
als, resulting in an overall hit rate of 31.8%, as compared to the chance expected 
25%. This hit rate is associated with a p value of 3 × 10−30. 
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Starting with Hyman (1985), the accumulated data began to be reviewed us-
ing meta-analytic techniques; this history is reviewed in Storm and Ertel (2001) 
and Radin (2006). Of the half-dozen published reviews, including two by scientists 
with long histories of skepticism about this phenomenon, all agreed that the ef-
fect size was significantly positive. An initially negative conclusion by Milton and 
Wiseman (1999) was later found to have used inappropriate statistics; when cor-
rected it too revealed a significant outcome. All of the reviewers also agreed that 
the results could not be plausibly explained by selective reporting practices, and 
all but one found that effect sizes did not vary with experimental quality. In the 
one exception, Hyman (1985) claimed that effect sizes declined with improved ex-
perimental quality, implying that apparently positive results were due to design or 
implementation flaws. But ten independent scientists, including two statisticians 
and two psychologists not previously involved in the debate, reviewed his argu-
ment and none agreed with his conclusion. In addition, a team of avowedly skepti-
cal researchers led by Delgado-Romero and Howard (2005) successfully repeated 
the experiment, obtaining the same 32% hit rate estimated by the meta-analyses.

Meta-analysis of conceptually similar experiments based on conscious aware-
ness of the feeling of being stared at by a distant person, reported by Sheldrake 
(2003) and others, show similar results (Radin, 2005). In 60 reported experiments 
comprising a total of 33,357 individual trials, an overall hit rate of 54% was ob-
tained where chance expectation was 50%. The weighted mean effect size for this 
4% excess was associated with p = 5 × 10−17.

Neuroscience perspective

If interpretation of these conscious-report experiments is correct, then one might 
expect to find unconscious physiological correlates between isolated dyads, one 
of whom is exposed to stimuli at random times while the responses of the other is 
monitored. Experiments investigating such correlations using EEG measures were 
first reported in student-teacher dyads by Tart (1963) and in identical twins by 
Duane and Behrendt (1965), the latter report published in Science. Those articles 
stimulated ten replications by eight groups around the world. Of the ten, nine re-
ported positive results, including reports by Targ and Puthoff (1974) in Nature, by 
Rebert and Turner (1974) in Behavioral Neuropsychiatry, and by Orme-Johnson 
et al. (1982) in the International Journal of Neuroscience.

In the 1990s, a new series of EEG correlation studies were reported by 
Grinberg-Zylberbaum et al. (1994) in Physics Essays, again stimulating a flurry 
of successful replications (including Radin, 2004; Wackermann et al., 2003; and 
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Standish et al., 2004). To investigate the source of these EEG correlations, ex-
periments conducted by Standish et al (2003) using an fMRI found that the visual 
cortex of the receiver was significantly activated while the distant sender viewed 
a flickering checkerboard pattern. This group later successfully replicated their 
original finding (Richards et al., 2005).

In addition, some three dozen studies conducted by laboratories in the United 
States, Germany, and the United Kingdom have reported similar effects using 
autonomic measures, such as skin conductance and heart rate. Meta-analysis of 
those studies by Schmidt et al. (2004) concluded that they showed significant, re-
peatable effects, and that alternatives such as selective reporting were insufficient 
to explain the results.

Discussion

Innumerable anecdotes involving apparent telepathic connections have motivat-
ed scientists since the late 1800s to experimentally investigate these experiences. 
As of 2009, over 200 laboratory experiments studying conscious and unconscious 
forms of telepathy have been published. Based upon the peer-reviewed empirical 
evidence, it is clear that distant forms of communication consistent with anec-
dotal reports of telepathy are repeatedly observed under scientifically controlled 
conditions. One might expect that this phenomenon would be well accepted by 
now. But many scientists remain skeptical. Why?

The short answer is that many scientists, perhaps most, assume that what is 
possible in human experience can only be based on common sense models of 
reality. From that perspective, telepathy is impossible because it violates the te-
nets of naïve realism, and thus any positive evidence has to be flawed. There is no 
alternative, and from this stance, ESP can only mean “error some place” rather 
than “extra-sensory perception.”

