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Cognitive Neuropsychiatry and the Future of Diagnosis:
a â€˜¿�PC'Model of the Mind

BRUCEG. CHARLTON

The currentclassificationofthefunctionalpsychoses
into three major syndromes of schizophrenia,
depression and mania is, I believe, essentially mis
conceived. This â€˜¿�syndromal'classification of psy
chiatric disease, while useful in the past and better than
nothing (Kendall, 1975), now stands in the way of
progress (Anon, 1985; Crow, 1986; Johnstone eta!,
1988; Charlton, 1990; David, 1993). The categories of
schizophrenia,depressionand mania should be
abandoned in favour of developinga cognitive
nosology.
The syndromesoftheâ€˜¿�functionalpsychoses'are

definedin circulartermsand on purelyheuristic
grounds, and they lack explanatory power (Healy,
1990).The diagnosticcategoriesare notoriously
imprecise,and depend upon thedominantpattern
of symptoms (cross-sectionallyand longitudinally)
formostoftheirprognosticvalidity(e.g.Johnstone
eta!,1988).Furthermore,theresearchprogramme
ofâ€˜¿�biologicalpsychiatry'(basedupon thesearchfor
causativelesionsunderlyingthe diagnosticsyn
dromes) has failed to contribute significantly towards
understandingaetiologyorimprovingmanagement
of thefunctionalpsychoses(Charlton,1990).This
negativeresultmay be interpretedas a powerful
disconfirmationof thesyndromalnosology.
I willargue thatpsychiatristsshouldconsider

adoptinga cognitivenosologybasedupon a modern
understandingofhuman psychologicalarchitecture
and classifying patients in terms of lesions to
information processing systems. The ultimate aim
is to establish a new discipline: â€˜¿�cognitive
neuropsychiatry' (Frith, 1992; David, 1993; David
& Cutting, 1994). Because the concepts and language
of cognitive psychology are unfamiliar to
psychiatrists, I will outline a â€˜¿�PC'(i.e. personal
computer; rather than politically correct) model of
the mind. According to this analogy, the functional
psychoses are a consequence of deficits in inferential
reasoning at the level of the mind's â€˜¿�operatingsystem'.

The evolution of universalmodular
human psychology

The periodof evolutionfrom hominidprimateto
modern Homo sapienslastedroughlyfrom 2.5
millionto100000yearsago(Konner,1982;Barkow

et a!, 1992; Leakey, 1994). Physically, there has been
little evolutionary change since that time â€”¿�the gene
pool is very similar everywhere and basic human
anatomy, physiology and biochemistry is universal.
Likewise, it is presumed that human psychological
architecture has remained essentially unchanged, and
also that the basic structure of the human mind is
identical in all races and societies at every stage of
economic development (Brown, 1991; Barkow et a!,
1992).
Cognitivepsychologyconceptualisesthehuman

mind in terms of the stepsin an information
processingsystem which linksinput to output
(Shallice, 1988). Cognitive processes are often
described in the form of flow charts or decision trees:
they are the computational protocols, algorithms and
logical sequences by which perceptual data is framed,
analysed and eventually converted into behaviour.
(â€˜Behaviour', in this sense, includes both external
and internal physical changes, and subjective mental
states such as rage or fear.)

Contemporary research has established that many
specialised functions of human psychology are
modular â€”¿�information processing is divided into a
finite number of discrete computational procedures,
rather as the human body is divided into functionally
independent organs to perform different physical
procedures (Barkow et a!, 1992). The relative
independence (modularity) of cognitive functions is
suggested by several lines of argument (Shallice,
1988). Firstly, humans have particular â€˜¿�builtin'
functional aptitudes â€”¿�most obviously the capacities
involved in learning and using language (Barkow et a!,
1992; Pinker, 1994). Secondly, clinicians have observed
highly specific deficits in a context of otherwise
normal function: for instance the discrete aphasias
or agnosias seen in patients with brain lesions (Shallice,
1988). Thirdly, there are computational arguments
which strongly suggest that complex and rapid
information processing is impossible without sub
division of tasks into specialised and relatively
autonomous subunits (Barkow et a!, 1992; Pinker,
1994).
Human naturecomprisesa setofcommon psycho

logical mechanisms (Shallice, 1988; Barkow et a/,
1992; Pinker, 1994). As well as a â€˜¿�generalpurpose'
computationalcapacity,all(normal)humans share
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an identical set of cognitive modules capable of
performing specialised computations. Each module
was selected over an evolutionary timescale to solve
survival problems and promote reproductive fitness
in the Palaeolithic hunter-gatherer environment for
which humans were â€˜¿�designed'by natural selection
(Konner, 1982; Barkow et a!, 1992; Leakey, 1994).

