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PREFACE 
 
 
Schizophrenia is a chronic, severe, and disabling psychosis, which is an impairment of 

thinking in which the interpretation of reality is abnormal. Psychosis is a symptom of a 
disordered brain. Approximately 1 percent of the population worldwide develops 
schizophrenia during their lifetime. Although schizophrenia affects men and women with 
equal frequency, the disorder often appears earlier in men, usually in the late teens or early 
twenties, than in women, who are generally affected in the twenties to early thirties. People 
with schizophrenia often suffer symptoms such as hearing internal voices not heard by others, 
or believing that other people are reading their minds, controlling their thoughts, or plotting 
to harm them. The current evidence concerning the causes of schizophrenia is a mosaic. It is 
quite clear that multiple factors are involved. These include changes in the chemistry of the 
brain, changes in the structure of the brain, and genetic factors. Viral infections and head 
injuries may also play a role.  

New molecular tools and modern statistical analyses are allow focusing in on particular 
genes that might make people more susceptible to schizophrenia by affecting, for example, 
brain development or neurotransmitter systems governing brain functioning. State-of-the-art 
imaging techniques are being used to study the living brain. They have recently revealed 
specific, subtle abnormalities in the structure and function of the brains of patients with 
schizophrenia. In other imaging studies, early biochemical changes that may precede the 
onset of disease symptoms have been noted, prompting examination of the neural circuits that 
are most likely to be involved in producing those symptoms. This book presents new and 
important research in the field. 

Chapter I – Background: Body image aberration in schizophrenia was earlier conceived 
as delusional and hallucinatory symptoms. However, perceptions of schizophrenia have 
changed dramatically, especially with the concept of negative symptoms in the 1980s and in 
the 1990s, to include the neurocognitive aspects of schizophrenia. Deviations in 
schizophrenics’ body image from the standard underlying various behaviors or allegations 
concerning the body should be now refocused. In this chapter, using the Body Image 
Questionnaire (BIQ), comprised of three hypothetical components, anatomical, functional 
and psychological, attempts were made to resolve some primary questions. They were (1) 
whether or not there is any related clinical characteristics to schizophrenic body image 
abberation, (2) whether there are aberrant components of body image specific to 
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schizophrenia, (3) whether or not there is unique link between depression and body image in 
schizophrenia.  

Methods: In study 1, correlations between body image assessed by the BIQ and clinical 
characteristics as positive and negative symptoms assessed by SAPS and SANS, insight 
assessed by SAI, and daily dose of conventional antipsychotic drugs were examined. In study 
2, three components of body image, that is, anatomical, functional and psychological, were 
compared between schizophrenic and non-schizophrenic groups. In study 3, the correlation 
between depression assessed by SDS and body image assessed by the BIQ was examined. In 
these studies, 93 chronic schizophrenics, 177 normal adults, and 43 patients with anxiety 
disorders according to DSM-IV criteria, were examined. In studies 4-5, the additional finding 
of Rorschach percepts concerning body image in schizophrenia was reported.  

Results: Schizophrenics’ body image aberration proved to be independent of symptoms 
and medication. It was also shown that the aberration proved to be limited to functional 
imageries, and that the anatomical component remained intact. As to depression, a specific 
link of body image, especially with functional imageries, with the depression characteristic to 
schizophrenia was found.  

Conclusion: All these results showed that body image aberration in schizophrenics is not 
the result of symptoms or effects of conventional neuroleptic medications, but they are 
germane to schizophrenia, which is comprised of aberration mainly in functional body 
imageries. This body image deviation proved to be linked to some serious depressive signs 
and symptoms in schizophrenia. The subsidiary findings, that is, the Rorschach percepts as a 
mass of flesh quite often seen in schizophrenia, are congruent with the main findings that 
schizophrenic patients showed an anticipation of becoming unmovable. 

Chapter II - This review is an attempt to present recent progress in the pathophysiology 
of schizophrenia. It is based on human research and lower animal models, with special 
emphasis on models, i.e. on theoretical constructs that sustain them. Theories and their 
outcomes will be briefly explained rather than deeply discussed. A selection of the literature 
in which the reader will find a more detailed analysis is provided whenever necessary rather 
than for justifying each aspect.  

Chapter III - Glutamate is one of the most abundant neurotransmitters in the brain; it may 
be responsible for mediating synaptic neurotransmission at 40 percent or more of the brain’s 
synapses. The glutamatergic signal is recognized by both metabotropic and ion channel 
receptors. The N-methyl-D-aspartic acid (NMDA) receptor is an example of a glutamate-
gated ion channel receptor; the binding of glutamate to this receptor increases the likelihood 
that its channel will transiently assume an open-configuration, allowing the influx of calcium 
ions. Importantly, there are allosteric modulatory sites, including an obligatory co-agonist site 
that recognizes glycine, on the NMDA receptor complex that influence glutamate’s ability to 
promote calcium ion conductance. Abnormalities of NMDA receptor-mediated 
neurotransmission are implicated in a variety of major neuropsychiatric disorders, especially 
schizophrenia. Specifically, NMDA receptor hypofunction (NRH) is implicated in the 
pathophysiology of schizophrenia because of the ability of phencyclidine (PCP) to precipitate 
a schizophreniform psychosis. PCP is a noncompetitive NMDA receptor antagonist that binds 
to a hydrophobic site within the channel; it is referred to as an open-channel blocker. 
Descriptively, the PCP-model of schizophrenia is the best pharmacological model of this 
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disorder with symptoms manifest in all of the relevant domains of psychopathology, 
including positive (e.g., hallucinations), negative (e.g., affective flattening), cognitive (e.g., 
abnormalities of attention), mood (e.g., dysphoria) and motor symptoms (e.g., posturing).  

Because of PCP’s pharmacological action as a noncompetitive NMDA receptor 
antagonist and the PCP-model of schizophrenia, our laboratory has been engaged in 
characterizing and quantifying behaviors in mice, including genetically-inbred strains, 
elicited by MK-801 (dizocilpine), a high-affinity analogue of PCP that binds to the same 
hydrophobic channel domain. Presumably, blockade of the NMDA receptor by MK-801 is a 
pharmacological strategy for creating NRH in the intact animal. The authors characterized 
two behavioral outcome measures: the dose-dependent ability of MK-801 to raise the 
threshold voltage required for the precipitation of tonic hindlimb extension and elicit 
irregular episodes of intense jumping behavior (referred to as “popping”) in mice. Moreover, 
24 hours after mice are forced to swim for up to 10 minutes in cold water, the ability of MK-
801 to antagonize electrically precipitated seizures is reduced. Thus, stress affects the 
endogenous tone of NMDA receptor-mediated neurotransmission. Genetically inbred strains 
of mice differ in their behavioral sensitivity to MK-801 on these two measures; interestingly, 
the BALB/c inbred mouse strain is more sensitive than other inbred strains and the NIH 
Swiss outbred mouse strain. Stress and genetic strain differences interact to affect behavioral 
sensitivity to MK-801. Importantly, these animal models serve to test the ability of 
glycinergic interventions to modulate NMDA receptor-mediated neurotransmission in the 
intact animal. Thus, they are used as screening procedures for NMDA receptor agonist 
interventional strategies that may be developed as medications for the treatment of 
schizophrenia. A series of glycinergic interventions have been tested in these models. Also, 
these paradigms are useful in demonstrating that drugs, whose direct actions are on other 
neurotransmitter systems, affect NMDA receptor-mediated neurotransmission in the intact 
animal. Preliminary clinical trials of a few NMDA receptor agonist interventions have been 
conducted in patients with schizophrenia. In general, the medications are well-tolerated and 
the results suggest that the adjuvant therapeutic efficacy of specific glycinergic interventions 
may be influenced by state of illness and the specific antipsychotic medication chosen for 
maintenance pharmacotherapy (e.g., clozapine). The chapter will concentrate on the results of 
our laboratory and clinical investigations, whose primary aim was modulation of NMDA 
receptor-mediated neurotransmission in mice and man.  

Chapter IV - This author explores major evolutionary ideas related to schizophrenia, 
covering four general topics. First, the essential groundwork that justifies the application of 
evolutionary principles to psychiatric disorders is established. Second, the authors examine 
evolutionary theories that frame schizophrenia in its classical orientation, as a disease or 
accident of normal brain evolution. Third, theories that attribute some evolutionary advantage 
to schizophrenia are reviewed. Last, a more detailed description of the authors’ hypothesis is 
presented, suggesting that the origins of schizophrenia may involve shamanism and group 
selection. 

Chapter V - One of the key features of schizophrenia is the inability to filter out 
irrelevant stimuli which consequently leads to stimulus overload. There are different 
paradigms which aim at investigating these deficient filter mechanisms; one of these is latent 
inhibition (LI). LI refers to the retardation of associative learning that normally occurs when 
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the to-be-conditioned stimulus (CS) is previously preexposed without reinforcement. It is 
based on a form of selective attention and reflects the ability of normal individuals to ignore 
irrelevant external and internal stimuli. In schizophrenia, the LI effect is disrupted. This LI 
disruption is due to faster learning of the CS-US (unconditioned stimulus) association which 
results in better performance of preexposed schizophrenic subjects compared to healthy 
controls. Because of this, attenuated LI has become an important tool to model cognitive and 
attentional deficits in schizophrenia. 

In recent studies a newly developed visual learned irrelevance (LIrr) paradigm has been 
applied. Learned irrelevance is yet another attentional paradigm related to latent inhibition. In 
contrast to LI, in a LIrr test procedure both the CS and the US are preexposed in an unrelated 
manner. LIrr has been shown to retard associative learning even more than LI.  

In the following chapter the advantages of LI and LIrr, respectively, in schizophrenia 
research are discussed. Moreover, the differences between the currently applied LI paradigms 
will be presented as well as the LI modulations in healthy controls, first-episode and chronic 
schizophrenia patients. 

Chapter VI - In recent decades, evidence has accumulated that cognitive impairments are 
a central feature of schizophrenic disorder. Many research findings have indicated that 
cognitive impairments limit the rate of improvement in various kinds of psychological 
interventions for schizophrenic patients. The lack of awareness of mental disorder is another 
important correlate of patients' response to treatment, compliance and prognosis. In this study 
the authors hypothesized that schizophrenic patients' ability to be aware of the illness is 
dependent on more basic ability to directly acquire verbal information, in particular 
information given throughout treatment interventions. Twenty-seven outpatients with long 
illness duration were rated on the Scale to Assess Unawareness of Mental Disorder (SUMD) 
and assessed on verbal learning and memory test. The authors obtained several significant 
correlations indicating the presence of the relationship between "learning potential" and 
insight about psychosis. Afterwards, some of the patients participated in 12 sessions of 
cognitive training and/or 12 sessions of psychoeducation. The effectiveness of these 
interventions on illness awareness was assessed and the influence of verbal learning abilities 
on insight change was explored and discussed. 
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Chapter I 
 
 

BODY IMAGE DEVIATION IN CHRONIC 

SCHIZOPHRENIA: NEW RESEARCH 
 
 

Reiko Koide∗ and Akira Tamaoka 
Institute of Clinical Medicine, University of Tsukuba, Tsukuba-Shi, Ibaraki-Ken, Japan 

 
 

ABSTRACT 
 

Background 
 

Body image aberration in schizophrenia was earlier conceived as delusional and 
hallucinatory symptoms. However, perceptions of schizophrenia have changed 
dramatically, especially with the concept of negative symptoms in the 1980s and in the 
1990s, to include the neurocognitive aspects of schizophrenia. Deviations in 
schizophrenics’ body image from the standard underlying various behaviors or 
allegations concerning the body should be now refocused. In this chapter, using the Body 
Image Questionnaire (BIQ), comprised of three hypothetical components, anatomical, 
functional and psychological, attempts were made to resolve some primary questions. 
They were (1) whether or not there is any related clinical characteristics to schizophrenic 
body image abberation, (2) whether there are aberrant components of body image 
specific to schizophrenia, (3) whether or not there is unique link between depression and 
body image in schizophrenia.  
 
 

Methods 
 

In study 1, correlations between body image assessed by the BIQ and clinical 
characteristics as positive and negative symptoms assessed by SAPS and SANS, insight 
assessed by SAI, and daily dose of conventional antipsychotic drugs were examined. In 
study 2, three components of body image, that is, anatomical, functional and 
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psychological, were compared between schizophrenic and non-schizophrenic groups. In 
study 3, the correlation between depression assessed by SDS and body image assessed by 
the BIQ was examined. In these studies, 93 chronic schizophrenics, 177 normal adults, 
and 43 patients with anxiety disorders according to DSM-IV criteria, were examined. In 
studies 4-5, the additional finding of Rorschach percepts concerning body image in 
schizophrenia was reported.  
 
 

Results 
 

Schizophrenics’ body image aberration proved to be independent of symptoms and 
medication. It was also shown that the aberration proved to be limited to functional 
imageries, and that the anatomical component remained intact. As to depression, a 
specific link of body image, especially with functional imageries, with the depression 
characteristic to schizophrenia was found.  
 
 

Conclusion 
 

All these results showed that body image aberration in schizophrenics is not the 
result of symptoms or effects of conventional neuroleptic medications, but they are 
germane to schizophrenia, which is comprised of aberration mainly in functional body 
imageries. This body image deviation proved to be linked to some serious depressive 
signs and symptoms in schizophrenia. The subsidiary findings, that is, the Rorschach 
percepts as a mass of flesh quite often seen in schizophrenia, are congruent with the main 
findings that schizophrenic patients showed an anticipation of becoming unmovable. 
 

Keywords: body image, schizophrenia, symptom, insight, depression, perception 
 
 

PART I. INTRODUCTION  
 

Schizophrenics’ Body Image Aberration: An Overview 
 
Since the time of Kraepelin (1919) and Bleuler (1911/1950), schizophrenics’ deviant 

perceptions, feelings, and beliefs concerning their bodies have been described. In this section, 
the symptoms relevant to body image aberration that have been discussed for over the past 
half century, as well as psychological measures that were developed to understand these 
aberrations, are reviewed, to lead to the current status and future prospects for the study of 
the body image aberration in schizophrenia.  

 
(1) Symptoms Relevant to Body Image Aberration 

Disturbances of body experience in schizophrenic patients occur frequently. They have 
been observed as somatic delusions (McGlichrist & Cutting, 1995), coenaesthesis (Huber, 
1957/1971; Rohricht & Priebe, 1997, Schmoll & Koch, 1989; Schmoll, 1994), disturbances 
of pain perception (Dworkin & Caligor, 1988; Rosenthal et al., 1990; Dworkin, 1994; Guieu 
et al., 1994; Lautenbacher & Krieg, 1994), out-of-body experiences (Blackmore, 1986; 
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Twemlow et al., 1982), dysmorphophobia (Connolly & Gipson, 1978; Hay, 1983; Birtchnell, 
1988; Snaith, 1992; Philips & McEloroy, 1993; deLeon et al., 1989; Phillips et al., 1994), and 
self-injury or self mutilation (Feldman, 1988; Burgess, 1991; Martin & Gattaz, 1991; 
Sonneburn & Vanstraelen, 1992; Weiser et al., 1993; Kennedy & Feldmann, 1994). In 
addition, the effects of body-oriented psychotherapy have been suggested (Darby, 1968; 
Berman, 1972).  

According to Roehricht and Priebe (1997) in a report by Huber and Zerbin-Rueden 
(1979), although symptoms relevant to body distortion were seen in more than 74% of cases 
of schizophrenia, little attention has been paid to the evaluation of such symptoms. These 
symptoms are not included as a prominent component in psychometric approaches to 
measuring symptoms, such as the Brief Psychiatric Rating Scale, BPRS, (Overall & Gorham, 
1962) or the Positive and Negative Symptoms Scale, PANSS (Kay et al., 1987). It is, 
however, not fair to regard that the issue as being rather neglected. Specifically, bizarre 
somatopsychic phenomena, e.g., feelings that the body is "being radiated," "being controlled 
by others," and "being cut up" have been reported in schizophrenia. Some of these abnormal 
body perceptions have been designated as "Schneiderian first rank symptoms" (Schneider, 
1959/1976). Dysmorphophobia was relabeled as “one of the Somatoform Disorders” in 1980. 
“Body Dysmorphic Disorder,” and its counterpart, “Delusional Disorder, Somatic Subtype” 
in 1987, were included in the Diagnostic and Statistical Manual of Mental Disorders 
(American Psychiatric Association, 1987), which produced considerable concern over 
delusions regarding appearance of the body (deLeon et al., 1989; Phillips et al., 1994). First, 
studies of these symptoms relevant to disturbances in body experiences in schizophrenia are 
reviewed to give an overview of how the problems have been described and treated. 

 
Before Antipsychotics 

Even in the era before antipsychotic agents, body image was rather attractive to those 
who studied the psychopathology of schizophrenia. Since Wernicke foreshadowed the idea of 
body image in his concept of "somatopsyche," this whole psychological field has been 
recognized as important in the understanding of psychotic patients, especially in relation to 
hallucinatory and delusional disturbances (Schilder, 1935; Angyal, 1936; Gerstmann, 1942; 
Bychowsky,1943).  

The initial study of body image was a description of phantom limb. It was succeeded by 
neurological research from the 1910s to the 1950s (Head, 1911/1926; Pick, 1922; Schilder, 
1935), and body image was conceived as the equivalent of "body schema" or "postural 
schema." This became the traditional definition of the concept. It was introduced to the field 
of psychiatry by Schilder (1935), and attempts were made to find similar distortions in 
psychiatric patients (Schilder, 1935; Angyal, 1936).  

 
Bodily Hallucination and Somatic Delusion 

Lukianowicz (1967) and McGlichrist and Cutting (1995) classified somatic delusions of 
psychotic cases including schizophrenia, showing that bodily delusions and hallucinations 
occur mostly inseparably. Bodily hallucination and somatic delusion have been treated as 
coenaesthesis in non-English speaking psychiatry, especially in Germany, where it was often 
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reported to herald the onset of schizophrenia (Huber 1957,1971; Rohricht & Priebe, 1997; 
Schmoll & Koch, 1989; Schmoll, 1994). 

 
Disturbances of Pain Perception 

A disorder of proprioception in schizophrenic patients was earlier described by Rado 
(1959) as a basic element in schizophrenia. He speculated that extensive proprioceptive 
deficits could lead to distorted awareness of body image and eventually to the thought 
disorder characteristic of schizophrenia. Rosenbaum et al. (1965) and Ritzler and Rosenbaum 
(1974) conducted a series of experiments based on his theory with schizophrenic and non-
schizophrenic subjects using weight discrimination as a measure of proprioception. They 
found that schizophrenics performed almost as well as normals do when asked to discriminate 
heavy weights, but did not discriminate light weights nearly as well as normals. Since light 
weights do not provide as much proprioceptive feedback as do heavy weights, these results 
were interpreted as demonstrating a proprioceptive deficit in the schizophrenics. These 
results, however, were not replicated by other authors (Ritzler, 1977; Leventhal et al., 1982), 
who showed that a proprioceptive deficit is not unique to schizophrenia. 

Since the time of Kraepelin and Bleuler, “pain insensitivity” or “reduced sensitivity to 
pain” in schizophrenia has been documented. Kraepelin (1919) observed that patients with 
schizophrenia are often “less sensitive to bodily discomfort; they endure uncomfortable 
positions, pricks of a needle, injuries…burn themselves with their cigar, hurt themselves.” 
Bleuler (1911/1950) noted that even in well-oriented patients one may often observe the 
presence of a complete analgesia which includes the deeper parts of the body as well as the 
skin. The patients “pluck out an eye, sit down on a hot stove and receive severe burns”. 

Although some authors reported that schizophrenic patients suffer headache (Varsamis & 
Adamson, 1976; Watson et al., 1981; Philips and Hunter, 1982; Torrey, 1989), the prevalence 
of pain complaints in schizophrenia appears to be lower than in other psychiatric disorders 

(Merskey, 1965; Spear, 1967; Delapaine et al., 1978; Watson et al., 1981). There are many 
descriptions of pain insensitivity in schizophrenia by surgeons and internists (Arieti, 1945; 
Marchand, 1959; West and Hecker, 1952; Vanderkampt, 1970; Apter, 1981, Fishbain 1982; 
Bickerstaff et al., 1988, Katz et al., 1990; Rosenthal et al., 1990). Dworkin (1994) reviewed 
the literature on this issue and argued that the insensitivity, although currently neglected, has 
important implications for physical health, self-mutilation, homelessness, premorbid 
development, and affective flattening in schizophrenic patients. Lautenbacher and Krieg 

(1994) also reviewed the literature and pointed out that pain insensitivity is important in 
elucidating pathophysiological mechanisms because pain perception is controlled by 
neurochemical and neurohormonal functions known to be affected by psychiatric disease 
processes. Guieu et al. (1994), however, assessed the pain thresholds of ten schizophrenic 
patients and ten controls by measuring the leg flexion nociceptive reflex threshold, and 
concluded that in most cases the increase in pain threshold is the result of attitude and not 
alterations in brain function. 
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Out-of-Body Experiences 
A number of studies have pointed out the confusion in the existing psychiatric literature 

concerning the status of consciousness in which there is an altered perception of the 
mind/body relationship. They defined out-of-body experience (OBE) as an altered state of 
consciousness in which one’s mind or awareness is experienced as separated from one’s 
physical body. They argued that the increasing numbers of patients who are involved in such 
phenomena, traditionally classified as psychopathological, should not be treated in the way 
that a symptom is usually treated (e.g., interpretation or medication) but should be viewed by 
a physician with “benign neglect” (Twemlow, et al., 1982). 

Gabbard et al. developed a questionnaire, Profile of Out-of-Body Experiences, POBE, 
that included 51 items based on reports of near-death experiences, mystical-religious 
literature, and philosophical-occult-psychotic literature describing OBE experiences. They 
tried to clarify this group of phenomena by differentiating OBE from depersonalization, 
autoscopic phenomena, and schizophrenic body distortions (such as boundary loss). They 
selected seven points to differentiate OBE from the disturbances in corporal perception found 
in schizophrenia. That is, the bodily distortions in schizophrenic patients are characterized by 
loss of reality testing, chronic difficulty with delineation of body boundaries, varied bodily 
distortions, being uncertain of the location of the body, profound regression in personality, 
blurred identity, and being experienced as “going crazy,” whereas those experiencing OBE 
show intact reality testing, have episodic and short-lived experiences, basically unvaried 
distortion, are certain of their location, show no evidence of regression, have an intact 
identity, and are not experienced as “going crazy.”  

Blackmore (1986) administered POBE to schizophrenic patients, along with two other 
questionnaires to assess perception and symptoms, and showed that there is no evidence to 
consider the typical OBE as pathological or as symptomatic of schizophrenia. 

 
Dysmorphophobia 

Extreme concern with aspects of personal appearance was called dysmorphophobia by 
Morselli in 1886 (Birtchnell, 1988; Phillips, 1991), who defined it as “a subjective feeling of 
ugliness or physical defect that the patient feels is noticeable to others, although his 
appearance is within normal limits.” Despite its relative neglect in American psychiatry, it is 
now termed “Somatoform Disorder“ in DSM III (1980), “Body Dysmorphic Disorder 
(BDD)” in DSM III-R with its counterpart, “Delusional Disorder, Somatic Subtype (DDSS)” 
(1987). It is a distressing and impairing disorder that may lead to occupational and social 
dysfunction as well as unnecessary and costly cosmetic surgery and dermatologic treatment 
(Phillips, 1991), and an increase in this disorder has been reported (Phillips et al., 1993; 
Hollander et al., 1993). It is still described with the term BDD under the heading of 
Somatoform Disorder in DSM-IV (1994).  

In the 19th century, the term “dysmorphophobia” described those patients who present 
with “a fear of being misshapen” when in fact objectively they have no cause for complaint. 
However, numerous reports of dysmorphophobia in psychiatric morbidity, including 
schizophrenia, have been reported (Connolly and Gipson, 1978; Edgerton et al., 1960; 
Jacobsen et al., 1960; Hay, 1970). In the 1980s, there were continuing debates as to its status 
as a symptom or discrete psychiatric illness; that is, it is not a phobia because there is no fear 
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of physical abnormality per se—the ugliness of others is tolerated. It was remarked that 
dysmorphophobia is non-specific as a symptom and can occur in a variety of different 
psychiatric syndromes, from a sensitive personality development to an attenuated 
schizophrenic illness (Hay, 1970/1983).  

In the 1940s to the 1960s, psychodynamic theories attempted to recognize that a 
complaint about appearance might be understood in terms of psychological defense 
mechanisms (Meyer et al., 1960; Jacobsen et al., 1960; Linn and Goldman, 1949; Hill and 
Silver, 1950). Body parts took on a psychological significance and symbolic function, and a 
complaint might reflect an underlying conflict. However, reports of excellent results from 
surgery on the minimally deformed led to criticism to these theories, suggesting neurotic, and 
even psychotic, patients can benefit from cosmetic surgery (Edgerton et al., 1960; Hay, 
1973).  

Although the original definition of dysmorphophobia states that the appearance is within 
normal limits, diagnostic criteria proposed for dysmorphophobia allow for a slight physical 
anomaly to be present, but with the patient’s concern judged disproportionately great 
(Andreasen and Bardach, 1977). Birtchnell (1988) regarded it as important to maintain a 
distinction between those patients with minimal deformity (the normal but less than 
attractive) who might considerably benefit from surgery and those with primary 
dysmorphophobia distinguished by the vagueness of the complaint, e.g., “the skin under my 
eyes joins my nose in a funny way,” where surgery is contraindicated, rather than, for 
example, “the tip of my nose is rather bulbous.”  

The disorder once termed dysmorphophobia was renamed body dysmorphic disorder 
(BDD) in DSM III-R. As Snaith (1992) reviewed, DSM III-R considered the disorder under 
two headings: (1) delusional disorder, somatic type, and (2) body dysmorphic disorder. The 
distinctions between these two categories rests on whether the bodily concern has the 
characteristics of a true delusion, but a clear distinction cannot always be made. DSM III-R 
differentiated BDD, a nonpsychotic somatoform disorder in which insight is present, from its 
delusional counterpart, a psychotic disorder in which insight is absent. The delusional variant 
of BDD was reported as a more severe form of the disorder (Phillips et al., 1994). 

 
Self-Injury or Self Mutilation 

Self-injurious behaviour of various sorts occurs in an appreciable number of individuals 
with schizophrenia, as well as in those with other disorders (Burgess, 1991). Self-mutilation 
has been defined as “painful , destructive and injurious acts upon the body without the 
apparent intent to commit suicide” (Pattison and Kahan, 1983). Reports of self-mutilation in 
patients with schizophrenia include descriptions of unilateral and bilateral eye enucleation 
(Feldman, 1988; Kennedy and Feldmann, 1994), self-laceration (Shore et al., 1978; Sweeny 
and Zamecnik, 1981), and self-amputation of various parts of the body, including the hand 
(Schweitzer, 1990), breast (Coons et al., 1986), ear (Silva, et al., 1989; Weiser et al., 1993), 
penis and testicles (Schweitzer, 1990; Martin and Gattaz, 1991), and in what is arguably the 
most extreme case reported to date, virtually the entire face (Scheftel et al., 1986).  

Burgess (1991) studied the relationship of depression and cognitive impairment to self-
injury in psychiatric patients including schizophrenics, showing that self-injury was 
correlated with neurocognitive deficits in borderline and schizophrenic groups.  
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Body-Oriented Psychotherapy 
An early theoretical assumption, currently recognized as invalid, was that the core 

disturbance in schizophrenia is a breakdown of ego boundaries leading to a dedifferentiation 
of the self from the non-self (Federn, 1952; Freeman et al., 1958). According to this theory, 
what is sensed as thought (a process occurring within the mental and physical boundary) is no 
longer distinguished from what is sensed as lying outside the ego boundary (Berman, 1972). 
Psychoanalytic theorists have stressed the important role the individual’s body plays in 
bringing about the formation of the ego (e.g., Federn, 1952; Fenichel, 1954; Ferenczi, 1926; 
Freud, 1962), and the maintenance of the distinction between ego and non-ego was a 
controversial issue for psychotherapeutic treatment of schizophrenia.  

Des Lauriers (1962) theorized that the recovery process in schizophrenia could be 
conceptualized as a progressive definition and demarcation of the schizophrenic’s ego 
boundaries through a systematically increased awareness of body limits and bodily self. In 
order to accomplish this, the psychotherapist attempted to stimulate in the schizophrenic 
patient awareness of, and interest in, the bodily self as the separating boundary from that 
which is not himself (Darby, 1968; Des Lauriers, 1962). Studies conducted with an inkblot 
boundary index developed by Fisher and Cleveland (1958), the Barrier and Penetration 
scores, lend some support to the above conception of schizophrenia and the recovery process, 
in that schizophrenics were differentiated from neurotics and normals on the basis of their 
lower Barrier and higher Penetration scores (Fisher and Cleveland, 1958; Reitman and 
Cleveland, 1964; Holtzman et al., 1961) and that as a schizophrenic improved clinically, his 
Penetration scores decreased (Cleveland, 1960a). Fisher and Cleveland (1968) suggested that 
special treatment efforts, aimed at re-identifying and redefining bodily limits, should improve 
these patients. Because a question arises as to whether directly focusing the schizophrenic 
patient’s awareness and attention on his own body can effect a redefinition of boundaries, 
attempts were made to demonstrate that focusing on somatic stimuli leads to subsequent 
changes in inkblot boundary indexes, implying, at least, that it can (Fisher and Renik, 1966; 
Renik and Fisher, 1968). Attempts were also made to expect alteration of body image change 
in these indexes by inducing somatic awareness in groups of hospitalized schizophrenics 
(Darby, 1968). Quinlan and Harrow (1974) examined the boundary in a sample of acute 
schizophrenics by the use of four types of Rorschach indexes including Barrier and 
Penetration scores. Their results support the hypothesis that schizophrenics give certain types 
of responses considered indicative of boundary disturbance, such as contamination responses, 
although Barrier and Penetration indexes are more benign signs of boundary diffusion.  

 
(2) Psychological Measurement of Body Image Aberration 

The above observations have led to an assumption that body image aberration or 
deviation exists in schizophrenia, and that it is related to the core of schizophrenia. Attempts 
were made, using the Rorschach test (Quinlan & Harrow 1974; Fisher & Cleveland, 
1958/1968; Fisher, 1963), Drawing test (Kokonis, 1972) and inquiries (Fisher & Seidner, 
1963; Chapman et al., 1978; Coleman et al., 1996; Koide, 1985; Oosthuizen et al., 1998), to 
point to characteristic deviations of body image in schizophrenic patients. These are the Body 
Distortion Questionnaire, BDQ, ( Rohricht & Priebe, 1996), the Perceptual Aberration Scale, 
PAS, (Coleman et al., 1996; Chapman et al., 1978), Dysmorphic Concern Questionnaire, 
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DCQ (Oosthuizen et al., 1998), and the present Body Image Questionnaire, BIQ (Koide, 
1985). However, none of these measures are regarded as well-established (Rohricht & Prieb, 
1997). 

 
Projective Method 

Early attempts to measeure body image aberrations were made through indirect means, 
that is, projective techniques. Figure-drawing techniques (Goodenough, 1928; Machover, 
1949), have been used often by researchers (Cancro, 1971; Jasker and Reed, 1963; Sugarman 
and Cancro, 1964); however, most of the differences between schizophrenic and normal 
subjects appear to reflect nothing more than general inadequacy of drawing skill by 
schizophrenics (Swensen, 1957/1968). Barrier and penetration percepts on the Rorschach 
Test were inferred from body image (Fisher and Cleveland, 1958/1968). Barrier percepts are 
ones that emphasize peripheral-boundary-defining qualities of the percepts (e.g., flower pot 
or knife in armor). Penetration percepts involve penetration of outer surfaces of things (e.g., 
squashed bug or x-ray picture). Lowered barrier scores and heightened penetration scores 
have been reported in schizophrenia (Fisher and Cleveland, 1958/1968; Reitman and 
Cleveland, 1964; Holtzman et al., 1961/64). A lack of difference has also been reported 
(Jasker and Reed, 1963). While support for schizophrenic deviancy on the barrier and 
penetration scores is strong, acceptance of such evidence as support for schizophrenic body-
image aberration requires belief in the projective hypothesis (Chapman et al., 1978). 

