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Contemporary theories of consciousness

The nature of consciousness has become a focus of lively
debate among psychologists, physiologists, and philoso-
phers.1-13 We take this opportunity to review the reasons
for the current surge of interest and to examine the
prospects for a new "science of consciousness". Because
self consciousness has sometimes been regarded as a pre-
condition for consciousness we briefly consider their rela-
tion, in the light of recent findings.

Definitions
Consciousness is a multifaceted concept. The word origi-
nates from the Latin conscio, formed by the coalescence of
cum (with) and scio (to know).'4 The Latin root was used to
refer to knowledge shared with another, and, by extension,
to knowledge which was "shared with oneself'. It is used
today in three principal senses:

(1) THE WAKING STATE
In neurological practice, consciousness is often equated
with the waking state, and with the ability to respond to
stimuli in the integrated manner we associate with this
state. This ability is a matter of degree: a broad range of
conscious states extends from normal waking through
sleep into coma.

(2) PERCEPTUAL AWARENESS
We sometimes use "consciousness" to denote a person's
or animal's current perceptual awareness, the deliverance of
sight, hearing, and the other senses. Although some argue
that the perceptual responsiveness of animals does not
necessarily imply perceptual awareness, awareness is often
assumed, just as it is in the case of other human minds.
The distinction between senses (1) and (2) might be char-
acterised as the distinction between the capacity for and
the content of consciousness.

(3) INTENTIONAL STATES
Any "intentional state" in the technical sense used in phi-
losophy,'5 that is-any mental state with propositional
content such as a belief, fear, hope, expectation, or pur-
pose-is potentially conscious. In this third sense "con-
sciousness" is coextensive with "mind".
Self consciousness is also a complex concept:

(a) Colloquial use
In its everyday use self consciousness implies easily pro-
voked embarrassment in social settings.

(b) The concept of self
Animals and children can be described as "self conscious"
if they can recognise themselves-for example, in mirrors.
This ability implies some mental representation of "self'.

(c) The concept of experience
A more exacting criterion for "self consciousness" is the
possession of a concept of experience, the "awareness of
awareness". The colloquial sense of self consciousness is
linked to this concept: we become self conscious when we
are excessively aware that we are the target of others'
attention.

(d) Selfknowledge
Like consciousness itself, self consciousness has an
extended sense. It can refer to any kind of self knowledge,
exemplified, for example, by autobiography.

Recent advances
Recent interest has centred on consciousness in its first two
senses, and on self consciousness in senses (b) and (c).

CONSCIOUSNESS: THE WAKING STATE
The regulation of sleep and waking, and their pathological
disruption by coma, epilepsy, and sleep disorders, are tra-
ditional concerns of clinical neuroscience. The concept of
the ascending reticular activating system, developed by
Moruzzi and Magoun in the 1940s,'6 implied that the
capacity for consciousness depends on activity in the brain
stem and diencephalon, which exert a powerful influence
on the cerebral hemispheres. This key insight holds good
to the present, although it is now clear that the activating
system has a complex internal structure, comprising inter-
acting nuclei with distinctive pharmacological and physio-
logical properties.'7
Of the three principal states of arousal-waking, slow

wave sleep (SWS), and rapid eye movement sleep
(REM)-REM is the best understood.'7 Jouvet reported in
1962 that REM periods in the forebrain are abolished
after brain stem transection just above the junction
between pons and midbrain. 17 Subsequent work has
shown that a subset of cholinergic neurons in the pedun-
culopontine and laterodorsal tegmental nuclei of the
upper pons become active selectively in REM. These
"REM on" neurons innervate other brain stem structures
widely, mainly via muscarinic receptors, thereby orches-
trating the REM associated phenomena of muscular
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hypotonia, rapid eye movements, and EEG desynchroni-
sation. 17

Activity among noradrenergic neurons in the locus
coeruleus, serotonergic neurons in the raphe nuclei, and
histaminergic neurons in the posterior hypothalamus helps
to terminate REM, and persists both during the rhythmic
thalamocortical oscillations of SWS and the typically
desynchronised EEG activity of the waking state. The firing
of noradrenergic neurons in particular is fastest, during
waking.'7 Activity in cholinergic neurons in the pons and
basal forebrain is a feature of REM and waking, both
desynchronised states in the EEG, but not of SWS. The
primary site of initiation of SWS if there is one remains
elusive.