If human nature is universal, how then do we
explain the tremendous cultural and individual
variety at the level of overt human behaviour? Simply
because different inputs give rise to different outputs,
and behaviour is therefore as varied as individual
experience. So any diagnostic classification based
upon overt behavioural outputs (such as the syn
dromalnosology)willbeconfoundedbyvariationin
inputs, and will not be cross-culturally valid (Healy,
1990). By contrast, the universal nature of evolved
psychology means that a diagnostic scheme based upon
cognitive processing would be universally applicable.

A â€˜¿�PC'model of the mind

Perhaps the greatest barrier to the adoption of a
cognitive neuropsychiatric perspective in clinical
practice is the unfamiliarity and abstract nature of
the language and concepts. In such circumstances a
concrete analogy can be a helpful tool for thought.
I will describe a model of the mind based upon
information-processing in a personal computer (PC) -
in the hope that these machines will be familiar to
most psychiatrists. But, however useful, any model
must be treated with caution and will be misleading
if pushed too far.

The human brain is conceived as a personal
computer â€”¿�a general purpose information processor
(Table 1). A PC can perform many complex tasks
by running a variety of specialised software (such as
word processor, spread sheet, statistics or graphics
packages), each of which produces a distinctive
message (words, a graph etc.). An operating system
(such as DOS or Windows) has the job of translating
all these messages and assembling them into a unified
display that can be understood by the computer
operator: the essential role of the operating system
is integration.

The analogous task of the human brain is to
integrate messages from diverse cognitive modules
into a form comprehensible to the conscious mind.
We could imagine that the end product of integration
is a cognitive printout â€”¿�a continuously produced
document where the messages from relevant software
are assembled in linear sequence. The final step in
the PC model is to â€˜¿�makesense' of this printout. I
will assume that the â€˜¿�consciousmind' behaves like
a computer operator who is inspecting a continuous

Table 1
A â€˜¿�PC'model ofthe mind

Software package= Cognitive module
Lesioncauses neurologicaldisease

Operatingsystem= Integration
Lesioncausesâ€˜¿�functionalpsychosis'

Computeroperator= Consciousmind

printoutinordertogenerateappropriatebehaviours.
Furthermore, this computer operator has a sadly
impoverished existence (!) and the printout is his only
contact with the outside world.

A considerably more sophisticated and rigorous
â€˜¿�three-tier'model of the mind has recently been
proposedbySperber(1994).Hisdescriptionofinput
modules, first-order conceptual modules, and a
second-order metarepresentatioÃ±al module seems
compatible (mutatis mutandis) with my simple PC
analogy.

I suggest that the characteristic symptoms of the
functional psychoses are the consequence of a kind
of â€˜¿�softwareincompatibility' caused by damage to
the operating system of the brain: in other words
psychotic behaviours are the result of defective
inference. In a â€˜¿�pure'functional psychosis, the soft
ware modules are intact, but integration of their
output messages is defective, so that the cognitive
printoutisincomplete,incorrectlysequencedorover
inclusive. Psychotic behaviours are a consequence
of the computer operator (the alert conscious mind)
â€œ¿�tryingto make senseâ€•of a defective cognitive
printout, and generating a response inappropriate to
the original input. The computer operator does his
best, but faced with garbled or incomplete in
formation he draws the wrong inference: a reason
able response to an unreasonable cognitive printout.

An example of inappropriate integration of
modules might tentatively be suggested. David (1994)
has put forward the model of â€˜¿�hyper-connection'
between cognitive modules as a factor in some
â€˜¿�schizophrenic'symptoms. This would correspond
to a faulty operating system mixing together software
messages that ought to be kept apart. For instance,
a â€˜¿�reading'module reporting on a newspaper article
might be wrongly integrated with a module for
detecting threats to the organism, so that the
cognitive printout blends impersonal information
with inappropriate emotion. The â€˜¿�perplexed'com
puter operator understands this to mean that the
newspaper contains coded threats to the patient.

Neurological disorders, on the other hand, fre
quently display deficits in cognitive modules (Shallice,
1988) but without psychotic behaviours: integration
andinferentialprocessesarenonnal.Pureneurological
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disorders might be a consequence of lesioned
software packages and an intact operating system.
Because the operating system is normal, the problem
is diagnosable by the computer operator. He is able
to infer, for instance, that the word processor
package has â€˜¿�crashed',and he will make com
pensatory adjustments to behaviour.

If the above model is accurate in principle, it
provides an explanation of the failure of biological
psychiatry to discover a link between specific
behavioural syndromes and damage to specific brain
circuits (Charlton, 1990). Operating systems are
defmed functionally as protocols for bringing
together cognitive outputs (i.e. drawing inferences),
and the same operating systems can perform the
same function on a variety of different PCs. An
operating system such as Windows allows the same
software package to run on a variety of structurally
different machines. But if your operating system is
at fault, it makes little sense to look for the problem
among the circuits of your computer.

