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Abstract Kraepelin’s conclusion that there were under-
lying common features justifying the amalgamation of
catatonia, hebephrenia and paranoia hallucinatoria to form
a single iliness is confirmed by factor analytic studies de-
lineating the various dimensions of schizophrenic psy-
chopathlogy. Neuropsychological studies reveal that the
three cardinal demensions reflect disorder of the supervi-
sory mental processes responsible for initiation, selection
and monitoring of self-generated mental activity. Brain-
imaging studies indicate that the underlying neuropathol-
ogy entails disordered functional connectivity within the
neural networks in multimodal association cortex that are
the substrate of the supervisory mental processes, consis-
tent with Kraepelin’s own speculation about the essential
nature of the condition.

introduction

The complexity of the conditions which we observe in the
domain of dementia praecox is very great, so that their in-
ner connection is at first recognizable only by their oc-
curring one after the other in the course of the same dis-
ease. (Emil Kraepelin, 1919)

The manifestations of psychosis are strikingly diverse, yet
patients whose illnesses lie far apart in this diverse spec-
trum of illnesses often exhibit common features. One in-
dividual experiences episodes of labile mood and disin-
hibited behaviour intruding dramatically, but briefly, upon
a life in which personal relationships and professional
achievement are enjoyed in reasonable measure; another
individual exhibits incoherent speech, inappropriate’ af-
fect, and suffers a sustained erosion of his aspirations and
social status as his illness robs him of the ability to plan
and execute a coherent pattern of activity. Yet despite

Peter F. Liddle
Department of Psychiatry, University of British Columbia,
Vancouver, B.C., V6T 2A1, Canada

their differences, each of these individuals might experi-
ence delusions of persecution or hear hallucinatory voices
talking about him; each might suffer depressed mood ac-
companied by hopelessness and low self-esteem.

When Kraepelin set about defining the boundaries of
dementia praecox, he steered between two opposing ten-
dencies. On the one hand, the concept of the unitary psy-
chosis advocated by Griesinger (1867) emphasized the
commonality of psychotic illnesses, and classified persis-
tent disintegrative conditions together with transient states
dominated by wild excitement or deep melancholy, within
a single disease. On the other hand, Kahlbaum (1863, 1874)
drew attention to the importance of taking account of the
time course of illnesses as well as the presenting mental
state, and identified within the persistent disorders at least
three distinguishable conditions: catatonia, hebephrenia and
paranoia hallucinatoria. Kraepelin followed Kahlbaum in
attending to the time course of illness, and split Griesinger’s
unitary psychosis into two major divisions: dementia prae-
cox, which tends to persist leading to weakening of the
faculties of the mind, and manic-depressive psychosis, an
episodic illness characterized by excited or melancholic
passions. However, in contrast to Kahlbaum, Kraepelin
emphasized the connections linking the persistent con-
ditions and amalgamated catatonia, hebephrenia and
paranoia hallucinatoria wihin the single entity, dementia
praecox. Bleuler (1950) subsequently renamed this entity
schizophrenia to denote the characteristic loss of coher-
ence between the various aspects of mental function.

In an essay in which he sought to distil his thoughis
about psychopathology, Kraepelin wrote that the essence
of schizophrenia was ... that destruction of conscious vo-
lition ... which is manifest as a loss of energy and drive, in
disjointed volitional behaviour. This rudderless state
leads to impulsive instinctual activity: there is no planned
reflection which suppresses impulses as they arise or di-
rects them into proper channels. (Kraepelin 1920, trans.
1974).

Elsewhere in this issue, Jablensky et al. (1995), exam-
ine the basis for Kraepelin’s decision to separate dementia
praecox from manic-depressive iliness. This paper ad-



dresses the issue of the validity of his amalgamation of
catatonia, hebephrenia and paranoia hallucinatoria within
a single condition, and examines the extent to which his
views on the psychopathological processes of schizophre-
nia are supported by evidence provided by the techniques
of modern neuroscience.