But knowing that naïve realism is an incorrect ontology, we might ask wheth-
er a slightly more comprehensive understanding of the fabric of reality would pro-
vide more plausible support for telepathy. An affirmative answer seems increas-
ingly likely given that quantum entanglement, or what Einstein called “spooky 
action at a distance,” has been unequivocally demonstrated as fact in the micro-
scopic world, and a growing number of physicists now believe entanglement also 
extends into the macroscopic world. As Vedral (2008) writes in Nature, “Tradi-
tionally, entanglement was considered to be a quirk of microscopic objects that 
defied a common-sense explanation. Now, however, entanglement is recognized 
to be ubiquitous and robust.” From this perspective, which reframes the meaning 
of a physical object, the brain is not completely locked inside the skull. Parts of 
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it also exist beyond conventional space-time. This suggests that brain processes 
responsible for ordinary perception may be influenced not only by local sensory 
information, but by impressions received from what common sense would label 
“at a distance.” Evidence supporting the existence of such effects in living sys-
tems can now be found in studies involving photosynthesis at room temperature, 
which “contrasts with the long-held view that long-range quantum coherence be-
tween molecules cannot be sustained in complex biological systems, even at low 
temperatures” (Collini et al., 2010).

Could the brains of Hans Berger and his sister have been entangled not just 
emotionally, but physically? Could those brains have “co-processed” information 
regarded as important to both individuals? Does this “psychophysical entangle-
ment” lead to remarkable coincidences between separated identical twins, such as 
a case reviewed by Playfair (2003) in which a healthy man suddenly experienced 
a suffocating pain in his chest while hundreds of miles away, at the same mo-
ment, his identical twin suffered a heart attack? At this point such ideas are purely 
speculative, but such possibilities are no longer unthinkable.

In sum, telepathy is a common human experience once dismissed as mere 
superstition. But faced with countless anecdotes, accumulating empirical confir-
mation, and rising theoretical support, it appears to merit a second look. The 
implications of genuine telepathy for our understanding of perception, conscious 
and unconscious processes, the sense of personal self, and many other aspects of 
subjective experience, are intriguing. 
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Plants of the gods and shamanic journeys

Elaine K. Perry and Valerie Laws

Among agents which alter the boundary between conscious and non conscious 
cognition, the ritualistic use of plant species (often in a spiritual context, hence 
‘plants of the gods’) provides an example of long-standing empirical knowledge 
subsequently verified by scientific (chemical, pharmacological and psycho-
logical) evidence. Based on such an impressive record of acquired knowledge, 
exploration of experiences of the shaman, who deliberately enters an altered 
state of consciousness to obtain otherwise inaccessible information allegedly 
from other ‘dimensions’ of consciousness, may contribute new insights in the 
neuroscience of consciousness.

Inducing altered conscious awareness

‘Plants of the gods’ provide a fascinating example of an interface between em-
pirical and scientific knowledge providing insights into novel aspects of con-
scious non conscious interactions. Hundreds of ethnobotanicals (traditionally 
used plants) with potent neuroactivities have been used ritualistically for thou-
sands of years to explore conscious experience, inducing altered states inter-
preted in a spiritual or religious context (Hofmann et al., 2001; Perry, 2002). 
The active plant chemicals are mainly alkaloids interacting with specific trans-
mitter systems in the brain. Alterations in consciousness include hallucinations 
or visions, experienced in deliberately induced, euphoric trance-like states, de-
scribed as mystical, inspiring, enlightening, with self dissolution or merging 
with a ‘global’ consciousness. 

The German psychiatrist Emil Kraepelin considered that the use of pharma-
cological agents to explore consciousness was an important scientific investiga-
tion although primarily as a way of understanding mental disease – reminiscent 
of divine madness or dionysiac frenzy. A century later the use of chemicals to ex-
plore and expand conscious experience continues to intrigue. According to Paul 
Devereux our modern Western culture is distinct in human history because of 
the difficulty in accepting the role of natural, mainly plant, chemicals in ‘aiding 
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mind expansion’. While past research focused on psychedelic effects as models of 
psychiatric disorders, in the last decade neuroscientific studies (brain imaging or 
cognitive assessment for example) have focused more on how these agents inform 
brain/ mind mechanisms. 

This chapter explores divergent hypotheses that such changes in conscious 
awareness reflect chemically induced system changes in the brain which alter the 
selection/emergence into subjective conscious awareness of information. This can 
be from either: non conscious processing of perceptions, memories and related 
cognitive functions dependent on neural circuitry; or additional perceptions de-
rived non locally from ‘ beyond the brain’, a concept discussed below. The first is 
consistent with current neuroscientific experimental knowledge and the second 
with mystical/shamanic experience and understanding, each with dramatically 
distinct implications for theories of consciousness based either solely within, or 
additionally beyond, the brain.

