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Abstract

Perseveration in schizophrenia may take a variety of
forms, which can be conceptualized as varying mani-
festations of an underlying neurocognitive deficit.
Comparative studies have demonstrated higher than
normal levels of perseverative responding among schiz-
ophrenia patients on capacity-demanding tasks, includ-
ing prompted discourse, reversal learning, and the gen-
eration of guessing sequences. There is little evidence
that perseveration is associated with deficit signs of
schizophrenia. However, perseveration appears to
covary with both positive thought disorder and volun-
tary motor disturbance. Perseveration in schizophrenia
thus appears to be a productive sign elicited by a fail-
ure to mobilize cognitive resources in situations requir-
ing controlled information processing and the concomi-
tant inhibition of activated but task-inappropriate
responses. An information-processing model propesed
by Shallice (1988) attributes perseveration to a failure
of a higher level executive control system to modulate a
lower level response selection system under a require-
ment for novel response generation. This model sug-
gests that perseveration is the consequence of a failure
of frontal specification of striatal outputs during con-
trolled processing, resulting in the continued reselec-
tion of previously activated outputs.
Schizophrenia Bulletin, 23(1):63-74, 1997.

Various forms of perseverative activity have long been
noted among schizophrenia patients (Bleuler 1911/1950;
Freeman and Gathercole 1966; Bilder and Goldberg 1987,
Barr et al. 1989) and can be elicited in a substantial
minority of chronic cases (Andreasen 1979b; Braff et al.
1991). Nevertheless, perseveration has received a rela-
tively modest amount of theoretical and research attention
as a component of the psychopathology of schizophrenia,
possibly because a dominant post-Bleulerian paradigm
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dismissed neurological phenomena as irrelevant to the
disorder (Rogers 1985; Crider 1991). However, a renewed
appreciation of the neuropsychology of schizophrenia,
including theoretical formulations of symptoms in terms
of motor-programming dysfunction (e.g., Gray et al.
1991; Frith 1992), justifies a fuller consideration of the
nature and significance of perseveration in schizophrenia.
This article provides an overview of perseveration,
reviews and examines the implications of comparative
studies of perseveration in schizophrenia patients, and
presents a cognitive neuropsychological formulation of
underlying mechanisms.

What Is Perseveration?

Perseveration can be defined as the contextually inappropri-
ate and unintentional repetition of a response or behavioral
unit. In other words, the observed repetitiveness does not
meet the demands of the situation, is not the product of
deliberation, and may even unfold despite counterintention.
Perseveration can therefore be differentiated from goal-
directed and intentional forms of repetition, such as linguis-
tic redundancies designed to enhance communicative or
poetic impact. Perseveration in schizophrenia encompasses
both simple and complex behaviors, ranging from discrete
motor responses to skilled psychomotor performance.

Variety in Perseveration. Various forms of perseveration
can be differentiated. After reviewing previous distinc-
tions and typologies in the neurological literature, Sandson
and Albert (1984) suggested a tripartite classification of
continuous, recurrent, and stuck-in-set forms.

Continuous perseveration is a failure to terminate a
discrete response, which is repeated without interruption.
Common examples include the uninterrupted emission of
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single words or the graphical repetition of letters, numer-
als, or design elements. Bleuler (1911/1950) described
several instances among schizophrenia patients, includ-
ing a pianist who became stuck on a repeated musical
phrase and a stage prompter whose illness was revealed
by his inability to cease prompting the same line despite
recognition of the problem.

Recurrent perseveration can take two major forms.
The first is the repetition of a previously emitted response
to a subsequent stimulus. Freeman and Gathercole (1966)
cited an example of the appropriate copying of dots on the
first Bender Gestalt card (Bender 1938) followed by the
inappropriate use of dots on the second card. The second
form is seen in the repeated intrusion of an initial
response into a subsequent response sequence, as in recit-
ing the alphabet “AbcAdeAfghijA. . . .” Recurrent perse-
veration of morphemes, phonemes, phrases, or syntax is a
prominent characteristic of schizophrenic language disor-
der, as seen in the following example of lexical persevera-
tion in the context of incoherent speech (Cutting 1985):