Attempts to describe the heterogeneity
of schizophrenia

Kraepelin’s concept of dementia praccox encompasses a
bewildering variety of clinical presentations. Since the
time of Kraepelin, clinicians have repeatedly sought a sat-
isfactory way to split schizophrenia into separate sub-
types, but have found it difficult to do better than
Kahlbaum. The tenth edition of the International Classifi-
cation of Diseases (WHO 1993) reproduces the classical
sub-division into paranoid, hebephrenic, catatonic and
simple sub-types. The first three of these sub-divisions are
directly related to the three chronic psychosis recognized
by Kahlbaum. Simple schizophrenia is a concept proposed
by Diem (1903) to accommodate those patients who ex-
hibit weakening and disjointing of volition without the
relatively specific mental phenomena, such as delusions,
hallucinations, formal thought disorder or catatonic motor
disorder, that give each of the other three types their dis-
tinctive character. However, attempts to classify individ-
ual patients according to the classical scheme is con-
founded by the fact that many individuals exhibit features
of several different sub-types.

The very limited success of attempts to divide schizo-
phrenia into sub-types indicates that a different approach
is required. One such approach is the dimensional ap-
proach advocated by Crow (1980). Crow proposed that
two types of pathological process occur within schizo-
phrenia. The type-1 process is manifest as positive symp-
toms, such as delusions, hallucinations and formal
thought disorder, which tend to occur in transient, acute
episodes. Crow suggested that these symptoms reflect
biochemical imbalance such as dopaminergic hyperactiv-
ity. The type-2 process is manifest as negative symptoms,
such as poverty of speech and flat affect, and tends to be
chronic. Crow proposed that this process entails structural
abnormality of the brain, such as enlargement of the cere-
bral ventricles. It is important to emphasize that Crow did
not consider that these two types of pathological process
were separate illnesses. He regarded them as two mani-
festations of a single illness, and hence, likely to co-exist
in many idividual cases.

While Crow’s formulation has been very successful in
stimulating research into the nature of the heterogeneity
of schizophrenia, empirical evidence has provided only
partial support. For example, in a review of X-ray com-
puted tomographic studies, Lewis (1990) found that only
5 of 18 studies that had addressed the issue had found an
association between enlargement of cerebral ventricles
and negative symptoms of schizophrenia. On the other
hand, the limited, but definite, efficacy of clozapine in al-
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leviating negative symptoms implies that biochemical im-
balance is implicated in the production of negative symp-
toms. Furthermore, in view of the fact that positive symp-
toms can be persistent, whereas negative symptoms are
sometimes transient, Crow’s formulation also raises the
question of whether it is symptom type or degree of symp-
tom persistence that is intrinsically linked to each of the
two proposed pathological processes.