 
Experimental Measurement 

More direct attempts were made to measure body image aberration in the laboratory 
setting. Traub et al. (1967) performed an experiment in which the subjects adjust a body-
distorting mirror until they believe that it reflects them accurately, with the result that 
schizophrenic patients erred more than the normal control subjects. Controversial results were 
presented in studies in which the patients were asked to judge the size of their own body. 
Cleveland (1960) and Cleveland et al. (1962) reported that schizophrenics overestimate the 
size of their various body parts (hand, foot, stomach, heart) more than control subjects do, 
although Weckowicz and Sommer (1960) found that schizophrenics underestimate sizes of 
their hands and feet. Dillon (1962) and Fisher (1966) found no difference between 
schizophrenic and normal subjects. 

 
Questionnaire Measurement 

The first questionnaire that attempted to measure body image aberration in schizophrenia 
is the Body Experience Questionnaire, BEQ, which is a true-false questionnaire developed by 
Fisher and Seidner (1963) and Fisher (1964). Their findings showed greater body image 
aberration in schizophrenics than in non-schizophrenic subjects, but their BEQ focused to a 
large extent on hypochondriacal concerns and feelings of body inadequacy rather than the 
more extreme psychosis-like deviancy of perception of the body that is usually attributed to 
schizophrenia. 

Chapman et al. (1978) developed another questionnaire to measure schizophrenic body 
image aberration, the Perceptual Aberration Scale, PAS, which is composed of 28 items and a 
four-point rating sale. Items were intended to tap five kinds of deviant experiences that are 
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uncommon in normal people. The experiences dealt with (a) unclear boundaries of the body, 
(b) feeling of unreality of, or estrangement from, parts of the body, (c) a sense of 
deterioration of the body, (d) perceptions of change in size, relative proportions, or spatial 
relationships of body parts, and (e) changes in the appearance of the body. The scale was 
standardized on normal control groups. Male schizophrenics reported more body image 
aberration than normal control subjects, but only a portion of the schizophrenics were 
deviant. In addition, schizophrenic body image aberrations were negatively correlated with 
time since first hospitalization and had no correlation with the Physical Anhedonia Scale 
(Chapman et al., 1976) for schizophrenia, suggesting that the two scales, PAS and Physical 
Anhedonia Scale, may identify alternative manifestations of proneness toward the same 
schizophrenia, that is, schizophrenia and schizophrenia-proneness. Coleman et al. (1996) 
administered PAS to a sample of 2000 students to detect a group of schizotypy in a study 
conducted to examine the empirical links between schizophrenia and schizotypic 
psychopathology. Through comparisons of thought disorder assessed by the Thought 
Disorder Index, TDI (Coleman et al., 1993), between high and low PAS groups, the authors 
supported the hypothesis that psychometrically identified schizotypic individuals tapped by 
PAS display thought disorder similar to that of schizophrenia. 

Oosthuizen et al. (1998) developed a four-point questionnaire, the Dysmorphic Concern 
Questionnaire, DCQ, to assess dysmorphic concerns, and tried to establish a correlation with 
clinical variables. The DCQ was loosely based on the General Health Questionnaire, GHQ. A 
series of seven statements was devised, based on the dysmorphic concern literature, to 
capture the essence of the problem (e.g., concern about physical appearance, considering 
oneself misshapen) and past attempts to deal with the problem (e.g., consulting a plastic 
surgeon, covering up supposed defects). The DCQ was administered to 63 patients including 
33 schizophrenics. The results showed dysmorphic concern is often a reflection of cognitive 
set rather than a diagnosis itself. 

The Body Image Questionnaire, BIQ, is a seven-step self-rating questionnaire with 59 
body referring items, especially devised to measure schizophrenic body image deviation 
(Koide, 1985). The BIQ was developed on the basis of the clinical observations made 
through contact with chronic schizophrenic patients by clinicians and the attempts to grasp 
their deviations through assessing rather persistent attitudes or feelings toward the patients’ 
own bodies, which are measurable on a graded continuum with those of normals. Thus, what 
is assessed by the BIQ is not a psychosis-like body distortion experience itself but an 
underlying readiness for observable aberrant behaviors including distorted body experiences. 
The patients’ deviated concern about their body is revealed by observations. A middle-aged 
female schizophrenic patient tried to eat her glasses to exemplify the strength of her teeth 
(image of strong teeth). A young male patient continued to reject walking outside the hospital 
in the treatment programs because he felt tight like a stone when he tried to go out (image of 
tightness caused by relaxation). One young female patient talked about her wish to commit 
suicide because, she said, she wanted to avoid situations in which she imagined herself 
unable to move her own body by herself (image of becoming immobile). The items of the 
BIQ were arranged to include three prospectively hypothetical components: namely, 
anatomical, functional and other psychological elements such as mood and primitive 
sensation.  
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Objective of the Study  
 
A wide variety of studies has appeared on body image aberration in schizophrenia; 

however, the problem inherent in schizophrenic body image aberration remains elusive. 
Earlier, the body image problems in schizophrenia were regarded as something related to 
psychotic symptoms, particularly with delusion and hallucination. Our perceptions of the 
schizophrenia have changed dramatically, particularly over the past two decades. During 
1980s, the predominant view of the phenomenology of schizophrenia broadened beyond a 
narrow focus on psychotic symptoms to include negative symptoms, proprioceptive deficits, 
and self-injury representing body image problems. In the 1990s, another fundamental change 
in our perception of the disorder occurred. With this change, we have expanded the 
phenomenology of schizophrenia even further, beyond symptoms altogether, to include a 
strong emphasis on neurocognitive aspects of schizophrenia (Green & Neuchterlein, 1999).  

Schizophrenia has consequently been investigated using “neuropsychological” 
procedures in order to uncover evidence of discrete neurological damage or dysfunction that 
may account for the great impairments in judgment, attention, concentration, planning ability 
and anticipation. In the late 1970s, a new era of neuropsychological study of schizophrenia 
began with three different review articles in which the low performance on 
neuropsychological test in functional patients was compared to organic patients (Goldstein, 
1978; Heaton et al., 1978; Malec, 1978), and with the initial publication of in vivo evidence 
of ventricular enlargement in schizophrenia, as revealed by computerized tomography (CT) 
(Johonstone et al., 1976; Weinberger et al., 1979). 

Focus has been on clarifying the relationships between neurocognitive deficits and 
psychotic symptoms (Cornblatt et al., 1985; Green & Walker, 1985; Neuchterlein et al., 
1986; Green et al., 1992) and negative symptoms (Neuchterlein et al., 1986; Censits et al., 
1997; Buchanan et al., 1997), between neurocognitive deficits and functional outcome 
(Green, 1996), between neurocognitive deficits and insight (Silverstein & Zerwic, 1985; 
Young et al., 1993; Lysaker & Bell, 1994; Cuesta & Peralta, 1994) and social cognition 
(Schneider et al., 1995; Bryson et al., 1997). In a current overview, Green and Nuechterlein 
(1999) searched for meaningful psychopharmacological and cognitive/behavioral 
interventions for neurocognitive deficits in schiziophrenia. Conventional antipsychotic agents 
are generally effective for psychotic symptoms, but their effects on neurocognition are 
relatively weak (Cassens et al., 1990; Strauss, 1993). Novel antipsychotic medications are 
more encouraging (Hagger et al., 1993; Green et al., 1997; Jeste et al., 1998; Keefe et al., 
1999; Kern et al., 1999; Meltzer & McGurk, 1999). Conventional antipsychotic medications 
involve much coadministration of anticholinergic medications (e.g., benoztropine mesylate) 
that are known to have a negative effect on neurocognition (Spohn & Strauss, 1989). 

To consider body image aberration in the above context, which deficit of body image 
comes from symptoms and which from medication should be clarified first. The questions are 
(1) Is body image aberration a result of symptoms seen in attenuated schizophrenic illness? 
(2) Is body image aberration an effect of medications? (3) What is the schizophrenics’ body 
image’s inherently aberrational part? Is there any intact part? (4) Is it remediable by 
behavioral/cognitive or psychopharmacological intervention? A full investigation of these 
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basic questions is now required. Each section in this chapter is the attempt to clarify these 
basic problems. 

 
 

PART II. STUDIES USING BODY  
IMAGE QUESTIONNAIRE (BIQ) 

 
Study 1. Body Image Aberration and Clinical Characteristics  

 
Introduction 

In the era of pre-antipsychotics, disturbance of body experiences in schizophrenia had 
been documented as pathological experiences, especially in relation to hallucinatory and 
delusional disturbances. Since the 1970s, several concepts about the course of schizophrenia 
and recovery from it have been developed in the search for new perspectives (Strauss 1989; 
Harding et al., 1992). Because there is a growing interest in the recovery phase of 
schizophrenia, their body image characteristics should be refocused as multi-phased deviation 
from the normal experiences. In this context, the body image should be redefined rather 
comprehensively as persistent attitudes and feelings toward one’s own body, which would 
preserve deleterious as well as ameliorative effects in the illness-environment interaction of 
disorder and recovery. In addition, with the availability of neuroleptics since mid. 1950s, 
undesirable physical reactions caused by drugs may also contribute to negative body image. 

The aim of the study in this section was to reexamine the body image distortion 
perceived by schizophrenics, using the Body Image Questionnaire, BIQ, (Koide,1982/1985). 
Special inquiries were made concerning the influence of the clinical variables such as 
positive and negative symptoms, insight and neuroleptic dosage on body image aberration. 
The questions addressed in this sections are (1) What are the components of body images? (2) 
Which phases of body image are aberrant in schizophrenia? (3) Which aberrant body images 
are related to symptoms? (4) Which aberrant body images are associated with favorable signs 
of remission? (5) Is body image aberration related to neuroleptic dosage?  

 
Method 

 
Assessment of Body Image Deviation 

Body image was assessed using the BIQ, a seven-step self-rating scale (scored as 1 to 7) 
with three hypothetical components, anatomical, functional and psychological. (See 
Appendix 1.) 

 
Assessment of Clinical Characteristics 

Positive symptoms were assessed using the Scale for Assessment of Positive Symptoms, 
SAPS, (Andreasen, 1983). Negative symptoms were assessed using the Scale for Assessment 
of Negative Symptoms, SANS, (Andreasen, 1981). Insight was assessed through Schedule for 
Assessing Insight, SAI, which comprises three main component scores that include 
acceptance, recognition of illness, and relabeling of pathological experiences, and one 
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supplemental component, i.e., the hypothetical contradiction, which measures amenability to 
delusional experiences (David, 1990).  

 
Subjects 

The study sample consisted of 93 chronic schizophrenics; 44 were men and 49 were 
women. The mean (SD) age of the patients was 48.5 (10.1) years. All of them were inpatients 
at chronic psychiatric wards of a mental hospital in Ibaraki Prefecture in Japan. They were 
diagnosed as schizophrenic, on the basis of medical records, according to DSM-IV criteria 
(Subtypes: 24 Paranoid types, 40 Disorganized types, 25 Residual types, 4 Undifferentiated 
types). The mean (SD) duration of hospitalization was 24.1 (10.6) years, and the mean (SD) 
age of onset was 24.0 (7.0) years old. Their mean (SD) dose of neuroleptics was 469.8 
(397.5) mg/day of chlorpromazine equivalent dose. The mean SAPS scores of the subjects 
was 26.2. The mean of SANS scores was 67.8. The mean SAI score was 8.4. The normal 
control group was comprised of 177 normally functioning adults of whom 78 were men and 
99 were women. The mean (SD) age was 44.9 (12.6) years old. The normal adults were 
attending university summer school classes in psychology, and were confirmed to be normal 
by the General Health Questionnaire, the GHQ (short form, Goldberg, 1972; Goldberg & 
Williams, 1988). All subjects were informed of the purpose of the study and actively 
participated with written informed consent. (See Table 1.) 

 
Table 1. Demographic and clinical characteristics of subjects. (Studies 1 and 5.) 

 
 Schizophrenic Normal 
 (N=93) (N=177) 
Demographic characteristics   
Mean Age 48.5 44.9 
Gender (% male) 47.3 44.1 
Clinical characteristics Mean (Range)  
Age of Onset 24.0 (14-45)  
Years of Hospitalization 24.1 (3-47)  
Dose of CPZ (mg/day) 469.8 (30-2156)  
SAPS 26.2 (0-94)  
SANS 67.8 (9-152)  
SDS 42.5 (24-64)  
SAI (Insight) 8.4 (0-14)  

 
Data Analysis 

 
Comparisons of Means of each BIQ Item Scores 

The means of the scores of 59 BIQ items were compared between schizophrenic and 
normal control groups using t-test. 
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Factor Analysis of the Body Image Questionnaire  
On the bases of tentative preliminary analysis, 32 out of the original 59 items that proved 

to be not relevant to the factor analysis were excluded. However, two exceptional functional 
items (items 37, 41) from the excluded non-contributing items that proved to be important for 
discrimination when each item score was compared were re-included. The items of the final 
version pertain to smallness (items 8, 40, 54, 55), fatness (items 15, 28, 56) and roundness 
(items 24, 52) for the anatomical body image component; difficulty in manipulating his/her 
own body into action (items 9, 13, 21), lack of strength (items 1, 3), unusual concern over 
digestive functions (items 38, 53) and exceptional criterion-oriented standards (items 37, 41) 
for the functional component; and dissatisfaction and ugliness (items 10, 12, 27, 32), lack of 
vitality (items 31, 59) and fragility (items 19, 26, 39 ) for the psychological component.  

 
Table 2. Means of BIQ items differentiating diagnostic groups. (Study 1.) 

 
 Schizophrenic Normal 
01. My body is weak.  3.913 3.175*** 
03. I often get sick. 3.774 2.943*** 
06. My body is underdeveloped. 3.612 3.176** 
07. My body is clean. ® 3.065 2.604** 
09. I move slowly 4.193 3.649** 
13. I am good at athletics.® 4.301 3.556** 
17. I often lose my balance. 3.591 3.153* 
19. I am often injured. 4.010 3.508** 
23. My mood is numb. 4.279 3.875* 
25. I am clumsy with my hands. 4.064 3.593* 
26. I seldom catch a cold. ® 4.173 3.519** 
29. My voice is feeble. 4.011 3.491** 
31. I am always cheerful. ® 3.752 3.255** 
37. I can work well in dark rooms. ® 5.258 4.429*** 
39. My body is susceptible to infection. 3.892 3.278** 
41. I cannot move my body freely. 3.239 2.858* 
42. My heart is strong. ® 3.397 2.949* 
43. I don’t mind being touched by others. ® 4.591 4.000** 
44. My body is not meager. ®. 3.709 3.339* 
45. I seldom get excited. 4.043 3.653* 
47. My teeth are weak. 4.826 4.079*** 
55. My arms are unusually long. ® 3.989 3.680* 
59. I always feel energetic.® 3.957 3.491** 

*P<0.05, **P<0.01, ***P<0.001 
 
The combined (schizophrenic and normal) data of the three BIQ hypothetical 

components, viz., anatomical, functional and psychological, were separately factor-analyzed 
using varimax rotation as the principal method, and the means of the factor scores were 
compared between the schizophrenic and normal control groups using t-tests. The factors that 
proved to be significant in differentiating schizophrenic and normal groups were compared 
further between the schizophrenic subgroups using t-tests. The schizophrenic subgroups were 
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compared according to high (above or equal to mean) and low (lower than mean) scores on 
subscales and total scores of SAPS, SANS and SAI. Sub-grouping was also done according 
to the clinical factors of years of hospitalization and age at onset of disease, as well as daily 
equivalent dose of chlorpromazine. The SPSS (version 10) was used for statistical analysis. 

 
Results 

 
Group Differences of the BIQ Item Scores 

The 23 out of 59 BIQ items proved to be differentiating two diagnostic groups. They 
were being weak, being prone to sickness, being underdeveloped, being dirty, moving slowly, 
being poor at athletics, being prone to losing balance, being prone to injury, being numb, 
being clumsy with hands, being prone to catching colds, speaking with a feeble voice, being 
always gloomy, being unable to work in dark rooms, being susceptible to infection, being 
unable to move his/her body freely, having a weak heart, minding being touched by others, 
being meager, not being prone to becoming excited, having weak teeth, having unusually 
long arms and being listless. (See Table 2.) 

 
Factor Analysis and Obtained Differential Factors 

 
Factor Analyses 

Factor analyses of the three BIQ components, anatomical, functional, and psychological, 
using varimax rotation as the principal method, identified three factors with eigenvalues 
greater than 1 for each component. All items except two (items 37 and 41) had substantial 
loading on each of the factors. Total variances explained were 47.15%，52.16% and 44.96%, 
respectively. Each of the three anatomical factors was composed of items indicating the 
images of smallness, fatness and roundness, respectively. Each of the three functional factors 
was composed of items indicating the images of dullness in movement, powerlessness and 
unusually strong gastrointestinal function, respectively. Each of the three psychological 
factors was composed of items indicating the images of dissatisfaction, lifelessness and 
fragility, respectively. (See Table 3 & 4.) 

 
Differentiating Factors 

Based on the results of the t-test of means of obtained factor scores of schizophrenic and 
normal control groups, five proved to be factors that differentiated the two groups. These 
factors are F-1 (dullness in movement, t=3.099, df=159.101, p=0.002), F-2 (powerlessness, 
t=4.458, df=136.065, p=0.000), F-3 (unusually strong gastrointestinal function, t=2.332, 
df=263, p=0.020), P-2 (lifelessness, t=3.042,df=260, p=0.003) and P-3 (fragility, t=4.507, 
df=260, p=0.000). (See Table 4.) 
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Related Clinical Characteristics 
 

Symptoms 
The results of the t-test of differentiating factor scores between schizophrenic subgroups 

composed of SAPS and SANS scores are shown in Table 5. The high-score (>5.28) group on 
hallucinations (SAPS-1) showed a statistically significantly higher factor score on F-2 
(powerlessness, t=2.567, df=89, p=0.012) and P-2 (lifelessness, t=2.426, df=89, p=0.017) 
than the low-score group. The high-score (>10.12) group on delusions (SAPS-2) showed a 
statistically significantly higher factor score on F-2 (powerlessness, t=2.100, df=89, p=0.039) 
and P-2 (lifelessness, t=3.814, df=89, p=0.000) than the low-score group. The high-score 
(>8.96) group on positive formal thought disorder (SAPS-4) showed a statistically 
significantly higher factor score on F-2 (powerlessness, t=2.819, df=89, p=0.006) than the 
low-score group. The high-score (>26.2) group on total SAPS showed a statistically 
significantly higher factor score on F-2 (powerlessness, t=2.358, df=89, p=0.021) and P-2 
(lifelessness, t=2.175, df=89, p=0.032) than the low-score group. 

 
Table 3. Factor structure of BIQ. (Study 1.) 

 
Items of BIQ components Factors and Factor Loadings h2 
Anatomical A-1 A-2 A-3  
55. My arms are short. 0.716   0.539 
08. I am short. 0.65   0.463 
54. My legs are short. 0.636   0.418 
40. My hands are small. 0.457   0.239 
28. I am fat.  0.796  0.673 
15. My body is not skinny.  0.792  0.629 
56. My neck is short.  0.437  0.348 
24. My body is not rough.   0.731 0.536 
52. My body is round.   0.413 0.401 
Functional F-1 F-2 F-3  
13. I am poor at athletics. 0.808   0.654 
09. I move slowly 0.783   0.644 
21. I walk slowly. 0.693   0.492 
37. I cannot work well in dark rooms.    0.027 
03. I often get sick.  0.881  0.804 
01. My body is weak.  0.802  0.693 
41. I cannot move my body freely.    0.250 
38. My stomach is unusually strong.   0.812 0.666 
53. My bowels are unusually strong.   0.673 0.462 
Psychological P-1 P-2 P-3  
32. My body is unattractive. 0.693   0.535 
27. I am satisfied with my body. 0.684   0.487 
12. My body is ugly. 0.671   0.476 
10. My body is defective. 0.568   0.385 
59. I always feel listless.  0.933  0.903 
31. I am always gloomy.  0.506  0.290 
26. I often catch colds.   0.586 0.352 
39. My body is susceptible to infection.   0.554 0.339 
19. I am often injured.   0.496 0.279 

Note: Only items that loaded at >.400 are shown.  
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Table 4. Means of factor scores in schizophrenic and control groups. (Study 1.) 
 

Anatomical Factors Schizophrenic Control 
A-1. Smallness 0.092 -0.047 
A-2. Fatness 0.114 -0.058 
A-3. Roundness 0.057 0.029 
Functional Factors   
F-1. Dullness in movement 0.246 -0.128** 
F-2. Powerlessness 0.373 -0.195** 
F-3. Unusually strong gastrointestinal function 0.168 -0.088* 
Psychological Factors   
P-1. Dissatisfaction 0.003 -0.018 
P-2. Lifelessness 0.239 -0.127** 
P-3. Fragility 0.278 -0.147** 

*p<0.05, **p<0.01. 
 
The high-score (>12.2) group on avolition-apathy (SANS-3) showed a statistically 

significantly higher factor score on F-2 (powerlessness, t=3.852, df=89, p=0.000) than the 
low-score group. The high-score (>13.7) group on anhedonia-asociality (SANS-4) showed a 
statistically significantly higher factor score on F-2 (powerlessness, t=2.983, df=89, p=0.004) 
and P-2 (lifelessness, t＝3.272, df=89, p=0.002) than the low-score group.  

 
Insight 

The results of the t-test of differentiating factor scores between schizophrenic subgroups 
composed of SAI scores are shown in Table 6. The high-score (>3.29) group on acceptance 
(SAI-1) showed a statistically significantly lower factor score on F-3 (unusually strong 
digestive function, t=-2.482, df=89, p=0.015) and higher factor score on P-3 (Fragility, 
t=2.135, df=89, p=0.036) than the low-score group. The high-score (>1.7) group on 
hypothetical contradiction (SAI-supplement) showed a statistically significantly lower factor 
score on F-3 (unusually strong gastrointestinal function, t=-2.348, df=89, p=0.021) than the 
low-score group. 

 
Other Clinical Characteristics 

There was no significant difference between subgroups of body image factor scores in 
years of hospitalization, age at onset of disease or the daily chlorpromazine-equivalent dose.  

 
Discussion 

The factor analysis identified five differentiating factors, which showed that there is body 
image aberration in schizophrenic patients: dullness in movement, powerlessness, unusually 
strong digestive function, lifelessness and fragility. These findings, along with those of other 
investigations (Roehricht & Priebe, 1996; Coleman et al., 1996; Chapman LJ, Chapman & 
Raulin, 1978), revealed that schizophrenics manifested perceptual and cognitive deficits in 
body image.  
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Table 5. Differential BIQ factor scores in high and 
low score groups of SAPS and SANS. (Study 1). 

 
 Positive symptoms Negative symptoms 
 SAPS SANS 
Factors High LOW High LOW 
 SAPS-1 SANS-1 
 Hallucinations Affective flattening or blunting 
F-1  − − − − 
F-2  0.789 0.178* − − 
F-3 − − − − 
P-2 0.608 0.058* − − 
P-3 − − − − 
 SAPS-2 SANS-2 
 Delusions Alogia 
F-1 − − − − 
F-2 0.708 0.208* − − 
F-3 − − − − 
P-2 0.794 -0.033** − − 
P-3 − − − − 
 SAPS-3 SANS-3 
 Bizarre Behaviour Avolition Apathy 
F-1 − − − − 
F-2 − − 0.805 -0.013** 
F-3 − − − − 
P-2 − − − − 
P-3 − − − − 
 SAPS-4 SANS-4 
 Positive formal Thought Disorder Anhedonia-associality 
F-1  − − − − 
F-2  0.723 0.098** 0.718 0.064** 
F-3 − − − − 
P-2 − − 0.599 -0.082** 
P-3 − − − − 
 SAPS-5 SANS-5 
 Inappropriate affect Attention 
F-1  − − − − 
F-2  − − _ − 
F-3 − − − − 
P-2 − − − − 
P-3 − − − − 
 SAPS-Total SANS-Total 
F-1  − − − − 
F-2  .729 0.180* − − 
F-3 − − − − 
P-2 0.556 0.067* − − 
P-3 − − − − 

High =High score group. Low=Low score group. *=p<0.05, **=p<0.01. 
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Table 6. Differential BIQ factor scores in high and low score groups of SAI. (Study 1.) 
 

BIQ SAI SAI 
Factors High Low High Low 
 SAI-1a. SAI-1b. 
 Treatment compliance (passive) Treatment compliance (unprompted) 
F-1 − − − − 
F-2 − − − − 
F-3 0.047 0.546* − − 
P-2 − − − − 
P-3 0.368 -0.059* − − 
 SAI-2a. SAI-2b. 
 Awareness of illness Awareness of illness 
 (mental, physical) (mental, psychiatric) 
F-1 − − − − 
F-2 − − − − 
F-3 − − − − 
P-2 − − − − 
P-3 − − − − 
 SAI-2c.   
 Explanation of illness   
F-1 − −   
F-2 − −   
F-3 − −   
P-2 − −   
P-3 − −   
 SAI-3a. SAI-3b. 
 Relabelling Explanation 
 of psychotic experience of psychotic experience 
F-1 − − − − 
F-2 − − − − 
F-3 − − − − 
P-2 − − − − 
P-3 − − − − 
 SAI-total SAI-supplemental 
  Hypothetical Contradiction 
F-1 − − − − 
F-2 − − − − 
F-3 − − -0.135 0.303* 
P-2 − − − − 
P-3 − − − − 

*=p<0.05 
 
Among the five differential body image factors, only two factors showed correlation with 

positive symptoms measured by SAPS: powerlessness and lifelessness, and the same factors 
correlated with negative symptoms. These results highlighted the close relationships between 
powerless and lifeless body images and severity in symptoms, both positive and negative, 
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implying that the patients with severe symptoms would have powerless and lifeless body 
images.  

Although the current view is that schizophrenics lack insight (Amador et al. 1994, 1991,; 
Cuesta & Peralta, 1994), the results of the present study showed that there is variation in 
degree of insight measured by SAI. The results also showed that acceptance of treatment, as 
one component of insight, as assessed by the SAI, proved to be related negatively with 
unusual gastrointestinal function and positively with the fragile body image, showing that 
patients who comply with treatment have fragile body images and have images of digestive 
organs that are not too strong. It might be well estimated that the fragile body image and the 
reduction of strength of images of digestive organs enhance the patients’ feeling of needing 
help, which makes them compliant to treatment. Another insight component that showed a 
relationship with the deviated body image factor was the double-awareness phase, as assessed 
by the hypothetical contradiction, a supplemental item of the SAI. This was conceived as the 
degree of the patient’s conviction about the delusion, as it appeared in the recovery from 
delusion (Sacks et al, 1974), and arising "from rapid oscillations between belief and 
disbelief." The score suggests “the amenability to test still firmly held beliefs against reality" 
(Sacks et al, 1974). The degree of double awareness was shown to be inversely related with 
the image of unusual strength of gastrointestinal function, showing that the patients with 
flexible amenability to delusional ideas have images of digestive organs that are not very 
strong. 

The overall results proved two out of the five factors that differentiated the schizophrenic 
from the normal group to be related to positive and negative symptoms and two to insight. It 
is important that one major differentiating factor, dullness in movement, did not show any 
correlation with symptoms or insight. During the 1990s, observations focused on the fact that 
while patients’ symptoms were improved markedly by antipsychotic agents, the patients still 
required assisted living arrangements and could not work in highly competitive situations 
(Goldberg et al, 1993). The fact that the main part of the body image deviancy assessed by 
BIQ did not relate to positive or negative symptoms is assumed to have some relation to these 
observations, and suggests the possibility that the main component of body image deviancy, 
which is independent from severity of symptoms, is closely related to some deficits that are 
germane to schizophrenia. 

 
Conclusion 

The factor analysis of BIQ showed some aberrant phases of schizophrenics’ body image. 
They were: dullness in movement, powerlessness, unusually strong gastrointestinal function, 
lifelessness and fragility. Powerlessness and lifelessness proved to be related to positive and 
negative symptoms and unusually strong gastrointestinal functions and fragility, to insight. 

 
 

Study 2. Schizophrenics’ Body Images: What Are They? 
 

Introduction 
In Study 1, the attempts with factor analysis to find out the linkage of schizophrenics’ 

aberrant body image with clinical characteristics proved to be exhaustive. However, the 
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results of factor analysis showed that there are some differential body image factors, none of 
which seemed to relate to an anatomical component of body image of schizophrenia. It was 
further observed that most of the BIQ differential items were functional and psychological. 

Distorted body experiences in schizophrenic patients, especially regarding their images 
of their body shape or proportions, have been reported since the 1960s. DeLeon et al (1989) 

denoted dysmorphophobia as a symptom which occurs in a number of different disorders, 
notably in schizophrenia. Dysmorphophobia as seen in somatoform disorders (1980), body 
dysmorphic disorder (1987) and delusional disorder, somatic subtype, were included in the 
Diagnostic and Statistical Manual of Mental Disorders, which produced considerable concern 
about delusion regarding the appearance of the body. (deLeon et al, 1989; Phillips et al, 
1994). There has also been much discussion on distorted body experiences, which are 
legitimately categorized as psychological derivative imageries, including coenaesthesis 
(Huber, 1957; Rohricht & Priebe, 1996; Schmoll, 1994). Much concern has been placed on 
the blurred nature of body boundaries (Quinlan & Harrow, 1974; Fisher S, 1966), and the 
Rorschach test has been used to examine the vulnerable characteristics of body boundaries 
such as penetrability. In spite of all these attempts, clinical relevance of body image 
aberration remains unclear. It is still uncertain whether or not the body images are deviated in 
the area of visual imagery, or in feelings about their body such as being hard as stone or 
being fragile.  

Thus, the question of which phase of body image links with symptoms and which to 
recovery? leads to the next question, “What are schizophrenics’ body images, or what are 
their aberrations?” In this section, attempts were made to clarify this question simply by 
comparing three hypothetical components of BIQ, that is, anatomical, functional, and 
psychological, between schizophrenic and non-schizophrenic groups.  

 
Method 

 
Assessment of Body Image Deviation  

Body images were assessed using the BIQ. The three BIQ component scores, anatomical, 
functional, and psychological, were obtained using scoring system with reverse items. (See, 
Appendix 1-1.) Items included in each component are shown in the Appendix. (See Appendix 
1-3, 1-4 and 1-5.) 

 
Subjects  

The study sample consisted of 83 chronic schizophrenics; 44 were men and 39 were 
women. The mean (SD) age of the patients was 48.2 (10.0) years. All of them were inpatients 
in chronic psychiatric wards of a mental hospital in Ibaraki Prefecture in Japan. They were 
diagnosed as schizophrenia, according to DSM-IV criteria (Subtypes: 20 Paranoid types, 36 
Disorganized types, 23 Residual types, 4 Undifferentiated types). The mean (SD) duration of 
hospitalization was 23.7 (10.5) years, and the mean (SD) age of onset was 24.2 (7.0) years 
old. Their mean (SD) dose of neuroleptics was 437.0 (396.9) mg/day of chrolpromazine 
equivalent dose. The group with anxiety disorders was comprised of 43 patients with anxiety 
disorders in DSM-IV, including 23 men and 20 women. They were outpatients of a private 
clinic in Ibaraki Prefecture in Japan. The mean (SD) age was 39.1 (14.1) years old. The 
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normal control group of study 1 was used. All of the study participants were informed of the 
purpose of the study and actively participated with a written informed consent. (See Table 7.) 