Species, states and neuropharmacology

The following account of ritualistically used plant species, active chemicals, 
transmitter interactions and subjective experiences is derived from two sources: 
culturally, or ethnographically based accounts of an individual’s subjective ex-
perience of altered consciousness; and objective chemical and pharmacological 
information on the active plant constituents, how these mimic or block the ac-
tion of transmitters and affect network activities (original references not listed 
in this chapter are to be found in a previous chapter on plants of the gods, Perry, 
2002). There is a dichotomy in values between these sources of information, with 
cultural accounts focussing on perceived enhancement of mental experience, and 
much of the pharmacology on negative aspects such as induction of psychosis, 
toxicity or addiction. Given the diversity of plant species, complexity of chemical 
constituents and polypharmacology, together with the individuality of subjective 
experiences and responses to exogenous chemicals, Table 1 is necessarily a highly 
simplified summary of some major features.
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Table 1.  Psychedelic plants commonly used in shamanism:  
Botanical, chemical, pharmacological and psychological characteristics

Plant species Active chemicals  
identified

Receptor
action
(if known)

Target brain 
areas/effects
(if known)

Subjective 
experiences

Psilocybe 
fungi / magic 
mushrooms 
e.g. yellow 
caps Psilocybe 
cubensis

Psilocybine or psilocyne Preferential 
5HT2A  
receptor 
agonist

5HT2 receptors 
concentrated in 
cerebral cortex, 
especially 
visual

Dissolution 
boundary 
between 
concepts of self 
and non-self 
and significant/ 
meaningful 
‘mystical’ 
experiences

Morning 
glory
Ipomoea  
species

Ergoline derivatives 
which are lysergic acid 
like alkaloids; precise 
active chemical not 
identified

5HT2A 
receptor  
agonists, 
similar to 
LSD

Presumed as 
for above 

Visual 
perceptual 
changes 
including 
hallucinations

Virola Indoleamines based on 
5HT eg 5-MeO-DMT (N, 
N-dimethyl-tryptamine), 
5-OH-DMT (Bufoten-
ine), and also N,N-DMT 
(most powerful DMT 
derivative)

Broad 
spectrum 
5HT receptor 
agonist

Widespread Hallucinations 
and also night
mares; some 
similarities 
to effects of 
ayahuasca 

Ayahuasca 
Banisteriopsis 
spp. vine, with 
added leaves 
of shrubs  
from the  
Psychotria 
genus

Complex mixture beta 
carboline alkaloids 
eg harmine and tetro 
harmine, with additives 
containing DMT

DMT is both  
a 5HT2 and 
sigma1 (volt-
age sensitive 
ion channel) 
receptor 
agonist; 
monoamine 
oxidase  
inhibitor 
activities 
prevent its 
breakdown

Increases blood 
flow frontal 
cortex and 
paralimbic re-
gions; increases 
activity (func-
tional imaging) 
heteromodal 
association cor-
tex and limbic 
structures; 
increases global 
gamma cohe-
rence; sigma 
1 receptors 
concentrated 
in striatum, 
thalamus and 
frontal cortex

Enhanced 
introspective 
attention, 
altered somatic 
perceptions 
and intense 
emotional 
modifications, 
frequently 
accompanied 
by visual 
imagery; 
transcendental 
descriptions  
e.g., ‘soul’ leav-
ing body and 
‘encounters 
with aliens’
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Plant species Active chemicals  
identified

Receptor
action
(if known)

Target brain 
areas/effects
(if known)

Subjective 
experiences

Peyote cactus
Lophophora 
Williamsii

Mescaline and also low 
levels of ecstasy-like 
phenyethylamines

5HT receptor 
(multiple 
subtypes) 
agonists or 
partial  
agonists

5HT1A con-
centrated in 
limbic areas; 
5HT1B in 
visual cortex 

Novel, highly 
pleasurable, 
mainly visual 
and often in-
tensely coloured 
images; convic-
tion of reality

Solanaceae 
species such 
as mandrake 
(mandrago-
rum officina-
lis), atropa 
belladonna, 
henbane 
(hyoscamus 
niger), datura 
(e.g. Datura 
stramonium)

Tropane alkaloids 
including atropine, 
scopolamine, hyoscamine 
amongst many others

Muscarinic 
cholinergic 
receptor
(broad 
spectrum 
subtypes) 
antagonists

Cerebral cortex 
(particularly 
visual) and 
striatum.

Visual imagery, 
particularly of 
familiar people 
and animals, 
often night-
mare like, and 
with sensation 
of flying

Fly agaric 
Amanita 
muscaria

Muscimol, ibotenic acid 
and (less involved in 
hallucinogenic effect) 
muscarine

GABAA and 
glutamate 
NMDA recep-
tor agonists

Widespread Hallucinations 
ranging from 
ecstatic to 
demonic

Cannabis 
Cannabis 
sativa

Cannabinoid terpenes, 
Tetrahydrocannabinol 
(THC) being the most 
psychoactive

Cannabinoid 
CB1 receptor 
agonist

CB1 con-
centrated in 
cerebral cortex, 
hippocampus 
and amygdala

Euphoria and 
enhanced 
perception

Opium poppy 
Papaver  
somniferum

Alkaloids such as 
morphine, codeine, and 
papaverine

Opioid recep-
tor agonists; 
µ subtype 
related to 
euphoria

Concentrated 
in cerebral 
cortex

Waking dream 
like state with 
euphoria

Divine sage 
Salvia  
divinorum

Diterpene, salvinorum A Opiate recep-
tor к subtype

Associated 
with reward 
pathways.