Factor analysis of schizophrenic symptoms

If the heterogeneity of schizophrenia reflects the occur-
rence of several distinguishable, but related, pathological
processes, such heterogeneity is best described in terms of
multiple dimensions of a single illness. An appropriate
technique for delineating the pattern of relationships be-
tween the symptoms of a multi-dimensional illness is fac-
tor analysis. Factor analysis identifies groups of related
symptoms that tend to co-exist in an individual. Closely
related symptoms load onto a single factor. If several dif-
ferent pathological processes lead to clustering of symp-
toms into several discrete groups (or syndromes), factor
analysis should demonstrate that several factors are re-
quired to account for the pattern of correlations between
symptoms. Factor analysis does not identify discrete clus-
ters of patients. An individual patient generally might ex-
hibit substantial scores for several factors, or in other
words, exhibit the features of several of the syndromes.
If we wish to determine the links between symptoms
based on symptom type alone, without the potentially
confounding influence of factors related to degree of
chronicity, it is preferable to study patients who are rela-
tively homogeneous with regard to chronicity. In a cohort
of chronic schizophrenic patients who had stable symp-
toms persisting over a period of 6 months or more, a fac-
tor analysis revealed that 74% of the shared variance
could be accounted for by three factors, indicating three
major groups of persistent symptoms: psychomotor
poverty (poverty of speech, flat affect, decreased sponta-
neous movement), disorganization (disorders of the form
of thought, poverty of content of speech, inappropriate af-
fect); and reality distortion (delusions and hallucinations)
(Liddle 1987). A similar factor structure has been re-
ported in many other studies of chronic schizophrenic pa-
tients (Bilder et al. 1985; Kulhara et al. 1986; Mortimer et
al. 1990; Liddle and Bames 1990; Pantelis et al. 1991;
Schroder et al. 1992; Brown and White 1992). A similar
factor structure has also been reported in many studies
that have included non-chronic patients (Arndt et al.
1991; Peralta et al. 1992; Frith 1992; Malla et al. 1993;
Thompson and Meltzer 1993). Thus, there is a large body
of evidence suggesting that the characteristic symptoms
of schizophrenia segregate into three major syndromes.
The range of symptoms covered in these studies, how-
ever, did not embrace the full range of schizophrenic
symptoms. If transient symptoms are taken into account, a
more complex picture emerges. Firstly, schizophrenic pa-
tients are prone to suffer from depressive episodes charac-
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terized by depressed mood, a sense of hopelessness and
low self-esteem (Kibel et al. 1993). These depressive
episodes can occur in association with acute psychotic
episodes (Knights and Hirsch 1981) or a transient inter-
lude superimposed upon the chronic, relatively stable
phase of the schizophrenic illness (Barnes et al. 1989).
Provided the range of symptoms entered into a factor
analysis includes a sufficiently comprehensive range of
affective items, factor analysis yields a depression factor
in addition to the other three more characteristic schizo-
phrenic factors (Liddle et al. in preparation).

Secondly, when transient symptoms are taken into ac-
count, it becomes clear that the psychomotor poverty syn-
drome lies at one pole of a bipolar syndrome. The other
pole is psychomotor excitation characterized by increased
spontaneous movement, pressure of speech and emotional
lability. In patients who exhibit prolonged periods of pro-
found psychomotor poverty, a sudden psychological or
physiological stimulus can precipitate a transient episode
of marked psychomotor excitation. (An illustrative case is
presented in Liddle 1994.) This phenomenon is consistent
with the observation by Venables and Wing (1962) that
socially withdrawn schizophrenic patients are prone to ex-
hibit abnormally high levels of physiological arousal.

In summary, there are four major syndromes of schizo-
phrenic psychopathology, one of which is bipolar. The
four syndromes are psychomotor poverty/excitation, dis-
organization, reality distortion and depression (Table 1).
These syndromes differ in their tendency to be persistent.
Depression and the excited phase of the psychomotor
poverty/excitation syndrome are usually very transient.
Reality distortion is often transient, but tends to endure
longer than excitation, and in a substantial minority of
cases, persists into the chronic phase of illness. Disorgani-

Table 1 Syndromes of schizophrenia

Reality distortion
Delusions
Hallucinations

Disorganization

Formal thought disorder
Distractibility
Inappropriate affect

Psychomotor poverty
Poverty of speech
Flat affect

Motor underactivity

Psychomotor excitation
Pressure of speech
Trritability/lability
Motor overactivity

Depression

Depressed mood
Pessimism/hopelessness
Low self-esteem/guilt
Anhedonia

zation, like reality distortion, is most marked during acute
episodes, but has an even greater tendency to persist
(Pogue-Geile and Harrow 1984). Most persistent of all are
the core negative symptoms, poverty of speech and flat
affect, which characterize the psychomotor poverty syn-
drome (Pfohl and Winokur 1982). It is important to em-
phasize that the various syndromes reflect distinguishable
dimensions within a single illness, and an individual pa-
tient might exhibit evidence of more than one syndrome.
Of the four syndromes, psychomotor poverty/excitation,
disorganization and reality distortion might be regarded as
characteristic of schizophrenia, whereas depression is ob-
served commonly in other psychiatric conditions.