 
Table 7. Demographic and clinical characteristics of subjects. (Study 2.) 

 
 Schizophrenia Anxiety Disorders Normals 
 (N=83) (N=43) N=177 
Demographic characteristics     
Mean Age 48.2 39.1 44.9 
Gender (Male %) 53.0 53.4 44.0 
Clinical characteristics of the schizophrenic patients  
 Mean (Range)   
Age of Onset 24.2 (14-45)   
Years of Hospitalization 23.7 (3-47)   
Dose of CPZ (mg/day) 437.0 (30-1256)   

 
Data Analysis 

Means of the three BIQ component scores were compared among groups with 
schizophrenia, anxiety disorders and normals using ANOVA, followed by multiple 
comparisons using the Tukey method. The means of each item score of the differential 
component scores obtained were compared between the schizophrenic and non-schizophrenic 
groups using ANOVA.  

 
Results 

The results of ANOVA are shown in Table 8, and the results of succeeded multiple 
comparisons are shown in Table 12. Statistically significant group differences in means were 
found in the BIQ functional component score (F=12.478, df=2/284, p=0.000). Further 
multiple comparisons of differences of means showed a statistically significant difference 
between groups with schizophrenia and anxiety disorders (p =0.021), and between groups 
with schizophrenia and normal groups (p = 0.000). There was no statistically significant 
difference among the three diagnostic groups in the BIQ anatomical component score or in 
the BIQ psychological component score.  

The mean scores of BIQ functional items, which composed the differential component, 
were further compared between schizophrenic and non-schizophrenic groups. Eight out of 17 
items showed statistically significant differences, including being weak (F=7.262, df=2, 
p<.001), being liable to get sick (F=10.810, df=2, p<.000), moving slowly (F=6.065, df=2, 
p<.003), being poor at athletics (F=7.743, df=2, p<.001),, being liable to lose 
balance(F=5.092, df=2, p<.007), walking slowly(F=3.314, df=2, p<.038), being unable to 
work in dark rooms(F=10.415, df=2, p<.000), and having weak teeth (F=5.614, df=2, 
p<.004). The means of each functional item are shown in Table 9. 

 



Reiko Koide and Akira Tamaoka 22 

Table 8. Group means of BIQ component Scores. (Study 2.) 
 

 Schizophrenia Anxiety Disorders Normals  
 (N=83) (N=43) (N=177) F 
Anatomical 80.6 70.71 79.1 1.818 
Functional 78.4 73.07 71.4 12.478*** 
Psychological 78.4 84.77 72.5 2.800 
Total 238.8 228.34 223.1 18.046*** 

*P<0.05, **P<0.01, ***P<0.001 
 

Table 9. Means of BIQ-Functional items of three diagnostic groups. (Study 2.) 
 

 SC AD NO F 
01. My body is weak.  3.853 3.558 3.175 7.264*** 
03. I often get sick.  3.734 3.558 2.945 10.810*** 
09. I move slowly.  4.253 3.857 3.649 6.065** 
13. I am good at athletics.®  4.465 4.432 3.626 7.743** 
17. I often lose my balance.  3.790 3.566 3.153 5.092** 
21. I walk slowly.  4.409 3.690 4.101 3.314* 
37. I can work well in dark rooms. ®  3.570 3.418 2.783 10.415*** 
47. My teeth are weak.  4.817 4.209 4.079 5.614** 

®=reverse item.  
*P<0.05, **P<0.01, ***P<0.001. 

 
Discussion 

Results of this study showed aberration restricted to functional imageries, revealing that 
there are both intact and deficient phases in schizophrenics’ body images. Of three 
hypothesized components, that is, anatomical, functional, and psychological body images, 
only functional imageries proved to be deviant.  

The results of the comparisons of means of the various functional items between groups 
showed that differences included three categories of ill-functional body imageries. First was 
vulnerability to illness, including images of being weak and of being liable to get sick. 
Second was difficulty in manipulating their bodies, including images of being unable to work 
in dark rooms, being poor at athletics, walking slowly and of moving slowly. The third 
category was unusual concern over gastrointestinal functions reflected in having weak teeth.  

 
Conclusion 

Via the analysis of three hypothetical components of BIQ, the schizophrenic body image 
deviation proved to be comprised of deviation in functional imageries. 
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Study 3. Depression and Body Image in Chronic Schizophrenia 
 

Introduction 
Although mood disorders are conventionally viewed as nosologically distinct from 

schizophrenia, depression in schizophrenia has been recognized from the time of Mayer-
Gross (1920) and Bleuler (1911/1950). Comorbid depressive signs and symptoms (DSS) in 
schizophrenia were earlier described as postpsychotic depression (McGlaschan & Carpenter, 
1976), resulting from realization of disability once psychosis has abated and insight is 
recovered. A second view is described as post-treatment depression in which neuroleptic 
medication causes depression in schizophrenia (Van Puttan & May, 1978;Galdi, 1983). The 
concept has been further elaborated by Van Putten and May (1978), who argued that 
depression in schizophrenia might be specifically associated with extrapyramidal side effects 
of neuroleptic medication. A third view relates depression to the schizophrenic process itself. 
According to this hypothesis, depression forms an integral part of the illness, predicting that 
depressive symptoms would be most prevalent during the acute phase of illness and subside 
with treatment (Knights & Hirsch, 1981; Hirsch, 1982).  

Recently, DSS have become a target of treatment because novel antipsychotic agents 
introduce new avenues that may differentially affect schizophrenic signs and symptoms, 

including depression (Pickar, 1995; Tollefson et al., 1998), and its association with a higher 
risk of suicide and self-harm (Siris, 1991; Hu et al., 1991; Drake & Cotton, 1986; Caldwell & 
Gottesman, 1990; Cohen et al., 1990; Roy et al., 1983) has been highlighted. There are 
studies that reported depressive schizophrenics attempt at unusual self-mutilation (Feldman, 
1988; Burgess, 1991; Martin & Gattaz, 1991; Weiser et al., 1993; Kennedy & Feldmann, 
1994), which suggest a close relationship between DSS in schizophrenia to body image 
aberrations. 

The report in this section looks at depression in schizophrenia by detecting its unique 
relationship to patients’ body image using BIQ. 

 
Method 

 
Subjects 

The subjects in study 1 were used. (See Table 1.)  
 

Assessment of Depression  
Depression was assessed by Zung’s Self-rating Depression Scale (SDS, Zung, 1965). The 

SDS scores ranged from 24 to 64, and their mean (SD) was 40.0 (7.9). Based on the 
distribution, the (schizophrenic and normal) depressive groups were comprised of those who 
scored 48 or higher, which included 20.3% of all subjects, including schizophrenicc and 
normal populations. The non-depressive groups were comprised of those who scored 32 or 
lower, which included 18.9% of all subjects.  

 
Data Analysis 

The means of the factor scores obtained in study 1 were compared between the 
depressive (SDS scores >=48) and non-depressive (SDS scores =<32) groups in 
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schizophrenic and normal control samples, respectively, using t-tests. In addition, 59 item 
scores of BIQ were compared between high and low score groups in these comparative sets 
using t-tests. 

 
Results 

Based on the results of the t-test of means of obtained factor scores of schizophrenic 
depressive and non-depressive groups, 5 of these proved to be factors that differentiated the 
two groups. These factors and their interpretations are factor A-3 (roundness, t=-2.420, 
df=37, p=0.021), factor F-2 (powerlessness, t=2.407, df=38, p=0.021), factor F-3(Unusually 
strong gastrointestinal function, t=-2.588, df=38, p=0.014), factor P-1 (Dissatisfuction, 
t=2.491, df=38, p=0.015) and factor P-2 (Lifelessness, t=2.556, df=38, p=0.015). Among 
these factors, significant differences were found among normal population in factor P-1 (t= 
5.010, df=40, p=0.000), and factor P-2 (t=2.756, df=40, p=0.009), showing that 
schizophrenic and normal groups had common relationships of depression to body image 
along with these factors. The other three of the five factors did not differentiate depressive 
and non-depressive groups in normal samples. Also, there was no factor differentiating 
depressive and non-depressive group uniquely found in the normal samples. (See Table 10.) 

 
Table 10. BIQ Factors differentiating depressive and non-depressive state. (Study 3.) 

 
Factors Schizophrenic Control 
 D Non-D D Non-D 
A-1  _ _ _ _ 
A-2  _ _ _ _ 
A-3  -2.220 .449* _ _ 
F-1  _ _ _ _ 
F-2  .794 -.030* _ _ 
F-3  -.165 .620* _ _ 
P-1  .262 -.513* .764 -.331*** 
P-2  .751 -.198* .411 -.356* 
P-3  _ _ _ _ 

D=Depressive group, Non-D=Non-depressive group. *P<.0.05, **P<0.01, ***P<0.001. 
 
There were BIQ items which differentiated depressive and non-depressive groups only in 

schizophrenic samples. These were; having small eyes, being not meager, being weak, being 
clumsy with hands, having unusually strong stomach, having strong heart, having strong 
bowels, being underdeveloped, feeling cold, being dissatisfied, not minding being touched by 
others, and being getting worse. Schizophrenic and normal control samples shared the most 
of the differentiating items in the psychological element. (See table 11.) 
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Table 11. BIQ items differentiating depressive and non-depressive state. (Study 3.) 
 

 Schizophrenics Normals 
BIQ items D Non-D D Non-D 
Anatomical     
18. I have small eyes.  4.200 3.181*   
44. My body is not meager.®  4.266 3.000**   
Functional     
01. My body is weak.  4.600 3.454*   
03. I often get sick.  4.400 3.000* 3.461 2.655* 
17. I often lose my balance.    4.461 2.714*** 
25. I am clumsy with my hands.  4.833 3.181**   
37. I can work well in dark rooms. ®  5.666 4.181** 3.692 4.655* 
38. My stomach is not unusually strong. ®  3.600 5.181**   
42. My heart is strong. ®  3.933 2.272**   
53. My bowels are unusually strong.  3.766 5.000*   
Psychological     
06. My body is underdeveloped.  .3.866 2.636*   
07. My body is clean.®    3.153 2.413** 
10. My body is defective.  4.400 3.363* 4.692 3.448** 
11. My body feels cold.  4.233 5.363*   
12. My body is beautiful.®  4.333 3.272* 4.769 3.482*** 
22. I seldom feel tired.®    5.461 4.206** 
23. My mood is numb.  3.833 5.090* 2.000 4.724*** 
27. I am satisfied with my body. ®  3.200 4.727*   
31. I am always cheerful. ®    3.923 2.931** 
32. My body is unattractive.    5.153 3.931*** 
34. I always feel sick.  4.433 3.181* 4.615 3.413*** 
43. I don’t mind being touched by others. ®  4.866 3.636*   
45. I seldom get excited   2.833 4.275** 
46. My health is getting better. ®  5.000 3.900*   
49. I am seldom tense.  2.400 3.909** 2.076 3.241** 
59. I always feel energetic.®  4.666 3.363** 4.307 3.137** 

D=Depressive group, Non-D=Non-depressive group. *P<.0.05, **P<0.01, ***P<0.001. 
 

Discussion 
The depression assessed by SDS correlated to 5 factors of body image assessed by BIQ. 

The findings further demonstrated that 3 among these 5 factors correlated with depression in 
schizophrenic groups, interpreted as roundness, dullness in movement, and unusually strong 
gastrointestinal function, none of which differentiated depressive from non-depressive group 
in normal subjects. It would be reasonable to assume that there is some close link between 
depression and body image, which is unique and specific to schizophrenia. 

Dissatisfied and lifeless body images were found to be related to depression in 
schizophrenic as well as in normal samples. Dissatisfaction and lifelessness would be a 
common body image factors they shared regardless of diagnosis. In the schizophrenic sample, 
three differentiating factors were further observed, one anatomical factor, and two functional 
factors. It was observed that the more the schizophrenic patients becomes depressed, the less 
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round and the less powerful their imagined body becomes and that the more they depressed, 
the less powerful their gastrointestinal function becomes in their body images. The results of 
the comparisons of means of each BIQ item also demonstrated that the variety of functional 
body image items differentiated depressive from non-depressive patients in the schizophrenic 
sample. The concern on bodily function proved to be prominent in schizophrenic depressive 
patients.  

These observations may suggest that these depression-related body images in 
schizophrenia have characteristics, which lead to the anticipation of the serious corporeal 
deterioration of becoming immovable. This close linkage between depression and undesirable 
functional body images in schizophrenic patients would be connected with the self-mutilation 
or higher risk of self-harm observed in schizophrenia. 

 
 

PART III. STUDIES USING RORSCHACH  
TEST: SUBSIDIARY FINDINGS 

 
Study 4. A Unique Rorschach Response Observed in Schizophrenic 
Patients 

 
Introduction 

Although recognized as closely linked with psychopathology, distortion of body image 
has seldom been studied in schizophrenia. The major cause of the neglect of this concept is 
methodological, i.e., the difficulty in developing assessment techniques. In this section, a new 
finding concerning body image of schizophrenia, as observed in their Rorschach responses, is 
reported.  

In the attempts to detect body image aberration in the studies using the BIQ, we found 
that responses that evoke images of a mass of flesh are often seen in schizophrenic Rorschach 
responses. This was first noticed in the response of a schizophrenic patient (Case A of this 
study) as “This looks like a mass of flesh of some kind of animal, though I cannot specify 
which,” to Card VI. This response followed to the failure to construct the response “a gorilla” 
in Card IV, in which she could not identify its legs, arms, or head. According to this 
Rorschach sequence, a process is assumed to exist in schizophrenic thought that the their 
bodies are becoming a mere mass of flesh, as if they were being vivisected though still alive, 
which forms a core of fear of schizophrenic patients. Difficulty in identifying legs, arms, and 
head of perceived animals or human beings also proved to be a process of perceiving “a mass 
of flesh.”  

Starting with these observations, an attempt was made to explore similar responses in 
schizophrenics’ Rorschach responses, and it was found that these responses are quite 
common in schizophrenic patients. We call the characteristics revealed in these responses as 
body image “becoming a mass of flesh” and present the hypothesis that this might form a 
core characteristic of body image of schizophrenia. 

Responses such as “mass of flesh”, or “muscles in the shoulder of a man,” are typical 
mass of flesh responses because the image of a mass of flesh is clearly verbalized in these 
responses. Responses such as “a rat without legs” or “a girl, but I cannot see her hands” are 
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also mass-of-flesh responses, because these responses, though indirect, vaguely imagine a 
mass of flesh through the diminution of head, legs, and arms and emphasis on the trunk. 

Four cases are presented. All of them were inpatients of a chronic care ward of a mental 
hospital in Ibaraki Prefecture and were diagnosed as schizophrenia according to DSM-IV. All 
patients were informed of the purpose of the study and actively participated with written 
informed consent. The socio-demographic and clinical characteristics, such as illness type, 
onset age, years of hospitalization, BPRS scores (Overall & Gorham, 1962), and daily dose of 
neuroleptics, are shown in Table 12.  

 
Table 12. Demographic and clinical characteristics of subjects. (Study 4.) 

 
 Case A Case B Case C Case D 
Age  62 46 33 28 
Gender Female Female Male Female 
Years of education  9 7 13 12 
Years of employment  2 0 0 4 
Illnessl types  Paranoid Disorganized Disorganized Residual 
Age at onset 19 16 19 22 
Years of hospitalization  37 30 33 5 
BPRS 51 49 64 25 
Daily dose of neuroleptics (mg) 400 1525 175 350 

 
Case Reports 

 
Case A 

Miss A was a 62-year-old woman. She was born to a farmer in Ibaraki Prefecture in 
Japan as the first of seven children. After she graduated from high school, she went to Tokyo 
and worked as a housekeeper, but one year later she became restless, sleepless, and went 
back home. At the age of 22, she was admitted to the hospital with prominent delusional 
experiences. She left the hospital once, but soon left home, wandered around, stole food from 
a store and was returned the hospital. Since then, she has been in the hospital for 37 years. 

In a semi-structured interview, she said, “A fox is controlling me. He exchanges my body 
with that of a victim of a traffic accident, so that I feel great pain in my legs, head, and arms. 
The fox is one of the foxes I keep at home. He changes my body because he gets money 
through traffic accidents. I am a splendid and super woman. If I had not been ill, I would 
have made a country. I sculpted on the moon as well as the sun.” 

In the Rorschach Test, she gave one response per card and gave in seven responses 
among ten animals with unclear or absent legs, arms, or head, or irregular emphasis on the 
legs. “Two elephants, but the legs are too short for elephants”(Card II). “A bat, legs are just 
like those of a bat” (Card V). “An animal I have never seen before. It looks like a gorilla, but 
this has no head, no legs, and no arms” (Card IV, IX). “A shrimp, with big tails and many 
small legs”(Card IX).  
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Case B 
Miss B was a 46-year-old woman. She was a third of four children in the family of a 

public official. She suffered from tuberculosis in the junior high school. One day she was 
made a fun of by her classmates and refused to go to school. At the age of sixteen, she began 
to speak in monologues and to spend almost all day in bed. She showed delusions and 
hallucinations, and entered into the hospital when she was seventeen years old. 

In the interview, she said, “I have been suffering from hallucinations everyday for twenty 
or thirty years. I hear the voice of a middle-aged woman, and she always says bad things 
about me. It causes severe pain in my shoulder. But I still continue knitting. When I brush my 
teeth, I feel like I am dying. When I am in bed, and also I am walking, germs move and 
frighten me, and dogs and cats are lying on me. All animals are transparent so that I cannot 
see them but they certainly exist.” 

She presented feelings of “being pressed” in 3 responses among a total of 7. ”A calf 
oppressed by a fixed butterfly” (Card II). “Human beings are pressed down with their hands 
on the floor” (Card III). “A crab which is compressed, narrow in width” (Card X). She also 
showed an image of becoming a mass in the response, “A rat, there are no legs” to Card VIII.  

 
Case C 

Mr. C was a 55-year-old man. He was born the fourth child of a wealthy family in 
Tokyo. His father owned a company, and he went to private school. When he was in 
university, in the first year, he went to a supermarket with the group of his friends to steal 
some small things. He was expelled from the university. Since then, he complained of anxiety 
at meeting people, and visited many clinics for medication and psychotherapy, but he 
gradually came to stay at home almost all day. When he was 22 years old, he entered the 
hospital with prominent delusions and hallucinations. 

In the interview, the patient said, “I suffer from nightmares every night. It is a dream of 
hell and I feel I cannot survive any more with these ominous ideas. I cannot concentrate. I am 
slow in thinking. And I have become old-fashioned. Somebody is talking ill of me. I feel 
suspected as a criminal every time a crime is broadcast on the television. It is because I know 
the names of the criminals, so that this is my referential delusion.” 

He showed five human movement responses, none of which identified the agent. “Hitting 
each other with both hands” (Card I), “Washing” (Card III), “Dancing” (Card VI), “Being 
astonished (Card VII), and “Talking, with each other” (Card X). He also showed over-
clarification of ages in his human percepts, as “old” (Card II), “middle-aged” (Cards III, X), 
and “young” (Card VII). These estimations of age without evidence suggest the possibility 
that there might be strong conflict in his subjective inability to experience time, from which 
he feels excluded. 

 
Case D 

Miss D is a 28-year-old woman. She was the second of two children of a family of an 
artisan in Ibaraki Prefecture. When she was 16 years old, she felt that her classmates are 
talking ill of her so she refused to go to school. She once consulted with a psychologist. After 
she graduated from high school, she went to Tokyo and worked for a large company there for 
five years. When her mother got sick, she came back home to see her mother. Soon after her 



Body Image Deviation in Chronic Schizophrenia: New Research 29

mother died, she became sleepless, violent especially toward her father, suffered from 
hallucinations and entered the hospital at the age of 23. After her admission, the 
hallucinations disappeared, and she returned home to stay several times, although she was not 
successful in staying home every time because of her violent behaviour toward her father.  

In the interview, she said, “I feel miserable because I am under the protection of my 
father who is so slovenly that he spends a lot of money on bicycle races. My father hit me. 
But it is because I poured water on him. I am worried that I cannot be independent, though I 
am old enough to be. To tell the truth, I want to be a child of my elder sister.“ 

She presented the body image as a mass of flesh in the response, “A crab, with torso with 
a carapace and nippers” (Card III), in which the mass-of-flesh image was covered with the 
hard shield of a crab and the impression of the whole response was aggressive and defensive, 
ready for fight. She also showed withdrawal of the body from the outer world in the response, 
“A piece of clothing, too showy for me.” She showed helpless feelings in the response, “A 
flower, with leaves hanging down and connected with the roots in this way” (Card IX). In 
this response, the psychological process is presented as a feeling of helplessness that was 
developed into an attempt to confirm that she was related to her support system.  

 
Discussion 

The body image becoming a mass of flesh was seen in four cases as a common 
characteristics of body image, regardless of their variety of illness type, of degree of severity 
of symptoms assessed by BPRS, life history and daily dose of neuroleptic medication. 
Clarification of how this mass-of-flesh image is expressed and is related to the patients’ 
clinical pictures is necessary. Three questions need to be discussed with regard to these 
patients: (1) Is mass-of-flesh image really related to delusion?: (2) Is it related to 
hallucinatory behaviour? (3) Is it related to symptoms other than delusional and hallucinatory 
experiences? 

Case A refers to the first question. In this case, body image as a mass of flesh was 
expressed in a typical form as “a mass of flesh of some animal with a bamboo stick.” From 
this response, it is assumed that she has a catastrophic fear of her body being exposed to the 
outer world without protection, being penetrated. It is further guessed that this fear is 
elaborated into a delusional belief to clarify and explain its origin, by thinking that a naughty 
fox exchanged her body with that of a victim of a traffic accident, and that the fox is one of 
many foxes she kept at home.  

Case B exemplifies to the second question. In this case, the body image of becoming a 
mass of flesh was expressed as “a rat without arms and legs” and also as “a crab which was 
compressed” and “a calf that was oppressed by a butterfly.” These responses imply that body 
image as becoming a mass of flesh modified into more sensory form as “being pressed” and 
developed into a hallucination. She suffered from being oppressed at shoulder presumably 
caused by a middle-aged woman's voice. She also suffered from being oppressed by germs 
creeping on her and by transparent animals lying on her.  

Case C refers to the third question. In this case, the agents in human Rorschach percepts 
are frequently not identified. Omission of the head is an indirect expression of body image as 
a mass of flesh. The lack of identification of the agents of the human percepts implies his 
avoidance of committing himself to the percepts. With this withdrawal, he tries to maintain 
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distance by regarding the whole situation in which he lives as if it were a fiction, acted on a 
stage, and regarding himself as an audience. He described his own symptoms as “referential 
delusion” as if others observe him and felt himself “like a criminal who appears on 
television”. His over-concern about age and many attempts to guess age without enough 
evidence would be derived phenomenon from this withdrawal from the real world, in which 
time passes, into a fictional narcissistic world, in which there is no lapse of time. He is 
worried about “becoming old-fashioned.” This concern toward age seems consistent with the 
age-disorientation of schizophrenia (Crow & Johnstone, 1980; Crow & Stevens, 1978). It was 
reported that 25% of the schizophrenic patients mistake their own ages by more than 5 years. 

In Case D, the mass-of-flesh percepts appeared in the perception, “A crab, with a torso 
with a carapace and nippers” (Card III). A mass of flesh was seen in the elimination of the 
legs with armor. This is consistent with her clinical picture, in which her violent acting-out is 
a prominent problem. As the risk of violence has come to be one of the current issues of 
schizophrenia (Taylor, 1995; Fottrell,1980; Humphreys et al., 1992) the present finding 
seems to relate to some illness-specific risk factor to evoke violence in schizophrenic 
patients. In this case, it is assumed that an “armored mass-of-flesh body image” would be a 
compromised product of an aggressive premorbid personality and schizophrenic illness. 

The body image as becoming a mass of flesh is considered to have four connotations. 
First, it suggests an image of the body, which is still alive, though exposed to the outer world. 
Second, it suggests an image of the body that is helplessly threatened and unprotected. Third, 
it suggests an image of the body that is unmovable. Fourth, it suggests an image of the body 
that is weakened and helpless. These would constitute an image of potential catastrophe 
concerning the patients’ own body. 

The image of becoming a mass of flesh was recognized in two stages. Stage 1 is 
presented directly with reference to “a mass of muscles” or “mass of flesh,” as seen as a 
typical response one. Stage 2 as presented indirectly as an animal or a human being without 
legs or arms, or without clarifying them, in which the mass of flesh is vaguely imagined 
through the diminution of head or legs. In observation of these four cases above, stage 1 
presumably works with delusion, especially being closely linked with bizarre delusions and 
enhancing psychological factors for it. Stage 2 would exist as a rather general, though 
underlying, disposition in schizophrenic patients. In the case of stage 2, it was further shown 
that image of becoming a mass of flesh leads to some readiness for age-disorientation as one 
of the major thought disorders, as well as violent acting-out behaviours, so that one of the 
future topics to be discussed should be the effect of the image of becoming a mass of flesh on 
the formation of a variety of schizophrenic symptoms. 

 
Conclusion 

Rorschach responses that imply the body images of becoming a mass of flesh were 
shown in four chronic schizophrenic cases. The body images of becoming a mass of flesh 
were experienced in two forms: one is experienced by the percept of a mass of muscles. The 
other is by percepts of an animal or a human being with diminished legs, head, or arms. In 
studying four cases carefully, these responses were found regardless of the illness type, 
duration of illness, life history, and neuroleptic doses, but they related not only to delusional 
and hallucinatory symptoms but also to some other thought disorders such as age-
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disorientation as well as violence. Because this is just an initial phase of the study, further 
studies are required to determine whether this finding is a general intrinsic trend of 
schizophrenia or not. 

 
 

Study 5. A Mass of Flesh: Schizophrenic Rorschach Percepts 
 

Introduction 
The Rorschach test is important in the diagnosis of schizophrenia. Since 1966, 1728 

studies using the Rorschach test, among which 126 were concerned with the diagnosis of 
schizophrenia, have been indexed in Medline. Rorschach protocols have been 
documented in thought disorders, sometimes in terms of ego impairment, to provide 
information concerning diagnosis of schizophrenia. Rappaport et al. (1968) are historically 
credited with systematically identifying deviant aspects of the patient’s verbal responses to 
the inkblot. Attempts have been made to develop specific criteria on the Rorschach designed 
to make a more accurate assessment of thought disorders, including the Delta Index (Watkins 
& Stauffacher, 1952), Thought Disorder Index (Johnston & Holzman, 1979), and 
Schizophrenia Index (Exner, 1974, 1978, 1986a, 1986b, 1991, 1993; Mason et al., 1985). 
Earlier, methods were developed to assess "primary process" manifestations (Holt, 1977; 
Meloy, 1984) or boundary disturbance manifestations (Quinlan and Harrow, 1974). During 
the 1970s to 1980s, methods to assess object relations were developed to differentiate 
borderline personality disorders from schizophrenia (Urist, 1977; Kwawer, 1980). In the 
1990s, Wagner and Frye (Wagner & Frye, 1990) reported the diagnostic implication of the 
"fragmented" Rorschach W:D (Whole Responses vs. Detail Responses) ratio in 
schizophrenia, and Perry developed perseveration measures (Perry & Braff, 1998). One of the 
most widely used of these Rorschach criteria for the evaluation of schizophrenia is the 
Comprehensive System's Schizophrenia Indices, SCZI (Exner, 1974; Mason et al., 1985). The 
Comprehensive System began to pay more attention to the importance of systematically 
measuring unusual verbalizations and identifying reliable test signs that capture a range of 
aberrations in thought and language. The diagnostic indicators of disordered thinking in 
Exner's approach pointed to large differences between schizophrenia and control subjects, 
confirming an impairment of perceptual accuracy, reality testing and reduced emotional 
control (Di-Nuovo et al., 1988), and the Exner Rorschach was judged to be a valid test for 
schizophrenia (Vincent & Harman, 1991; Hilsenroth et al., 1998). Another index, the Ego 
Impairment Index, proved to differentiate among schizophrenics according to the severity of 
their ego impairment (Perry et al., 1992). Recently, investigators have placed much emphasis 
on Rorschach indications for thought disorders in regard to sensorimotor gating abnormalities 
or other information processing in the neurocognitive context (Perry & Braff, 1994; Perry et 
al., 1999). 

In the previous section (study 4), a new finding was reported concerning Rorschach 
percepts of schizophrenia, that images of a mass of flesh were often seen in schizophrenic 
Rorschach responses. This was first noticed in the Rorschach response to Card VI of a 
middle-aged female (Case A) with chronic schizophrenia in the statement, "This looks like a 
mass of flesh of some kind of animal, although I cannot specify which animal." Before 
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producing this response, the patient had failed to make the response of " a gorilla" to Card IV, 
in which she could not identify its arms, legs or head. According to these Rorschach 
sequences, it would be considered that if the patient has failed to see the legs and arms, a 
gorilla is perceived as a mass of flesh. A similar response was found in another middle-aged 
male with chronic schizophrenia, who responded to Card IX, "Part of a naked man, the 
swelling muscles of his shoulder." This patient also responded to Card VIII, "The carcass of 
an animal. Only bones here, for the flesh is gone." In this response, he imagined a mass of 
flesh and quickly eliminated it by thinking of it as having been taken away in his fantasy. The 
third patient, a middle-aged female with chronic schizophrenia, who gave another such 
response, by responding to Card VIII, saying "Two seals. They are seals, because their legs 
and arms are quite short. They look like muscles. Only the muscles of seals. With backbones 
here." In this response, she saw two aquatic animals that have intrinsically diminished (short) 
legs and arms, and this image soon became muscles with backbones.  

Starting with these findings, the attempts were made further to find similar responses in 
their Rorschach percepts. It was found that the responses in which a mass of flesh or muscles 
are explicitly verbalized are not often seen in their Rorschach percepts, but that the responses 
with the same implications in modified and implicit forms, especially in the form of animals 
or human beings with diminution of head, legs or arms, were quite common in schizophrenic 
patients.  

Although apparently different, these responses share the common characteristic of 
revealing the perception of a mass of flesh in the Rorschach pattern. The author called the 
above percept "a mass of flesh" (MF) and considered that the implications of the MFs should 
be studied further in the diagnosis of schizophrenia. In order to detect MFs reliably, inclusion 
and exclusion criteria for MFs were developed which describes the details to identify the 
MFs. 

First, this study is an attempt to develop inclusion criteria for detecting these responses 
based on these observations. Second, to examine whether perception of MFs is characteristic 
in schizophrenia or not, the presence or absence of the MFs was examined in the Rorschach 
protocols of patients in the diagnostic groups of acute schizophrenia, anxiety disorders 
according to DSM-IV criteria, and healthy adults.  

 
Method 

 
Inclusion and Exclusion Criteria for the MF Percept  

The idea that schizophrenics produce percepts of a mass of flesh evolved through our 
earlier observations in the evaluation of 7 chronic schizophrenia patients. Thereafter, 
particular attention was given to the responses of 69 consecutive chronic schizophrenic 
patients (76 in total) to confirm whether or not they produced any response which had a 
connotation of a mass of flesh or its implicit representation, mainly reflected in diminution of 
head, arms or legs, of any living thing. After it was confirmed that 75 out of 76 (98%) 
chronic schizophrenic patients produced some MFs, a list of criteria for MFs was made to 
detect them reliably.  
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MFs are, in their explicit and typical form, responses in which a mass of flesh or muscle 
is explicitly verbalized. The MFs, in their implicit forms, include responses in which 
diminution of arm, leg, and head is mentioned. In these responses, absence, unusual shortness 
or vagueness of arms, legs or head is verbalized. The things or living things with a mass-like 
shape, or perceived as folded or unfolded, are also included because these responses reflect 
the image of a mass of flesh or the process of becoming a mass of flesh or its denial. 
Exclusion criteria were made as a guide to exclude misleading responses. Inclusion and 
exclusion criteria are summarized in Appendix 2.  