Altered percep-
tion including 
hallucinations;
said to be safest 
and mildest of 
shamanic plants

Information derived from Hofmann et al. (2001); Perry (2002), with Medline updating 2001–2009.

Table 1.  (continued)
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Neurotransmitter mechanisms

A broad spectrum of transmitter systems are targeted by the chemicals in these 
plant species, although serotonergic and cholinergic activities are the most prev-
alent. Amongst species described by Hoffman et al. (2001) 90% of those with 
known active constituents contain chemicals interacting with these two neuro-
transmitter systems. Our understanding of the pharmacological mechanisms is 
still incomplete. Potent interactions of DMT (see Table 1) with the sigma 1 (non 
opioid) receptor have recently been identified (Su et al., 2009). Sigma receptors 
(known as orphan receptors due to unknown brain functions) regulating a variety 
of signal transductions, are highly expressed in deeper laminae of the cortex, and 
have been implicated in memory and drug dependence (Hayashi and Su, 2005). 

A broad classification of ‘plants of the gods’, based on correlated subjective 
experiences and neuropharmacological mechanisms (receptor targets and brain 
areas affected), has been proposed as follows (Rogers and Perry, in preparation): 
Mild – euphoric / dreamy / enhanced visual perception associated with activation 
of opiate receptors (µ subtype – cerebral cortex, thalamus and ventral tegmental 
area, or к subtype – parietal and temporal cortex, nucleus accumbens, amygdala 
and thalamus) or the cannabinoid receptor CB1 (cerebral cortex and hippocam-
pus); Marvellous – sensory, especially visual, intensification both pleasurable and 
meaningful, associated with activation of broad spectrum serotonin receptor sub-
types (5HT1B concentrated visual cortex and 5HT1A in limbic areas); Mystical – 
dissociation / depersonalisation / ‘transcendence’ associated with activation of the 
serotonin receptor 5HT2A activation (highest in frontal, parietal and somatosen-
sory cortex) and sigma 1 receptor (highest striatum and thalamus, intermedi-
ate frontal cortex); and Monstrous – nightmarish visions eg animals/people with 
or without flying sensation associated with broad spectrum muscarinic receptor 
blockade (M1 being highest in hippocampus, cerebral cortex and striatum) or 
combined GABA and glutamate receptor activation. This classification is but one 
of many, and Fischer (1971) proposed a division between ecstatic and meditative 
altered states: the first along the perception hallucination continuum (creative, 
psychotic, ecstatic) and the second along the perception meditation continuum 
(hyperarousal states as in some Buddhist and yogic practices). 

Neurochemically, experiences with anti-cholinergic agents, which are poten-
tially highly toxic, include hallucinations that are often negatively experienced. 
The German toxicologist Gustav Schenk writing in 1955 after experimenting with 
the fumes from henbane seeds, reported: “There were animals which looked at 
me keenly with contorted grimaces and staring terrified eyes … at the same time 
I experienced an intoxicating sensation of flying … I soared where my hallucina-
tions – the clouds, herds of beasts were swirling along”. 
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In contrast, agents with serotonin receptor activity, particularly 5HT2A, 
are associated with fantastic, euphoric, transcendental or mystical experiences. 
The psychologist, Havelock Ellis’s described effects of peyote: “Visions never re-
semble familiar objects; they were extremely definite, but yet always novel; they 
were constantly approaching, and yet constantly eluding, the semblance of known 
things … glorious fields of jewels, solitary or clustered, sometimes brilliant and 
sparkling”. Aldous Huxley (1954) reported: “This is how one ought to see, how 
things really are. And yet there were reservations. For if one always saw like that, 
one would never want to do anything else. Just looking, just being divine.” The 
Mazatec shaman, Maria Sabina described psilocybine effects as: “A world beyond 
ours, a world that is far away, nearby and invisible. And this is where God lives, 
where the dead live, the spirits and the saints, a world where everything has al-
ready happened and everything is known. That world talks. It has a language of its 
own. I report what it says.” 