The three characteristic syndromes embrace the phe-
nomena to which Kraepelin attributed special importance
in his description of schizophrenia. In particular, the
weakening and disjointing of volition, which he regarded
as the most characteristic features of the condition, lie at
the heart of the psychomotor poverty and disorganization
syndromes. While Kraepelin also attributed importance to
delusions and hallucinations (features of the reality distor-
tion syndrome) he was disinclined to include illnesses
dominated by delusions, but lacking volitional or emo-
tional disturbance, within dementia praecox. In the intro-
duction to Dementia Praecox and Paraphrenia (Kraepelin
1919), he acknowledged the debate on this issue and de-
cided in favour of separating those illnesses that ... are
distinguished in their whole course by very definite mani-
festations of peculiar disturbances of intellect while lack-
ing enfeeblement of volition and especially of feeling (p.
4) from the compass of dementia praecox, and instead
classified them under the heading of paraphrenia. On the
other hand, in the chapter from the same book devoted to
psychic symptoms, Kraepelin makes clear that he consid-
ered both auditory hallucinations and the delusional expe-
riences of alien influence as characteristic of schizophre-
nia.

To what extent does the multi-dimensional picture of
schizophrenia generated by factor analysis provide a basis
for establishing the nature of the underlying pathophysio-
logical processes and for identifying the inner connections
that Kraepelin assumed must link the various clinical con-
ditions that are observed in the domain of dementia prae-
cox?

Neuropsychological impairmenté

Each of the three characteristic syndromes is associated
with a specific pattern of neuropsychological impairment.
The psychomotor poverty syndrome is associated with
slowed performance in tasks that demand the generation
of a plan to act. For example, severity of psychomotor
poverty is associated with reduced output in word genera-
tion tasks in which the subject is required to produce as
many words as possible within a given category within a
limited time (Liddle and Morris 1991; Frith et al. 1991 a;
McGrath 1992; Allen et al. 1993). When patients are
asked to repeat the task on multiple different occasions,



the total number of different words produced is within the
normal range, indicating that the deficit is not a reduction
in number of words stored in the patient’s internal lexi-
con, but rather a difficulty in generating a plan to retrieve
the stored words (Allen et al. 1993). It is reasonable to
speculate that psychomotor excitation might represent a
pathologically excessive generation of mental activity, al-
though this hypothesis has not been tested by formal neu-
ropsychological investigation.

The disorganization syndrome is associated with im-
pairment in tasks that demand the suppression of inappro-
priate responses. For example, severity of disorganization
is correlated with impaired performance in the Stroop test
(Liddle and Morris 1991; McGrath 1992). In this test the
subject is presented with colur names printed in ink of a
colour that is not congruent with the colour name, and
asked to state the colour of the ink. To perform efficiently,
the subject must ignore the tendency to respond to the
colour name. Disorganization is also correlated with the
production of unusual words in word generation tasks
(Allen et al. 1993) and with impaired ability to suppress
inappropriate responses during the Continuous Perfor-
mance Test (Frith et al. 1991 a).

In contrast to psychomotor poverty and disorganiza-
tion, reality distortion is not associated with readily dis-
cemible neuropsychological impairment (Liddle and
Morris 1991; Frith et al. 1991a). The essence of reality
distortion is a defect in evaluating the origin or validity of
one’s own mental activity. Consistent with this, Frith and
Done (1989) demonstrated that delusions of control were
associated with impaired ability to correct errors under
circumstances where error correction relied upon internal
monitoring of self-generated action.

Overall, the evidence from neuropsychological studies
indicates that ecach of the three characteristic schizo-
phrenic syndromes is associated with impairment of an
aspect of the supervisory mental processes responsible for
the initiation, selection and monitoring of self-generated
mental activity. In contrast to the routine mental functions
required to produce responses that are largely dictated by
circumstances, the supervisory mental processes are called
into play whenever there is ambiguity in what action, if
any, is required.

This evidence for the cardinal role of impaired super-
visory mental functions is consistent with Kraepelin’s
clinical observation (Kraepelin 1919):

They often move with tolerable certainty in accustomed paths, but
in the psychic elaboration of new experiences, in the judgement of
circumstances not hitherto experienced...they not infrequently
commit the grossest blunders (p. 25). It is true that they are often
able to carry out quickly and correctly tasks depending solely on
memory or practice, but fail completely as soon as it is a question
of independent mental activity and the overcoming of difficulties
(p. 23).