 
Test Administration and Scoring 

All Rorschach tests were administered by the present authors. The presence or absence of 
any response that fit the criteria was examined in each case. The cases were divided into two 
groups, that is, one with MFs and one without.  

 
Inter-Rater Reliability  

Inter-rater agreement was determined by evaluating the MFs according to the protocols 
of 20 chronic schizophrenics. Independent ratings was made by two raters. Nineteen among 
20 protocols were scored as showing MF (MF +) by two independent scorers, and 95% inter-
rater agreement was obtained. 

 
Subjects 

The socio-demographic data of the subjects used for evaluation of the MFs are shown in 
Table 13. The chronic schizophrenic patients were those of Study 2, who agreed to 
participate to the study using the Rorschach test. There were 41 men and 35 women. The 
mean (SD) age of the patients was 49.4 (9.4) years. The mean (SD) chlorpromazine-
equivalent dose was 474.8 (406.3) mg. Twenty-two acute schizophrenic patients, 10 male and 
12 female, are inpatients of a hospital in a Tokyo suburb. The Rorschach test was 
administered within one month after their first admission. Their mean (SD) age was 21.8 
(3.3) years. All of them were medicated, and the mean (SD) chlorpromazine-equivalent dose 
was 1082.3 (536.8) mg. All of them had been diagnosed with schizophrenia, according to 
DSM-IV criteria. Thirty patients with anxiety disorders according to DSM-IV, 16 male and 
14 female, were outpatients of a private clinic in Tokyo. Their mean (SD) age was 35.9 (13.4) 
years. Twenty-eight healthy adults, 14 men and 14 women, were graduate students, hospital 
staff members, businessmen, office employees, and housewives. The mean (SD) age was 34.1 
(12.8) years old. All normal adults were demonstrated to be healthy by administering General 
Health Questionnaire (Goldberg, 1972; Goldberg & Williams, 1988). Written informed 
consent was also obtained. (See Table 13.) 

 
Table 13. Demographic characteristics of subjects. (Study 5.) 

 
 Schizophrenia Anxiety Disorders Nprmals 
 Chronic Acute   
 (N=76) (N=22) (N=30) (N=22) 
Mean Age 49.4 21.8 35.9 34.1 
Gender (% male) 53.9 45.5 53.3 50.0 
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Statistics  
The number of subjects perceiving MFs and those not perceiving MF was calculated in 

each diagnostic group. 
 

Results 
Seventy-five out of 76 chronic schizophrenic patients (98%) saw MFs. All 22 acute 

schizophrenic patients saw MFs. Twenty-eight out of 30 patients with anxiety disorders did 
not perceive MF. None of the healthy adults saw the MF. It would be reasonable to regard the 
MFs as characteristic of schizophrenia. The number of subjects perceiving MFs (MF+) and 
those not perceiving MF (MF-) in schizophrenic and non-schizophrenic groups are shown in 
Table 14 (x2 = 11.308, df=1, p=0.001). 

Both of two patients with anxiety disorders who perceived MFs were young adolescent 
males and had brief psychotic episodes in their life histories. One patient with chronic 
schizophrenia who did not perceive MF was a middle-aged male patient who scored the least 
total response to the inkblots. (His total response was less than ten.) 

 
Table 14. MFs in schizophrenic and non-schizophrenic groups. (Study 5.) 

 
 Schizophrenic Non-schizophrenic 
 Acute Chronic Anxiety Disorders Normal 
 (N=22) (N=76) (N=30) (N=28) 
MF+ 22 75 2 0 
MF- 0 1 28 28 

 
Discussion 

The primary contribution of this investigation is to find that Rorschach percepts of a 
mass of flesh are characteristic of schizophrenia. It was found that although there are some 
differences in their responses, the perception of a mass of flesh in Rorschach inkblot stimuli 
was broadly seen as living things with diminished arms, legs or head. By developing 
inclusion and exclusion criteria for MFs, detection of MFs would become easier and more 
reliable. To test whether the perception of MFs in inkblots is unique to schizophrenia or not, 
we examined the Rorschach Test data of 22 acute schizophrenia, 30 anxiety disorders and 28 
healthy adults. Ninety-seven out of 98 schizophrenic patients saw MFs, although only two 
out of 30 patients with anxiety disorders saw MFs. Further, healthy adults did not see any 
MF. Thus, MFs proved to be characteristic of schizophrenia.  

An index for detecting such responses is particularly important because it provides a tool 
for detecting schizophrenia in its early phase. Ninety-eight percent of chronic schizophrenics, 
as well as 100% of acute schizophrenic patients, perceived MFs. The perception of MFs 
might exist from the time of onset and therefore be able to detect a very early phase of 
schizophrenia, suggesting the diagnostic predictive value of MF perception. As a greater 
understanding of the nature of schizophrenia has refocused attention on the early course of 
psychosis in the from of early detection and intervention around the onset (McGlashan & 
Johannessen, 1996) the inclusion and exclusion criteria would have more value if MFs are 
found in the prodrome of schizophrenia.  
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The findings that schizophrenic patients produce MF percepts may lead to improvement 
of our understanding of thought disorder of schizophrenia. The use of the Rorschach test in 
the study of thought disorder is well established. However, using the Rorschach test for the 
purpose of eliciting perceptual deficits, manifested in global and affective percepts such as 
MFs, might provide a new opportunity to understand the cognitive dysfunction of 
schizophrenia patients. 

 
Conclusion 

The Rorschach test was given to schizophrenic and non-schizophrenic subjects to 
determine whether schizophrenic patients more frequently produced the “mass of flesh” 
percept than the non-schizophrenic groups did.  

 
 

PART IV. DISCUSSION AND CONCLUSION 
 

Discussion 
 
The major findings of the studies on schizophrenics’ body image aberration in this 

chapter are: (1) There is some aberration in schizophrenics’ body image. (2) There are 
aberrant as well as intact phases in their body images. (3) Aberration was found in functional 
imageries, while anatomical imageries are intact. (4) Aberration is independent of symptoms 
and conventional neuroleptic medication. 

The main questions raised in the introduction were whether aberration comes from 
symptoms or is an effect of neuroleptics, and whether it is remediable or not. What the 
components of body image are and which phase of body image is aberrant in schizophrenia 
was the first question we tried to answer by attempts at classification of body image items by 
factor analysis. Nine body image factors were obtained, and some factors proved to 
differentiate schizophrenics from normal controls. Although these factors were variously 
named, after rather exhaustive attempts, the only discrete common feature among factor-
analytic studies was that functional imageries may contribute substantially to the factors that 
meaningfully differentiated groups or were related to depression. In addition, almost no 
significant correlation was found between aberrant body image factors and clinical 
characteristics such as symptoms, insight, or neuroleptic dosage. The results of Study 1 
showed that when each component of symptoms and insight was cross-validated to the BIQ 
factors, there were some symptoms and some insight components related to body image 
factors; however, the overall results showed their relationship was quite weak. The only 
strong evidence gained through these studies was the fact that there are some differential 
body image factors, most of which seemed to relate to functional body imageries, but none of 
which seemed to relate to the anatomical component of body image of schizophrenia. 

Thus the question of which phase of body image links with symptoms and which to 
recovery? leads to the next question, “What are the body images of schizophrenics and what 
is aberrant for them?” In Study 2, attempts were made to clarify this question simply by 
comparing three hypothetical components of body image, that is, anatomical, functional, and 
psychological, between schizophrenic and non-schizophrenic groups. The results showed 
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clearly that anatomical, that is, the visual or the spatial, component is intact in schizophrenia 
and limited their aberration mainly to functional component.  

The fact that schizophrenics have aberrant body images in function, i.e., they have 
unmovable body images, is controversial with regard to the possibility that it reflects 
perseverance in motor activity. Schizophrenic patients might have difficulty in the shifting 
the response set in motor activity in light of the feedback that a previous response was 
incorrect and consequently “persevere” in making the same response, creating difficulty in 
movement cognition. Perseveration is a cardinal feature of frontal lobe disease (Bilder & 
Goldberg, 1987). It is one of the presenting basic neurocognitive deficits, observed since the 
time of Bleuler (1911/1950), who wrote that schizophrenic patients “remain fixed to the same 
circle of ideas, the same words, the same sentence structure or at any rate, return to them 
again and again without any logical need.”  

The degree of perseverance of schizophrenic patients is similar to that of patients with 
known frontal pathology (Levin, 1984). Since Weinberger et al. (1986) reported a negative 
correlation between the percentage perseveration as measured by the Wisconsin Card Sorting 
Test, WCST, (Milner, 1963) and prefrontal blood flow, these associations have supported the 
hypothesis that schizophrenic patients have an impairment of the frontal or prefrontal cortex.  

Because the clinical interpretation of test data can often point to multiple studies that 
converge on a set of frequent severe and selective deficits, patients with schizophrenia 
typically demonstrate abnormalities in attention, memory, and executive function that stand 
out against a background of diffuse impairment (Pantelis et al., 1996). However, some areas 
of function appear to be relatively more intact than others, i.e., some aspects of language 
(Gold et al., 1994; Saykin et al., 1991; Daniels et al., 1988; Barr et al., 1989; Frith, 1993) and 
some types of visual spatial processing (Kolb & Whishaw, 1983; Goldberg et al., 1990; 
Goldberg et al., 1993a). These neuropsychological profiles implicate specific brain regions, 
i.e., frontal-medial dysfunction (Kolb & Whishaw, 1983; Taylor and Abrams, 1984). The 
finding that the aberration referred to functional body imageries would imply body image 
deficits that have some relation to dorsolateral deficits, and the fact that the anatomical, that 
is, visual and spatial, imageries remain intact is consistent with the previous finding that 
some types of visual spatial processing is intact in the neuropsychological profile of 
schizophrenics. 

In Study 3, body image aberration was considered through an attempt to detect specific 
body image characteristics related to depression in schizophrenia by comparing the BIQ 
factor scores between depressive and non-depressive groups comprised by Zung’s Self-rating 
Depression Scale (SDS) in normal and schizophrenic groups respectively. The results showed 
some body image factors related uniquely to depression in schizophrenia, which, again, 
referred to functional body images. The result of this part of the study might cast light on 
future prospects of the study of body image aberration using a device such as the BIQ 
because of its link with DSS which has become a target for treatment of schizophrenia, with 
the novel antipsychotic medications. The studies performed for this chapter all revealed that 
neuroleptics did not relate to body image aberration; however, novel antipsychotic agents 
were not discussed or studied. This would be relevant to the final question as to whether or 
not the body image aberration is remediable.  
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Study 4 and Study 5 are reports of subsidiary findings of our main studies using the BIQ, 
in which schizophrenic patients produced Rorschach responses implying or referring to 
“mass of flesh.” Study 4 is composed of the initial observations. In Study 5, the Rorschach 
test was given to schizophrenic and non-schizophrenic subjects to determine whether 
schizophrenic patients more frequently produced the “mass of flesh” percept than the non-
schizophrenic groups did. These findings suggest that there might be a fear of immobility in 
schizophrenia that is congruent with our main findings. 

 
 

Conclusion 
 
Schizophrenic body image aberration was considered in the current context. The 

schizophrenic body image aberration was unrelated to symptoms, insight, or conventional 
neuroleptic medication, but proved to be germane to schizophrenia. The schizophrenic body 
image aberration also proved to be limited to functional imagery while anatomical imageries 
remained intact. 
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APPENDIX 
 
Appendix 1. Manual for Scoring the Body Image Questionnaire 
 
Appendix 1-1. Overview of the questionnaire and the scoring system 

Reverse items The BIQ is composed of 59 items, including 28 reverse questions. 
Reverse items are Nos. 2, 4, 7, 12, 13, 14, 15, 22, 26, 27, 28, 30, 31, 33, 35, 36, 37, 38, 42, 
43, 44, 46, 48, 50, 52, 55, 57 and 59.  

 
Scoring system In Regular items, answers are scored as 7 when one “strongly agrees” 

with the statements, and scored as 1 when one “strongly disagrees” to the statements. In the 
Reverse items, answers are scored as 1 when one “strongly agrees” with the statements, and 
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scored as 7 when one “strongly disagrees” with the statements. Answers as “neither agree nor 
disagree” are scored as 4.  

 
BIQ component BIQ has three Components, Anatomical, Functional and Psychological. 

Anatomical items are Nos. 4, 8, 15, 16, 18, 20, 24, 28, 36, 40, 44, 48, 52, 54, 55, 56, 57 and 
58. (See Apendix 1-3.) Functional items are: Nos. 1, 2, ３，5, 9, 13, 17, 21, 25, 33, 37, 38, 
41, 42, 47 and 53. (See Appendix 1-4.) Psychological items are Nos. 6, 7, 10, 11, 12, 14, 19, 
22, 23, 26, 27, 29, 30, 31, 32, 34, 35, 39, 43, 45, 46, 49, 50, 51 and 59. (See Appendix 1-5.) 

 
Appendix 1-2. Body Image Questionnaire (BIQ) 

 
 Strongly disagree 
  Moderately disagree 
   Slightly agree 
    Neither agree nor disagree 
     Slightly agree 
      Moderately agree 
       Strongly agree 
        
01. My body is weak.         
02. My eyesight is good. ®        
03. I often get sick.        
04. My complexion is pale. ®        
05. My body is limber.        
06. My body is underdeveloped.        
07. My body is clean.®        
08. I am short.        
09. I move slowly        
10. My body is defective.        
11. My body feels cold.        
12. My body is beautiful.®        
13. I am good at athletics.®        
14. I am becoming stronger. ®        
15. My body is skinny. ®        
16. My body is small.        
17. I often lose my balance.        
18. I have small eyes.        
19. I am often injured.        
20. I am poorly proportioned.        
21. I walk slowly.        
22. I seldom feel tired.®        
23. My mood is numb.        
24. My body is rough.        
25. I am clumsy with my hands.        
26. I seldom catch a cold.®        
27. I am satisfied with my body. ®        
28. I am thin.®        
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Appendix 1-2. Body Image Questionnaire (BIQ) (Continued) 
 

29. My voice is feeble.        
30. My skin is not easily poisoned. ®        
31. I am always cheerful. ®        
32. My body is unattractive.        
33. My posture is good. ®        
34. I always feel sick.        
35. I am not allergic to many things. ®        
36. My skin is smooth.®        
37. I can work well in dark rooms. ®        
38. My stomach is not unusually strong. ®        
39. My body is susceptible to infection.        
40. My hands are not unusually large.        
4I. I cannot move my body freely.        
42. My heart is strong. ®        
43. I don’t mind being touched by others. ®        
44. My body is not meager.®        
45. I seldom get excited.        
46. My health is getting better. ®        
47. My teeth are weak.        
48. My body is symmetrical.®        
49. I am seldom tense.        
50. I am not prone to bump into others. ®        
51. My body is not consistent with my sex.        
52. My body is rectangular. ®        
53. My bowels are unusually strong.        
54. My legs are unusually short.        
55. My arms are unusually long. ®        
56. My neck is unusually long.         
57. My head is large. ®        
58. My hair is unusually short.        
59. I always feel energetic.®        

®=reverse item. 
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Appendix 1-3. BIQ-Anatomical items. 
 

04. My complexion is pale. ® 
08. I am short. 
15. My body is skinny. ® 
16. My body is small. 
18. I have small eyes. 
20. I am poorly proportioned. 
24. My body is rough. 
28. I am thin. ® 
36. My skin is smooth. ® 
40. My hands are not unusually large. 
44. My body is not meager. ®. 
48. My body is symmetrical. ®.  
52. My body is rectangular. ® 
54. My legs are unusually short. 
55. My arms are unusually long. ® 
56. My neck is unusually long.  
57. My head is large. ® 
58. My hair is unusually short. 

®=reverse item. 
 

Appendix 1-4. BIQ-Functional items 
 

01. My body is weak.  
02. My eyesight is good. ® 
03. I often get sick. 
05. My body is limber. 
09. I move slowly 
13. I am good at athletics.® 
17. I often lose my balance. 
21. I walk slowly. 
25. I am clumsy with my hands. 
33. My posture is good. ® 
37. I can work well in dark rooms. ® 
38. My stomach is not unusually strong. ® 
41. I cannot move my body freely. 
42. My heart is strong. ® 
47. My teeth are weak. 
53. My bowels are unusually strong. 

®=reverse item. 
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Appendix 1-5. BIQ Psychological items 
 

06. My body is underdeveloped. 
07. My body is clean. ® 
10. My body is defective. 
11. My body feels cold.  
12. My body is beautiful. ® 
14. I am becoming stronger. ® 
19. I am often injured. 
22. I seldom feel tired. ® 
23. My mood is numb. 
26. I seldom catch a cold. ® 
27. I am satisfied with my body. ® 
29. My voice is feeble. 
30. My skin is not easily poisoned. ® 
31. I am always cheerful. ® 
32. My body is unattractive. 
34. I always feel sick. 
35. I am not allergic to many things. ® 
39. My body is susceptible to infection. 
43. I don’t mind being touched by others. ® 
45. I seldom get excited. 
46. My health is getting better. ® 
49. I am seldom tense. 
50. I am not prone to bump into others. ®  
51. My body is not consistent with my sex. 
59. I always feel energetic.® 

 
Appendix 2. Inclusion and exclusion criteria for perception of flesh 

masses 
 

Inclusion 
1. Explicit verbalization of a mass of flesh or muscles. 
2. The remains of a mass of flesh. 
3. Diminution of head, arm or leg. 
4. Elongation of neck, arm or leg. 
5. Plants or vehicles described as "without arms or legs.1" 
6. A creature with the shape of a mass2. 
7. A single organ vaguely detected with no further explanation. 
8. "Being cut and opened," "being folded," "being unfolded," or "being stuck together". 
Exclusion 
1. Underdeveloped animals or human beings, or animals that have intrinsically short arms or legs, 

without further explanation concerning diminution of arms or legs. 
2. Omission of legs in the response to Card VII. 

Note: 1. Examples are: "A tropical flower. I cannot find its arms or legs." "An airplane. It doesn't have 
any arms or legs." 2. Example is: "A prawn. It is in this globular shape, with his back hunching up 
in this way." 
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Chapter II 
 
 

SCHIZOPHRENIA:  
A COGNITIVE SCIENCE VIEWPOINT 

 
 

Guy Sandner  
 
 

INTRODUCTION 
 
This review is an attempt to present recent progress in the pathophysiology of 

schizophrenia. It is based on human research and lower animal models, with special emphasis 
on models, i.e. on theoretical constructs that sustain them. Theories and their outcomes will 
be briefly explained rather than deeply discussed. A selection of the literature in which the 
reader will find a more detailed analysis is provided whenever necessary rather than for 
justifying each aspect.  

 
 

CLINICAL ASPECTS OF SCHIZOPHRENIA 
 
Schizophrenia is a chronic disease with a high incidence (1%). A brief description of its 

symptoms is provided in Box 1. It comprises “positive symptoms” that reflect an excess or 
distortion of normal functions. Rigorous scaling methods were developed for research 
purposes, for example the SAPS (Scale of the Assessment of Positive Symptoms) [4]. It 
gathers 34 precise items noted by a trained observer along a 0 to 5 scale, which ends in a 
score. On the opposite, one may observe also “negative symptoms” in patients. Negative 
symptoms reflect a diminution or loss of normal function. For them also, a scaling method 
has been established comprising 25 items. It is called SANS (Scale of the Assessment of 
Negative Symptoms). Both positive and negative symptoms can be evaluated together using 
the 30 items PANSS scale (Positive and negative scale) [105].  
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Subsets of the Disease 
 
Because of the diversity of its symptoms and the minimal criteria used to diagnose 

schizophrenia, one may wonder whether they constitute specific subsets of the disease. 
Statistical studies on populations of patients (cluster analyses) have identified four subsets at 
the onset of the disease [112]. One third of the patients show predominant negative 
symptoms. One tenth of them show predominant positive symptoms. One fifth of them show 
mainly signs of disorganization added to significant indexes of positive and negative 
symptoms. The remaining third have been qualified as “mixed” by some authors and were 
found to have all symptoms but at a low level. Whether these patients belong to a form of 
“mild schizophrenia” or have been tested during an interval between two active episodes is 
unclear. This is perhaps the reason why other authors accept only three subsets.  

 
 

COGNITIVE DISABILITIES IN SCHIZOPHRENIA 
 
Cognitive deficits have become accepted as robust and core characteristics of the 

disorder to such a degree that it has been recently suggested that the diagnostic criteria for 
schizophrenia should be reconsidered by including a new category of “schizotaxia” in the 
next edition of the DSM [86,120]. According to the present stage of the possibilities to 
characterize such deficits, it remains premature to do so in the close future. A delay is 
necessary to further develop their theoretical background. Important also, will be the clear 
identification of the cognitive skills that remain preserved by the disease. Another point that 
requires more research is the determination of the time course of each cognitive deficit along 
the disease. Cognitive deficits manifest before the occurrence of the first active phase and 
there appears to emerge now a consensus that some of them are constant along the evolution 
of the disease. The cognitive impairment observed in the adult has even been proposed to be 
a fossilized way of childish thinking, a failure of normal cognitive maturation. The cognitive 
aspects of schizophrenia have been considered to represent a kind of “endophenotype”, more 
proximal to this disease’s cause than to the symptoms. Their early manifestation has been 
used as an argument in favor of the idea that schizophrenia is a neurodevelopmental disease. 
Being present also in relatives of patients or in schizotypal personality people they have been 
called “traits” of the disease, and suspected to account for a state of vulnerability leading to 
the disease or not, depending on deleterious or protective environmental influences.  

Diverse cognitive functions have been found altered in patients. They will be considered 
in turns, below. What they have in common is that they require an effortful psychological 
activity, a controlled management of attention or an appropriate management of complex 
memories.  

 
1. Mixed disabilities are commonly observed using the standard Wechsler Adult 

Intelligence Scale (WAIS IQ). Altered executive functions gather a difficulty to 
manage the temporary storage of memories (working memory), a reduced access to 
inferential reasoning, and a decreased mental shifting capacity. Awareness, sustained 
attention and vigilance may be also affected. Classical global evaluations have found 
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memory deficits which clearly differ from those observed in dementia. At the higher 
level of Cognitive Sciences, we have to consider the alteration of the capacity to 
analyze “one’s behavior at the third person”, which refers to consciousness.  

2. It is essential to consider apart, the cognitive functions required for social 
interactions because the social isolation that occurs in schizophrenia needs to be 
correctly understood. It renders extremely difficult to proceed to vocational 
reinsertion [136, 183]. To interact with others, we need to express our emotions and 
understand those of others (emotional interplay). We also need to express our 
intentions and understand those of others to cooperate with them (cooperative 
interplay). Specifically human, language may be used to convince someone else 
through argumentation, as we can change our mind after hearing an argumentation 
(intellectual interplay, closely related to the “theory of mind”) [117].  

 
 

Analysis of the Alterations of Cognitive Functions 
 

Dysfunctional Awareness in Schizophrenia 
The concept of awareness covers different properties of the brain, some of which may be 

specific to human beings. Emphasis has been put initially on operational properties of 
awareness. Using empirical measurement scales like the Scale to Assess Unawareness of 
Mental Disorder (SUMD), it has been shown that schizophrenia is the disease that elicits the 
strongest perturbation of awareness. Patients are suspected of having a decreased awareness 
of their environment, their thoughts or their disease. The latter is a result of a decrease of 
insight capacity [148]. This has been noticed since the first descriptions of schizophrenia 
were made. Patients were reported to remain unaware of their symptoms, of their state of 
illness, of the beneficial effect of treatment and of the social consequences of their disorder 
[163]. This reminds us of some neurological consequences of strokes or trauma where 
patients forget that the lost function has ever existed. But before concluding that patients with 
schizophrenia are really unaware of their abnormal mental state, it is essential to consider an 
alternate possibility, namely that they deny it because it is too painful to acknowledge it. This 
point has been addressed experimentally by correlating the schizophrenics’ level of 
impairment of general executive functions with their level of unawareness [131]. Deny 
tendencies have been observed, but only in the less impaired cases.  

“Poor insight” is a real cognitive impairment whose cause has been documented by 
theoretical studies. There is no reason to consider that insight differs from any other 
individual experience. It differs only by its content that gathers mainly the following four 
aspects: 1. self-agency: the consequences of our own actions may be represented in a 
different way than the actions of others; 2. self-coherence: the mental representation includes 
some constant somatic references; 3. self-affectivity: emotional status is part of the 
representation; 4. self-history: there is a sequential organization of represented events, 
serving as the leading rope of biography [107]. Alteration of anyone of these aspects, or 
worsening several of them, may elicit the impairment of insight. Such primary “self-
experiences” have not been directly evaluated, but the following corresponding operational 
cognitive properties have been tested: 1. “action monitoring” - anticipation and verification 



Guy Sandner 58 

of sensory outcomes of self-triggered actions; 2. “self-recognition” on a photograph or on a 
drawing; 3. “taking perspectives”, which is closely related to the “theory of mind” [36]; 4. 
“telling one’s autobiography”. We shall notice in the next sections that several of these 
properties have been found altered in patients. Insight impairment is only one facet of 
unawareness. It seems difficult for patients to proceed to conscious recollection of events 
when they have to distinguish in their memories what they clearly remember from what they 
recognize with a raw feeling of familiarity [9,173].  

Another interesting interrogation concerns the capacity of patients to remain aware of 
their intentions. The deficit of this form of awareness would represent a bridge towards an 
explanation of delusion, especially the so characteristic “delusion of control”. Frith et al. [76] 
have proposed an interesting parable for explaining the difference between the insight 
perturbation of schizophrenic patients, and that one of patients having an “anarchic hand” 
symptom. Let us figure out that, during a seminar, the remote control of the slide projector 
becomes chaotic because of some radio-electric interference. Then, the speaker does his best 
to counter the resulting unwanted effect. This is how a patient behaves when his ‘anarchic 
hand’ moves independently of his will. Now, consider that added to the possibility to control 
the slide projector by a remote control device, there is also a technician who supervises the 
talk and anticipates the speaker’s needs. The slides will then appear appropriately, but 
without the speaker pressing the button of the remote control. In this case, he will readily 
understand that someone else has control on the projector. This resembles the attitude of a 
schizophrenic patient who lost the feeling that he controls his actions (except that the speaker 
hopefully would not believe that an angel controls the projector). Patients with delusion of 
control have indeed a biased recognition of their own actions [71]. When the position of a 
patient’s hand is shown to him with a video device with some spatial or temporal distortion 
during a targeted movement, the patient is less sensitive to the spatial or temporal biases than 
healthy control subjects. In other words, patients are less conscious of what they really 
control [6, 88]. This unawareness of the source of an event could even explain the auditory 
hallucinations. Imagined voices would no more be recognized as a product of the subject’s 
brain. Taken together, all these could express the deterioration of the comparison process 
between the sensori-motor models of the environment managed by the brain, and the 
perceived reality [3]. Thalamic brain areas could play a crucial role in this process.  

 
 

ALTERATION OF ATTENTION IN PATIENTS 
 
Impairment of attention in schizophrenia has been evoked since the beginning of the 20th 

century. But it has been difficult to link what was then no more than a clinical intuition with 
any precise aspects of attention. The four classical aspects of attention that need to be 
considered are: 1) sustained attention, 2) switching attention (to a new target), 3) selective 
attention and 4) control of attention [27]. 

1. Sustained attention: The most common test of attention used has been the Continuous 
Performance Test (CPT) with its impressive number of avatars. It is assumed to evaluate 
“sustained attention”, i.e. the capacity of a subject to keep attentive along a repetitive task. It 
consists in pressing a lever upon detection of a specific letter, a number or a picture that has 
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to be identified among irrelevant items. Popular avatars are situations where the subject has 
to react to a specific succession of numbers, for example 3 followed by 7 (CPT 3-7), or a pair 
of identical numbers (CPT-IP), or to detect a degraded stimulus (DS-CPT) [31]. This 
diversity makes the interpretation of CPT hazardous. Most studies have pointed to an 
alteration of CPT performance in patients, especially for its more difficult avatars, like DS-
CPT [32, 54, 124]. This deficit of attention has been correlated with unawareness [175], with 
negative and disorganized symptoms [83]. It is not amenable to neuroleptic treatment, which 
raises the possibility that it corresponds to a trait of the disease. This trait was also found in a 
subgroup of relatives totally blank of schizoid personality [53, 113]. Therefore, it was 
suggested to use it as a criterion for genetic studies [37]. It has been proposed as a standard 
test by the NIMH-MATRICS conference1. It was found to be associated with specific minor 
neurological signs, as assessed by using the “Cambridge Neurological Inventory”, relative to 
“motor coordination” and “disinhibition” [29]. Such a finding reminds the hypothesis of 
Posner [14, 149] who assimilates attention to a covert movement by reference to the overt 
orienting response. This raises the question of the involvement of a common substrate in 
attention and the preparatory phase of movement. CPT has also been directly used to get 
insight into the neuroanatomical substrate of the perturbation of attention in patients. Precise 
morphological studies using MNR (voxel based morphometry) have showed that grey matter 
density of the left thalamic nucleus, left angular and supramarginal gyrus, and left inferior 
and postcentral gyri correlated with CPT performances only in patients [165]. Two aspects 
are particularly interesting in this list of differences, the involvement of the thalamus and the 
left-right asymmetry. Data have also been collected using functional imaging techniques 
[143]. Such studies have pointed to the involvement of the superior temporal cortex, superior 
parietal gyrus and the cerebellum. The involvement of the parietal cortex reminds us that 
patients with parietal cortex lesions lose their awareness of the opposite part of their body, 
together with minor motor control difficulties [45]. Therefore, the parietal cortex has been 
considered as an essential structure for the production of some critical aspects of attention. 
But psychological testing is not the only means to analyze sustained attention. Another means 
used, is to evaluate the capacity of a subject to detect the occurrence of a particular sensory 
event in a series of other events, without requiring an overt verbal response. It consists in 
recording the electro-encephalographic reaction evoked by a tone. The most characteristic 
response is called mismatch negativity (MMN). It is obtained by subtracting the waveform 
elicited by frequent standard tones, from slightly deviant non-target tones [140]. MMN 
amplitudes are lower in patients [87]. MMN responses are found to be reduced in frontal 
recordings and are related to negative symptoms [168]. MMN seems to correspond to an 
early pre-attentive detection mechanism whose perturbation in some patients would explain 
their difficulty to attend to new stimuli.  