With respect to ‘transcendental’, mystical, spiritual, experiences, sometimes 
referred to as ‘psi’ effects, plant species targeting serotonin receptors are prob-
ably the most relevant. Serotonin receptors play an important role in perception, 
affecting regulation of attention. Pharmacological challenge with the 5-HT2A 
agonist psilocybine has been used to study the neurobiological basis of cogni-
tion including attention (Vollenweider, 2006). In healthy volunteers a double-
blind, placebo-controlled dose-effect study of psilocybine identified increased 
“general inactivation”, “emotional excitability”, and “dreaminess” (Hasler et al., 
2004). Ayahuasca increases frontal lobe activity (Riba et al., 2006). Serotonin has 
also been implicated in spiritual/mystical experiences on the basis of similarities 
between LSD and non drug mystical experiences (Goodman, 2002; Borg et al., 
2003). That the brain normally produces low levels of DMT (Su et al., 2009) raises 
the intriguing question of how individual variations in brain DMT levels, normal 
or drug induced, alter conscious states. 

Models of altered states

One of the key functions of the normal brain is to filter out irrelevant or difficult 
to process, experiences, so focusing only on useful information. Plant based or 
synthetic psychedelics generically reduce this censorship, allowing uncensored 
conscious access to non conscious processing. Psilocybine, for example, reduces 
the ability to suppress or ignore distracting stimuli but does not reduce atten-
tional capacity (Carter et al., 2005). Ahahuasca promotes EEG gamma synchrony 
(Stuckey et al., 2005), a physiological state associated with conscious awareness 
(see LeBeau chapter) which is enhanced in lucid dreaming (Voss et al., 2009; see 
also Voss chapter).
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Mechanisms implicated in hallucinatory experiences include altered corti-
cal inhibition and/or dream intrusion. Specific abnormalities in perception and 
attention with cholinergic hypoactivity in frontal and temporal cortical areas 
have been implicated in hallucinations occurring in degenerative brain dis-
eases, similar to those induced by anti-muscarinic agents in normal individuals 
(Collerton et al., 2005). Cholinergic neurons in the basal forebrain are central 
to this, and also to dream intrusion models (the idea that psychotic symptoms 
reflect a dream like state during waking), since these (together with brainstem 
cholinergic neurons) are more active during waking and REM (rapid-eye move-
ment) sleep than during non-REM sleep (dreaming being more intense in the 
latter). Effects of antimuscarinic agents to induce hallucinations may resemble 
hypnogogic or hypnopompic hallucinations which occur at the onset and offset 
of sleep respectively, and often include images of people or animals. At these 
points in the sleep cycle cholinergic activity may be transiently more reduced 
than monoaminergic, including serotonin, activity. 

Neurotransmitter correlates of conscious awareness have focused on cholin-
ergic projections to cortex and thalamus “confining the conscious stream” (Perry 
et al., 1999). Evidence on neuronal correlates of natural variations, drug induced 
and disease associated changes in consciousness are all consistent with a key role 
for acetylcholine. Since the serotonergic system is generally inactive during the 
sleep cycle, and since dreaming involves varying degrees of conscious awareness, 
a similarly global involvement of 5HT in conscious awareness is not so readily 
supported. However, hallucinations induced in the awake state by serotonergic 
agonists (Table 1), and the prevalence of 5HT2 receptors in the cortex indicate 
that in the awake state this system is important in controlling conscious non con-
scious trafficking.

Based on neuronal and psychological models of altered states of conscious-
ness, most neuroscientists assume that visions induced by chemical hallucinogens 
reflect access to normally suppressed memories and associations. The shamanic 
practitioner believes otherwise – that the visions are based on reality not normal-
ly accessible to everyday consciousness. In shamanism, the practitioner achieves 
states of altered consciousness deliberately induced using plant extracts or via 
other strategies (drumming or dancing for example) to experience ‘soul journeys’ 
and contact with a ‘spirit’ realm. Aldous Huxley posited that such states, in some 
instances at least, are actual revelations of realms usually hidden from human 
conscious awareness. 

It might be worth considering whether subjects on shamanic journeys or ‘as-
tral projection’, could be somehow freed from perceiving merely three dimension-
ally. After all, string theory has postulated there are ten dimensions. We cannot 
step outside the brain to examine such a possibility. We are ‘of ’ three dimen-
sions; mathematical points and lines, supposedly in one and two dimensions, are 
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actually three dimensional models of notional one and two dimensional concepts. 
Recounting after shamanic journeying what was ‘seen’ and experienced, what was 
perceived ‘outside’ three dimensional perception, is possibly translated into ‘nor-
mal’ three dimensional terms as metaphorical representations of what was expe-
rienced in some multidimensional field, recounted in the only way the normally 
conscious brain can both hold and express them. We naturally think metaphori-
cally. Perhaps William Blake’s challenging and prophetic, ‘How do we know, but 
every bird that cuts the airy way, is an immense world of delight, closed by our 
senses five?’ applies here.

Beyond the brain?