Yes [ mean er | mean are you from London I mean do
you like London particular of London I think that
London is wild buses wild buses in London and wild
trains underground is wild in London bus I mean it is
Lebanon bus of London and Lebanon train of London
so we are the chancellor if it is the underground.
[p- 250]

Stuck-in-set perseveration typically is observed on
reversal tasks in which the patient fails to switch response
modes after a shift in response-outcome contingencies.
On the Wisconsin Card Sorting Test (WCST; Heaton
1981), for example, the schizophrenia patient may con-
tinue to sort items in terms of a previously relevant, but
currently irrelevant, attribute of the stimulus figures.

Unity in Perseveration. Classical neuropsychology treats
different forms of perseveration as signs of dysfunction in
specific cerebral loci (e.g., Luria 1980). However, all
forms of perseveration entail a common reduction in
behavioral variability and a concomitant increase in the
predictability of current behavior from past behavior
(Frith and Done 1990). This similarity in behavioral
dynamics implies that a unitary mechanism may underlie
varying forms of perseveration. Goldberg (1986) has elab-
orated on this implication in relation to the Sandson and
Albert (1984) classification by proposing that all forms of
perseveration reflect a “pathological inertia” of cognitive
processes: Previous activity is not terminated and a switch
to new activity is not initiated. According to Goldberg,
this mechanism operates at different levels of cognitive
representation to produce different forms of perseveration.
Stuck-in-set perseveration is produced by operation at the
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superordinate level of the general semantic set or cogni-
tive mode, recurrent perseveration by operation at an
intermediate level of individual task items within the cog-
nitive mode, and continuous perseveration by operation at
the subordinate level of elementary motor operations. The
three levels of representation are presumed to function in
hierarchical fashion such that each level is embedded in
the next higher one. Goldberg’s simplifying hypothesis
provides a rationale for treating different forms of schizo-
phrenic perseveration as manifestations of a common neu-
rocognitive deficit.

Comparative Studies

Neuropsychological assessment of schizophrenia patients
yields a level of perseverative responding equivalent to
that shown by patients with known organic impairment
(Bilder and Goldberg 1987). The degree of perseveration
observed varies considerably among different tests, how-
ever (Freeman and Gathercole 1966). More specifically,
comparative studies have confirmed enhanced levels of
perseveration among schizophrenia patients in prompted
discourse, on reversal tasks, and on insoluble guessing
tasks.

Discourse. Andreasen (19794) defined perseverative
speech as the “persistent repetition of words, ideas, or sub-
jects so that, once a patient begins a particular subject or
uses a particular word, he continually returns to it in the
process of speaking” (p. 1320). In twin reports, Andreasen
showed that perseverative speech could be rated reliably in
the clinical interview (Andreasen 1979a) and that it was
observed in 24 percent of schizophrenia patients, 34 per-
cent of mania patients, and 6 percent of depressed patients
(Andreasen 1979b). Using a somewhat different methodol-
ogy, Manschreck et al. (1985) tallied the frequencies of
repeated words and multiword phrases in the speech of
schizophrenia, mixed affective disorder, and normal con-
trol subjects asked to describe a painting. The schizophre-
nia patients were significantly more perseverative on both
measures than the two comparison groups.

Several studies have assessed repetitiveness in the
speech of schizophrenia subjects by means of the type-
token ratio (TTR), which is the proportion of different
words (types) to the total number of words (tokens) in a
speech sample. Results using this metric are somewhat
mixed. Three studies reported greater repetitiveness
(lower TTRs) among schizophrenia patients compared
with normal or medical patient controls (Fairbanks 1944;
Seth and Beloff 1959; Hammer and Salzinger 1964).
Three other studies found no differences between schizo-
phrenia patients and normal, other psychiatric, or medical
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patient controls (Lorenz and Cobb 1954; Feldstein and
Jaffe 1962; Salzinger et al. 1964). More consistent results
have been reported when schizophrenia patients are dif-
ferentiated in terms of the presence or absence of positive
formal thought disorder. In an initial and a replication
study, Manschreck et al. (1981, 1984) found lower TTRs
in thought-disordered than in non-thought-disordered
patients, who in turn did nct differ from mixed affective
disorder patients or normal controls.