2. Switching attention: Attention can be governed by an automatic mechanism. But, we 
can also decide what aspect of our environment we have to consider. That is a top-down 
mechanism [80]. It can be moved voluntarily to enhance the contrast of incoming information 
like a spotlight does [149]. This point of view has some interesting outcomes: 1) by adhering 
to the view that attention is no more than a motor function, but a covert one (scrutiny), itself 

                                                        
[1] website => www.matrics.ucla.edu 
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linked to the ongoing intention of the subject, it is difficult to discriminate between 
orientation reactions and attention; 2) to switch attention, the brain has to inhibit the 
possibility to come back to the previous focus of attention, and at the same time, it has to 
facilitate the new one, these two opponent processes being difficult to discriminate 
experimentally; 3) In everyday life, the top-down voluntary control is challenged by bottom 
up calls from the reflex driven form of attention. One wonders how the priorities among both 
of them are managed; 4) The final executors of the switching process are the sensory filters, 
located in the brain stem, but other levels of the chain of sensory treatment, such as the 
thalamus, are also involved. In humans, the model for investigating such questions has been 
the visual system. We can privilege a part of our visual field without moving the eyes. This is 
tested either by a transient cue placed at the periphery of the visual field – attracting attention 
- or by a central cognitive cue, like an arrow, indicating where the focus of the attention has 
to be. This tests respectively the bottom-up and top-down management of attention. Patients 
have a decreased reactivity of their prefrontal cortex, the latter being the source of top-down 
orientation reactions accompanied by an inhibition of the reflexive orientation reactions at the 
level of the superior colliculus. If the attention management system is organized likewise, one 
should observe a decrease in the top-down control of attention together with facilitation of 
the reflexive form of attention. This has been consistently observed in schizophrenic patients 
[135, 170].  

3. Selective attention: Stroop observed that it is difficult to name the color used to print 
the name of a color, when they differ. Errors occur and the responses are delayed. There is a 
semantic preference, as an opposite interference, i.e. the “reverse Stroop effect” remains 
extremely weak. Many studies have been conducted using the Stroop test in patients. 
Contradictory effects have been reported, and iterative attempts have been done to find out 
whether the discrepancies result from differences in subgroups of patients, or in the stage of 
the disease, or in its treatment [30, 47, 50]. No firm conclusion has come out of such studies. 
But, a recent review has provided interesting explanations of the discrepancies and has 
opened the gate for new researches in this field [92]. The main discrepancy arose when the 
Stroop test was transferred from printed cards to the computer screen. In the traditional card 
version, schizophrenic patients showed to be more sensitive to interference. It has been 
concluded that the Stroop test models the everyday life distractibility of the patients. But, this 
effect has not occurred in computerized versions of the test. The cards presented to the 
subject a list of many color names that he/she had to read in sequence. On the computer 
screen, they appeared one after the other. It was suggested that patients have enough attention 
capacity to avoid interference in the latter case, but they are distracted by the neighboring 
color names on the card version of the test. This observation has a strong heuristic value 
because it meets other observations showing the difficulty of patients to avoid target-context 
interferences.  

Besides this approach, another one is based on acoustic stimuli. A dichotic listening test 
consists in presenting to the subject’s ears syllables having the same vowel (ba,da,ga,pa,ta,ka) 
but a different one for each ear. The subject has to tell what he hears (“non-forced 
condition”), or what he can identify with his right or left ear (“forced-right” or “forced-left” 
conditions). It tests the capacity to privilege the source of a sound according to its location, 
which is typically a top-down control process in the auditory system. In healthy people there 
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is a right ear advantage in the non-forced condition, enhanced in the forced-right condition, 
and suppressed in the forced-left one. Schizophrenic patients cannot reverse their right ear 
advantage [98]. During hallucinations there is a reversal of the spontaneous ear advantage 
[125]. Such observations indicate that the latter is a state marker of ongoing hallucinations, 
and that hallucinations interfere with natural auditory perceptions, challenging the capacity of 
the patients to attend to natural phonemes [133]. These observations were submitted to 
functional anatomical studies that showed that patients over-activated their right temporal 
lobe.  

4. Control of attention: According to what has already been seen, it is essential to 
consider the source of the top-down control mechanism of attention, namely the cognitive 
processes that modify the focus and the level of attention. Correlation studies have shown 
that in patients, but not in control subjects, the capacity to gather scattered visual information 
to identify an object (Hooper visual organization task) as well as the ability to detect a detail 
in a visual scene (Judgment of fine orientation test) are impaired [118]. Such kind of global 
approaches have been followed by more specific interrogations about the involvement of 
attention in the understanding of visual scenes. Studies on the management of overt or covert 
exploration movements indicate that they are poor. They do not allow a normal representation 
of the environment [102]. When given the instruction to attend to something, the subsequent 
recognition performance is enhanced. But who knows if a patient understands and keeps such 
instruction along a test. Better are the experimental strategies in which automatic mental 
processes are used. Attention is enhanced and its target governed automatically by outlying 
events, i.e. unexpected or unfitted with their context. An illustration of this approach has been 
provided by evoked potential studies using delayed evoked potentials, namely the P300 or 
N400 (respectively a weak evoked positive potential occurring about 300 ms, and a negative 
one, 400 ms beyond the unexpected event). Complementary to these evoked potentials, the 
events were followed by bursts of high frequency, gamma wave brain activities. A brief 
explanation of these physiological measurements is given below. 

P300: For the production of P300 potentials, oddball paradigms are used. Some 2000 Hz 
non-target sounds are presented within a series of sounds to be recognized (to be counted). 
They trigger the P300 response [95]. Its amplitude is proportional to the amount of attention 
resources devoted to the task. It was viewed as a measure of the central nervous system 
activity that occurs when representations are generated [103]. It was considered as an 
assessment of quick stimulus classification, unrelated to response selection. More than a 
hundred studies have been published about the effect of schizophrenia on P300 [19]. The 
P300 latency is delayed in patients and its amplitude reduced. It is believed to represent a 
trait of the disease as it has been found early along the course of the disease, remaining 
independent of the treatment and evolution of the disease. Unfortunately, it has also been 
observed in numerous other severe mental diseases (depression, Alzheimer disease, drug 
dependency).  

N400: For the production of a N400 potential, the subject has to listen to a verbal 
comment and read words on a computer screen. For example he hears “the opposite of white” 
and reads “cat” that is obviously not congruent (“black” would have been congruent). The 
amplitude of the N400 response, dominating in the temporo-parietal cortical area, is inversely 
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correlated with its predictability [144]. Overall, reduced N400 amplitudes were correlated 
with the severity of negative symptoms and cognitive impairment. 

BURST OF GAMMA VAWE: Paradigms like those used to evoke P300 or N400 
responses have also been used to elicit a transient gamma wave activity. The neural activity 
corresponding to the gamma range (around 40 Hz) are believed to correspond to the mental 
stage when the brain bounds the diverse aspects of a new stimulus [116]. The decreased 
evoked gamma wave activity in schizophrenia indicates a disturbance of integrative 
processing [114]. It is predominant in the right hemisphere. 

 
 

ALTERATION OF THE MANAGEMENT OF ACTIONS IN PATIENTS 
 

Accuracy of Fine Motor Patterns  
 
The prototypical experimental approach of the control of movements consisted in 

observing the fast and precise movements of the eyes, easy to measure. It evidenced deficits 
in the production of visual exploration, target pursuit movements, pro-saccades and anti-
saccades. In fact, their exploration had a practical aim [180] – finding an objective means to 
characterize a trait or a particular clinical state or stage of schizophrenia - and a theoretical 
ambition – understanding the reciprocal link between action and sensation [108]. All classes 
of eye movement disorders cited above have been proposed as phenotype markers of the 
disease [180], with a few contradictory reports. The existence of other minor motor 
perturbations before the occurrence of the first acute episode of the disease [159] strengthens 
this position and, subsequently, justifies theoretical speculations about the movement 
management disorders in schizophrenia. The following brief review of each class of eye 
movement deficit will place the emphasis on this theoretical aspect.  

1. Visual exploration: Disturbed recognition of faces, and the emotions that they express, 
have been related to a particular visual scan path of patients looking at photographs of faces. 
According to the here over mentioned debate about being a phenotype marker or not, it has 
been clearly shown that relatives of patients have also shown such deficits [126] and 
treatments did not alter them in patients [99, 130]. This means that it is a trait marker, even if 
some of its detailed aspects have also been reported to change along the disease. A better 
understanding of the deficit has been obtained through constrained experiments, for example 
using schematic images of faces [143] or abstract geometrical drawings that the subject had 
to remember [177] (he/she was asked to draw them later on). These studies have shown 
patients ameliorating their performance when complementary instructions were provided (for 
example if someone asked them to find a small change in the drawing). Such instructions 
might have facilitated the production of plans of action or replaced their deficient willed 
intention. Another point of interest of such studies is the correlation between the decrease in 
exploratory activity with negative symptoms and a frontal cortex functional impairment. It 
means that the deficit expresses high level of visuo-motor coordination defect. But there is 
another interesting hypothesis to consider, proposed by Korn [108]. The part of a picture 
standing at the left of the fixation point (optic axis of the eye) feeds the right visual cortex 
and vice versa. This needs a complex organization of the visual neuronal paths with half of 
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the axons of the retinal ganglion cells crossing the midline in the optic chiasma. Let us 
suppose that the fixation point moves to another spot, for example with a rightward gaze. 
Along the course of this eye movement, what was previously at the right, treated by the left 
hemisphere, comes suddenly to feed the right one. This organization is all but simple, and 
there is no doubt that a powerful cortico-cortical inter-hemispheric dialogue is needed to keep 
the representation of the world coherent. Even more complicated, each eye has its own 
optical axis and motor command system and both eyes need to keep their motor control 
coordinated. Korn proposes simple methods to investigate such coordination features, like to 
fixate with both eyes a figure placed between the subject’s face and a mirror. Patients have 
shown a bad repartition of the inflow of visual information to the two hemi-cortices, a lack of 
information exchange between the bilaterally treated images, and a poor motor coordination. 
What these deficits have in common is to express different consequences of a bad functional 
connectivity in the brain.  

2. Target pursuit movements: In opposition to the previous type of eye movement, 
smooth pursuit of a target is an automatically driven action that results in keeping the image 
of a target in the centre of the fovea, when it moves at predictable speed and direction. The 
central question, yet not understood, is how this movement is controlled. From a 
neurobiological point of view, two parallel systems are in play, the colliculus-mibrain 
reflexes and top-down management by the visual cortex area, located at the border between 
the medial temporal lobe and the occipital cortex [97]. This raises, once more, the question of 
central integrative properties of the brain and top-down control of brain stem automatisms. 
The eye follows a target even if it is omitted for a short period of time, which indicates that 
the pursuit movement includes prediction. There is a slight difference between the position of 
the target and the optical axis of the eyes. It has been evaluated as the “gain of the eye 
tracking system”, or as “position error” (distance between target and eye position). This 
pursuit gain was enhanced in patients. Added to this parameter, some small movements, 
called saccades, occur along the pursuit task. The two major ones are: the catch-up saccades, 
a kind of hesitation of the gaze, delayed in relation to the target, and the leading saccades, a 
movement of the eye looking ahead of the position of the target. Most anatomo-functional 
studies (using functional imaging in patients submitted to pursuit tasks) have shown that the 
bad management of the pursuit movement might be linked to a hypo-reactivity of the frontal 
cortex correlated with its decrease in grey matter content [10], and a hyperactivity in the 
hippocampus [179]. The hypo-frontality of patients does not deserve any more comments. 
The hippocampus has a number of classical functions that may have some interest. It was 
presented as a comparator between predicted features and reality [109]. Its over-activity may 
reveal an inadequate prediction. It is also crucially involved in the management of spatial 
references [189], therefore its activation may correspond to a compensatory attempt to fit for 
a bad representation of the position of the target or its background. The eye movement 
abnormality is an accepted trait of schizophrenia, independent of any treatment. Classical 
antipsychotic drugs may even worsen the eye pursuit capacity [67]. Some of its aspects were 
found to be so consistent that testing them was proposed as a predictive test for children at 
high risk to develop schizophrenia [162]. But a debate remains according to some detailed 
features of the pursuit movements within groups of patients and along the disease. Lee et al 
[115] brought convincing arguments in favor of a major correlation between disorganization 
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(general thought disorder) and the magnitude of the alteration of pursuit capacity. Looking 
closely at the leading saccades, their increase has been considered to express a deficit in the 
capacity to inhibit them, linking this deficit of inhibition with a number of other such deficits 
common to schizophrenia. A prospect of the consequences of an abnormal eye pursuit system 
could be grounded on ethological considerations. Pursuit is necessary to predict the 
movement of a prey or the movement of a predator. Catching a prey, i.e. food, as opposed to 
escape from a predator (imagine a snake approaching your body) is closely linked with 
reward and punishment. Inability to manage correctly such essential appraisal of emotional 
factors elicited by the actual world may progressively deteriorate severely the basic behavior 
with a dominant feeling of uncontrolled threat. This would well turn into paranoid delusion in 
humans. 

3. Pro-saccades and Anti-saccades: We should consider these two types of eye 
movements separately as they differ on methodological and neurobiological grounds, as well 
as on their susceptibility to schizophrenia. But, they have often been considered together in 
theoretical and experimental studies. When a target suddenly appears, the reaction of subjects 
is to shift their gaze to it with a rapid eye movement called “pro-saccade”. Subjects can 
decide to look away from it, or be instructed to look at its contra-lateral mirror image. The 
movement is then an “anti-saccade”. The saccades are characterized by their ratio of 
occurrence, their latency, speed and accuracy. For the test, the subject has to look at a central 
fixation spot. The saccade-eliciting stimulus may appear at the left or right at various 
distances of this fixation point. The stimulus may appear with different delays after switching 
off the fixation point, or the latter may remain on. Considering patients, the anti-saccades 
seem more altered [84]. Between 2 and 25% of errors occurred in control subjects, and up to 
71 % in patients [153, 155]. Their latency, but not their speed, was sensitive to the gap 
between the fixation spot and the target [22, 172]. Alteration of the gain, both for the pro-
saccades and the anti-saccades, remained marginal [64]. A number of theoretical assumptions 
have been raised, what complements the speculations initiated in the previous section. 
Guidance of eye movements involves two neural systems, an automatic one that has to obey 
the second one, a top down volitional control. The automatic system organized at the level of 
the midbrain manages the pro-saccade. It seems to be preserved in patients. Submitted to top-
down control mechanisms, it may be boosted or countered according to the circumstances. 
The presence of the target boosts it, but not in patients. This means that, even if the automatic 
mechanism is not altered, it may show some indirectly induced change. When a patient has to 
look to a spot shown before he was allowed to produce a saccade, i.e. a memorized spot, most 
parameters of the saccade are considerably altered [139]. In this case, automatic control is 
substituted by volitional management. It is believed to involve the frontal eye field, the 
prefrontal and dorsolateral frontal cortex, and an occulomotor system in the basal ganglia. 
Complementary to this top-down activation, potent top-down inhibitions also exist. They are 
needed for the production of anti-saccades. Anti-saccade generation is based on an internal 
representation of the task and its goal. It is altered by schizophrenia. In other words, the 
disease would elicit some kind of goal neglect [100]. Anti-saccade alterations are correlated 
with disturbances of the executive function (working memory, see below) mediated by the 
prefrontal cortex. Anti-saccade tasks are not only altered in the patients themselves, but in 
their relatives, so that these tasks could be proposed for genetic researches [119].  
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4. Intention and action. Patients showed longer reaction times in volitional tasks. This 
might express a general difficulty in the initiation of actions. A volitional action is sustained 
by an intention. Intention looks like a kind of counterpart of attention, but on the motor side 
of behavior. This has been the starting point of a theoretical approach in a recent study by 
Frecska et al. [72]. Using the classical study of attention where a pointer indicated to the 
subject where a target would be shown in the spatial location, they added another pointer 
indicating with which hand the subject had to respond, imposing an intended movement. 
Schizophrenic patients were unable to use the intended cue as effectively as control subjects 
did.  

 
 

MEMORY DEFICITS IN PATIENTS 
 

Theoretical Background 
 
Memory refers to the fact that past experiences influence behaviors. Several categories of 

memories have been identified by neuropsychological studies in humans. Some of them are 
effortless, involving recording and recall processes with minimal awareness. Access to such 
memories generates a feeling of familiarity, and they are spared in schizophrenic patients. 
With enhanced awareness, we can reconstruct past experiences through an effortful mental 
“reliving”. Patients show obvious impairment of this form of memory [173]. I shall consider 
below the different subdivisions of human memory [26] to delimit those that are impaired by 
the disease. A more thorough account on this subject can be seen on Chapter 7. 
Neuropsychology has developed an approach of memory based on the identification of series 
of pairs of opponent forms of memory. This approach is helpful because it is simple and easy 
to remember. The best known of such pair consists of short-term opposed to long-term 
memory. Baddeley [8] proposed a model explaining how the short-term memory works. It 
was called “working memory”. It comprises at least three components, a central executive 
and two subsidiary storage loops, the “phonological loop” and the “visuo-spatial sketchpad”, 
respectively storing a limited number of words and locations (Figure 7.4). The loops are fed 
by sensory information as well as by elements from the long-term memory, which opens the 
possibility for the working memory to be an interface between the ongoing experiences and 
the representation of the world. Long-term memory is also made of several components. 
Some forms of organic amnesia showed that skills were acquired implicitly, i.e. without any 
memory of the corresponding learning circumstances. There are several forms of such 
“implicit” memory. Associative memory is usually opposed to non-associative memory. 
Associative memory refers to what is obtained by “conditioning”, namely the automatic link 
established between contingent events (associative conditioning) or actions and events 
(instrumental conditioning). Non-associative learning covers a broad spectrum of 
phenomena, among which are sensory priming and procedural memory. Easy identification of 
an object presented in a degraded picture when it had been already seen in a not degraded 
form, defines sensory priming. Producing a new complex motor activity (like riding a 
bicycle, for example), after having repeated it a number of times, characterizes procedural 
memory. Both priming and working memory are implicit memories. They are spared in heavy 
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amnesic patients. These implicit forms of memory are opposed to declarative memory. 
Declarative memory is further divided in two opposite forms of memory [181], semantic and 
episodic memory (Figure 7.6). Semantic memory refers to our capacity to record, link to each 
other, and recover general knowledge. It is tested through questions about cultural knowledge 
shared by most people (for example “what is the capital of USA, of Brazil…?”) or by specific 
learning tests where the subject has to remember items belonging to specific semantic 
categories (flowers, transportation means, names of persons…). This form of memory does 
not refer to the temporal dimension of the items to be remembered. When one is asked about 
what happened on a special occasion, we should be able to reconstruct the corresponding 
sequence of events with some effort (“try to remember the circumstances and food eaten on 
your last meal”), which is representative of “episodic memory”. “Autobiographic memory” is 
a specific form of episodic memory consisting of the selection of very long-term memories 
concerning episodes of the subject’s own life. This treelike categorization of human 
memories is beset with two difficulties. Firstly, some neuropsychologists have rejected it, 
claiming that this oversimplified presentation would be misleading in face of the actual 
complexity of memory processes in humans. Secondly, the corresponding classification 
departs too much from theories about lower animals’ memory. But, opposed to such 
limitations, this presentation of human memory proved to be efficient, inclusive for the 
analysis of pathological cases. The tests developed to this end have been used to characterize 
which aspect of memory is impaired by schizophrenia. 

1. Working memory alterations in schizophrenic patients: Mistakes and delayed 
responses have occurred in tests where the two loops had to interfere [23] and in tests in 
which the patient had to tell back a series of items in the reverse order than the one learned 
[33]. From a theoretical point of view, the deficit consisted of an alteration of the 
phonological loop [61] and/or its management by the central executive system. Alterations of 
the visuo-spatial sketchpad were also reported in patients and their relatives [160]. These 
deficits were attributed to a decreased activity of the prefrontal cortex and parietal cortex [7], 
more severe in patients with negative symptoms [25, 137].  

2. Preserved implicit forms of learning in schizophrenic patients: Apart from a few 
observations, implicit memories, like conditioning, priming and procedural learning [85], are 
preserved in schizophrenic patients. This observation has been extended to the implicit 
learning of grammatical rules related to the acquisition of language, using “artificial 
grammar” tests [44]. Briefly, subjects were submitted to abstract sentences constructed 
according to rules not explained to them. Later on, they had to indicate their feeling of 
familiarity for new sentences constructed according to the same rules or not. For procedural 
learning, using iteratively a simple form of the “Tower of Toronto” task, an improvement 
occurred even in patients having much difficulty in finding the ideal solution of the task. A 
contradictory report came from the difficulty in learning mirror image movements, another 
classical testing method for procedural memory. Two points have to be considered for 
solving the contradiction. Firstly, the latter implicit memory test does not really impose the 
acquisition of a new movement but the reversal of an already existing one [110]. This was 
difficult for patients, as perseverance is a characteristic feature of the disease. Secondly, 
patients had difficulties in using visual information for managing their actions, which was 
precisely required at the beginning of the test.  
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3. Deteriorated explicit memory in schizophrenic patients: difficulties in linking 
memories to each other and to the context of learning: A meta-analysis published in 1999 
[2], showed that explicit memory deficits in schizophrenia were the major cognitive deficits 
of this disease. It was even labeled as “schizophrenic amnesia”. Free recall of long-term 
memories was more impaired than in other severe mental diseases (for example depression). 
Spontaneous encoding of information during learning sessions is weak in patients. This lower 
degree of encoding holds true for verbal as well as non-verbal material, for example faces 
[34]. This memory deficit has strong social consequences [65]. Understanding the memory 
disorders of schizophrenia rests on two key words, both corresponding to the learning stage: 
“source monitoring” and “temporal-spatial contextual indexation of events”. Patients seem 
less aware of the causes of events (source) and of the co-occurrence of other minor events 
occurring during learning (context). This fact represents an impaired spontaneous strategy of 
organizing the information to be memorized. It has been suggested that patients cannot keep 
new information long enough in their working memory to build source or contextual links, 
before storing it into their long-term memory [184]. That could result from the decreased 
functional capacity of their prefrontal and temporal brain areas [42]. Source memory deficits 
have been reported in many studies. Many of them were focused on the necessity to 
discriminate who was involved in an event, the subject himself, a relative or an unknown 
person. A typical test consisted in asking a subject to prepare an answer to a question 
(verbalization). Then, the subject had, or not, to tell his/her answer to the experimenter. Later 
on, the memories of his/her answers (corresponding respectively to a mute or speaking one) 
were compared. The answers were labeled by the action in the corresponding memories. But, 
patients reported more often, having verbalized the answer than they actually did. Memorized 
events may also be labeled using features of the learning context, which is the essence of 
reality monitoring, or on the basis of an internally generated context, a process referred to as 
self-monitoring [93]. It is noteworthy that source monitoring deficit leads to a coherent 
explanation of delusion [46]. Delusion, and even hallucination, can result from an abnormal 
salience of internally generated stimuli, or from the disruption of a comparison process 
leading to abnormal readiness to accept mental events as real [20]. The crucial point is the 
degree of confidence that the subject can keep about his/her memories. It is also closely 
related to his/her awareness of the source of memories. This has been investigated in patients 
using a confidence scale of remembering (guess/know/remember) that corresponds to their 
degree of awareness. Patients were unable to link the separate components of events into a 
cohesive whole, leading to a quantitative and qualitative impairment of high level awareness 
[43]. Such a finding was not limited to the source-target relationship but extended to the 
incapacity for linking any specific memory with other events, for example “when”, “where”, 
and “in which circumstances” something happened. This aspect has also been documented in 
patients [157]. For example, patients do not remember sentences that have a coherent syntax, 
better than random words [134]. To summarize all this, it appears that patients do not link 
spontaneously their memories to each other. This explains their dramatic failures in 
autobiographic memories. Analysis of the content of their autobiographic memory has been 
done to find out at what period of their life their autobiographic memories started to become 
abnormally fuzzy [62,156]. Clear positive results were obtained, and they corresponded to the 
period when the initial clinical signs had occurred, though some disturbances were detected 
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as soon as their early adolescence. This could be interpreted as a progressive deterioration of 
memorization, starting before the visible onset of the disease. 

 

 

Figure 4.1. Cognitive disabilities in schizophrenia: This drawing shows that representations of sensory 
experiences as well as of possible actions (memories) are inserted between the actual world (on the left) 
and the central executive system (on the right). The automatic process that triggers actions or guides the 
attention and intention spotlights in response to changes in the environment - according to standard past 
experiences (red arrows) - remains unaffected by schizophrenia. However, the top-down management 
of such stimulus-response process is altered because of: 1. abnormal memory organization, 2. poor 
central executive (cortical) functioning or 3. modified top-down commands. 

 
CONSEQUENCES OF THE IMPAIRMENT OF ATTENTION, 
AWARENESS AND MEMORY ON SOCIAL INTERACTION 

 
A new subfield has arisen recently in Cognitive Sciences, namely Social Cognition. It 

may provide specific explanations for the poor relationship of patients with other people, 
initially interpreted as a mere consequence of the perturbation of their personal cognitive 
possibilities. Now it is admitted that the individual cognitive disorder of patients only 
accounts for a part of their social difficulties [190], and this implicates that communicating 
with others is a specific brain function. Its study rests on specific theoretical development and 
new, original methods have been developed in this field. Rather than drawing a list of 
theories and methods, I will consider them in turns, using a concrete illustrative model, 
focused on the difficulty in remaining or returning to a vocational activity [183]. 
Furthermore, this model allows delimiting what results come from personal disabilities, or 
from what expresses a social communication disorder. 

Prototypal tasks: Let us imagine that a patient gets a job where he has to prepare 
packages of little mechanical parts for a supermarket, a realistic and simple task for a healthy 
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person. Let us suppose that the task consists in preparing, sealing and labeling small bags, 
each one containing five cheese-headed metal screws, washers and butterfly nuts, before 
packing them into parcels to be delivered. I will consider below each of several sources of 
difficulties for this patient (which may turn into stigmatization, if underestimated [147], what 
is especially harmful as it occurs in a social environment.  

Predictable consequences of the alteration of personal cognitive functions: This should 
help to make obvious the practical consequences of the alteration of cognitive functions 
mentioned in the previous sections. 1) The model task requires sustained attention (usually 
impaired). 2) The description of the patient’s task comprises purposely some technical words. 
Workers need to master specific semantic memories. Semantic memories related to 
vocational activity are usually acquired in the late adolescence, i.e. after onset of the disease. 
3) Episodic memory alterations may also hinder the working ability. Patients at work have to 
remember some sequences of their activity, from one to the next day. 4) A preserved 
procedural memory could be a substitute for that. 5) When something has to change in the 
activity, patients may persevere with some aspects of their prior activity (according to their 
degree of “frontality”). 6) Working memory deficit is another source of difficulty. It is 
common that workers listen to a radio set during their job. One would suspect that such 
acoustic information would interfere with the visuo-spatial sketchpad, intensely used in the 
given example of working task. 7) A last personal cognitive function not detailed previously, 
as less required in the job itself than in general organization of life and interaction with 
fellow workers, must be considered. Patients may find it very difficult to organize their 
activity because the construction of sub-goals (getting the components of the set of screws 
together) and their organization to reach a general aim (place the screws into the bag) is a 
serious challenge for them [28]. If we consider now other forms of tasks, more intellectual 
ones, patients may have difficulties because of their hindered syllogistic [171] and analogical 
[81] reasoning. The incidence of these impairments on social life can be evaluated by specific 
methods, as for example the « Social Cognitive Problem-Solving » test (SCPS) [192]. The 
global effect of individual cognitive disorders can also be evaluated by situational tasks in the 
real world (or using virtual computerized constructions). Two standardized testing situations 
have been validated: the “Grocery test” [89,154], the patient having to purchase a number of 
goods while being observed by a psychologist – and the “Kitchen test” [52, 169] – the patient 
being required to follow a recipe to prepare lunch. 

Three aspects of these personal cognitive hindrances have to be underlined: 1) clinical 
observations are useless to predict them, 2) the treatment usually does not ameliorate them, 
and 3) they vary from one to another patient. From this, it can be concluded that they should 
be evaluated in each outpatient.  

Hindrance of social cognitive functions: The tests aimed at finding out specific 
deterioration of social communication features are based on the obvious need of social 
interactions that any person has to emit information about his/her emotions, thoughts, and 
intentions. He/she needs also to be able to perceive these categories of information in others. 
It is necessary to be aware of others’ emotions, thoughts and intentions. Information is 
transmitted by automatic processes (facial expressions, voice intonations) and by explicit 
means (language). The capacity to recognize facial expressions has been tested by requiring a 
subject to label them on photographs of faces, in records of voices, in short movies or along 
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role games [106, 142]. Patients have shown difficulty both in expressing and evaluating 
emotions in others. Bellack et al. [15] have documented the decrease of sensitivity to positive 
emotions (pleasure) in line with the supposed anhedonia of patients. But, evaluating negative 
emotions is difficult also for patients [13]. Interestingly, poor self-monitoring of emotions is 
coextensive with their poor identification in others, with severe consequences on social 
interaction [138, 146]. It is necessary to cooperate at work to reach a goal common to several 
people, without being individually rewarded. Social exchanges replace primary rewards, even 
in lower animals [49]. But social reinforcement is especially powerful in humans (consider 
the impact of a smile versus a frown on the behavior of a partner). Having a “theory of 
mind”, i.e. being able to figure out that others think alike ourselves, also helps us to keep 
doing some specific task, because it implies that every member of a working team knows 
what his working fellows want to be done. Perturbation of the theory of mind in patients was 
suspected, much before specific tests were conducted. Patients tended to report 
autobiographic facts, without being aware that their listener did not dispose of a part of the 
information needed for understanding them. This has been verified through structured 
autobiographical interviews (Needs and Resource Assessment, NARA, test) [38, 40]. The 
patients’ interactions with others appeared eroded [132]. The opposite, namely understanding 
others has been tested, asking the patients to imagine the end of comics or video sketches 
[36,167], in which this end depended on the intention of the character represented in them 
(Hinting task). The here over mentioned social cognitive features were not totally altered by 
the disease. Corrigan et al. [39] have identified four different levels of abstraction in social 
interactions: actions, roles, rules and goals. Let us consider a simplified version of their 
example: we go out for dinner in a rather smart restaurant. The rule consists in waiting for the 
receptionist whose role is to give us an indication by its action, of where we have to sit down. 
Along this process, we have to keep in mind our aim and the receptionist’s. Using a 
« Situational Feature Recognition Test » (SFRT), it has been shown that patients misinterpret 
only the two higher levels of abstraction, i.e. rules and goals. 

Patients, as well as schizotypical people, hardly express and identify emotions, thoughts 
and intentions, when they have heavy thought disorders, and tended to withdraw [70, 185]. It 
means that the social withdrawal classically attributed to negative symptoms must be clearly 
distinguished from any other social integration difficulties in humans. In this respect, many 
conclusions about social interaction in lower animals will remain erroneous.  

In terms of neuroanatomy, it is questionable whether the social cognitive properties are 
sustained by specific brain structures. The fact that lower animals use specific sensory 
channels for social communication (pheromones -> vomero-nasal organ) would be in favor of 
some anatomo-functional specificity [101]. Functional brain imaging technique has provided 
evidence that the right hemisphere is more concerned with social communication, especially 
some specialized parts or the prefrontal lobe and the temporal lobe. For example the mid 
prefrontal area is activated even when pleasant feelings are suspected in others, and likewise 
for the amygdala, for unpleasant events. These preliminary studies have sustained the idea of 
a “social brain”. But the suspected brain areas do not depart clearly from the brain areas 
activated in general cognitive tasks, being found dysfunctional in patients [117]. 
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PROPOSAL FOR BIOLOGICAL  
MECHANISMS OF SCHIZOPHRENIA 

 
Genomic Background  

 
The body, in particular its nervous system, is the final results of a juxtaposition of rostro-

caudally aligned segments. They differ from each other according to the sequential 
expression of specific genes, called “Hox” genes [1]. The Hox gene system (Hox A, B, C and 
D) being quadruple in mammals, there is a broad spectrum of possibilities for phenotypic 
diversification of each segment. Specialized phenotypes correspond to “function-specific 
modules”. Two examples show that the function, rather than the morphology, may be the 
common denominator of a selective expression of genes: i) the eyes of insects are different 
from our own eyes, even though vision in many species share the same genes (called Pax6, 
Sine Oculis, Optix) [11]; ii) the genes governing the outgrowth of the branchiae in 
crustaceans are linked to those of the paws (called apterous and pdm), i.e. uptake of oxygen 
goes with its use [16]. In the nervous system, the segmental structure remains only partially 
identifiable in the adult because many root neurons migrate far from their birthplace during 
development. Nevertheless, because neurons are post-mitotic cells, their birth date remains a 
landmark, even if the functional specializations in the brain are anatomically intermixed. This 
explains why the functional consequence of a teratogenic accident depends on its date of 
occurrence, even for the most complex functions.  