The research agenda
Research into the new discipline of cognitive neuro
psychiatry demands a different methodology from
that adopted in contemporary psychiatry. The
necessary methods can be developed, despite certain
logistical problems (Frith, 1992; David, 1993), from
those already devised by cognitive neuropsychologists.

The cognitive methodology requires the use of
single case studies (Caramazza, 1986; Shallice, 1988;
Charlton, 1990; Charlton, 1991). Individual patients
with defined cognitive lesions must be the unit of in
vestigation rather than groups of patients defined in
terms of a common diagnosis. Groups of patients are
not suitable because cognitive models are qualitative
phenomena, and qualities cannot be averaged
(Charlton, 1995). Cognitive observations are quali
tative tests of a theoretically-informed causal model,
and are potentially replicable. Models should be as
detailed and explicit as possible to enable potential
refutation (Caramazza, 1986). Replication involves
testing the model against individual cases â€”¿�any of
which may contradict, refine or replicate the model.

The ideal subject for identifying cognitive modules
is a pure case (Caramazza, 1986; Shallice, 1988) â€”¿�
a patient who demonstrates a single deficit affecting
a specific cognitive mechanism against a background
of normal function in all other cognitive systems. A
pure neurological case would display the result of
knocking-out a single cognitive module. A pure
psychiatric case would have a full complement of
intact modules, and largely normal inferential
abilities, except for a single defect in inferential

reasoning apparent on a specific class of functional
tasks. Such information could, in context with other
clinicalfmdingsandconvergentandcomplementary
evidence from other kinds of psychological study
(Shallice, 1988), be used to help construct a model
of the human â€˜¿�operatingsystem' (or â€˜¿�first-order
conceptual modular architecture' to use Sperber's
terminology (1994)), and this model would then be
testedagainstfurthercases.

Pure cases represent an ideal which can seldom be
found in practice.However,researchcan also
proceed by identifying dissociations between cog
nitive functions (Caramazza, 1986; Shallice, 1988).
A neurological dissociation occurs when the experi
mental subject performs normally on one task and
badlyonanothertask:dissociationimpliesthatthe
two tasks are mediated by different cognitive
modules. Psychiatric dissociations occur when one
type of inferential reasoning task is deficient and
another type normal: this implies that the two tasks
involve different parts of the operating system.

To return to the analogy: tasks requiring integration
of word processing and graphics may be abnormal,
but all other computational tasks are performed
normally. The fact that this lesion can occur in
isolation points to a functional separation within the
operating system which may serve as the basis for a
psychiatric diagnostic category (dyswordographia?).

The task for cognitive neuropsychiatry researchers
is to assist in a (multidisciplinary) project to map the
universal inferential architecture of the mind's
operating system. The aim is to understand and
describe the fundamental and universal pathways by
which cognitive messages are recognised and inte
grated. Clinicians could make a major contribution
by devising diagnostic tests of inference (or â€˜¿�cognitive
probes', see below) and incorporating them into the
mental state examination. Ultimately, a psychiatric
nosology may be constructed on the basis of specific
â€˜¿�lesionsof inference' in the operating system.

Implications for clinical practice
Although it may be conceded that cognitive neuro
psychiatry offers great potential as a research
strategy, syndromal diagnosis is solidly established
in clinical practice. Patients will, of course, continue
to be referred to psychiatrists on the basis of severe
behavioural abnormalities (symptoms and signs) and
therapy should be based upon empirical effective
ness. The cognitive neuropsychiatric examination
wouldbeconcernedwithtestingthepatient'spower
of drawing inferences from presented stimuli in order
to enable the psychiatrist to understand and explain
the overt behaviours. This element of cognitive
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testingisnotnewtothepsychiatricexamination;the
new approach would involve more a change of
emphasis and diagnostic purpose.

Clearly, psychiatrists cannot use elaborate cog
nitive test batteries in routine clinical practice: such
techniques would be reserve@ for difficult cases.
However,psychiatristsalreadyusebriefevaluations
of cognitive mechanisms in their normal history
taking. Tasks of cognitive inference could be verbal
(e.g. interpretation of proverbs), visual (e.g. explaining
uncaptioned comic strips), auditory (e.g. tape
recordings played through headphones) logical (for
instanceproblemsofanâ€œ¿�ifthis,thenwhat?â€•form),
or may use any other modality. Such tasks would
share a strategy of using highly culturally specific but
decontextualisedinformationtorevealthepresence
and nature of qualitatively faulty inferences.

The goal of re-classifying the â€˜¿�functionalpsy
choses' in terms of lesions of the universal human
operating system will, doubtless, take a great deal
of research effort. The design, validation and
interpretation of convenient cognitive probes, and
a vocabulary for describing the inferential abnor
malities which they seek, are major tasks ahead for
cognitive neuropsychiatrists.