Science relies on so-called objective evidence, obtained in the absence of any 
preconceived bias or belief by independent experimentation and observation, 
available to any individual trained in the relevant methodology. The following 
examples (cited Perry, 2002) provide possible evidence for conscious awareness of 
information beyond brain activities and cognition dependent on normal sensory 
experiences: Michael Harner, an anthropologist, reported the ‘reality’ of ayahuasa 
induced visions of “giant reptilian dragon creatures with pterodactyl-like wings, 
from whose carnivorous jaws gushed a torrential flood of water, claiming to be 
masters of the universe that in escaping an enemy created terrestrial life forms”; 
Harner, troubled by these visions, sought advice from a Conibo Indian shaman 
who assured him ‘they’ are always saying this but are only masters of outer dark-
ness; Harner was stunned – he had apparently visited a world well known to the 
shaman from personal experience; and Kenneth Kensinger (another anthropolo-
gist) was informed at an ayahuasa party, by six out of nine Peruvian Cashinahua 
present, of the death of his father-in-law which he was later informed by radio 
had occurred two days before. The first example is surprisingly consistent with an 
extraordinary hypothesis proposed by Francis Crick: that hallucinogenic drugs 
like LSD activate portions of ‘silent’ DNA which contain information about alien 
beings who ‘planted’ life on earth in the form of primordial DNA (Crick, 1981). 

While many anecdotal reports of paranormal experiences (e.g. telepathy or 
clairvoyance) induced by psychedelic drugs exist, little or no scientific evidence 
for such phenomena is available. Two particular ‘psi’ phenomena are however 
associated with significant scientific data published in peer reviewed journals: te-
lepathy and psychokinesis (Radin, 1997 and 2006, see also Dean Radin’s chapter 
in this book including reference to over 100 such articles on telepathy published 
over the last 30 years). Recent studies published in the last few years on telepathy 
or distant intentionality are summarised in Table 2. Individuals are reported to 
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Table 2.  Scientific evidence supporting the possible existence  
of non-local or ‘psi’ phenomena

Phenomenon Data Reference 

Extra sensory  
perception: non  
local observation  
as a source  
of knowledge

Significant effects of visualization on a quantum 
system consisting of a pattern of light produced 
by interferometer; effects primarily due to a 
subgroup of experienced meditators

Radin (2008)

Telepathy in  
connection  
with e-mail  
communications

 Of 552 trials, 43% guesses were hits,  
significantly above the chance expectation  
of 25%

Sheldrake and 
Smart (2005) 

Correlations  
between distant  
intentionality and 
brain function  
in recipients

Functional magnetic resonance imaging  
analysis with significant differences between 
experimental (send) and control (no send)  
procedures; areas activated – anterior and 
middle cingulate, precuneus and frontal cortex

Achterberg et al. 
(2005)

Event-related  
EEG correlations  
between isolated  
human subjects

Experimental test resulted in significant  
correlation compared to control, with stronger 
responses associated with larger corresponding 
responses in non stimulated subjects

Radin (2004) 

Distant  
intentionality  
and the feeling  
of being stared at

Meta analysis of 36 studies demonstrating  
small significant effect of intentions on  
electrodermal activity of remote subjects 

Schmidt et al. 
(2004) 

Correlations  
between brain  
electrical activities  
of two spatially  
separated human 
subjects

Simultaneous EEG responses following 
presentation image to one of separated  
people with significant differences  
compared non-stimulation periods

Wackermann et al. 
(2003) 

Qi-gong  
(a traditonal  
Chinese medicine 
based on energy 
fields) healing  
effects on cell  
biology 

Significantly enhanced phagocytosis, immune 
function, tumor cell death and reductions in 
lymphoma growth, in response to the intention 
of trained practitioners

Six reports pub-
lished 2001–2003 
in American 
Journal of Chinese 
Medicine or Jour-
nal of Alternative 
and Complemen-
tary Medicine

Based on Medline, 2000–2009 (search terms such as telepathy, clairvoyance, psychokinesis). 
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affect others or physical objects without any explicable mode of interaction. Such 
interactions are rare but highly divergent from chance with extremely high levels 
of statistical significance. If valid (and some of the reports itemised in Table 2 have 
been followed by correspondence in the same journal, arguing spuriousness due 
to sample size, effects size and/or publication bias), rare effects are not perhaps 
surprising since such interactions would potentially involve negative/hazardous 
interference between individuals and objects. Filters to exclude any such infor-
mation may have evolved to maintain this at the level of non conscious process-
ing, only rarely accessible via psychedelic drugs or other stimuli. If so, conscious 
awareness would need to be considered as emerging from non conscious pro-
cesses of, not only the individual, but also some kind of globally connected state. 