Highly specialized parts of the body are unable to function independently of each other. 
How would a millipede move forwards with its many segments, without coherence among 
them? Studies on mathematical or computational models - interactive automata - show that a 
globally coherent activity emerges as a result of the interaction of elementary functional 
modules [166]. Alternately, a leader system connected to all the modules could ensure global 
coherence. But in both cases, connectivity is essential. Neuronal connectivity does not result 
from the realization of a “ready to work” plan, but from the interplay between genetic and 
environmental factors. Genetic factors determine which neuron an axon has to contact. It 
finds its way toward the target neuron stimulated and guided by families of landmark 
membrane glycoproteins (N-CAMs, N-cadherines, integrins) and gradients of soluble 
attractive or repellent molecules. Once the target neuron has been contacted, only some 
neurons survive, others disappear, depending mostly on the influence of neurotrophic factors 
produced by the target neuron. The resulting synaptic contacts become stabilized or disappear 
according to their activity. The general idea is that there exists a plan, but its detailed 
realization depends on the synchronization of pre- with postsynaptic activities [35], that 
depends itself on their functional utility. 

As indicated above, schizophrenia gathers a heterogeneous set of functional alterations. 
This could result either from the alteration of a global mechanism, for example a neuronal or 
glial intracellular mechanism, common to many brain areas, or it could also express an 
alteration of brain connectivity. The first of these hypotheses is beset with the necessity to 
explain why some brain functions remain preserved. The second hypothesis, the so-called 
“dysfunctional connectivity hypothesis” [75], appeals to an answer to the following two 
questions: 1) what are the brain areas concerned and how they interact?; 2) what is the nature 
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and the cause of the disconnection? Concerning the nature and cause of the disconnection, it 
could be no more than a loss of synchrony among action potentials. This would be difficult to 
observe directly [91], but some predictions about its consequence on the global brain activity 
could be checked [12, 68]. It could also correspond to a diffuse micro-anatomical or 
biochemical alteration. Some recent speculations have opened the possibility of a diffuse glial 
functional deficit or a neuronal cytoskeleton weakness. But for testing these ideas, studies on 
lower animal models are needed. 

 
 
MODELS OF SCHIZOPHRENIA USING LOWER ANIMALS 

 
Foreword 

 
Producing schizophrenia in rats (or in any other lower animal) and being able to observe 

all its manifestations is obviously impossible. Models are only expected to provide 
explanations for some manifestations of the disease and to offer means to test drugs [79]. For 
building a model, two aspects have to be considered. First, the animal’s brain has to be 
modified (independent variable of the experimental approach). Second, one or several 
relevant behavioral criteria have to be tested (dependent variables). The validity of a model is 
documented either on a theoretical ground (construct validity), on the observation of the 
modeled feature in patients (face validity), or on the reversibility of any property of the brain 
by drugs used to attenuate the manifestations of the disease in humans (predictive validity) 
[188]. It is very difficult to find out whether a specific modification of behavior in humans or 
lower animals is directly related to the cause of the disease, because of the adaptability of the 
brain and of the behavior. The reaction to a modification may hide the basic modification. 
This may reflect an anatomo-functional reorganization or a neuro-psychological substitution 
of the altered function. Therefore, even if we knew the cause of the disease, its experimental 
reproduction in an animal would seldom produce a similar phenotypic expression as in 
humans. We will briefly consider in turn, some classical and more speculative behavioral 
criteria, and then some means to produce their modification. 

 
 

Neurobiological and Behavioral Models 
 
1) Prepulse inhibition of the startle reflex and P50: Prepulse inhibition (PPI) refers to the 

reducing effect of a weak stimulus, called prepulse, on the subsequent startling effect of a 
strong stimulus, called pulse. Most often, the prepulse is a tone, sometimes a tactile stimulus, 
and the pulse, a noise or an air-puff. P50 gating also corresponds to a reducing effect of an 
auditory prepulse on the response to a pulse, the response being assessed using the amplitude 
of a positive evoked potential, following by 50 ms the pulse. In PPI, the optimum interval 
between prepulse and pulse is 100 ms and in P50, 500 ms. They were interpreted as “pre-
attentive” filtering mechanisms and were found deficient in patients, unfortunately not 
specifically in schizophrenia [17, 60]. My favorite alternate explanation is that the changes 
observed in such basic reflexes result from a perturbation of the tonic top-down glutamatergic 
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cortico-pontine influence, an expression of the diffuse decreased cerebral connectivity 
proposed as the primary cause of the disease. Such an idea (deficient top-down control) was 
already mentioned above about the management of visual or auditory attention processes in 
patients.  

 

 

Figure 4.2. Model principles: A model needs to select a relevant cognitive function (left of the figure). 
A behavior that changes according to specific modifications of this function is required. But, the 
correspondence between cognitive functions and behaviors are never one-to-one relations. Thus, several 
behaviors have to be considered together. These behaviors have to be altered by some intervention that 
is assumed to simulate what happens in the disease. For that, pathophysiological assumptions are 
needed from researches on patients before being directly or indirectly produced in lower animals 
(briefly listed at the right of the figure).  

In normal conditions, the top down control would serve for the internally driven 
management of sensory inputs. Indeed, in humans, attention has been shown to modulate PPI 
in healthy people, a mechanism which is deficient in patients [56, 57].  

2) Latent inhibition: Latent inhibition (LI), defined as the “poorer manifestation of 
learning when a stimulus that announces some relevant event is familiar to the subject rather 
than being a new one”, is absent in acute phases of schizophrenia [127]. But, it has been 
tested in humans with methods very different from those used in lower animals. There are 
several interpretations for the suppression of latent inhibition, each one relevant for 
understanding a specific aspect of schizophrenia. For Lubow, “it would appear that LI 
represents a biasing of the organism to better process new inputs than older, unimportant 
ones” [128]. As such, it helps to preserve limited attention resources, providing a defense 
against processing overload. This is meaningful with respect to the general deficits in 
attention of patients described in a previous section of this chapter. Another, but not opposite 
interpretation has been proposed by Weiner and Feldon [186]. “A conflict occurs because the 
previously non-reinforced stimulus is followed by reinforcement at the stage of 
conditioning”. The brain has to switch the meaning of the stimulus when the conditioning 
starts; a process that is known to involve dopaminergic neurons and that is altered in patients. 
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A third explanation places the emphasis on the complex management of cerebral 
representations of events. The subject is believed to remember the stimulus-no event 
sequence of events as well as the stimulus-event linkage, a contradictory situation at the 
retrieval stage of the test that is resolved using complementary information, as for example 
the sensory-motor context of learning [161]. It explains why LI modifications are so sensitive 
to minor aspects of the experimental paradigm used. This explanation departs from attention 
and reminds us of the management difficulties in memories in patients. Appreciable 
improvement in the understanding of latent inhibition and the meaning of its modification as 
model of schizophrenia has been brought by an approach based on computational models 
[24]. A modification of the environment of an animal weakens its influence on memory, if 
not coextensive with an emotional event or an index of novelty. Each element of the 
representation serves to estimate novelty. Such models replace the fuzzy concept of 
“attention” by an operational factor, novelty. Too many novelty signals result in sensory 
overflow. This constitutes a vicious circle, since bad representation of the world leads to its 
own worsening, an auto-deteriorating process that requires to be broken as soon as possible. 

3) Hyperlocomotion and stereotypy: Most means (drugs, lesions, environmental 
influences) used to produce changes in PPI and LI, enhance the sensitivity of the animals to 
amphetamine or apomorphine. Such drugs elicit sustained locomotion or stereotypy 
(repetitive production of a sequence of gestures) [78,79]. Its measurement is often used to 
assess predictive validity. No more can be said about its meaning, as it is particularly hard to 
interpret the cause of the enhanced locomotion. It may correspond to 1) decreased habituation 
to the environment due to the difficulty in linking its diverse aspects in memory, 2) lack of 
emotional erosion in a new environment, 3) a modification of vigilance, or 4) the alteration of 
a general top-down management of motor activity, known to involve glutamatergic and 
dopaminergic neurons.  

4) Social withdrawal: Social withdrawal represents, with anhedonia, the only two aspects 
of schizophrenia that have been proposed to model negative symptoms [58,59]. As already 
mentioned above, social withdrawal in humans may reflect a very complex process. It can be 
elicited by apathy (a negative symptom), drugs, or as a response to social communication 
difficulties. The observations are often made with animals (mice, rats or monkeys) freely 
moving in their colony out of any experimental control. A wide field of research could be 
opened by considering apart each possible interpretation for social withdrawal in humans, 
and place the animal in a controlled social interaction task. In other words, we should 
proceed to specific social interaction tests using the complex theoretical frame provided by 
the ethologists. If we suspect that schizophrenia alters the capacity to express or recognize 
social signs, that capacity should be evaluated in specific situations (for example in mother-
pup, male-female, and resident -intruder interactions).  

5) Anhedonia and apathy: Most learning procedures used in lower animals involve 
reinforcement. An interesting finding was reported by Ellenbroek and Cools [59] about an 
aspect of experiments in which the animal has to work more and more hard (pressing many 
times a lever) to obtain a reward, until it stops working: “this is taken to indicate the point 
where the rewarding value is lower that the effort the animal is willing to make to obtain the 
reward”. This has been considered the best evaluation of hedonic strength. A closely related 
experimental approach by P. Holland [96], being sustained by a slightly different theoretical 
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background, seems also of great interest for modeling an aspect of negative symptoms. A rat 
for which the occurrence of food was predicted by the onset of a light, readily explores the 
food receptacle after the onset of the light. But this tendency is attenuated when disgust to 
that food has been elicited after the light-food association, in a totally different experimental 
cage. This experimental design allows only one explanation: the rat changed his 
representation of the outcome, being then, less incited to explore the food receptacle. This 
seems to be closer to the cognitive deficit observed in patients, who show lack of initiative, 
although having normal drive and emotional feelings. The recent finding of the involvement 
of the frontal lobe of the rat submitted to this experimental situation gives support to this 
suggestion.  

6) Self-awareness: The confusion between being the actor or a passive witness in a 
situation, leads to differential memories, even in lower animals. Thus, the gate is open to the 
study of mechanisms by which the animal’s brain manages some elementary form of self-
awareness. We took the opportunity of employing different means to deliver sucrose in a 
conditioned taste aversion paradigm to show such a difference [191]. This approach has been 
proposed for modeling the loss of self-awareness in patients. This is an example of the 
possibilities that arise as soon as one uses a common theory to bridge the gap between lower 
animal and human’s cognitive processes. Here, it is the parietal cortex that is crucial, rather 
than the frontal one [73, 74]. 

 
 

Simulating the Putative Cause of the Disease 
 
Two categories of means have been used to produce alterations in the tests mentioned 

above. Their effect was validated since they were reversed by antipsychotic drugs. One of 
them is based on the belief that the disease results from a primary disregulation of 
dopaminergic or glutamatergic neurons in the mesocortico-limbic system. The other 
considers that the latter is only an indirect consequence of a general loss of connectivity 
between distant brain areas.  

1. Pharmacologically induced abnormal functioning. Psychoactive drugs eliciting or 
enhancing the acute manifestations of the disease have often been used in adult animal 
models (amphetamine, cocaine, phencyclidine, ketamine) [5, 94, 129, 150]. PPI is altered by 
most of them, being reversed by neuroleptic drugs, including some atypical ones [176]. LI is 
also altered by amphetamine or MK801 (NMDA receptor antagonist like phencyclidine and 
ketamine), being reversed by neuroleptic drugs [77, 164, 178]. This traditional and coherent 
presentation of the possibility to model schizophrenia using drugs sustains the DA/Glutamate 
pathophysiological hypothesis. But, there are numerous other drugs, acting on serotoninergic, 
GABAergic or cholinergic neurons, which modulate also PPI and/or LI [78, 111]. This 
requires a brief comment. Those who place emphasis on the dopaminergic pathophysiological 
hypothesis explain this pharmacological diversity by the broad diversity of neurochemical 
inputs to the meso-corticolimbic system. With the disconnection hypothesis in mind, this 
diversity is all but surprising. Any mild perturbation of the normal functioning of the brain 
interconnections is by definition relevant to study what happens in schizophrenia. 



Guy Sandner 76 

2. Rats with neonatal brain lesions. Lipska and Weinberger [122] have proposed since 
1993 to proceed to an injection of ibotenic acid bilaterally into the hippocampus of 7-day-old 
pups. The drug destroys the neuronal cell bodies and hinders normal brain connectivity along 
subsequent ontogenesis. As another possible interpretation, a normal construct of the 
representation of the environment is impossible, because of the early destruction of the 
ventral hippocampus. It results in locomotion increase and PPI alteration, which only appear 
after puberty. This may result from abnormal functioning of the meso-cortical system, 
including decreased frontal cortex reactivity to stress [123].  

3. Prenatal interventions. To explore predictions of the neurodevelopmental hypothesis, 
more direct interventions on brain development were used. They consisted of a global 
blockade of the brain development at a critical period of life. Injecting metylazoximethanol 
(MAM) to pregnant female rats, at gestational day 17, the division of germinal neurons was 
temporarily blocked in their pups [104]. It resulted in modifications of sensitivity of their 
meso-corticolimbic system, PPI and memory disorders when tested as adults [66]. In other 
studies, a strong stimulation of the immune system by an injection of a cytokine releaser at 
gestational day 15, produced hippocampal damage and behavioral abnormalities, including 
LI perturbations [193]. This is relevant since maternal intoxication or infection enhanced 
slightly the risk to develop schizophrenia in the child.  

4. Transgenic approach. Besides the here over mentioned “risk enhancement factors”, 
genetic factors have been regularly mentioned. It rests also on epidemiological grounds, as 
schizophrenic symptoms occur in a number of different genetic diseases (leucodystrophy, Di 
George disease), and because some symptoms have been found in relatives of patients [51, 
187]. A large number of transgenic mice have been proposed for models in the past ten years. 
Disruption of PPI has been reported in most of them [82]. This diversity expresses perhaps 
that several different minor neurodevelopmental disorders could result in the same functional 
disorder (poor neuronal connectivity) and might open the gate to endless genetic proposals. 
Neurotransmitter – dopamine or glutamate - receptor knock-out works have provided some of 
them, directly related to the DA/glutamate pathophysiological hypothesis [152]. Studies on 
spontaneous mutations in rats, for example the so-called APO-SUS, apomorphine susceptible 
rats, have also been considered of interest [58]. Related to the disconnection hypothesis, the 
genetic perturbation of maturation of the cytoskeleton in mice deprived of some crucial 
enzymes for its polymerization can interfere with the establishment of normal neuronal 
connections [69].  

5. Environmental influences. Considering twins (with similar genomes), even when there 
is one who has schizophrenia, his brother/sister may remain healthy. It means that the 
neurodevelopmental factor is only one of the factors of the disease. Other factors, like 
environmental ones, have to be considered and modeled. Isolation rearing of pups produced 
alterations of PPI and LI in the adulthood of such rats [174, 182]. This has also been 
observed in pups submitted to intense handling or deprived of maternal care [151].  
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PROSPECTS 
 

Theories 
 
Several cognitive processes may be altered by schizophrenia. It is a difficult, hazardous 

and endless job to try to understand each one using specific animal models. It is difficult 
because it needs a phylogenetic approach of cognition, which would be a new field of 
research. It is hazardous because the functional alteration under study may have occurred at a 
phylogenetic step above the species commonly used in models, mice and rats. It could be an 
endless run after a moving target - like a donkey trying to get a carrot attached to its head - as 
human studies will continuously provide new observations on cognitive deficits before being 
able to model them. Things may look considerably different if one gets a real global 
theoretical description of the disease and its consequences. This will probably require much 
effort but interesting tracks exist. It is necessary to find out the solution to very basic 
questions, such as how the brain gathers the large amount of information available to produce 
a conscious representation of the world, and to make phylogenetic speculations on this issue 
[41]. 

New means to model the cognitive features of the disease: Cognitive Sciences promote 
the use of neuronal network or computational models with general explanations. They 
provide precise predictions. The reduced capacity of patients to create complex mental 
representations could be simulated by extending the already existing neuronal models. It 
would be even possible to simulate therapeutic issues [63]. 

 
 

New Therapeutic Strategies 
 
Decreased connectivity invites to try forcing patients to use their remaining brain 

connections. The process by which this can be done remains to be invented. Another 
therapeutic possibility consists in stimulating inter-cortical connecting networks. This could 
be a justification for the transcranial magnetic stimulation (TMS) that has started to be tested 
in hallucinated patients [90]. Preventive care should also be the focus of research. This 
requires that clear factors of risk are found, and each cause of disconnection identified. Using 
specific methods to prevent, or drugs to reduce the loss of neuronal connections would 
represent a renewal of the therapeutic strategy. Lower animal models need to be used to 
validate each of these new therapeutic approaches, before its application to humans. 
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BOX 1 
 

Diagnosis 
 

Positive Symptoms 
Delusion: It corresponds to an erroneous belief. The distinction between a delusion and 

a strongly held idea depends on the fact that it is quite impossible to change the patients’ 
mind on their delirious thought, even with clear contradictory evidence. If someone intends 
to provide a mathematical proof of the existence of God, you do not have to be a 
psychiatrist to feel that something is going wrong with that person’s thought. The belief in 
being persecuted is very common (Persecutory delusion). Another common belief is that 
the patient gets messages specifically addressed to him (Referential delusion). Some 
patients feel themselves invested with a religious mission (Religious delusion). A group of 
delusions has a particular interest, namely thought withdrawal or insertion, and delusion of 
control. The patient believes that someone else controls his/her ideas or his/her movements. 
Lost of the perception of being the origin of one’s thought and actions, is the common point 
in this case.  

Hallucination: defines perceptions that other surrounding people do not share. Even if 
many forms of hallucinations may exist in patients, they often report hearing voices (audio-
verbal hallucinations). There can be several voices speaking to each other and to the 
patient, usually commenting his thoughts and actions. The voices may even speak different 
languages in multilingual patients. Even patients born deaf may tell that they hear their 
mother’s voice. The strength of the hallucinations, or their frequency of occurrence, varies 
largely from one patient to another.  

Disorganized thinking: It is hard to be sure that someone’s mental organization is 
abnormal. What is actually observed and reported corresponds rather to its behavioral 
expression, among which the production of speech. Derailments out of the course of the 
conversation, bizarre intrusions, answers to questions that have not been formulated, 
tangential construction of the sentences up to totally incoherent phrasing or “word salad” 
may be the expression of a disorganized thinking activity. Noteworthy, what has been 
mentioned above, i.e. delusion, hallucination, disorganized thinking and speech, can only 
be evaluated through conversing with the patient. In other words, the disease seems bound 
to the verbalization process. Telling this, one should admit that European psychiatrists may 
not be able to suspect schizophrenia in a Chinese person, which I know not to be true. This 
means that non-verbal behavioral aspects appear also in patients.  

Disorganized behavior: I remember having met in winter, several years ago, a young 
man sitting on the pavement in underwear (temperature was –5°C), showing a sequence of 
gestures suggesting that he was picking up flowers. His skin color reflected the effect of the 
cold temperature but his mind did not. This is representative of the symptom called 
disorganization. It gathers a broad spectrum of difficulties in performing activities of daily 
living, even in organizing the basic feeding or dressing activity, maintaining hygiene and 
appropriate sexual activities. Catatonic motor activity belongs also to this set of symptoms. 
It can consist in total inactivity (catatonic stupor), maintaining strange postures (catatonic 
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posturing), and fixing postures that resist to attempts to modify them (catatonic rigidity).  
 

Negative Symptoms 
There are mainly three negative symptoms: affective flattening, alogia and avolition. 

Affective flattening is visible through the patient’s face remaining immobile and 
unresponsive. Patients tell that they feel pleasant or uncomfortable experiences, but this 
does not appear in their voice tones or corporal expression. In other words, they lose the 
capacity to communicate their emotions. Alogia is manifest by evasive, laconic or empty 
replies even to precise questions. Avolition corresponds to the loss of initiation in goal-
directed activities. Apathy has also been evoked, but its meaning is rather similar to that of 
avolition, and it is used in the description of other severe mental diseases.  

 
 

Criteria for Diagnosis 
 
At least two symptoms are required for the diagnosis of an “active phase” of 

schizophrenia. The first active phase occurs mostly in late adolescence or early adulthood. 
It happens statistically earlier in men (17-25 years old) than in women (25-30 years old). It 
is preceded by prodromes, correctly interpreted only retrospectively, once the diagnosis has 
become obvious. Long before the onset of the first active phase, along childhood, there are 
minor motor skill alterations [48]. Just before active phases, patients express a variety of 
odd beliefs and unusual perceptual experiences. Their scholar performances decrease 
progressively. They tend to withdraw from social interaction and express their affects less 
than other persons. In other words, they “gradually slip away”. Another point of interest is 
their tendency to become drug addicts, which raises the question of the contribution of the 
addiction to the disease, or its relation with the disease (self-medication theory). Most 
patients are heavy smokers and they drink huge amounts of coffee (search of psycho-
stimulant drugs). The active phase lasts over one month (this duration criterion has now 
been challenged by an efficient treatment). Such an active phase tends to recur and, 
between recurrences, some behavioral disturbances persist. This phase is sometimes 
reported as stabilized phase of schizophrenia. In this report of the time course of the 
disease, loss of social interaction has been mentioned. It is, per se, a diagnosis criterion. 
Rather than a mere consequence of negative symptoms, it is now believed to be the result 
from the loss of some specific cognitive functions that will be considered in a specific 
section. 
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BOX 2 
 

Cognitive Sciences, A Unified Model of Brain Function 
 
We shall consider a list of cognitive functions and examine whether each of them is 

altered or preserved in patients. But before, a short description is needed on how “Cognitive 
Sciences” model what happens in the brain. It is a theoretical frame that may be applied 
simultaneously to psychology, neurobiology and computer sciences. The essential idea lies 
in the belief that the brain manages a coherent internal representation of the actual world. 
The ongoing sensory-motor experiences feed that representation. The brain is also in charge 
of holding that representation coherent. Coherency means that memories remain linked to 
each other according to their sequence, hierarchy and semantic relationship. For example in 
an Irish coffee, the cream remains above the coffee, itself above the whisky. This is a 
common example of natural hierarchy, picked up by our eyes. Eischenbaum [55] has 
proposed that 1) an ordered topographical reference can serve as a prototype for the 
representation of any other order relationship and 2) that the functional properties of the 
hippocampus are essential for the coherence of mental representations. Some sensations go 
often with others, what is an example of externally imposed semantic coherence. Evocation 
of “winter” goes with the feeling of cold, being surrounded by snow, lack of leaves on the 
trees, frozen water. If we are actually in winter, the representation is congruent with our 
environment and new aspects can become linked to the previously stored ones. On the 
opposite, the lack of congruence would trigger arousal. In our example, this would occur if 
we read “April” on a calendar. This example means that the representation is continuously 
compared to the external world (except during deep sleep). Based on the results of the 
comparison, the representation may be modified (covert action), or the brain may act on the 
real world (overt action: set the calendar appropriately in the example given above). The 
representation is also used to simulate actions and their outcomes [121]. To that end, the 
brain includes a “management” function, called “executive system”. 

 
 

 

BOX 3 
 

A Putative Cause of the Alteration of Attention in Patients 
 
An interesting general description of basic trends of behavior proposed by Dunn has 

been recently applied to schizophrenia [21]. This model accounts for the feeling that the 
difficulty of patients to manage their attention is a byproduct of some more general 
alteration of their sensitivity to the environment. Dunn suggested that two orthogonal, i.e. in 
some sense independent, behavioral tendencies govern our sensitivity to changes in the 
environment. One tendency was called “neurological threshold”. The other tendency 
concerns the possibility to “counter the neurological threshold changes”. These tendencies 
were presented in a four quadrant table. Low neurological threshold (supersensitivity to the 
environment) would elicit an overflow of the brain by sensory information. The opposite, 
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high threshold, would result in a poor actualization of the inner representation of the world. 
The responses may either be “in accord with the threshold level” or “counteract it”. The 
resultant four quadrants were labeled as follows: 1. Sensory sensitivity => distractibility 
and irritation/discomfort with the sensation; 2. Sensation avoiding => deliberate behaviors 
to withdraw from stimuli; 3. Low registration => missing sensory information and under-
responsiveness to stimuli; 4. Sensation seeking => pleasure with the pursuit of sensory 
experiences. A healthy equilibrated personality would stay close to the intersection of these 
four quadrants. Schizophrenia would result from an excessive attraction towards quadrant 1 
(sensory sensitivity). There have indeed been personal reports of patients describing noises 
as louder, and colors as brighter.  

 

 

Figure 4A − Adaptation of Dunn’s model: The plane plotted on this illustration shows that the brain is 
more or less sensitive to stimuli (oblique axis) and reacts to any excessive or deficient sensory input 
(horizontal axis). It is suggested that the two tendencies are balanced in the normal brain at rest (cybernetic 
model). Dunn tells that, for some unknown reason, the gate to sensory inputs is too much open in 
schizophrenic patients, at least at a first stage of the disease (yellow ellipse). The brain will react to this 
imbalance. The yellow arrows show the pathways that the reaction can take: either enhancing the 
avoidance tendency (reaction), or by closing the door to incoming sensations (gating) that results in global 
neglect. A secondary avoidance reaction to the down-gating process may result in a sensation seeking 
attitude.  

This is coherent with the sensory gating deficit postulated and simulated in lower 
animal models of the disease [17, 18] and with the hypersensitivity to the context in visual 
recognition tasks that would be reduced by a reaction of the brain [145]. As soon as the 
disease evolves, the subject’s brain reaction to the sensory sensitivity may result in an 
overshoot along the two directions of Dunn’s model: on one hand, sensation avoiding, 
(reminding negative symptoms) and, on the other hand, low registration, predicting the 
failure to attribute appropriate meanings to stimuli. Another prediction can be drawn, not 
mentioned by Dunn: when both compensatory mechanisms are active, the overshoot would 
lead to a sensation seeking activity. This extension of the theory provides an explanation for 
the tendency of patients to become drug addicts [158]. 
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ABSTRACT 
 

Glutamate is one of the most abundant neurotransmitters in the brain; it may be 
responsible for mediating synaptic neurotransmission at 40 percent or more of the brain’s 
synapses. The glutamatergic signal is recognized by both metabotropic and ion channel 
receptors. The N-methyl-D-aspartic acid (NMDA) receptor is an example of a glutamate-
gated ion channel receptor; the binding of glutamate to this receptor increases the 
likelihood that its channel will transiently assume an open-configuration, allowing the 
influx of calcium ions. Importantly, there are allosteric modulatory sites, including an 
obligatory co-agonist site that recognizes glycine, on the NMDA receptor complex that 
influence glutamate’s ability to promote calcium ion conductance. Abnormalities of 
NMDA receptor-mediated neurotransmission are implicated in a variety of major 
neuropsychiatric disorders, especially schizophrenia. Specifically, NMDA receptor 
hypofunction (NRH) is implicated in the pathophysiology of schizophrenia because of 
the ability of phencyclidine (PCP) to precipitate a schizophreniform psychosis. PCP is a 
noncompetitive NMDA receptor antagonist that binds to a hydrophobic site within the 
channel; it is referred to as an open-channel blocker. Descriptively, the PCP-model of 
schizophrenia is the best pharmacological model of this disorder with symptoms manifest 
in all of the relevant domains of psychopathology, including positive (e.g., 
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hallucinations), negative (e.g., affective flattening), cognitive (e.g., abnormalities of 
attention), mood (e.g., dysphoria) and motor symptoms (e.g., posturing).  

Because of PCP’s pharmacological action as a noncompetitive NMDA receptor 
antagonist and the PCP-model of schizophrenia, our laboratory has been engaged in 
characterizing and quantifying behaviors in mice, including genetically-inbred strains, 
elicited by MK-801 (dizocilpine), a high-affinity analogue of PCP that binds to the same 
hydrophobic channel domain. Presumably, blockade of the NMDA receptor by MK-801 
is a pharmacological strategy for creating NRH in the intact animal. We characterized 
two behavioral outcome measures: the dose-dependent ability of MK-801 to raise the 
threshold voltage required for the precipitation of tonic hindlimb extension and elicit 
irregular episodes of intense jumping behavior (referred to as “popping”) in mice. 
Moreover, 24 hours after mice are forced to swim for up to 10 minutes in cold water, the 
ability of MK-801 to antagonize electrically precipitated seizures is reduced. Thus, stress 
affects the endogenous tone of NMDA receptor-mediated neurotransmission. Genetically 
inbred strains of mice differ in their behavioral sensitivity to MK-801 on these two 
measures; interestingly, the BALB/c inbred mouse strain is more sensitive than other 
inbred strains and the NIH Swiss outbred mouse strain. Stress and genetic strain 
differences interact to affect behavioral sensitivity to MK-801. Importantly, these animal 
models serve to test the ability of glycinergic interventions to modulate NMDA receptor-
mediated neurotransmission in the intact animal. Thus, they are used as screening 
procedures for NMDA receptor agonist interventional strategies that may be developed 
as medications for the treatment of schizophrenia. A series of glycinergic interventions 
have been tested in these models. Also, these paradigms are useful in demonstrating that 
drugs, whose direct actions are on other neurotransmitter systems, affect NMDA 
receptor-mediated neurotransmission in the intact animal. Preliminary clinical trials of a 
few NMDA receptor agonist interventions have been conducted in patients with 
schizophrenia. In general, the medications are well-tolerated and the results suggest that 
the adjuvant therapeutic efficacy of specific glycinergic interventions may be influenced 
by state of illness and the specific antipsychotic medication chosen for maintenance 
pharmacotherapy (e.g., clozapine). The chapter will concentrate on the results of our 
laboratory and clinical investigations, whose primary aim was modulation of NMDA 
receptor-mediated neurotransmission in mice and man.  
 

Key Words: Glutamate, Glycine, NMDA Receptor, Stress, BALB/c Mice, Schizophrenia 
 
 

ANATOMY AND BIOCHEMICAL PHARMACOLOGY 
OF THE NMDA RECEPTOR COMPLEX 

 
The ion channel that is a part of the N-methyl-D-aspartate (NMDA) receptor complex, a 

type of glutamate-gated receptor ion channel, has properties of both ligand- and voltage-
gating. The channel is named for NMDA, the glutamate analogue that binds preferentially to 
this receptor. Importantly, a variety of allosteric modulatory sites, covalent modifications of 
the complex (e.g., phosphorylation and nitrosylation), gene expression, and environmental 
and developmental factors influence the likelihood that glutamate will be effective in 
promoting channel opening. The complex regulation of NMDA receptor-gated channel 
opening makes it both susceptible to pathologic disruption by a variety of mechanisms and 
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affords opportunities for pharmacologic manipulations (Bonhaus et al., 1987; Fagg, 1987; 
Foster and Wong, 1987).  