On the basis of these observations, Kraepelin concluded
that there were two major deficits: A weakening of the
mainspring of volition, and a loss of inner unity of mental
activities (p 74, 75). These two proposed deficits are con-
sistent with the evidence from neuropsychological studies
that two of the principal deficits in schizophrenia are im-
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paired ability to initiate a plan to act and impaired ability
to suppress inappropriate mental activity.

Patterns of cerebral malfunction associated
with schizophrenic syndromes

Regional cerebral blood flow (rCBF), which can be
mapped using functional brain-imaging techniques, such
as positron emission tomography (PET) or single photon
emission tomography (SPET), provides a sensitive index
of regional neuronal activity. In a PET study of medicated
patients with persistent, stable symptoms, Liddle et al
(1992 a) demonstrated that each of the three cardinal syn-
dromes is associated with a specific pattern of rCBF. In
particular, psychomotor poverty is associated with de-
creased rCBF in prefrontal cortex bilaterally and in left
parietal cortex, and with increased rCBF in the caudate
nuclei. Disorganization syndrome is associated with in-
creased rCBF in right medial prefrontal cortex, anterior
cingulate cortex and thalamus, and with decreased rCBF
in right ventral prefrontal cortex and contiguous insula.
Reality distortion syndrome is associated with increased
rCBF in left medial temporal lobe and ventral striatum,
and with decreased rCBF in the posterior cingulate cortex
and in the left lateral temporal lobe. Each of these three
rCBF patterns includes areas of underactivity and areas of
overactivity, suggesting dynamic imbalance between
brain regions, rather than irreversible neuronal loss.

The main features of these patterns of rCBF have been
confirmed in other studies. For example, in a SPET study
of unmedicated patients, Ebmeier et al. (1993) found that
psychomotor poverty is associated with underactivity of
prefrontal cortex, disorganization is associated with over-
activity of the right medial prefrontal cortex and reality
distortion is associated with underactivity of the left tem-
poral lobe. Although their finding of an association be-
tween reality distortion and underactivity in the left tem-
poral lobe is consistent with the finding by Liddle et al.
(1992a) of an association with underactivity in the left lat-
eral temporal lobe, they did not observe the association
with left medial temporal overactivity found by Liddle et
al. (1992a). However, other evidence does support the
proposal that reality distortion can be associated with both
underactivity and overactivity in parts of the left temporal
lobe. In particular, Kurachi et al. (1985), Musalek et al.
(1989), Matsuda et al. (1989) and Suzuki et al. (1993) all
reported an association between left temporal overactivity
and hallucinations.

For each of the three syndromes, the cerebral regions
involved in the pattern of altered rCBF include the sites
maximally activated in normal individuals when perform-
ing the type of supervisory mental process implicated in
that syndrome (Liddle et al. 1992b). For example, the
area of left prefrontal cortex in which there is a negative
correlation between rCBF and psychomotor poverty coin-
cides with the area maximally activated in normal indi-
viduals during a word-generation task (Frith et al. 1991b),
consistent with the finding that psychomotor poverty is
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associated with impaired ability in such tasks. The right
anterior cingulate region in which there is a correlation
between rCBF and severity of disorganization includes
the site maximally activated in normal individuals during
the Stroop task (Pardo et al. 1990). The area of left medial
temporal lobe in which there is a correlation between
rCBF and reality distortion includes the left para-hip-
pocampal site activated in normal individuals during the
learning of an eye-movement task that makes heavy de-
mands on the internal monitoring of self-generated action
(Frith et al. 1992).