Reversal Tasks. Schizophrenia patients show an
impaired ability to shift response sets on tasks when
changed outcome contingencies require the inhibition of a
previously reinforced response and the facilitation of a
newly reinforced response. In some schizophrenia
patients, impaired shifting is accompanied by nonrandom,
perseverative responding. For example, Nolan (1974)
studied discrimination learning shifts between two stimuli
that varied simultaneously in the attributes of color and
form. Schizophrenia patients were impaired on both
reversal shifts within a given attribute and extradimen-
sional shifts between attributes. Long runs of persevera-
tive errors accounted for the poor performance of loboto-
mized patients generally and of 5 of 23 patients without
signs of brain damage. Similarly, Crumpton (1963) found
that schizophrenia patients were less able than control
subjects to shift response strategies when rules were
changed in games of skill.

The WCST is a robust means of eliciting persevera-
tive responding in schizophrenia patients. The test con-
sists of 128 cards displaying figures of varying form,
number, and color. The subject is required to sort the
cards according to one of the three attributes (which is
unannounced) and to shift to a different attribute after 10
correct sorting responses. The test yields a variety of
scores, including the frequency of sorting errors that are
perseverative (Heaton 1981). An initial demonstration of
an abnormally high frequency of WCST perseverative
errors among schizophrenia patients (Fey 1951) has been
confirmed for an automated version of the test (Berman et
al. 1986; Weinberger et al. 1986) and in subsequent neu-
ropsychological investigations (Braff et al. 1991; Litman
et al. 1991; Raine et al. 1992; Rosse et al. 1993; Rubin et
al. 1994).

Guessing Tasks. A guessing task can be compared to pre-
dicting the sequence of red and black cards in a shuffled
deck: Correct guesses reflect no necessary contingency so
that no winning strategy can be developed (Frith and
Done 1990). Under these conditions, the strategy requir-
ing the least effort is the repetition of the same guess on
each trial. Although normal subjects may sometimes
adopt this least-effort strategy, they are more likely to
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generate complex response sequences that approach the
randomness of the stimulus sequence (Frith and Done
1983; Lyon et al. 1986). In contrast, schizophrenia pa-
tients tend to generate very simplified guessing sequences
that are then perseverated.

Frith and Done (1983) devised a two-choice guessing
task that required subjects to predict the right (R) or left
(L) spatial location of a cross that appeared on a video
screen by pressing one of two choice buttons. Repeti-
tiveness was measured in four-trial response tetrads. Both
acute and chronic schizophrenia patients showed a greater
frequency of simple alternations (RLRL or LRLR) com-
pared with normal subjects. One-sided perseverations
(RRRR or LLLL) characterized deteriorated patients with
intellectual deficits. In a replication study, Lyon et al.
(1986) also found more frequent simple alternations
among chronic schizophrenia patients.

Lyon and Gerlach (1988) modified the Frith and
Done task, requiring subjects to produce more lengthy
sequences of R or L guesses before feedback on each trial.
The subjects included patients with chronic schizophre-
nia, affective disorder, anxiety disorder, and schizoid per-
sonality disorder, as well as normal control subjects. In
general, normal subjects showed more variable and com-
plex response sequences than the schizophrenia patients,
who tended to repeat simplified sequences such as one-
sided perseverations or simple alternations. Simplified
sequences characterized 74 percent of guesses among
schizophrenia patients compared with 36 percent among
the normal control subjects. Response sequences among
anxiety disorder and schizoid patients did not differ from
those of the control group. However, affective disorder
patients could not be distinguished from schizophrenia
patients, because of schizophrenic-like repetitions among
a subgroup of mania patients.

Relation to Clinical Signs. A number of studies have
explored the psychopathology of perseveration by relating
individual differences in perseverative activity to other
signs of schizophrenia. Given the heterogeneous nature of
both the measures used and the patients sampled across
different studies, this literature is less cohesive than might
be wished. Nevertheless, the available evidence suggests
that the severity of perseveration is unrelated to deficit
signs of schizophrenia but may instead covary with two
productive signs: formal thought disorder and voluntary
motor disturbance.