The channel is comprised of individual polypeptide subunits with multiple 
transmembranous domains that align themselves to create a channel. The polypeptide 
receptor subunits are of two types, designated NR1 and NR2. The “obligatory glycine co-
agonist site” is located on the NR1 subunit, whereas the site that binds glutamate is on the 
NR2 subunit. Although these sites are distinct from each other, they interact so that the 
binding of glycine affects glutamate’s affinity for the receptor and the efficiency of coupling 
between its binding and channel opening. There are four classes of NR2 receptors, designated 
A through D, that differ in terms of anatomic distribution and their influence on the 
pharmacological properties of the receptor, including desensitization kinetics and the 
“modulatory” properties of glycine. Also, subunit expression is regulated by stage of 
development; in fact, an NR3 subunit appears transiently during development (Deutsch et al., 
1998, 2001; Millan, 2005).  

Ordinarily, at the resting membrane potential, magnesium ions occupy multiple sites 
within the channel, obstructing the movement of calcium ions. This magnesium ion blockade 
is relieved with the depolarization of the membrane, serving as the basis of the voltage-gating 
of the receptor. Thus, the glutamate-gated activation of NMDA receptors is dependent on 
membrane depolarization, which may necessitate coordinating the activation of other 
neurotransmitter receptors with the NMDA receptor. The hydrophobic channel domain 
possesses binding sites for compounds like phencyclidine (PCP), ketamine and memantine, 
which are referred to as “open-channel blockers.” Interestingly, the functional consequences 
of blockade or antagonism of the NMDA receptor complex may differ depending upon 
whether the blockade is due to a competitive (i.e., a compound that binds to glutamate’s 
agonist recognition site on NR2 subunits) or noncompetitive (i.e., a compound that binds to a 
site within the hydrophobic channel domain) antagonist (Deutsch et al., 1996). Pretreatment 
with competitive antagonists can prevent channel opening, which is a necessary condition for 
the action of noncompetitive antagonists.  

The complex regulation of channel opening is consistent with the importance of NMDA 
receptor-mediated neurotransmission to a number of critical processes linked to regions 
wherein which this receptor is enriched, such as the hippocampus, thalamus and frontal 
cortex. Moreover, the astrocyte, which enjoys an intimate association with pre-and post-
synaptic elements, participates in regulating availability of glutamate, glycine and ligands 
acting at the so-called GlycineB co-agonist site (Millan, 2005). In fact, NMDA receptor-
mediated neurotransmission is a cogent example of the active participation of glial elements 
in synaptic transmission.  

Glial cells serve as an important potential source of glycine within the area of the 
synapse; glycine is derived from L-serine by the action of serine hydroxymethltransferase, a 
key enzyme involved in the regulation of one-carbon metabolism. Further, “excess” glycine 
is cleared from the synapse by glial cells via several independent, but related mechanisms: 
glycine-1 transporters (GlyT-1), which transport glycine into the cell in a sodium ion- and 
chloride ion-dependent manner; small neutral amino acid transporters (SNAT) located on the 
surface of astrocytes; and the glycine cleavage enzyme system, which is a mitochondrial 
enzyme complex that oxidatively decarboxylates or “cleaves” glycine such that its alpha 
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carbon enters the one-carbon pool complexed with tetrahydrofolate (Deutsch et al., 1990, 
1998; Millan, 2005). D-Serine has been described as a naturally-occurring high-affinity 
agonist for the GlycineB co-agonist site. D-Serine is derived from L-serine by the actions of 
D-serine racemase, an enzyme found within astrocytes in regions of forebrain enriched in 
NMDA receptors. The clearance of D-serine is via transporters and D-amino acid oxidase, a 
glial enzyme that deaminates D-serine. Glial cells participate in the “recycling” of glutamate 
that is released from presynaptic nerve terminals in a depolarization-dependent and calcium 
ion-dependent manner; in addition to neurons, glial cells possess sodium ion-dependent 
excitatory amino acid transporters (EAAT) on their surface. The glutamate taken up by glial 
cells is converted to glutamine, via the action of glutamine synthase, a compound that is 
released, taken up by neurons, and converted back into glutamate by the action of 
glutaminase. Glial cells also possess the enzymatic machinery responsible for an alternative 
pathway for tryptophan metabolism, referred to as the kynurenine pathway (Rosse et al., 
1992; Millan, 2005). The kynurenine pathway leads to the formation of kynurenic acid, a 
competitive antagonist of glycine at the GlycineB co-agonist binding site, and quinolinic acid, 
an excitotoxic compound. Conceivably, the synthesis and release of kynurenic acid is a 
“local” mechanism for regulating NMDA receptor-mediated neurotransmission at the level of 
the synapse (Rosse et al., 1992).  

The surface of astrocytes also regulate levels and availability of N-acetyl-aspartate-
glutamate (NAAG), a neurally-active dipeptide that influences presynaptic release of L-
glutamate, serves as a potential “local” source of L-aspartate and L-glutamate, two excitatory 
amino acid neurotransmitters, and is a weak NMDA receptor antagonist. NAAG is a substrate 
for glutamate carboxypeptidase II and III, which are located on astrocyte plasma membranes 
and cleave NAAG into L-glutamate and N-acetyl-aspartate (NAA), the source of L-aspartate. 
There are provocative postmortem data suggesting that elevated levels of NAAG can occur in 
selected brain regions of schizophrenia patients (i.e., temporal cortex, hippocampus, and 
frontal cortex), because of reduced activity of glutamate carboxypeptidase II (GCPII), the 
hydrolytic enzyme enriched on astrocytes responsible for forming NAA and L-glutamate 
(Coyle, 1996). Importantly, the existence of these glial pathways and mechanisms for 
modulating the gating efficiency of L-glutamate and NMDA receptor-associated ion channel 
properties offers platforms for developing medications that can adjust the gain or “fine tune” 
NMDA receptor-mediated neurotransmission (Millan, 2005). Ideally, these medications 
would be indicated for a variety of neuropsychiatric disorders, including schizophrenia 

Glutamate is a major neurotransmitter employed in intracortical projection pathways, 
conveying this integrated cortical information along efferent projections to subcortical 
structures in the midbrain and basal ganglia, and to the hippocampus. Glutamate is prominent 
within the hippocampus, where it is implicated in the induction of long-term potentiation, an 
electrophysiological analogue of learning and memory, and thalamus, where it may play a 
role in “thalamic filtering.” Apart from their enrichment in anatomic areas that are linked to 
the psychopathology of schizophrenia (e.g., frontal cortex and hippocampus), the 
precipitation of a drug-induced schizophreniform psychosis by PCP in susceptible individuals 
has focused intense interest on a pathogenetic role of the NMDA receptor in schizophrenia 
(Deutsch et al., 1989, 2001; Coyle, 1996; Hirsch et al., 1997; Tamminga, 1998). L-Glutamate 
mediates both "fast" synaptic transmission (i.e., ligand-gated channels) and "slow" synaptic 
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transmission (i.e., "metabotropic" receptors coupled to the synthesis of small, soluble 
intracellular messengers). There are three “types” of glutamate-gated ion channels, 
designated NMDA, kainic acid (KA), and alpha-amino-3-hydroxy-5-methylisoxazole-4-
propionic acid (AMPA) receptors.  

A significantly diminished density of dendritic spines on layer III pyramidal neurons has 
been reported in the cerebral cortex , especially frontal and temporal cortex, of autopsied 
schizophrenia brains (Hirsch et al., 1997). Importantly, glutamate receptors are located on the 
dendritic spines of layer III pyramidal cells in the cerebral cortex. Thus, glutamatergic 
projections “link” anatomic areas that are implicated pathophysiologically or by 
histopathology in schizophrenia (Coyle, 1996; Farber et al., 1998; Jentsch and Roth, 1999). 

 
 

PATHOPHYSIOLOGY OF NMDA 
RECEPTOR HYPOFUNCTION IN SCHIZOPHRENIA 

 
Descriptively, the psychosis caused by PCP resembles naturally-occurring schizophrenia 

with symptoms manifest in all of the relevant domains of psychopathology, including 
positive (e.g., hallucinations), negative (e.g., affective blunting), cognitive (e.g., inability to 
abstract and impairments of attention and working memory), mood (e.g., dysphoria) and 
motor (e.g., mannerisms) symptoms. In fact, the “PCP model of schizophrenia” is widely 
considered to be the best drug-induced model of this disorder (Deutsch et al., 1989). Because 
PCP is a noncompetitive NMDA receptor antagonist that interferes with glutamate’s ability to 
promote calcium ion conductance across the channel, NMDA receptor hypofunction (NRH) 
or a glutamatergic deficiency has been proposed as a pathophysiological mechanism of this 
disorder (Deutsch et al., 1989). Further, because of reciprocal connections and complex 
circuitry, a disturbance or “imbalance” of glutamatergic transmission would affect 
neurotransmission mediated by dopamine, acetylcholine and gamma aminobutyric acid 
(GABA), among other neurotransmitters that have been implicated in the pathophysiology of 
this disorder (Deutsch and Hitri, 1993; Deutsch et al., 1995, 2001, 2002, 2003, 2005; 
Mastropaolo et al., 2004). NMDA receptors exist on the surface of GABAergic inhibitory 
neurons within the hippocampus; GABA is the major inhibitory amino acid neurotransmitter 
within the brain. Given this location, a hypothesized consequence of NRH is a failure to 
“stimulate” these GABAergic inhibitory interneurons, leading to disinhibition of projections 
originating downstream from the GABAergic nerve terminal. A heuristic model that has been 
evoked to explain progressive neurodegeneration in at least a subgroup of patients with 
schizophrenia and is guiding medication development suggests that NRH leads to 
disinhibition of glutamatergic projections, whose consequence includes excessive stimulation 
of the AMPA/KA class of glutamate-gated receptor complexes (Deutsch et al., 2001). 
Excessive stimulation of AMPA/KA receptors could lead to excitotoxic cell death, a process 
resulting from disruption of unequal ionic gradients across membranes, depletion of energy 
reserves as ATP-dependent ion pumps attempt to restore these gradients, generation of 
reactive oxygen species, and cell death from apoptotic and other mechanisms. The proposed 
existence of disinhibited glutamatergic neurotransmission and the cascade of excitotoxic 
events offer many opportunities and suggestions for therapeutic interventions, including 
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facilitation of NMDA receptor-mediated neurotransmission, potentiation of GABAergic 
neurotransmission, antagonism of AMPA/KA receptors, and “quenching” of locally 
generated reactive oxygen species (Deutsch et al., 2001). 

An anatomical basis exists for defective GABAergic inhibitory mechanisms in 
schizophrenia that is independent of NRH, but could also contribute to progressive 
excitotoxicity. Specifically, a significant reduction of GABAergic interneurons in layers II, 
III, V, and VI of the anterior cingulate has been reported in postmortem brain obtained from 
schizophrenia patients (Benes et al., 1992; Coyle, 1996; Jentsch and Roth, 1999). 
Biochemical data also support defective GABAergic inhibitory mechanisms in schizophrenia, 
including reduced cortical density of reuptake sites for 3H-GABA and a reduction in the 
binding of 3H-nipecotic acid, a biochemical marker of the sodium-dependent GABA-reuptake 
site, in medial temporal lobe structures (i.e., left polar temporal cortex, and amygdala and 
hippocampus bilaterally) and basal ganglia. Reduced activity and levels of mRNA for 
glutamate decarboxylase (GAD), the synthetic enzyme responsible for GABA production, 
have been reported that could contribute to diminished GABAergic activity (Benes et al., 
1992).  

 
 

MOLECULAR GENETIC AND PHARMACOLOGICAL 

INVESTIGATIONS OF NRH AND POSSIBLE MECHANISMS OF 

PROGRESSIVE EXCITOTOXICITY IN SCHIZOPHRENIA 
 
When levels of mRNA of the alternatively spliced short and long forms of the gamma2 

subunit of the GABAA receptor complex were studied in prefrontal cortex from a postmortem 
cohort of five schizophrenia patients and five controls (Huntsman et al., 1998), the levels of 
the short form of this subunit were markedly decreased (i.e., 51.7% of control levels) in the 
schizophrenia patients. The relative overexpression of the long form of the gamma2 subunit 
may result in defective “transduction” of the GABA signal in at least some patients with 
schizophrenia.  

Neurons in the cingulate cortex (posterior cingulate/retrosplenial cortex) and other 
corticolimbic regions (including piriform cortex, entorhinal cortex, hippocampus and 
amygdala) are sensitive to toxic intraneuronal vacuolization caused by noncompetitive 
NMDA receptor antagonists, such as PCP and MK-801 (dizocilpine) (Olney et al., 1989). 
Benzodiazepine agonists (i.e., drugs related to diazepam), which potentiate GABAergic 
inhibitory mechanisms, may protect against this PCP/MK-801-induced toxic intraneuronal 
vacuolization. Females may be more sensitive to PCP/MK-801-induced damage than males, 
and dendritic spines may be a specific target. Destruction of dendritic spines would lead to a 
loss of synaptic complexes and disruption of “connectivity”. Thus, NRH leads to diminished 
GABAergic inhibitory tone, whose downstream consequences include toxic intraneuronal 
vacuolization and destruction of dendritic spines (Coyle, 1996; Farber et al., 1998).  

Discrete subgroups of schizophrenia patients may exist with NRH (due to diminished 
synthesis or altered “ratios” of specific NMDA receptor subunits resulting in fewer 
heteromeric NMDA receptors or “combination[s]” with diminished sensitivity to L-
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glutamate) (Jentsch and Roth, 1999; Moghaddam et al., 1997). Reduced genomic expression 
of NR1, a specific polypeptide subunit of the NMDA receptor complex, was reported in the 
superior temporal cortex in an autopsy series of schizophrenia brains (Humphries et al., 
1996). Moreover, significant associations were found between levels of NR1 mRNA and 
measures of cognition, including the Global Deterioration Scale, the Mini-Mental State 
Examination, and the National Adult Reading Test, which provides information about 
premorbid IQ scores.  

In a postmortem study, regional differences in the relative expression of NMDA receptor 
subunits were found in postmortem brains from schizophrenia patients with “a chronic, 
nonremitting pattern of illness (n=15)”, controls with no evidence of neurological or 
psychiatric disorders (n=15), and “neuroleptic-treated controls (n=8)” (Akbarian et al., 1996). 
The schizophrenia cohort showed a relatively selective increase (greater than 50%) in levels 
of mRNA for the NR2D subunit in the prefrontal cortex, which may be a compensatory 
response, making these receptors more excitable.  

In another postmortem study, data were consistent with an increased density of both the 
total population of NMDA receptors and NMDA receptors composed of assemblies of NR1 
and NR2B subunits in the superior temporal cortex (Grimwood et al., 1999), which were not 
observed in the premotor cortex. Although these binding data conflict with the molecular data 
showing reduced levels of NR1 mRNA in a cognitively impaired subgroup of schizophrenia 
patients, they are consistent with NMDA receptor abnormalities of a neurodevelopmental or 
compensatory nature in schizophrenia. Thus, differential gene expression and alternative 
splicing of individual NMDA receptor subunits may represent a genetic mechanism of NRH. 
There is also a report consistent with the possible bilateral upregulation of NMDA receptors 
in the orbital frontal cortex of schizophrenia patients (Simpson et al., 1992). Another 
postmortem study reported an increased density of the strychnine-insensitive glycine binding 
site in several cortical regions of schizophrenia brain, consistent with upregulation of the 
NMDA receptor complex (Ishimaru et al., 1994). Inverse relations were suggested in several 
postmortem brain regions of schizophrenia patients between (elevated) 3H-KA binding and 
(diminished) 3H-MK-801 binding (for review, see Deutsch et al., 2001).  

A variety of postmortem studies of schizophrenia patients report diminished binding 
(e.g., 3H-KA) and expression of nonNMDA receptor subunits (e.g., GluR1, GluR2, KA2, and 
GluR6), especially in hippocampus (Jentsch and Roth, 1999), reflecting, perhaps, anomalous 
development of medial temporal structures in schizophrenia. AMPA receptor binding may be 
increased in the caudate nucleus of schizophrenia patients, suggesting that pathological 
changes in binding may be regionally selective (Noga et al., 1997). 

 
 

BIOCHEMICAL AND BEHAVIORAL STUDIES OF NRH 
 
Under certain circumstances, PCP is proconvulsant, which may relate to the ability of 

acute administration of relatively low, subanesthetic doses of ketamine (i.e., 10 to 30 mg/kg, 
intraperitoneally), a noncompetitive NMDA receptor antagonist, to cause efflux of L-
glutamate in the prefrontal cortex of the rat resulting in behavioral excitation and seizures 
(Moghaddam et al., 1997). Acute antagonism of NMDA receptor-mediated 
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neurotransmission by administration of ketamine (30 mg/kg, intraperitoneally) to rats 
increased extracellular levels of dopamine in the prefrontal cortex that was blocked by 
intracortical infusion of CNQX (6-cyano-7-nitroquinoxaline-2,3-dione; 50 μM), an 
AMPA/KA receptor antagonist. These data support the role of "nonNMDA" glutamatergic 
mechanisms in cortical release of dopamine. Also, local blockade of AMPA/KA receptors in 
the prefrontal cortex of the rat by CNQX attenuated the ability of stress to stimulate the 
release of dopamine. Behavioral correlates of acutely elevated extracellular levels of L-
glutamate include impaired working memory and behavioral activation. Moreover, 
systemically or locally infused AMPA/KA anatagonists are capable of attenuating the acutely 
disruptive effects of “low dose” noncompetitive NMDA receptor antagonists such as 
ketamine (for review, see Deutsch et al., 2001).  

 
 

MK-801-ELICITED BEHAVIORS: STRATEGIES FOR 
STUDYING NRH AND ITS PHARMACOLOGICAL MODULATION 

 
The ability of PCP to precipitate a schizophreniform psychosis and its pharmacological 

action as a noncompetitive NMDA receptor antagonist stimulated interest in the 
characterization of behaviors elicited in animals by noncompetitive NMDA receptor 
antagonists, such as PCP and MK-801 (dizocilpine). Ideally, these animal models would 
serve as useful screening paradigms for the identification of candidate compounds that could 
attenuate the severity of behavioral consequences linked to NRH and, thus, could serve as 
potential medications for the treatment of schizophrenia. Also, these animal models could 
contribute to a fuller understanding of the pathophysiological consequences of NRH, serving, 
perhaps, as animal models of at least some aspects of schizophrenia itself.  

A particularly informative animal behavior that we observed and characterized is the 
ability of MK-801 (dizocilpine) to elicit irregular episodes of intense jumping behavior in 
mice that has been referred to as “popping” (Deutsch and Hitri, 1993; Rosse et al., 1995). As 
noted, MK-801 is an open-channel blocker, whose actions depend on accessibility to a 
hydrophobic domain within the open channel. Thus, administration of MK-801 is a 
pharmacological mechanism for creating a condition of NRH; also, a dose response relation 
was demonstrated for its effectiveness in eliciting popping. A series of experiments showed 
that the elicitation of popping is unique to noncompetitive NMDA receptor antagonists; thus, 
popping is a behavioral outcome measure that distinguishes between noncompetitive (e.g., 
MK-801) and competitive NMDA receptor antagonists (i.e., compounds that bind to 
glutamate’s agonist recognition site). Whereas MK-801 was able to elicit popping in a dose-
dependent fashion, a derivative of CGP (2-amino-4-methyl-5-phosphono-3-pentenoic acid), a 
competitive glutamate antagonist, was unable to do so (Deutsch et al., 1996). Moreover, 
when mice were pretreated with the CGP derivative, MK-801’s ability to elicit popping was 
blocked. Thus, when glutamate-gated opening of the channel is antagonized competitively by 
the CGP derivative and fewer channels are able to assume the open configuration, MK-801 
cannot gain access to its binding site within the hydrophobic channel domain to elicit 
popping (Deutsch et al., 1996). Environmental factors influence popping behavior as shown 
by the fact that mice tested in cages with crushed corn-cob bedding on the floor showed a 
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three-fold greater intensity of MK-801-elicited popping behavior than that of mice tested 
without this bedding (Deutsch and Hitri, 1993). The intensity of MK-801-elicited popping 
behavior could be attenuated in dose-dependent fashion by both a conventional (i.e., 
haloperidol) and atypical (i.e., clozapine) antipsychotic medication (Deutsch and Hitri, 1993; 
Rosse et al., 1995).  

In addition to environmental factors and the ability of pharmacological agents to 
influence MK-801-elicited popping behavior, the laboratory showed that genetic factors 
contribute significantly to sensitivity to its elicitation (Deutsch et al., 1997). Specifically, the 
genetically inbred BALB/c strain of mouse was more sensitive to MK-801-elicited popping 
than three other inbred strains (i.e., C57BL/6, AKR, and DBA/2) and one outbred strain (NIH 
Swiss). These data on heightened behavioral sensitivity of the BALB/c strain to MK-801-
elicited popping is consistent with work showing that this inbred strain is more sensitive to 
locomotor stimulating effects of PCP and anticonvulsant effects of MK-801 (Freed et al., 
1984). The inheritance of sensitivity to the behavioral effects of MK-801/PCP is complex and 
likely will be shown to be regulated by multiple genes, each of which contributes a small 
amount to this sensitivity. The deciphering of the mouse genome and the availability of 
closely spaced positional markers encourages quantitative trait loci (QTL) analyses to 
identify loci contributing to “sensitivity” and “resistance.” Based on our pharmacological 
studies, we anticipate that at least some of the genetic strain differences will reflect NMDA 
receptor subunit combinations that confer differences in binding of glutamate, glycine, and 
MK-801 as well as differences in the efficiency of coupling the binding of glutamate and 
glycine with channel opening (Deutsch et al., 1997). However, it is also likely that some of 
the differences between strains reflect their differences in metabolism, distribution, brain 
uptake or elimination of MK-801. In any event, the statistical strategies for determining 
relations between genetic loci and behavioral traits in mice might lead to the identification of 
homologous loci in the human genome conferring sensitivity to PCP-psychosis in particular, 
and psychosis and schizophrenia in general.  

Using MK-801-elicited mouse popping behavior as a behavioral outcome measure, the 
laboratory explored the ability of a variety of compounds to attenuate this behavioral effect of 
MK-801, which is a behavioral reflection of NRH in mice. Because NRH is a hypothesized 
pathophysiological mechanism of schizophrenia and PCP, a noncompetitive NMDA receptor 
antagonist, precipitates a drug-induced schizophreniform psychosis with much descriptive 
similarity to schizophrenia, compounds that attenuate MK-801-elicited mouse popping 
behavior are potential candidates for development as antipsychotic medications. Also, the 
ability of a compound that does not act at the NMDA receptor complex directly to attenuate 
an MK-801-elicited behavior may reveal important functional relationships between 
neurotransmission mediated by the NMDA receptor and other specific receptors. Thus, 
blockade of dopamine attenuates MK-801-elicited popping, consistent with the intimate 
relationship that these two neurotransmitter systems enjoy (Deutsch and Hitri, 1993). To date, 
based on an evolving preclinical literature, our laboratory has shown that the following 
compounds, which have very different pharmacological actions, attenuate MK-801-elicited 
popping behavior: inhibitors of neuronal nitric oxide synthase (i.e., 7-nitroindazole), 
topiramate, galantamine, and anabasine (Deutsch et al., 1996, 2002, 2003; Mastropaolo et al., 
2004). These findings stimulated interest in development and preliminary clinical trials of 
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these, related compounds or related medication strategies as sole or adjuvant approaches for 
the treatment of schizophrenia (Deutsch et al., 1997, 2003; Drapalski et al., 2001; Rosse et 
al., 2002). For example, topiramate is of interest because it addresses what may be 
“downstream” consequences of NRH, such as a dampening of GABAergic inhibitory 
neurotransmission and excessive stimulation of the AMPA/kainate classes of glutamate 
receptor. Topiramate is approved for use as an anticonvulsant in the pediatric population; its 
primary mechanisms of action include antagonism of excitatory amino acid receptors (e.g., 
kainate receptors) and potentiation of GABAergic neurotransmission in a manner that differs 
from that of the benzodiazepines. Galantamine is of interest because of its action as a positive 
allosteric modulator of nicotinic acetylcholine receptors; thus, galantamine would be 
expected to potentiate cholinergic neurotransmission. In addition to its action as a positive 
allosteric modulator of nicotinic acetylcholine receptors, galantamine is an inhibitor of 
acetylcholinesterase and, thus, would be expected to increase and prolong the lifetime of 
acetylcholine within the synapse. There are very exciting and provocative data suggesting 
that deficient expression of the alpha7 subtype of nicotinic acetylcholine receptor occurs in 
schizophrenia. Conceivably, galantamine could target deficits of cholinergic 
neurotransmission, such as deficient expression of the alpha7 nicotinic acetylcholine 
receptor. Because of the pathophysiological role attributed to the diminished expression of 
alpha7 nicotinic acetylcholine receptors in schizophrenia (e.g., impaired sensory inhibition 
and deficits of voluntary smooth pursuit eye movements), our laboratory examined the ability 
of anabasine, a direct acting alpha7 nicotinic acetylcholine receptor agonist, to influence MK-
801-elicited mouse popping behavior. Anabasine was able to attenuate popping behavior. 
Unfortunately, the alpha7 nicotinic acetylcholine receptor desensitizes rapidly upon exposure 
to agonist; thus, anabasine is not likely to be effective when administered chronically, which 
would be necessary in an illness like schizophrenia (Deutsch et al., 2005). However, our data 
support consideration of alpha7 nicotinic acetylcholine receptor agonist strategies that would 
not be limited by the rapid desensitization of this receptor. From a practical clinical 
perspective, our group has been conducting a pilot investigation of a strategy that combines 
galantamine, taking advantage of its property as a positive allosteric modulator of nicotinic 
acetylcholine receptors in general, with a selective alpha7 nicotinic acetylcholine receptor 
agonist in an effort to overcome the problem with receptor desensitization. Because of 
agonist-induced receptor desensitization, an alpha7 nicotinic acetylcholine receptor agonist 
could become a “functional” antagonist when administered for a chronic neuropsychiatric 
disorder. From a theoretical perspective, it is hoped that galantamine will preserve the 
receptor in a sensitive, as opposed to refractory, state and enhance the efficiency of coupling 
between the binding of the selective alpha7 nicotinic acetylcholine receptor agonist and 
channel opening. Importantly, our animal paradigm of MK-801-elicited popping behavior 
provided a compelling preclinical rationale for pursuing alpha7 nicotinic acetylcholine 
receptor agonist strategies for the treatment of schizophrenia. In fact, the MK-801-elicited 
mouse popping paradigm also provided the preclinical rational for clinical examination of 
topiramate and galantamine as sole adjuvant medication interventions (Deutsch et al., 2005). 

Our laboratory has also investigated MK-801’s ability to raise the threshold voltage for 
the elicitation of tonic hindlimb extension in mice (an antiseizure effect of the drug). This 
paradigm reflects the endogenous tone of NMDA receptor-mediated neurotransmission. 
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Moreover, we have used changes in the dose-response relation for antagonizing seizure 
elicitation with MK-801 to demonstrate the effects of environmental manipulations, 
pharmacological interventions and genetic factors on NMDA receptor-mediated 
neurotransmission. These results have immediate relevance and implications for our 
understanding of the pathophysiology of schizophrenia and development of novel 
pharmacological interventions that are not dependent directly on the selective antagonism of 
the dopamine type 2 (D2) receptor. An unexpected early finding that has been replicated 
several times is the fact that 24 hours after mice are forced to swim for up to 10 minutes in 
cold water (60C), the ability of MK-801 to antagonize electrically precipitated seizures is 
significantly reduced. These data suggest that 24 hours after exposure of mice to a profound 
stressor, fewer NMDA receptor-associated channels are in the open configuration and/or 
channel properties are changed such that MK-801 no longer binds to its site within the 
hydrophobic domain of the open channel. The latter changes could result from genetic 
expression, resulting in altered combinations of receptor subunits conferring changed 
pharmacological properties, covalent modifications of the receptor (such as changes in the 
state of phosphorylation), or changes in levels of endogenous modulators of the NMDA 
receptor (e.g., polyamines and neurosteroids), among other mechanisms. Our data support 
both possibilities: fewer channels in the open configuration and changes in channel 
properties.  

The stress-induced reduction in the ability of MK-801 to antagonize the elicitation of 
tonic hindlimb extension in mice could be a behavioral manipulation that results in NRH. In 
order to examine whether or not stress affects “functional” properties of the channel, we 
tested the ability of a series of open-channel blockers to raise the threshold voltage for the 
elicitation of tonic hindlimb extension in mice, in addition to MK-801 serving as the 
comparator control (i.e., PCP, ketamine and memantine), in nonhandled control and stressed 
mice. Interestingly, a single session of cold water swim stress reduced the antiseizure 
efficacies of MK-801 and memantine without affecting PCP and ketamine when tested 24 
hours later. Thus, there is the possibility that stress affects the charge, size and/or shape 
characteristics of the channel such that entry to the channel is “denied” to molecules sharing 
shape and charge distribution characteristics of MK-801 and memantine, whereas entry is 
permitted to molecules whose features resemble those of PCP and ketamine.  

Similar to our findings using the MK-801-elicited mouse popping paradigm, genetic 
strain differences were observed between four inbred (i.e., BALB/c, C57BL/6, AKR, and 
DBA/2) and the outbred NIH Swiss mouse strains in terms of the ability of MK-801 to 
antagonize the electrical precipitation of tonic hindlimb extension. The BALB/c strain was 
most sensitive to the antiseizure effects of MK-801. Again, the heightened sensitivity of the 
BALB/c strain could reflect a higher percentage of its NMDA-associated ionophores in the 
“active” or open configuration, compared with the other strains, or the fact that its channels 
are constructed from combinations of constituent receptor subunit polypeptides that result in 
channel domains with relatively greater affinity for MK-801. However, these differences may 
also be due, in part, to differences between strains in the peritoneal absorption (MK-801 is 
given intraperitoneally in these experiments), blood-brain barrier penetrability, 
biodistribution, metabolism or clearance of MK-801. In any event, our data suggest that 
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genetic factors contribute significantly to both seizure proneness and the ability of MK-801 
to antagonize seizure elicitation (Deutsch et al., 1998).  

Glycinergic agonist interventions have been proposed as a treatment for the presumptive 
NRH occurring in schizophrenia; it is hoped that agonists for the strychnine-insensitive 
glycine binding site on the NMDA receptor would “fine tune” or adjust the “gain” of 
deficient NMDA receptor-mediated neurotransmission. From a theoretical perspective, 
glycinergic agonist interventions would also be devoid of the potential for excitotxicity that 
directly-acting glutamatergic interventions would possess. Our laboratory has shown that the 
effectiveness of glycinergic agonist interventions for enhancing NMDA receptor-mediated 
neurotransmission is dependent on an interaction of genetic and environmental factors. 
Specifically, D-serine, a directly-acting glycine agonist, was not able to influence the dose-
response relation for MK-801’s ability to raise the threshold voltage for the elicitation of 
electrical seizures in nonhandled and stressed NIH Swiss outbred mice and nonhandled 
BALB/c genetically-inbred mice. However, D-serine and sarcosine, a glycine reuptake 
inhibitor, reduced MK-801’s antiseizure efficacy in stressed BALB/c mice, the inbred strain 
with heightened behavioral sensitivity to MK-801. Thus, in the context of acute stress (i.e., 
subjecting animals to a single session of cold water swim stress 24 hours prior to testing MK-
801’s antiseizure efficacy), the ability of glycinergic interventions to “antagonize” MK-801’s 
pharmacological-induction of NRH may be dependent on special properties of the genetic 
substrate. Even in the context of stress, D-serine was ineffective when administered to the 
NIH Swiss outbred strain, whereas glycinergic interventions were effective in stressed 
BALB/c genetically inbred mice. With respect to the heuristic value of MK-801’s ability to 
antagonize electrically-precipitated seizures, these data have two practical implications: 
firstly, the acutely stressed BALB/c mouse strain may be especially valuable for the 
identification of potentially effective glycinergic interventions and, secondly, the “NMDA 
receptor pharmacology” of the acutely stressed BALB/c mouse may inform biochemical and 
pharmacological studies of acutely exacerbated patients with schizophrenia.  