Most neuroscientists reject such evidence as spurious, excluding any consid-
eration of implications for understanding or experiencing consciousness. But, 
by rejecting anomalous data, new insights could be missed. In quantum physics 
‘reality’ was radically revised to include unaccountable but measurable non lo-
cal connections between apparently isolated objects. Views such as an observer 
creating reality and consciousness as the most fundamental state/principle, or the 
existence of parallel universes are commonplace. Such radical concepts stimulat-
ing the minds of physicists and non experts alike have yet to be widely considered 
in the field of neuroscience. Yet many grappling with potential mechanisms of 
consciousness have reached an impasse on the ‘hard’ problem, or ‘qualia ‘ issue of 
how subjective experience can be represented or explained in terms of neurons/ 
transmitters /synapses/ networks/oscillations. This vacuum will, it is assumed by 
most, vanish with future advances in neuroscience and, in the absence of consen-
sual information on non local consciousness connections to support any para-
digm shift, there are no inspired ‘thought experiments’ as in quantum physics 
because of the perceived lack of hard evidence to support any paradigm shift.

In contrast to neuroscientific theories, shamanic practitioners claim there are 
realms accessible to the trained/tuned mind and that consciousness is a field phe-
nomenon (existing as a global / all encompassing phenomenon independent of 
the individual). Their belief/perception is of multiple realities/‘worlds’, similar to 
physicists’ contemporary ideas of multiverses or ten dimensional string theory, 
that can be explored in expanded states of consciousness and that entities/‘spirits’ 
in visions are as real as the physical. If this knowledge is as securely based as sci-
entifically verified shamanic knowledge of the use of plants to alter consciousness 
(exact species, preparation, dose, effects), it should be worth investigating. If veri-
fied, paradigm shifts in consciousness research would occur, with major implica-
tions for neuroscientific theories and medical practice.

Those few exploring implications and impacts of ‘psi’ for theories of con-
sciousness frequently invoke aspects of quantum physics (see also Radin’s chapter 
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in this book on quantum entanglement). Quantum mechanics is notoriously 
counterintuitive to the extent that it has been claimed few if any physicists fully 
understand it. The theory is even harder for non-physicists to understand and 
apply to new fields such as consciousness. Quantum theory, originally developed 
to explain ‘gaps’ left by Newtonian physics, has gained respect as explaining the 
functioning of the universe at subatomic level, with implications for our everyday 
experience – sunlight leaves the sun through quantum tunnelling for example. 
Biomedical science has yet to incorporate this kind of new thinking. The prin-
ciple that the observer inevitably changes the observed, for example, means that 
the notion of the truly detached independent scientific observer, still required for 
scientific proof, is challenged. 

It has been suggested that the brain uses quantum processes, possibly mea-
sured in femtoseconds, as well as currently detectable functioning on a ‘slower’ 
scale. Neurones communicate by exchanging packets of chemicals across the syn-
apses, but also by direct electrical spread, with possible parallels with the wave/
particle duality of light. Schumann (2007) has suggested a ‘metabrain’, an overall 
universal consciousness, with each of our individual ‘sub brains’ perceiving its 
own version of reality. He claims that the physical acts on the mental, but also 
the mental on the physical, and uses quantum models to pursue this thesis. That 
principles of quantum physics might extend to brain function receives potential 
support from increasing evidence that quantum phenomena are not just confined 
to subatomic particles, but extend to the macroscopic including living organisms. 
Other ideas on consciousness incorporating quantum physical effects include 
consciousness being a collapse of quantum wave function (Penrose, 1989), par-
ticularly applicable to microtubules (Hameroff, 2001), and non local brain inter-
actions involving quantum entanglement (Radin chapter).

Those convinced of the limited, but significant, evidence for psi invoke a 
range of quantum and other possible mechanisms which however are not readily 
comprehensible or open to investigation. In one particular traditional Chinese 
medical practice, the concept of Qi (as an all pervasive energy that can be chan-
nelled or re distributed to enhance health) is based on the proposed existence of 
energy fields within (meridia relevant to acupuncture for example) and around 
individuals (field effect), that relate to other concepts of ‘beyond the brain’ activi-
ties. A series of reports on significant Qi effects on biological processes, such as 
in lymphocyte production apparent in strictly controlled experiments, provide 
limited evidence of non conventional effects of conscious activity. In one study 
(Fukushima et al., 2001) effects were in part mimicked by microwave or infrared 
laser pulse treatment. Such heat and light are at least readily comprehensible phe-
nomena from which potential new ideas on how mind extending beyond mat-
ter might emerge although just simulating a phenomenon does not necessarily 
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imply common mechanisms. In addition, not all such studies have been repli-
cated (Yount et al., 2004) indicating the need in this, as in the whole area of non 
local connectivity, for much more controlled investigation.