Conventionally, perseveration is considered a nega-
tive or deficit sign of schizophrenia. For example, Frith
(1992) groups perseveration with affective flattening,
poverty of speech, and poverty of action as manifestations
of an impaired ability to generate action intentions.
However, few data support the conventional view, and
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there is evidence to the contrary. For example, Andreasen
(1979b) found that the severity of perseverative speech
was uncorrelated with the deficit sign of poverty of
speech; Buchanan et al. (1994) reported that WCST per-
severative errors did not distinguish between deficit and
nondeficit subtypes of schizophrenia. In addition, no rela-
tionship between WCST perseverative errors and negative
symptom severity was found in studies of chronic, med-
icated patients (Liddle and Morris 1991; Morrison-
Stewart et al. 1992; Rosse et al. 1993), among acutely ill,
medicated patients (Addington et al. 1991), or in a mixed
sample of acute and chronic patients during a drug
washout period (Wolkin et al. 1992). Braff et al. (1991)
did find a positive relationship between WCST persevera-
tive errors and negative symptom severity. However, the
patient sample was atypical in that measures of negative
and positive symptom severity were correlated rather than
orthogonal.

In contrast, there is evidence of a link between per-
severation and positive formal thought disorder.
Andreasen (1979b) found perseverative speech to be cor-
related with ratings of derailment, incoherence, illogical-
ity, and poverty of content of speech in a mixed sample of
schizophrenia, mania, and depressed patients. The same
indices of positive thought disorder also were correlated
with counts of word and phrase repetition in a mixed sam-
ple of schizophrenia and affective disorder patients
(Manschreck et al. 1985) and with lower TTRs (greater
repetitiveness) in two samples of schizophrenia patients
(Manschreck et al. 1981, 1984). Summary assessments of
overall positive symptom severity, as opposed to the more
specific assessment of thought disorder, may (Morrison-
Stewart et al. 1992) or may not (Addington et al. 1991)
predict WCST perseveration.

Factor analyses of schizophrenic signs and symptoms
reveal two robust productive syndromes: a psychotic syn-
drome defined by hallucinations and delusions and a dis-
organization syndrome defined by positive thought disor-
der, bizarre behavior, and inappropriate affect (Liddle
1987; Andreasen et al. 1995). The apparent covariation of
perseveration with positive thought disorder thus implies
that perseveration is a component of a broader disorgani-
zation syndrome. This implication has been confirmed
with regard to both perseverative discourse (Andreasen et
al. 1995) and WCST perseveration (Liddle and Morris
1991). An understanding of schizophrenic perseveration
may therefore illuminate other manifestations of disorga-
nization.

Disturbances of voluntary motor activity, such as
repetitive movements, impaired coordination, and poor
response sequencing occur frequently among schizophre-
nia patients (Manschreck 1986, 1993; Heinrichs and
Buchanan 1988). Voluntary motor disturbance is associ-
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ated with the presence of positive thought disorder
{Manschreck et al. 1982; Heinrichs and Buchanan 1988;
Schroder et al. 1992), which in turn suggests an associa-
tion between voluntary motor disturbance and persevera-
tion. Manschreck et al. (1982) confirmed such a relation-
ship in a carefully conducted study using the TTR
measure of repetitive speech. Low TTRs were associated
particularly with uncoordinated, stereotypic, and persev-
erative movements. Other studies have linked the fre-
quency of WCST perseverative errors to the severity of
disturbance in smooth-pursuit eye tracking (Katsanis and
lacono 1991; Litman et al. 1991), although a failure to
replicate has also been reported (Friedman et al. 1995). In
addition, WCST perseveration predicted the degree of
impairment among schizophrenia patients in the ability to
suppress saccades to a rapidly displaced visual target
(Rosse et al. 1993).