When rCBF is measured in schizophrenic patients dur-
ing the performance of tasks such as word generation, the
findings depend on whether the task is paced. When it is
unpaced, patients tend to produce a lesser degree of
frontal activation than normal individuals. However,
when the task is paced so that patients are required to per-
form at the same rate as normal controls, they produce the
same magnitude of activation in the prefrontal cortex as
normal individuals, indicating that the frontal hypofunc-
tion is a dynamic imbalance, rather than an irreversible
deficit (Liddle et al. 1994). However, in normal individu-
als prefrontal activation is accompanied by suppression of
activity in the lateral aspect of the left temporal lobe,
whereas in schizophrenic patients, the prefrontal activa-
tion is accompanied by increased rCBF in the left lateral
temporal lobe, implying an abnormal pattern of functional
connectivity between frontal and temporal lobes. Further-
more, under paced conditions, those patients with poverty
of speech produce a far more extensive cerebral activation
than patients without poverty of speech, perhaps indicat-
ing a tendency to greater degree of cerebral arousal when
stressed, consistent with the proposal that psychomotor
poverty and psychomotor excitation are opposite poles of
a single dimension.

In view of the evidence from clinical observation that
the various syndromes of schizophrenia should be re-
garded as dimensions of a single illness, it is of impor-
tance to establish whether there are features of the rCBF
patterns that are common to all three syndromes. To ad-
dress this question, Friston et al. (1992) performed a
canonical correlation analysis designed to determine the
areas of overlap between the rCBF patterns. This analysis
identified two sites, one in the left para-hippocampal
gyrus and the other in the left globus pallidus, as sites in-
volved in all three syndromes. Although this result must
be interpreted with some caution until replicated, it pro-
vides support for the proposal that the three characteristic
syndromes of schizophrenia reflect three distinguishable
pathological processes that are nonetheless linked by a
shared fundamental deficit.

Conclusions

Analysis of the relationship between the diverse symp-
toms of schizophrenia produces a multi-dimensional pic-
ture. Each of the four dimensions is based on cardinal fea-
tures of the various chronic psychotic illnesses described

by Kahlbaum. The symptoms of reality distortion are sim-
ilar to those of paranoia hallucinatoria. The features of the
disorganization syndrome resemble those of hebephrenia.
Both the bipolar psychomotor poverty/excitation dimen-
sion and the depression dimension comprise cardinal fea-
tures of catatonia. It should be noted that Kahlbaum’s
(1874) description of catatonia included depressed, stu-
perose and excited phases. (Although we have contrasted
Kraepelin’s decision to amalgamate various chronic psy-
choses within a single condition, with Kahlbaum’s ap-
proach, which treated these illnesses as separate condi-
tions, Kahlbaum had been one of the earliest proponents
of the concept of distinguishable symptom complexes
within a disorder. The muli-dimensional picture of schiz-
ophrenia that we have presented is as much a tribute to
Kahlbaum as to Kraepelin.)

Neuropsychological evidence indicates that the three
relatively persistent characteristic syndromes, psychomo-
tor poverty, disorganization and reality distortion, reflect
disorders of the supervisory mental processes responsible
for the initiation, selection and monitoring of self-gener-
ated mental activity, respectively. The patterns of rCBF
associated with each of the three characteristic syndromes
involve the areas of multi-modal association cortex en-
gaged in the relevant supervisory mental functions. The
rCBF patterns indicate dynamic imbalance between activ-
ity in the variously associated cortical areas and related
subcortical nuclei, suggesting that the fundamental abnor-
mality in schizophrenia is disorder of the connections
within the neuronal networks that serve the supervisory
mental functions. Furthermore, preliminary evidence
demonstrates anatomical overlap between the cerebral
sites implicated in the various syndromes.

The evidence we have reviewed yields a picture of
schizophrenia as an illness in which the disparate features
of catatonia, hebephrenia and paranoia hallucinatoria can
arise from an underlying disturbance of connections
within the neural networks serving the supervisory mental
functions. The symptom profile exhibited by a particu-
lar individual at a specific point in time would be ex-
pected to reflect both constitutional factors and situational
factors unique to that individual. This picture of schizo-
phrenia supports Kraepelin’s amalgamation of catatonia,
hebephrenia and paranoia hallucinatoria within a single
condition, and, furthermore, reinforces his views concern-
ing the nature of psychopathological processes. In partic-
ular, it is consistent with his conclusion that the basic
deficits of schizophrenia are a weakening of the main-
spring of volition and a loss of the inner unity of mental
activity.
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