Conclusions

I have attempted to sketch the outlines of a cognitive
nosology for the functional psychoses, including an
indication of the possible shape of future research
and clinical practice. If accepted, the cognitive model
would have far-reaching consequences. Not least, there
would have to be a re-definition of the disciplinary
boundaries between modular lesions (neurological) and
inferentiallesions(psychiatric),which might
reallocate a number of disorders or give rise to
â€˜¿�mixed'conditions.
Cognitiveneuropsychiatricresearchhas,todate,

been fascinating (Ellis & Young, 1990; Frith, 1992;
David, 1993; David & Cutting, 1994; David &
Howard, 1994), but must be regarded as preliminary.
Previousworkhastoooftenbeenflawedbythelack
of an evolutionary perspective (Barkow et a!, 1992;
McGuire et a!, 1992), the employment of group
studies rather than single cases, the failure to seek
pure cases,or an adherenceto thetraditional
syndromal diagnoses. The programme of cognitive
neuropsychologyisnot,therefore,an â€˜¿�off-the-peg'
methodologywhichissimplywaitingtobeapplied
to psychiatry. Progress will depend upon researchers
and clinicians observing their patients in a different
way:honingtheirskillsinthecloseobservationof
the inferential processes of individual patients. This
effort would be worthwhile if, for the first time in

many decades, psychiatrists might be in a position
to contribute towards a fundamental understanding
of human psychology.

Current practice already contains the seeds of a
cognitive approach, but these are overshadowed
by the continued dominance of the syndromal
diagnoses. The first, and hardest, step is to break
the habits of a century and stop talking about
schizophrenia, mania and depression.
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Brains, Biases, Deficits and Disorders
RICHARD P. BENTALL

Dissatisfaction with existing classifications of the
psychotic disorders has led a number of authors to
discuss new ways of addressing this problem. Some
have advocatedempirically-basedalternativesto neo
Kraepelinian diagnostic categories (Liddle, 1987),
others have advocated a dimensional approach to
psychosis (Claridge, 1987), and others have suggested
that syndromic classifications might be abandoned
altogether in favour of research and treatment targeted
at specific symptoms (Bentall eta!, 1988). Chariton
suggests a further â€˜¿�cognitiveneuropsychiatric'
approachinwhichpsychoticsymptoms areseenas
lesions in an operating system (analogous to that
which controls the functions of a computer) which
integrates the activities of intact cognitive modules.
On this view, the future of psychiatric diagnosis will
depend on the development of cognitive probes
designed to identify lesions of inference, and research
into the psychoses will largely follow the single-case
study methodology advocated by neuropsychologists.
While I have some sympathy with Charlton's aims
(which share with the dimensional and symptom
orientated approaches the attempt to link psychiatry
to the understanding of normal psychological pro
cesses) I doubt whether the characterisation of human
cognitivefunctioningonwhichhebaseshisarguments
is sufficiently defensible to provide a sound basis for
research. To illustrate my objections I will refer
briefly to research into psychotic symptoms carried
out by myself and other investigators.

Modules, operating systems, cognitive deficits
and cognitive biases

Central to Charlton's argumentsis the claim that the
human mind consists of discrete, biologically
implemented cognitive modules which are coordinated

by an operating system. Although the hypothesis of
modularisation is supported by neuropsychological
research(Shallice,1988),itisby no means clearthat
all important functions are organised in this way.
Some functions, particularly those involved in general
intelligence, may not be modularised (Anderson,
1983;Newell, 1990)as even advocates of the modular
hypothesis have sometimes conceded (Fodor, 1983).
Moreover, the idea of a central operating system which
coordinates the activity of modules is reminiscent of
the Cartesian theatre of the mind, and is implausible
on both philosophical and scientific grounds
(Dennett, 1991).

In fact, contemporary psychological research into
the psychotic disorders tends to implicate specific
psychological functions in specific symptoms, indi
cating that specific modules may be affected, at least
in some cases. For example, I and several other
authors (Hoffman, 1986; Bentall, 1990)have argued
that auditory hallucinations result from the failure
to attribute inner speech to self, which may reflect
some kind of core reality-monitoring deficit. Frith
(1992) has suggested that some psychotic symptoms
may reflect a failure of meta-representation (specifi
cally, the inability to represent the mental states of
others).

Other cognitive abnormalities which have been
implicatedinpsychoticdisordersarebestcharacter
ised as cognitive biases rather than cognitive deficits.
Cognitive deficits are said to be present when there
are disruptions of broad cognitive functions and are
usually assessed using emotionally neutral test
materials. It is natural to attribute such deficits to
underlying neurophysiological abnormalities (Dennett,
1987). Cognitive biases, on the other hand, are said
to be present when some forms of information are
processed preferentially in comparison with others,
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