There is growing, although still incomplete, knowledge
of the neuronal mechanisms underlying the cerebral
rhythmic activities detected by the EEG, which correlate
with states of arousal.'8 Both the properties of individual
neurons and their organisation into neuronal networks
contribute to the genesis of these rhythms. There is evi-
dence for the fundamental importance of a transition
between a hyperpolarised state of thalamocortical cells,
associated with "burst activity" and SWS, and a relatively
depolarised state in which thalamic neurons are tonically
active and function as "relay cells".'8

Cerebral metabolism oscillates predictably during the
orderly physiological succession of REM, SWS, and wak-
ing; it is about 25% lower in SWS than in REM or in the
waking state.'9 It is more depressed in coma; the lowest
values, around 30-50% of control results, have been
reported in the persistent vegetative state, in which the
sleep-wake cycle is re-established after a period of coma,
without evidence of perceptual awareness.202' The neu-
ropathology of the persistent vegetative state shows dam-
age outside the brain stem structures which regulate the
sleep-wake cycle: cortical laminar necrosis, diffuse hemi-
spheric leucoencephalopathy or axonal injury, or extensive
thalamic injury.22
The development of objective description of conscious

level with instruments such as the Glasgow coma scale has
been invaluable clinically, allowing reliable serial compar-
isons.23 The objective assessment of consciousness, how-
ever, is occasionally misleading when subjective awareness
persists despite gross motor impairment for example in
the "locked in" state-or, rarely, under supposed general
anaesthesia.24 The basis of the subjective content of con-
sciousness is the second focus of current interest.

CONSCIOUSNESS: PERCEPTUAL AWARENESS
Although some neural processes, for example visual and
auditory perception, typically generate vivid subjective
awareness, others, such as the autonomic control of the
circulation, as a rule do not. This distinction has been
extended recently by the discovery that sensation, ade-
quate to guide movement, can occur without conscious
awareness. The most closely studied example of this phe-
nomenon is blindsight.

Persons with blindsight lack conscious vision, usually in
one hemifield, as a result of a lesion in the striate cortex,
but are nevertheless able to guess the position, direction of
motion, orientation, and colour of objects presented in
their blind field well above chance.6 Whether this ability
depends on activation of subcortical structures such as the
superior colliculus, to which there is a direct retinal pro-
jection, or on direct or indirect activation of surviving
extrastriate cortical visual areas, is controversial. It is,
however, an attractive hypothesis that the neural substrate
for the formation of a conscious or "explicit" visual per-
cept is selectively disabled by the striate lesion, leaving
intact some unconscious or "implicit" visual abilities.

There are other disorders of the cortical visual areas in
which subjects lack explicit access to preserved implicit
knowledge about, for example, the size and shape of
objects and the identity or familiarity of faces.25
A recent experiment by Cowey and Stoerig attempted

to "ask" macaque monkeys, from which the striate cortex of
the left hemisphere had been removed several years
before, whether their remaining visual capacity in the
affected field was "blind".26 On light trials the monkeys
were trained to press an illuminated target presented in
any of five positions in their normal hemifield. On blank
trials, when the monkey anticipated a light stimulus in the
normal hemifield but none was presented, the monkeys
were trained to press a separate panel. On probe trials, an
illuminated target which the monkeys had proved able to
detect in previous experiments analagous to those used to
demonstrate human blindsight-was presented in the
monkeys' blind field. The animals responded to these
stimuli in their blind hemifield by pressing the blank trial
panel, suggesting that they, like human patients, lack con-
scious visual awareness of stimuli which they can never-
theless respond to in their blindfields.
A somewhat similar dissociation between explicit and

implicit processes has emerged from the study of amne-
sia.6 Patients with the amnesic syndrome, caused either by
bilateral mesial temporal or diencephalic pathology, are
unable to acquire new episodic memories. They can, how-
ever, demonstrate an ability to learn-for example, acquir-
ing new motor skills successfully, despite the lack of
conscious recall of any previous exposure to the task.

Such work is furnishing examples of implicit cognitive
abilities which survive lesions that abolish conscious per-
ception and recollection. These phenomena may permit a
clearer definition of the neural substrates of awareness.
What is the relation between such perceptual awareness
and self consciousness?

SELF CONSCIOUSNESS
In 1970 Gallup reported that chimpanzees, but not
macaque or rhesus monkeys, learn to recognise their mirror
images.27 He inferred this initially from observations of
their spontaneous behaviour, noting that the monkeys per-
sistently directed social behaviour towards their reflec-
tions, whereas the chimpanzees used the mirror for
detailed self inspection. Experimental confirmation was
provided by anaesthetising the animals and marking them
with an odourless non-irritant dye in positions which were
invisible without the aid of a mirror. On seeing their
reflections the chimpanzees inspected the marks closely,
first in the mirror and then by touching them directly; the
monkeys never did so. Gallup interpreted this result as
evidence that chimpanzees have a concept of self.