Implications and Speculation. Although limited in the
range of tasks explored, comparative studies have
nonetheless shown heightened perseveration among
schizophrenia patients in prompted discourse, reversal
learning, and the generation of guessing sequences. Tasks
found to elicit perseveration in schizophrenia appear to
require the mobilization of substantial cognitive resources
in the service of novel response generation, coupled with
an inhibition of task-irrelevant alternative responses.
Discourse requires the generation of a plan of utterance,
the selection of syntax and lexicon, and the concomitant
inhibition of task-irrelevant morphemic and phonemic
associations (Chaika 1982; Maher 1983; Maher and
Spitzer 1993). Reversal tasks require the simultaneous
inhibition of a previous set to respond to one attribute of a
stimulus array and the development of a new response set
to an alternative attribute (Ridley et al. 1981a; Frith
1992). Two-choice guessing tasks prompt the inhibition of
a normative bias toward response alternation (Ridley et al.
1988) and the generation and testing of more complex
response sequences in relation to the random feedback
contingency.

In information processing terms, tasks on which
schizophrenia subjects perseverate require attentive,
effortful, and capacity-limited (i.e., controlled) process-
ing, as opposed to the more automatic and routine proc-
essing that unfolds without such requirements.
Controlled-processing tasks are especially problematical
for schizophrenia patients, but automatic processing
remains relatively intact (Nuechterlein and Dawson 1984;
Anscombe 1987; McGrath 1991; Serper and Harvey
1994). Perseverative activity in schizophrenia may occur
as a default when the person cannot marshall sufficient
cognitive capacity in a situation requiring controlled
information processing.

220z 1snBny oz uo 3senb Aq 802088 1/£9/1/€Z/a10ME/UNS|INGEILSIYdOZIYOS/WOo" dNO"oIWaPEdE//:SAYY WOl Papeojumod



Perseveration in Schizophrenia

Failures of controlled processing in schizophrenia are
associated with frontal cortical dysfunction. In contrast to
normal control subjects, schizophrenia patients show
reduced prefrontal perfusion and/or metabolism relative to
other cortical regions during performance of the WCST
(Berman et al. 1986; Weinberger et al. 1986, 1988; Rubin
et al. 1994), the Tower of London task (Shallice 1988;
Andreasen et al. 1992), the Chicago word fluency test
(Lewis et al. 1992), and a difficult version of the Con-
tinuous Performance Task (Buchsbaum et al. 1990).
Hypofrontality in these paradigms does not appear to be
secondary to medication effects (Andreasen et al. 1992;
Buchsbaum et al. 1992; Rubin et al. 1994). Conversely,
schizophrenia patients usually, but not always (Cohen et
al. 1987), show normal levels of prefrontal activity in
response to tasks requiring mere identification of readily
discriminated stimuli, such as number matching (Berman
et al. 1986; Weinberger et al. 1986, 1988) and certain vig-
ilance tasks (Jernigan et al. 1985; Berman et al. 1986).
Hypofrontality in response to capacity-demanding tasks
may therefore permit the emergence of perseverative
activity in schizophrenia. Confirmation of this hypothesis
will require observations of frontal function and persever-
ative activity on tasks whose information processing
demands can be varied systematicaily.

There is little evidence that the severity of persevera-
tion covaries with deficit signs of schizophrenia.
However, perseveration has been associated in various
investigations with the severity of positive thought disor-
der, suggesting that perseveration is a productive sign of
schizophrenia. The productive nature of perseveration is
also consistent with the higher than normal levels of per-
severation observed in acutely manic patients (Andreasen
1979a; Lyon and Gerlach 1988).

Because dopaminergic hyperactivity has long been
linked to the productive symptoms of schizophrenia
(Swerdlow and Koob 1987; Gray et al. 1991; Frith 1992),
perseveration may also be a dopamine-dependent phe-
nomenon. The repetitive dynamic of behavior elicited by
dopamine agonists such as amphetamine, methyl-
phenidate, and apomorphine has been noted frequently
(Robbins and Sahakian 1983; Segal and Geyer 1985;
Crider et al. 1986). Well-known examples include stereo-
typed lgcomotion and oral-facial-head movements in
rodents, perseverative grooming in rhesus monkeys, and
“punding” behavior in human amphetamine abusers
(Segal and Geyer 1985; Cooper and Dourish 1990).
Controlled studies of dopamine agonist-induced persever-
ation in human subjects are rare. However, Bilder et al.
(1992) demonstrated increased lexical perseveration after
methylphenidate infusion in schizophrenia patients, and
Ridley et al. (1988) found that normal subjects showed an
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increase in schizophreniclike alterations in the Frith and
Done guessing task after amphetamine infusion (Ridley et
al. 1988).