Shamanic ‘journeying’, including experiencing traveling along a tunnel end-
ing in a light space populated by people, animals or other entities communicat-
ing meaningful information is reminiscent of reports of near death experiences 
(NDEs). NDEs and out of body experiences include remote viewing (perceptions 
not accountable by normal sensory experience), undergone while the subject is 
deeply unconscious or clinically dead as currently defined. NDEs, particularly 
remote viewing in an individual with no measurable brain activity, have not yet 
been verified scientifically as having validity outside the individual’s own brain, 
eg by being perceived by other, conscious, observers such as medical staff. Laws 
and Perry (2010) suggest that NDEs are potentially easier to attempt to scientifi-
cally verify than shamanic journeys, though such verification would open up the 
possibility of these wider zones of consciousness accessed by shamans. They sug-
gest a first step would be to focus on collecting cases of NDEs, sifting them for 
accurately reported, externally verifiable, sensory impressions such as sights or 
sounds, rather than transcendental visions, recounted by ‘flatlining’ patients (in 
intensive care) on recovery. If proven, the existence of individual consciousness 
outside a functioning brain: the possibility of ‘seeing’ without functioning eyes: 
would provide the greatest challenge for neuroscience. Ideas of mind-mind or 
mind-matter non local effects of consciousness may be far reaching, but the idea 
of an individual being conscious independent of the brain activity is orders of 
magnitude beyond. An alternative explanation for NDEs, that apparent remote 
viewing might originate from telepathic/clairvoyant communication with an-
other observer, would need to be excluded for NDEs to be uniquely important 
amongst ‘beyond the brain’ phenomena, for theories of consciousness. If brain ac-
tivity, as currently understood and detected, is not a critical requirement, then in-
vestigation of ‘psi’ phenomena that include measurements of brain activity would 
not necessarily provide a definitive answer. In a major recent study no significant 
fMRI imaging effects were measurable in conjunction with reported ‘psi’ activity 
(Moulton and Kosslyn, 2008), a finding that was interpreted by the authors as “the 
strongest evidence yet obtained against the existence of paranormal mental phe-
nomena”, rather than raising the possibility that such imaging technology failed to 
detect correlates of ‘psi’. Forms of consciousness may exist, at present undetectable 
(perhaps relating to quantum processes at subatomic levels or superfast speeds) 
and with respect to NDEs for example a brain considered ‘dead’ or not showing 
any currently detectable function, may function at some as yet unknown level. 
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Scepticism is as susceptible to wishful and delusional thinking as belief in par-
anormal phenomena, since both satisfy emotional needs involving our fears and 
hopes about life and death. Adherents to the ‘detached scientific observer’ model 
would like to believe these emotions can be somehow excised, but quantum theory 
and indeed common sense would tend to refute this. We may not be able to create 
a phenomenon in a lab, but that does not necessarily mean it is false. 

According to the quantum physicist Bernard Haisch (2006) “it is not matter 
that creates the illusion of consciousness, but consciousness that creates the illu-
sion of matter”. Such concepts, however far reaching or incredible to neuroscien-
tists in the face of current evidence, have much in common with the shamanic 
view of reality that the world is as one dreams: “There is nothing but the spirits of 
all and everything we see here is something like a shadow from that world” (Black 
Elk Medicine Man). According to the American psychiatrist Richard Chessick 
(2009): “We simply do not know enough about the physical world of matter at 
this time but eventually perhaps discoveries about the nature of matter may solve 
the problem. But as of now, the implication of this impasse is that the introspec-
tive data of consciousness are ontologically subjective, pointing to the absolute 
necessity for our studying this data in its own domain through introspection”. 
Shamanic exploration of consciousness is one such domain.

While understanding remains evasive, two aspects relating to experiencing 
consciousness arising from shamanic practises are finally worth mentioning. Sev-
eral plant agents such as in ayahuasa or peyote, used in a supervised context, are 
widely reported to have antidepressant effects, reduce panic attacks or addictions. 
In a follow up study after the use of psilocybine in a controlled trial, the experi-
ence was rated among the most personally meaningful and spiritually significant 
of the participants’ lives (Griffiths et al., 2008). More speculatively, but also po-
tentially clinically important, shamanic claims for ‘ectopic’ influences on mental 
health (‘spirit invasion’ or ‘soul loss’) are so far supported by only occasional sci-
entific reports. Brain pathologies in disorders such as dementia, including cho-
linergic deficits (Perry and Perry, 1995) with relative serotonergic hyperactivity, 
are similar to pharmacological effects of many ‘plants of the gods’ and could, by 
reducing normal filter mechanisms, expose a minority of individuals to confusing 
or disturbing experiences of consciousness beyond the brain (Perry, 1995). 

In conclusion, the impressive achievements of shamanism in identifying 
plants that alter the conscious non conscious interface, leading to scientific dis-
coveries of neuroactive plant chemicals and brain mechanisms, suggest that sci-
entific investigation of experience of shamanic consciousness itself could contrib-
ute to paradigm shifts in understanding the nature and scope of consciousness. 
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