Children recognise themselves in mirrors at around the
age of 18 months.28 Recent research in developmental psy-
chology has explored the steps by which the relatively sim-
ple concept of self evidenced by mirror self recognition
evolves into a "theory of mind", of the kind possessed by
average five year old children, allowing them to assign
complex mental states, such as belief, accurately to others
and to themselves.29 Whereas self recognition implies an
"idea of me" which may involve no more than a represen-
tation of the subject's body, the five year old's theory of
mind suggests a complex concept of experience, an
"awareness of awareness". There is current interest in the
hypothesis that the primary cognitive deficit in those with
autism is failure to develop a normal "theory of mind".29

DOES CONSCIOUSNESS IMPLY SELF CONSCIOUSNESS?
If the question intended is whether consciousness in the
senses of waking and perceptual awareness implies self
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A simplified diagram of the interconnections of the cortical visual areas
mentioned in the text. Vl is the striate cortex, area 17. Areas V3, V4, and
VS (also known as MT) lie in the visual association cortex and are
thought to be especially concerned with the processing of visual information
concerningform, colour, and movement respectively. The connections
shown are not all of equal strength or importance. Feedforward projections
are indicated by open arrowheads; feed back projections by closed
arrowheads.

consciousness in the senses of self recognition and posses-
sion of a theory of mind, the results discussed above suggest
not. Macaque monkeys evidently wake and sleep, and the
experiment by Cowey and Stoerig26 described above sug-
gests that they distinguish conscious percepts from uncon-
sciously processed visual information much as we do. If
so, they are conscious in our first and second senses of this
term. They are not, however, capable of mirror self recog-
nition, and there is no satisfactory evidence that they pos-
sess a developed theory of mind. If so, they are not self
conscious in the key senses (b) and (c) defined above.

THEORIES OF CONSCIOUSNESS
A comprehensive biological theory of consciousness would
specify its mechanisms, functions, phylogeny, and
ontogeny.28 This goal is remote. However, recent authors
have tentatively suggested mechanisms for perceptual
awareness which are in principle open to experimental
test. Most proposals originate in visual science and draw
with varying emphasis on three key ideas: (1) the impor-
tance of re-entrant connections among disparate cortical
areas (re-entrant connections run from a given area, "B",
back to an area upstream, "A", which contributes to the
innervation of "B", creating a neuronal loop); (2) the role
of temporal synchronisation in the activity of distributed
neurons; (3) the critical function of certain specified fore-
brain structures in the genesis of consciousness.

Zeki has built on the evidence of functional specialisa-
tion in the numerous cortical visual areas-area V4, for
instance, playing a key role in the perception of colour, V5
in the perception of motion, and V3 in perception of ori-
entation (figure)-to suggest that bidirectional intercon-
nections between the visual areas, permitting the
formation of networks containing neurons with synchro-
nised activity, are the precondition for conscious vision.8
In a similar vein, Crick has drawn attention to the potential
importance of synchronous oscillations, at around 40 Hz,
in the activity of groups of cortical neurons as a means of
"binding" the disparate features of a conscious percept.'0
He emphasises the importance of thalamocortical interac-
tions in unifying such neuronal groups. Recently Crick
and Koch have suggested that only cortical visual areas
which communicate directly with executive regions of the
prefrontal cortex are likely to mediate explicit awareness.30
Milner has postulated that the visual pathway subserving
object recognition, which runs from the occipital to the
temporal lobe, provides the basis for subjective visual
awareness, whereas the occipitoparietal visual pathway
subserving action operates without exciting visual con-

sciousness."1 Edelman and his colleagues have used com-
puter simulations to demonstrate the power of re-entrant
connections to unify neuronal activity in disparate cortical
visual areas.5 They have argued that the emergence of
conscious perception from re-entrant activity in the visual
system depends on additional interaction with neural net-
works subserving memory and value.5