Various forms of dopamine agonist-induced persevera-
tion have also been observed in animals. For example,
Evenden and Robbins (1983) found that rats treated with
systemic amphetamine showed a dose-dependent increase
in perseverative lever pressing in an operant paradigm.
Similarly, Koek and Slangen (1983; see also Sahgal and
Clincke 1985) reported a dose-dependent increase in per-
severative responding with amphetamine in an operant dis-
crimination paradigm. Dopamine agonists also prompt per-
severative responding in monkeys on reversal learning and
guessing tasks. Ridley et al. (19814, 1981b) reported that
amphetamine disrupted object choice reversal learning in
the marmoset because of perseveration on the previously
rewarded object; this effect was reversed by pretreatment
with the dopamine antagonist haloperidol. Amphetamine
also increased one-sided perseverations in marmosets
tested in an analog of the Frith and Done two-choice guess-
ing task (Ridley et al. 1988). Thus, studies on both humans
and animals strongly implicate a dopaminergic mechanism
in various forms of behavioral perseveration.

The anatomical substrate of dopamine agonist-
induced perseveration has not yet been specified. How-
ever, hyperdopaminergic activity in both the dorsal and
ventral striatum is known to underlie the stereotyped and
repetitive behavior patterns elicited in animals with stimu-
lant drugs (Robbins et al. 1990; Robbins 1991). By exten-
sion, the striatum is plausibly involved in repetitious
behavior in humans (Pedro et al. 1994). Striatal involve-
ment in schizophrenic perseveration is also consistent with
the apparent association of perseveration with disturbances
of voluntary motor activity. In schizophrenia, disturbances
of voluntary motor activity may occur simultaneously with
involuntary hyperkinesias (e.g., choreo-athetosis), which
are thought to reflect, in part, dopamine hyperactivity in
the dorsal striatum (Swerdlow and Koob 1987;
Manschreck 1993; Walker 1994). In contrast to hyperki-
nesias, voluntary motor disturbance in schizophrenia may
be secondary to hyperdopaminergic activity in the ventral
striatum (McKenna 1990).

A Cognitive Neuropsychological
Formulation

Cognitive neuropsychological approaches to schizophre-
nia attempt to explain both the cognitive deficits and the
associated neuropathophysiology underlying specific clin-
ical signs and symptoms (Frith 1992). In the present con-
text, such a formulation should provide an information-
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processing account of perseveration with reference to pre-
sumed frontal cortical hypofunction and striatal dopamine
mechanisms.

A cognitive model elaborated by Shallice (Shallice
1988; Shallice and Burgess 1991) explicitly treats persev-
eration as a default resulting from the failure of controlled
information processing. The mode! distinguishes between
two cognitive modes involved in the selection of action or
thought sequences: a lower level contention-scheduling
system and a higher level supervisory system that modu-
lates the former. The contention-scheduling system, which
contains representations of response programs (schemas),
enables the selection of routine action or thought
sequences. The contention-scheduling system is capable
of effective operation in demanding situations if appropri-
ate schemas are sufficiently specified by environmental
inputs (triggers). Under such conditions, schema selection
proceeds more or less automatically by means of over-
learned associations between triggers and specific
schemas. Schema selection entails a process of contention
scheduling in which an activated schema exercises lateral
inhibitory control over potentially competitive schemas
and their outputs.