Although the finding of synchronous oscillations in the
activity of widely distributed neuronal groups has evi-
dently caught the imagination of theorists of conscious-
ness, it would be premature to conclude that synchronous
oscillation is the mechanism of consciousness; such oscilla-
tions may prove to be a ubiquitous feature of cerebral
function.'2 Moreover, whereas the proposals we have sin-
gled out emphasise the importance of richly integrated
networks, it may be possible to influence the content of
consciousness by modulation of relatively local neuronal
activity. For example, stimulation of small clusters of
directionally sensitive cells in area MT of the monkey
causes the animal to "report" that an array of randomly
moving dots is moving in the preferred direction of the
stimulated cells, presumably by generating an illusion of
movement." Similarly, there is some evidence that activity
in areas V3 and V5 alone, in the absence of primary visual
cortex, is sufficient to induce conscious perception of
movement.34

Philosophical doubts
The central philosophical problem raised by recent
advances in neuroscience is whether the elucidation of any
physiological mechanism could provide a complete and
satisfying explanation for perceptual awareness. This
problem has been illustrated by various "thought experi-
ments": how far, for instance, can scientific investigation
take us towards an understanding of the subjective experi-
ence of an animal equipped with a sense we lack, such as
the echolocatory sense of bats and dolphins?35 Would a
blind student of the visual system always be denied a
dimension of understanding which the sighted naturally
possess? Are there, in short, aspects of consciousness
which are accessible to a subject of experience but which
are in principle beyond the scientist's ken?

Philosophers continue to offer a broad range of
responses to this issue. Churchland and others have
argued that the "problem" of consciousness is a product
of conceptual confusion: it will melt away as scientific
progress clarifies the underlying biological and functional
reality of human psychology;"3Searle has championed the
autonomy of psychological concepts, but writes optimisti-
cally that "the view of reality as entirely physical" is con-
sistent with "the view that the world really contains
subjective conscious states";7 McGinn has proposed, more
pessimistically, that whereas mental events and their phys-
ical correlates are necessarily connected, our insuperable
intellectual limitations will block any fundamental insights
into the connection.4 Despite the lack of consensus about
the mind-brain question in contemporary philosophy,
there is an invigorating determination to do justice both to
the rich texture of experience and to its intimate but
revealable relation to neuronal events.

Conclusion
This review is highly selective. We have neglected several
areas of relevant research-such as the study of attention36
and anaesthesia24-and have emphasised physiological
approaches at the expense of the functional theories
emerging from the disciplines of cognitive psychology and
artificial intelligence.2 We have tried to convey the grow-

551

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.62.6.549 on 1 June 1997. D

ow
nloaded from

 

http://jnnp.bmj.com/


Editorial

ing clarity of the concepts employed in the ,

sciousness, and the enlarging opportunities f
mental understanding of this most elusiN
precious human attribute.

Department of Clinical Neurosciences,
University of Edinburgh,
Western General Hospital,
Edinburgh, UK

Department ofPhilosophy,
Birkbeck College, University of London,
Gower Street, London, UK

Department ofExperimental Psychology,
University of Oxford,
South Parks Road,
Oxford, UK

A

Correspondence to: Dr A Z J Zeman, Department of Clinic
Western General Hospital, University of Edinburgh, Crewe:
EH4 2XU, UK.

1 Churchland PS. Neurophilosophy. Cambridge, Massachu
1986.

2 Marcel AJ, Bisiach E, eds. Consciousness in contemporar
Oxford Science Publications, 1988.

3 Dennett DC. Consciousness explained. London: Allen Lane
4 McGinn C. The problem of consciousness. Oxford: Blackwe]
5 Edelman G. Bright air, brilliantfire. London: Penguin Boc
6 Milner AD, Rugg MD, eds. The neuropsychology of consc

Academic Press, 1992.
7 Searle JR. The rediscovery of the mind. Cambridge, MA: The
8 Zeki S. A vision of the brain. Oxford: Blackwell Scieni

1993.
9 Nagel T, ed. Experimental and theoretical studies of consciot

Wiley, 1993.
10 Crick F. The astonishing hypothesis. London: Simon and S
11 Picton TW, Stuss DT. Neurobiology of conscious expe

Neurobiol 1994;4:256-65.
12 Goguen JA, Forman RKC. Editors' introduction. Journ

Studies 1994;1:4-9.

study of con- 13 Metzinger T, ed. Conscious experience. Lawrence: Imprint Academic, 1995.
or the experi- 14 Lewis CS. Studies in words. Cambridge: Cambridge University Press, 1967.15 Searle JR. Intentionality. Cambridge: Cambridge University Press, 1983.
ve but most 16 Moruzzi G, Magoun HW. Brain stem reticular formation and activation of

the EEG. Electroencephalogr Clin Neurophysiol 1949;1:455-73.
A Z J ZEMAN 17 Chokroverty S, ed. Sleep disorders medicine. London: Butterworth
AZJZEMAN Heinemann, 1994.