There are two major cases in which the supervisory
system overrides the contention-scheduling system by
activating or inhibiting particular schemas. The first case
occurs when a strong external trigger threatens to disrupt
ongoing behavior by capturing the contention-scheduling
system, that is, when resistance to distraction is required.
The second case occurs when an activated but task-irrele-
vant schema must be inhibited in favor of the deliberate
selection of a novel but task-relevant weaker schema, that
is, when resistance to perseveration is required. An
impairment of the supervisory function has little effect on
relatively automatic information processing in routine sit-
uations. However, supervisory impairment permits per-
severative activity in situations requiring controlled proc-
essing in the service of novel response generation. In
terms of the model, then, perseveration involves an
impairment of the supervisory system, which in turn per-
mits the repetitive selection of a previously activated
schema at the contention-scheduling level.

The Shallice model has the advantage of readily map-
ping onto neural substrates. The higher level supervisory
system was in fact devised to describe aspects of frontal
lobe functioning, including perseveration, in brain-dam-
aged patients (Shallice 1988). In addition, Robbins
(Robbins and Sahakian 1983; Robbins et al. 1990;
Robbins 1991) has argued for a correspondence between
the operation of the contention-scheduling system and
functions of the basal ganglia, particularly the striatum. At
the neural level, therefore, perseveration in schizophrenia
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may reflect an impairment of normally integrated frontal
corticostriatal activity.

The interaction between frontal cortex and striatum is
cha-acterized by parallel and segregated neural circuits:
Frontal efferents are relayed back to frontal targets after
sequential processing in the basal ganglia and thalamus
(Swerdlow and Koob 1987; Alexander and Crutcher
1990; Robbins 1990; Walker 1994). Cortical efferents to
the striatum form excitatory synapses, presumably gluta-
matergic, on the densely arborated dendrites of medium
spiny cells, which comprise the vast majority of striatal
output neurons. The medium spiny outputs in turn form
inhibitory gamma-amino-butyric acid (GABA)ergic path-
ways with downstream structures (Gray et al. 1991;
Gerfen 1992).

Activity in medium spiny cells is modulated by
ascending dopamine projections that form dendritic
synapses in close proximity to the excitatory cortical
inputs (Deutch et al. 1993). The majority of medium spiny
cells exhibit dopamine receptors of either the D, or the D,
subtype (Gerfen 1992). The distinction between D, and D,
receptors is doubly significant. First, the D, receptor is
excitatory, and the D, receptor is inhibitory. Second,
striatal neurons exhibiting the D, receptor initiate a direct
striato-nigro-thalamic pathway, whereas D, receptor neu-
rons initiate an indirect striato-pallido-nigro-thalamic path-
way (Alexander and Crutcher 1990; Gerfen 1992). Be-
cause the inhibitory D, receptor is thought to be involved
critically in the pathophysiology of schizophrenia (Davis
et al. 1991; Walker 1994), activity in the associated indi-
rect pathway is implicated as well. Swerdlow and Koob
(1987) refer to specific loops in the indirect pathway as
cortico-striato-pallido-thalamic (CSPT) circuits.

The striatum often is likened to a filter of cortical
information (Stevens 1989). Information reduction is
accomplished in three ways. First, neuronal volume
reduction occurs as cortical inputs synapse with a smaller
number of striatal output cells (Nauta and Domesick
1984). Second, these output cells form a collateral
inhibitory network, an excited subset of neurons produc-
ing an inhibitory surround of suppressed activity. Third,
striatal outputs initiate a positive feedback loop that sus-
tains and augments the originating cortical input. As
described by Penney and Young (1983) for motor circuits
of the dorsal striatum and elaborated by Swerdlow and
Koob (1987) for “cognitive” circuits of the ventral stria-
tumn, the inhibitory striatopallidal projection is succeeded
by another inhibitory pallidothalamic pathway. Activation
of striatal output neurons thus excites the pallidothalamic
pathway by disinhibition, resulting in increased thalamic
drive to the cortex. This mechanism allows for sustained
activity in specified CSPT circuits. In sum, striatal mecha-
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nisms select and maintain response schemas by volume
reduction, collateral inhibition, and the specification of
CSPT-positive feedback circuits.

In this analysis, perseveration in schizophrenia occurs
when there is a failure to switch from an activated CSPT
process to a succeeding CSPT process required by task
demands. Normally, switching depends in part on the D,
receptor-mediated interruption of an activated CSPT
process. Such D, receptor activation disrupts both local
collateral inhibition and any currently active CSPT
process via the inhibition of striatal output cells. This
momentary disruption creates a “temporal window” (Gray
et al. 1991) for the activation of an alternative subset of
output cells specified by environmental triggers during
automatic processing or by cortical inputs during con-
trolled processing. In the case of schizophrenia, automatic
processing should proceed in the normal fashion.
However, controlled processing is disrupted because of a
failure of frontal cortical specification of task-relevant
schemas. In the absence of frontal specification, the previ-
ously activated schema is likely to be reselected. Schizo-
phrenic perseveration is therefore viewed as the conse-
quence of a task-inappropriate reselection of a previously
activated CSPT process.

This formulation is only approximate, because it is
silent regarding important specifics. It does not, for exam-
ple, identify any particular CSPT loop that subserves per-
severation. In light of animal studies of perseveration
after orbital frontal lesions (Fuster 1989; Ridley et al.
1993), the lateral orbitofrontal circuit identified by
Alexander et al. (1986) is a plausible candidate. However,
any such specification is premature in the absence of per-
tinent evidence from schizophrenia patients. In addition,
this formulation does not identify the precise striatal
dopamine mechanism of perseveration. Clearly, an abnor-
mality of striatal dopamine release, for which there is lit-
tle evidence in schizophrenia, is not required. Conversely,
the formulation is compatible with current views of an
upregulation of striatal dopamine receptors or other
anomalies of dopamine homeostasis in schizophrenia
(Carlsson and Carlsson 1990; Heritch 1990; Davis et al.
1991; Grace 1991).

Neural circuit models figure in several recent formu-
lations of the neuropathophysiology of schizophrenia
(Swerdlow and Koob 1987; Robbins 1990, 1991;
McGrath 1991; Early et al. 1994; Pantelis and Nelson
1994). The present formulation is primarily informed by,
and most compatible with, Robbins’ (1990, 1991) fronto-
striatal hypothesis and the generalized CSPT model
described by Swerdlow and Koob (1987). Interestingly,
the present formulation also bears some similarity to
CSPT models of obsessive-compulsive disorder (Modell
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et al. 1989; Baxter et al. 1992), which suggests the ulti-
mate possibility of arriving at a general neurocognitive
understanding of the differing presentations of pathologi-
cal perseveration.

Summary

Perseveration is the contextually inappropriate and unin-
tentional repetition of a response or behavioral unit. In
schizophrenia, perseveration may take a variety of forms.
These can be conceptualized as varying manifestations of
an underlying neurocognitive deficit.

Comparative studies have shown higher than normal
levels of perseveration among schizophrenia patients in
prompted discourse, reversal learning, and the generation
of guessing sequences. A plausible hypothesis arising
from these studies is that perseveration occurs in schizo-
phrenia as a default when the patient fails to mobilize
cognitive resources in situations requiring controlled
information processing and the concomitant inhibition of
activated but task-inappropriate responses. This hypothe-
sis is consistent with the reduced frontal cortical function
seen in schizophrenia patients during the performance of
capacity-demanding tasks.

There is little evidence that perseveration is associ-
ated with deficit signs of schizophrenia. However, persev-
eration appears to covary with both positive thought dis-
order and disturbances of voluntary motor activity. Some
studies also report higher than normal levels of persevera-
tion among acutely manic patients. [n addition, dopamine
agonists reliably elicit perseverative responding in both
human and animal subjects. Perseveration can therefore
be considered a productive sign of schizophrenia and is
plausibly linked to dopaminergic activity at the striatal
level.

An information-processing model developed by
Shallice (1988) attributes perseveration to the failure of a
higher level executive control system to modulate a lower
level routine action system under a requirement for novel
response generation. This model suggests that behavioral
perseveration occurs as a consequence of a failure of
frontal specification of striatal outputs during capacity-
demanding tasks. In this analysis, the absence of frontal
specification permits the continued reselection of a previ-
ously activated but task-inappropriate response schema at
the striatal level.
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