18 Steriade M, Gloor P, Llinas RR, et al. Basic mechanisms of cerebral rhyth-
mic activities. Electroencephalogr Clin Neurophysiol 1990;76:481-508.

19 Monte S, Gillin CG, Wu J, et al. Regional cerebral glucose metabolic rate in
human sleep assessed by positron emission tomography. Life Sci 1989;45:

C GRAYLING 1349-56.
20 Levy DE, Sidtis JJ, Rottenberg DA. Differences in cerebral blood flow and

glucose utilisation in vegetative versus locked-in patients. Ann Neurol
1987;22:673-82.

21 Tomassiono C, Grana C, Lucignani G, et al. Regional cerebral metabolism
A COWEY of glucose in comatose and vegetative state patients. 7 Neurosurg

Anaesthesiol 1995;7:109-16.
22 Kinney HC, Samuels MA. Neuropathology of the persistent vegetative

state. A review. _7 Neuropathol Exp Neurol 1994;53:548-58.
23 Teasdale G, Jennett B. Assessment of coma and impaired consciousness: a

practical scale. Lancet 1974;ii:81-4.
24 Jones JG. Perception and memory during general anaesthesia. Br.7 Anaesth

al Neurosciences, 1994;73:31-7.
Road, Edinburgh, 25 Goodale MA, Milner AD, Jacobson LS, et al. A neurological dissociation

between perceiving objects and grasping them. Nature 1991;349:154-6.
26 Cowey A, Stoerig P. Blindsight in monkeys. Naturel995;373:247-9.

asets: MIT Press, 27 Gallup GG. Chimpanzees: self-recognition. Sciencel970;167:86-7.
28 Parker ST, Mitchell RW, Boccia ML, eds. Self-awareness in animals and

y science. Oxford: humans. Cambridge: Cambridge University Press, 1995.
29 Baron-Cohen S. Mindblindness: an essay on autism and theory of mind.

e, 1991. Cambridge, MA: MIT Press, 1995.
11, 1991. 30 Crick F, Koch C. Are we aware of neural activity in primary visual cortex?
oks, 1992. Nature 1995;375:121-3.
ciousness. London: 31 Milner AD. Cerebral correlates of visual awareness. Neuropsychologia 1995;

33:1117-30.
MIT Press, 1992. 32 Singer W. Synchronisation of cortical activity and its putative role in infor-
tific Publications, mation processing and learning. Ann Rev Physiol 1993;55:349-74.

33 Salzman CD, Murasugi CM, Britten RH, Newsome WT. Microstimula-
usness. Chichester: tion in visual area MT: effects on direction discrimination performance. I

Neurosci 1992;12:2331-55.
,chuster, 1994. 34 Barbur JL, Watson JDG, Frackowiack RSJ, Zeki S. Conscious visual per-
rience. Curr Opin ception without Vi. Brain 1993;116:1293-302.

35 Nagel T. What is it like to be a bat? Philosophical Review 1974:LXXXIII.
al of Consciousness 36 LaBerge D. Attentional processing: the brain's art of mindfulness. Cambridge,

MA: Harvard University Press, 1995.

NEUROLOGICAL STAMP

Frans Cornelius Donders (1818-89)

Donders was Professor of Physiology at Utrecht and was
one of the pioneers of ophthalmology. He spoke English,
French, and German. His great work on The anomalies of
refraction and accommodation was published, not in
Dutch, but in English by The New Sydenham Society in
1864. In this work he differentiated various errors of
refraction and indicated how they might by corrected.
His work on the anomalies of refraction and accommoda-
tion gave a scientific basis for the use of glasses. Donders
was one of the main reformers of ophthalmology in the
19th century who established the scientific foundations
for emmetropia, myopia, hyperopia, astigmatism and
convergence. While impatiently waiting for one of
Helmholtz's ophthalmoscopes, he invented one himself.
Donders' book about anomalies of refraction and accom-
modation rank with Helmholtz's Handbook of physiologic
optics and von Graefe's contribution to glaucoma.

Donders was also the first investigator to study the
cerebral circulation in a living animal. He observed
(1850) pial vessels through a sealed glass window in the
calvarium and variations in the calibre of pial vessels in
different states, especially during asphyxia, when these
vessels were significantly dilated. He wrote on metabo-
lism as being a source of heat in animals and plants and
made important contributions to the physiology of
speech (1864-70).
He was honoured with a stamp by The Netherlands in

1935 (Stanley Gibbons 7449, Scott B79).
L F HAAS
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