 
 

CLINICAL TRIALS OF NRH MODULATION 
 
Our group has been involved in the clinical and preclinical investigation of NMDA 

receptor hypofunction for more than a decade. This research has included investigation of 
NMDA receptor agonist interventions for schizophrenia, Alzheimer’s disease and cognitive 
function in normal subjects, including healthy elderly adults. The following briefly 
summarizes some of our studies, including purely cognitive investigations. The latter are 
relevant because they have led to the inclusion of unique cognitive tasks that may be 
sensitive to NMDA receptor agonist interventions in general. 

We conducted early trials of pharmacologic interventions designed to facilitate NMDA 
receptor-mediated neural transmission at the level of the strychnine-insensitive glycine 
binding site in patients with schizophrenia. We examined the use of high dose glycine, 
milacemide (an acylated “prodrug”of glycine that readily crosses the blood brain barrier and 
is converted to glycine in the brain), and d-cycloserine (a partial glycine agonist) as adjuvant 
medications combined with antipsychotic medications (Rosse et al., 1989, 1990, 1991, 1996). 
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None of the findings from our above mentioned studies suggested significant 
pharmacotherapeutic utility for these agents at the doses and treatment intervals studied. 
However, later studies, using higher doses of glycine and d-cycloserine than those employed 
in our studies did show some promising results (e.g., Javitt et al., 1999; Goff et al., 1999a,b). 
d-Cycloserine has been shown to improve negative symptoms of schizophrenia when 
combined with conventional neuroleptics, but it worsens negative symptoms when combined 
with the atypical antipsychotic clozapine (Goff et al., 1999a,b). It should be noted that in our 
study, d-cycloserine was given as an adjuvant to the antipsychotic medication molindone, 
which has been shown to have atypical-like antipsychotic features (e.g., Robertson et al., 
1994). In general, the literature on glycinergic interventions is mixed with some studies 
reporting favorable therapeutic effects. Clearly, dosing issues and the specific antipsychotic 
medication prescribed in combination with the NMDA receptor agonist intervention 
influence outcome. The efficacy of these interventions may also be influenced by state (e.g., 
exacerbated versus remitted state) and chronicity of illness. Finally, the domains of 
psychopathology or specific symptoms that may be sensitive to NMDA receptor agonist-
induced changes are still unclear. Nonetheless, the hypothesis is a compelling one and there 
are many additional medications that have yet to be explored.  

Additionally, we examined the effect of a tryptophan-depletion diet in patients with 
schizophrenia (Rosse et al., 1992). Tryptophan is a precursor of kynurenic acid, a naturally 
occurring antagonist that binds to the strychnine-insensitive glycine binding site on the 
NMDA receptor complex. It is also a precursor to quinolinic acid, a naturally occurring 
excitotoxin that binds to the NMDA agonist recognition site and has been implicated in the 
pathogenesis of various neurologic diseases. Thus, depletion of L-tryptophan, by virtue of its 
ability to diminish centrally available kynurenic and quinolinic acid, might have therapeutic 
benefit in patients with schizophrenia. After approximately a week on the diet, patients with 
schizophrenia revealed improved Stroop test performance, but no change in the severity of 
their symptoms. Other data confirmed the lack of clinical efficacy of tryptophan depletion 
diets in schizophrenia patients (Sharma et al., 1997).  

 
 

Cognition and Medication Trials 
 
Our group has demonstrated the effectiveness of drugs that interact with the NMDA-type 

of glutamate receptor on memory and language measures. We demonstrated in healthy young 
and older adults that administration of a glycine prodrug (milacemide) facilitated the number 
of words retrieved and decreased the latency to retrieve those words in a semantic memory 
task called word retrieval (Schwartz et al., 1991). Milacemide also improved healthy young 
and older adults’ ability to remember the source or context of previously presented 
information (Schwartz et al., 1992). Remembering source or contextual information is 
essential to declarative forms of memory such as recall and recognition. In a subsequent 
study, we observed that the partial glycine agonist, d-cycloserine, improved word retrieval 
abilities in a priming paradigm in patients with probable Alzheimer’s disease (Schwartz et al., 
1996).  
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Our group conducted an open-label investigation to evaluate the therapeutic efficacy, 
safety, and tolerability of adjuvant topiramate in 12 patients with schizophrenia and 
schizoaffective disorder (Deutsch et al., 2003; see also case report by Drapalski et al., 2001). 
An optimal dose of topiramate was determined for each of the 12 patients during a slow four-
week titration procedure. Patients were maintained on topiramate and their stable 
antipsychotic medications for eight weeks, after which topiramate was tapered and 
discontinued. Patients were followed for an additional four weeks on their stable 
antipsychotic medications. Clinical measures of efficacy (e.g., Positive and Negative 
Syndrome Scale), cognitive measures (e.g., recall and recognition, verbal fluency, word 
retrieval, Trails A and B), and safety measures (e.g., postural sway, weight) were assessed 
during four phases of the study: baseline, four weeks on adjuvant topiramate (week 4), eight 
weeks on adjuvant topiramate (week 8), and at follow-up (four weeks after topiramate was 
discontinued). The results showed that topiramate administration (average dose = 110 
mg/day) significantly decreased scores on the Positive and Negative Syndrome Scale. 
Specifically, total scores at baseline were significantly higher than total scores at week 4 and 
week 8 on topiramate. After topiramate was discontinued at follow-up, total PANSS scores 
increased compared with week 8. Scores on the negative subscale of the PANSS showed a 
similar pattern. Negative symptoms were higher at baseline relative to week 4 and marginally 
so at week 8 (P = .06). After topiramate was discontinued, negative scores at follow-up 
showed a marginally significant increase compared with those at week 8 (P = .052). For the 
general psychopathology scale, there was a significant difference between baseline and week 
8 scores, and between week 8 and follow-up scores. Topiramate did not have a significant 
effect on scores from the positive symptom subscale of the PANSS, the Quality of Life Scale, 
or the CGI scale. Adjuvant topiramate did not have global deleterious effects on cognitive 
function. Consistent with previous reports, topiramate decreased the number of words 
produced in the verbal fluency test; however, this effect was selective and reversible after the 
drug was discontinued. There was also a trend for topiramate to decrease working memory 
measured by the Letter-Number Sequencing Test in the WAIS-III (Wechsler, 1997). It is 
noteworthy, however, that topiramate did not have a detrimental effect on recall or 
recognition performance. In fact, an exploratory look at recognition d’ scores (measure of 
recognition discrimination) showed that patients’ recognition after eight weeks on topiramate 
was significantly higher than at baseline. Although topiramate was associated with decreased 
word finding, these recognition data point to the possibility that adjuvant topiramate might 
also have salutary effects on cognition in schizophrenia. Because topiramate administration 
can cause dizziness and unsteadiness, we used a measure of postural stability to assess the 
safety of topiramate. Data collected with the postural stability test revealed that topiramate 
did not increase instability or balance problems in schizophrenia patients.  

In summary, the data are provocative, supporting continued exploration of NMDA 
receptor agonist strategies for the treatment of schizophrenia. As discussed, the therapeutic 
efficacy of at least some of these interventions may be influenced by state of illness (e.g., 
exacerbated versus remitted state) and the specific antipsychotic medication that is co-
prescribed. Also, there may be discrete domains of psychopathology or specific symptoms 
that are sensitive to the therapeutic actions of NMDA receptor agonist interventions.  
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CONCLUSION 
 
The descriptive studies of the psychosis associated with PCP and the demonstration of 

stereoselective, saturable binding sites for PCP in the brain led to the unfounded suggestion 
that a competitive “PCP antagonist” would be a desirable medication strategy for the 
treatment of schizophrenia. However, in the late 1980’s, when it was shown that the PCP 
binding site was itself located within a hydrophobic channel domain of a glutamate receptor-
associated ionophore, it became apparent that a competitive “PCP antagonist” would also be 
an open-channel blocker; thus, a competitive “PCP antagonist” might also cause NRH, a 
proposed mechanism of psychosis. The NMDA receptor complex possesses several allosteric 
modulatory sites that are distinct from the agonist recognition site for glutamate, in addition 
to a binding site for glycine, the obligatory co-agonist. The existence of these sites represents 
an opportunity for the development of ligands that are capable of increasing the “potency” of 
L-glutamate for the promotion of channel opening and calcium ion conductance. 
Conceivably, positive allosteric modulatory ligands of the NMDA receptor will be developed 
as medications for treating the presumed NRH in patients with schizophrenia in a manner 
analogous to the development of benzodiazepine agonists for the treatment of anxiety, 
seizures, sleep disturbance and muscle spasticity. Benzodiazepine agonists increase the 
likelihood that GABA will be effective in promoting chloride ion conductance through its 
associated ionophore; they improve the efficiency of coupling between the binding of GABA 
and opening of the chloride ion channel. 

In the mouse, we have characterized two behaviors that result from the administration of 
MK-801 (dizocilpine), a noncompetitive NMDA receptor antagonist that causes NRH 
acutely: MK-801’s antagonism of electrically precipitated tonic hindlimb extension and 
elicitation of mouse popping behavior. Using these animal paradigms, we have shown that 
environmental stress, pharmacological interventions and genetic factors influence NMDA 
receptor-mediated neurotransmission. Importantly, these MK-801-elicited behaviors were 
used successfully to test the ability of drugs to address NRH in the intact animal. These 
interventions work to enhance NMDA receptor-mediated neurotransmission, potentiate 
GABAergic neurotransmission, and antagonize nonNMDA excitatory amino acid receptors. 
Additionally, these procedures support the clinical examination of selective alpha7 nicotinic 
acetylcholine receptor agonist interventions and inhibitors of neuronal nitric oxide synthase 
for the treatment of schizophrenia.  

It is expected that future medications for the treatment of schizophrenia will target the 
negative symptom and cognitive domains of psychopathology; they will be less dependent on the 
antagonism of dopamine for their primary pharmacological mechanism of action. The 
enhancement of NMDA receptor-mediated neurotransmission and correcting the downstream 
consequences of NRH, such as dampened GABAergic neurotransmission and excessive and 
dysregulated stimulation of nonNMDA excitatory amino acid receptors, will guide and serve as 
the rationale for many of the medication strategies that will be tested in the future. Our work over 
the past decade represents a useful interchange of experiments and information derived from the 
mouse and man.  
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ABSTRACT 
 

This author explores major evolutionary ideas related to schizophrenia, covering four 
general topics. First, the essential groundwork that justifies the application of evolutionary 
principles to psychiatric disorders is established. Second, we examine evolutionary theories 
that frame schizophrenia in its classical orientation, as a disease or accident of normal brain 
evolution. Third, theories that attribute some evolutionary advantage to schizophrenia are 
reviewed. Last, a more detailed description of our own hypothesis is presented, suggesting that 
the origins of schizophrenia may involve shamanism and group selection. 
 
 

INTRODUCTION 
 
Evolution may be framed as the study of genes through time. Researchers have typically 

ignored evolutionary perspectives related to psychiatric conditions because the crucial 
elements, genes and time, are essentially undetermined. The genetic machinations of classic 
psychiatric disorders have, thus far, been inaccessible and very few systematic psychiatric 
accounts can be found in the ancient historical record. The scarcity of necessary knowledge 
in contemporary psychiatry, however, in no way diminishes its potential importance. In 
medical ailments where the genetics and history are more completely understood such as 
sickle cell anemia, thalassemia or cystic fibrosis, evolutionary principles form an integral part 
of our comprehensive appreciation of these conditions [1-3]. Similarly, there is sufficient 
evidence that many psychiatric conditions rely on genetic instruction in addition to having 
been around since ancient times. Evolution, therefore, has almost undoubtedly played a 
prominent role in the configuration of these conditions. 
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There is almost no doubt that schizophrenia has a significant genetic basis. That 
schizophrenia tends to aggregate in certain families has long been observed. Through the 
1980’s, about a dozen major studies with rigorous methodologies confirmed these earlier 
observations [4]. Collectively, studies show that first-degree relatives of patients with 
schizophrenia have between 5 and 10 times the risk of being diagnosed compared to control 
probands [4]. Although shared environmental influences could perhaps explain familial 
aggregation of schizophrenia, adoption and twin studies implicate a substantive genetic 
component. Adoption studies demonstrate an appreciable increased risk of schizophrenia in 
biologic relatives of schizophrenic adoptees [5-7]. Twin studies support the ample role of 
genetic influence with concordance rates of about 40% in monozygotic twins compared to 
15% in dizygotic twins [8]. 

There are indications that schizophrenia may be a very old phenomenon although no 
conclusive confirmation exists beyond the last few centuries. Evans et al reviewed Ancient 
Roman and Greek texts for evidence of schizophrenia and concluded there were no identified 
cases as defined by DSM-IV [9]. However, all three authors had to be in agreement before a 
diagnosis could be registered – a method that would certainly create bias in favor of false 
negatives. The use of stringent modern criteria is perhaps inappropriate for a variety of 
reasons. Jeste et al outlined six major reasons to explain the scarcity of schizophrenia reports 
in the historical record including the use of religious rather than medical paradigms to 
explicate bizarre behaviors and the possibility that modern culture has modified the illness 
[10]. Despite these inescapable obstacles, several historical accounts of probable 
schizophrenia exist dating back to Mesopotamia [10-11]. For example, Jeste et al describe a 
woman conversing with a non-existent person who presented to a London hospital before the 
year 1189 [10]. Unfortunately, as is typical with historical descriptions, few other psychiatric 
details accompany the case and therefore a definitive diagnosis of schizophrenia cannot be 
confirmed.  

Dating schizophrenia is currently not possible although it may be attainable once the 
genetics becomes elucidated. By estimating the rate of mutational changes in DNA, 
molecular dating techniques can approximate the timing of evolutionary divergence between 
various genotypes. This, of course, is not yet possible with the classic psychiatric disorders; 
however, a possible minimum estimate for the age of schizophrenia could be about 60,000 
years when Australian aboriginals became effectively isolated from the rest of humankind 
[12]. Schizophrenia seems to cross all cultures in similar frequencies and has been found in 
Australian aboriginals and other remote populations[13-15]. This suggests that schizophrenia 
was well established before the formation of the oldest genetically isolated racial enclaves. 

Evolutionary thinking begins with Charles Darwin’s theory of natural selection, which 
explains how species change through time. One necessary component to the theory is that 
variation exists between individuals of any given species. Organisms with optimal traits 
produce the greatest number of surviving progeny resulting in “survival of the fittest”. This 
process of “natural selection” transforms species through generations and forms the basis of 
the theory of evolution. Although published almost 150 years ago, Charles Darwin’s well-
known book On the Origins of Species is still a valuable read for students of evolution [16]. 
No other single idea has transformed our ability to understand the essence of living 
organisms and therefore cannot be neglected when establishing biological based concepts.  
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In 1964, Huxley, Mayr, Osmond and Hoffer [17] were the first to unequivocally apply 
evolutionary principles to the study of schizophrenia. They identified two characteristics of 
the illness that were ostensibly incompatible with evolutionary theory. Schizophrenia’s 
considerable prevalence could not be reconciled with its below-average fecundity. In other 
words, how does schizophrenia, a genetic based phenomenon, persist if those afflicted have 
fewer progeny? Schizophrenia’s 1% prevalence is well above typical mutation rates yet 
substantially below the full-fledged ubiquity of a successful trait. Furthermore, it appears too 
discrete an entity to reflect normal variation. Huxley et al proposed that schizophrenia could 
represent a genetic polymorphism associated with both evolutionary advantageous and 
disadvantageous characteristics. The net selection pressure upon the condition would be zero, 
therefore maintaining a stable prevalence figure of 1%. Although the purported advantages 
provided by Huxley et al (resistance to shock, allergies and infection) have never been 
substantiated, the formal recognition of the “schizophrenia paradox” was a seminal 
discovery. 

Before proceeding, how axiomatic are the two primary assumptions embedded in the 
Huxley et al formulation? The first assumption, that schizophrenia represents a high-
prevalence condition appears to be valid. The incidence and prevalence of schizophrenia has 
been studied extensively throughout varied cultures [13,15] and is invariably about 1% – a 
figure clearly above typical mutation rates by a few orders of magnitude. The possibility does 
exist, however, that some yet undiscovered high frequency mutagenic phenomenon 
exclusively related to schizophrenia operates on the genotype.  

The second supposition of the Huxley et al paper – that the prevalence rate is stable and 
accompanied by reduced fecundity – is more tenuous. Over the last half-century, reduced 
fecundity in schizophrenia has undeniably been a reliable finding [18]. This difference is 
more pronounced in males. Although some of the divergence may conceivably be attributed 
to reduced fertility, the lion’s share of the disparity is likely related to fewer conjugal 
relationships and reduced marriage rates [19]. Most studies have originated in the U.S. and 
Europe although recent studies from Australia and Japan are also in agreement [20-21]. It is 
not known, however, whether these differences reflect an artifact of modern society, as no 
accurate estimates of schizophrenia’s fecundity exist beyond the last 50 years and no figures 
have ever been established from traditional societies.  

Several studies have attempted to address the question of whether schizophrenia is 
increasing, fixed or decreasing in incidence. A number of these studies reveal declines in 
incidence throughout various regions of the Western world (Australia, Denmark, England and 
Whales, Italy, Ireland, New Zealand and Scotland) while a smaller group show no 
fluctuations (Croatia, Netherlands and Parts of England) [22-25]. Several possible confounds 
exist that could give rise to these incongruous observations. Studies typically have used either 
first-admission rates or national registries with their accompanying limitations to mark the 
decline of schizophrenia [26-27]. Narrower diagnostic criteria, earlier treatment of psychosis 
and deinstitutionalization are among many factors that can alter this data through generations 
[28-29]. Thus, the question of whether the incidence of schizophrenia has changed over the 
last century remains unresolved.  
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EVOLUTIONARY THEORIES OF SCHIZOPHRENIA 
BASED ON DISEASE MODELS 

 
Evolutionary theories related to psychiatry can be broadly divided into those that view 

psychiatric conditions as adaptive and those that consider them disadvantageous byproducts 
of ordinary brain evolution. To those who frame schizophrenia as a disadvantageous 
phenotype, the condition is seen in its traditional perspective as a disorder or disease. This 
formulation makes schizophrenia analogous to an ailment such as vertebral disc herniation. 
Any advantage of bipedal locomotion is unfortunately mitigated by vulnerability toward 
herniated discs, just as schizophrenia may be an unfortunate byproduct of human brain 
evolution. In this section, we review the four best-known evolutionary theories of 
schizophrenia based on disease models. 

Among the first comprehensive attempts to understand mental illness through 
evolutionary theory was Farley’s hypothesis that schizophrenia could be an extreme variant 
of normal social behavior [30]. Noting significant variation in human social behavior, he 
conjectured that social skills must be under polygenic control. The extremes of distribution 
resulted in persons who were maladjusted, chronically over-aroused and vulnerable to 
psychotic breakdown. Symptoms such as paranoid delusions and disordered thinking would 
be considered outliers on a normal continuum. Personality disorder and psychosis would be 
the toll exacted for the benefit of adaptive social skill genes. The author acknowledged the 
most prominent flaw in his hypothesis; it “fails to explain why psychosis can so readily be 
divided into at least two major categories.” 

An assertion that schizophrenia could be an inevitable consequence of normal brain 
evolution was also put forth by Randall [31-32]. Specifically, “ abnormalities of functional 
connection between specialized areas in the human brain may underlie the symptoms which 
constitute the schizophrenia syndrome”. In this evolutionary model, novel neural pathways 
are established randomly, resulting in either advantageous “supernormal connections” or non-
adaptive “misconnections”. Randall’s conclusion; a “biological trial and error of connection 
would produce a range of behavioral variants”, including schizophrenia. Although there may 
be evidence for modified neural pathways in schizophrenia, the suggestion that neural 
misconnections occur randomly seems to deny the orderly and specific constellation of 
symptoms typically observed in any given neuropathological condition. Randall’s argument 
also does not provide a mechanism for the propagation and maintenance of pathology. 

Millar used Maclean’s concept of the triune brain to speculate on the etiology of 
schizophrenia [33]. Briefly, the triune concept proposes that the human brain contains the 
evolutionary remnants of three brains; the reptilian (upper brain stem), paleomammillary 
(limbic) and neomammillary (cortical). According to this model, each successive brain 
introduced, incorporates and modifies previous functions. Millar suggested that 
schizophrenia could reflect “some failure of integration between the limbus and the cortex”. 
Similar concepts outlining the essence of schizophrenia pathology have been formulated such 
as the “cognitive dysmetria” hypothesis of Andreason et al. [34]. Millar’s hypothesis, 
however, lacks specificity and therefore could be applied to any disease involving cortical 
function. 
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Over the last decade, Crow has developed an intricate hypothesis outlining 
schizophrenia’s possible evolutionary pathway [35-40]. A detailed updated version of the 
hypothesis and an abbreviated review have recently been published [41-42]. Crow believes 
that the origins of schizophrenia and language are intertwined – the disadvantages associated 
with psychotic illnesses are permitted to exist because they do not completely counterbalance 
the evolutionary advantages of language. He views the characteristic lateral asymmetry of 
language as an obligatory condition for optimum language development and posits that the 
reduced cerebral asymmetry perhaps associated with schizophrenia reflects a failure of 
normal brain development. As a result, Crow views schizophrenia and other psychotic 
illnesses as language problems – or more broadly as communication disorders. Mating 
characteristics of early man may have produced a sexual selection pressure that ultimately 
ushered the evolutionary development of language. Consequently, Crow predicts that the 
brain changes associated with psychosis could be on a gene in a specific homologous region 
of the X-Y chromosome. 

Crow’s intricate hypothesis, though interesting, relies on several contentious 
suppositions. First, Crow suggests that psychosis is intimately linked to language 
dysfunction. Schizophrenia can certainly be associated with disordered language but the 
condition also dramatically alters social behavior and executive functions. Furthermore, 
delusions and hallucinations are usually observed amidst normal syntax. Presumably to 
counter these sorts of criticisms; Crow has since conceptualized psychosis, not as a language 
problem per se, but, more broadly as a communication disorder. Second, to bolster the 
assertion that schizophrenia and language evolved rapidly perhaps on a single gene, Crow 
utilizes the controversial evolutionary theory of punctuated equilibria – Elridge and Gould’s 
idea that evolution sometimes proceeds at an uncharacteristically velocious rate at speciation 
[43]. Language, however, may perhaps be one of the most malapropos candidates to be 
associated with such a theory. This reasoning appears to disregard observations of symbol 
use in primates and other compelling evidence indicating language probably evolved 
gradually over several million years [44-45]. Third, Crow’s formulation seems to rely on a 
continuum model of psychosis, suggesting that schizophrenia and bipolar disorder share a 
common etiology. Without knowing the inner workings of each corresponding disorder, a 
“continuum” model means nothing more than identifying similarities between two 
conditions. Kraepelin’s categorical model of psychosis is supported by family studies and 
therefore implicates two disparate entities, albeit with some phenotypic similarity. 

 
 

PSYCHIATRIC CONDITIONS 
AS EVOLUTIONARY ADVANTAGEOUS PHENOTYPES 

 
Introduction  

 
Evolutionary Psychology 

Evolutionary Psychology is a recent scientific perspective developed by authors such as 
Leda Cosmides, John Tooby and Jerome Barkow. The belief that human behavior and 
cognition can be better appreciated through understanding evolution is fundamental to the 
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field. The specific cognitive capacities of human brains are seen to reflect specialized 
adaptations to the environmental challenges of ancient hunting and gathering societies during 
the Pleistocene period. This is not a trivial idea – “to propose a psychological concept that is 
incompatible with evolutionary biology is as problematic as proposing a chemical reaction 
that violates the laws of physics” [46]. Evolutionary psychologists view the brain as a myriad 
of “cognitive modules”, each a remnant adaptation to particular problems faced in the 
Pleistocene environment. In other words, natural selection would have produced a variety of 
mental rules specialized to contend with a diversity of evolutionary domains such as 
“cooperation, aggressive threat, parenting, disease avoidance, object permanence, and object 
movement” [46]. 

The essential evolutionary developments that characterize modern man are mostly in the 
cognitive-behavioral domain as opposed to physical transformations. Because Homo sapiens 
have not appreciably evolved over the last 50,000-100,000 years, almost every extant human 
adaptive trait has arisen or been modified during the Pleistocene period when hunting and 
gathering cultures prevailed. An intimate knowledge of hunting and gathering societies can 
therefore help elucidate early man’s environmental challenges and their corresponding 
cognitive-behavioral adaptations. Identifying universal characteristics between diverse 
cultures generates a list of candidate adaptations [47]. Of course, not all universal behaviors 
reflect genotypic adaptation. The use of fire, for example, is so undeniably useful that no 
genetic blueprint is necessary to maintain the practice. In contrast, other universal human 
traits such as shame, envy or sexual jealousy are, for the most part, invoked reflexively and 
typically lack obvious or immediate rewards – therefore, their presence likely requires 
appreciable genetic input. Another group of human universals such as humor, music, dance, 
play and perhaps certain psychiatric conditions are more enigmatic and not so easily 
categorized. At the very least, the potential exists that they could reflect adaptive genotypes.  

In the context of modern society and its strict demands on conformity and reliability, 
psychiatric conditions can truly seem aberrant. To fully understand the possible beneficial 
role of psychiatric symptoms, one must appreciate how they manifest themselves in 
traditional hunting and gathering societies. Up until the middle of the 20th century, a few 
hunting and gathering cultures such as the !Kung, Mbuti Pygmies and Yanomamo had not 
been tainted by the idiosyncrasies of modern culture and therefore their study provided 
insight into the natural environment that shaped Homo sapiens’ physical, behavioral and 
cognitive adaptations. Unfortunately, there is a paucity of psychiatric-style descriptions in the 
original accounts of pioneering anthropologists who first studied these isolated tribes. Thus, 
many potentially valid ideas related to the possible adaptive qualities of psychiatric 
conditions are not supported by comprehensive documentation.  

 
Are Some Psychiatric Conditions Better Represented as Phenotypes Instead 
of Diseases?  

The application of evolutionary principles to mental illness perforce prompts researchers 
to consider potential inherent benefits associated with psychiatric disorders and perhaps 
discard classic disease models with their implications of broken machinery of the mind. 
Although Huxley et al, in their landmark paper, were the first to effectively question the 
classic disease model of schizophrenia, others have since extended the challenge to other 
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psychiatric conditions. Daniel R. Wilson has focused on the implications of evolutionary 
theory to psychiatric epidemiology, suggesting natural selection may have propagated and 
shaped bipolar disorder, depression, panic disorder, obsessive-compulsive disorder, 
sociopathy and dyslexia [48]. Wilson uses the Hardy-Weinberg equation to estimate, for 
example, that bipolar disorder is three hundred times more common than it should be if the 
forces of natural selection were inconsequential [49]. Even using conservative parameters, 
the calculation for schizophrenia yields a similar result.  

Another challenge to classic psychiatric disease models involves the example of primary 
compulsions in obsessive-compulsive disorder (OCD). Checking, washing, counting, needing 
to confess, requiring precision and hoarding are the six most common compulsions [50] and 
each one is compelling in its ability to have a potential useful function – especially in hunting 
and gathering societies [51]. In contrast, veritable pathologies such as stroke, head injury or 
Trisomy 21 are hardly ever accompanied by symptoms that could conceivably be candidates 
for utilitarian purposes. Other theories have espoused the potential adaptive qualities of 
depression, panic disorder, OCD, social phobia, bipolar disorder and attention deficit disorder 
[52-53]. These disorders are prime candidates for evolutionary study because each one seems 
genetically bound and simultaneously possesses appreciable prevalence. Paradoxically, 
schizophrenia, which has been the most intensely studied psychopathology from an 
evolutionary perspective, may be the least obvious candidate for possessing some useful 
function. 

The boundary between adaptive phenotype and disease can be indistinct and neither 
definition exclusively precludes the other. For example, dwarfism can be associated with 
hypopituitarism and this would undoubtedly reflect a non-adaptive bodily malfunction. 
However, dwarfism associated with African Pygmies seems to be an evolutionary adaptation 
to the specific challenges of a densely forested environment [54]. Evidence suggests that 
African Pygmies possess reduced numbers of growth hormone receptors in bodily tissues, 
however these phenotypic deficits do not truly reflect a disease state [55]. In a similar vein, 
the erythrocyte-sickling characteristic of sickle cell anemia increases natural mortality but 
simultaneously protects against malaria [56]. 

 
Is Schizophrenia a Disease? 

Schizophrenia is clearly a mental disorder with little adaptive benefit to the individual in 
Western culture, however, no conclusive evidence exists that it is a veritable disease process. 
Although modern technology has shown neurophysiologic and neuroanatomical differences 
between groups of patients with schizophrenia and controls, no specific pathological trait or 
mechanism has yet been delineated. Gliosis and other typical markers of degenerative 
pathology are conspicuously absent. Furthermore, the multitude of diverse symptoms 
seemingly implicates some sort of indiscriminant cerebral breakdown, yet schizophrenia is 
accompanied by a paucity of sensory findings and modest effects on motor systems. 

Veritable disease states such as delirium, dementia or temporal lobe epilepsy can share 
with schizophrenia such symptoms as hallucinations and paranoid delusions. This fact may 
be the most bothersome for non-disease models of psychosis, although two plausible 
explanations exist. First, an adaptive behavior can sometimes reflect a pathological process if 
it is invoked at inopportune times. The act of vomiting, for example, is an adaptive behavior 
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that expels toxins and infectious elements from the body; however, when caused by a brain 
tumor it represents pathology. The second explanation relates to the general misconception 
that evolution spawns near-perfect designs. Although the process of evolution has a 
remarkable ability to originate complex and effective adaptations, ordinarily this is due to 
tens or hundreds of millions of years of evolutionary “tinkering”. Evolutionary designs with 
unquestionable deficiencies do exist and are generally due to peculiar historical restraints of 
defined evolutionary paths. One example is the inessential circuitous route of the laryngeal 
nerve, whose demarcation is owed to particular transitional steps in the phylogenetic history 
of the circulatory and nervous systems. Returning to the Pygmy example, a deficit-state such 
as short stature can be an evolutionary adaptation instead of a disease. If omitting some 
biological function were adaptive, this would be far more expeditious and therefore probable, 
compared to the rarity of creating some de novo biological structure. Thus, hallucinations and 
delusions could be due to some physiological deficit but this does not automatically preclude 
them from being adaptive in other contexts.  

Even if schizophrenia were not accompanied by reduced fecundity, it would still be a 
perplexing disease from an evolutionary perspective. The problem lies in schizophrenia’s 
relatively high prevalence compared to other diseases known to disable young adults. 
Catastrophic high-prevalence ailments are much more common in the very young where no 
significant resource investment has been realized and older people who are evolutionarily 
dispensable. No organ system is, of course, exempt from low-frequency diseases. This is 
because no appreciable selective pressure exists to produce, for example, a flawless heart or 
kidney. In this respect, propagating biological organisms are akin to manufacturing 
vendibles. Any factory can easily throw out 1 in a thousand widgets without appreciably 
affecting overall productivity. It would make no sense to invest an enormous effort 
overhauling a factory to achieve a completely foolproof assembly line. But what if one in ten 
widgets were defective? Would it then be cost-effective to refurbish the manufacturing 
process? Getting back to nature, genetic based diseases causing meaningful disability in 
young adults don’t seem to exist at prevalence rates approaching 1%. As a general 
observation, mammalian organ systems are not usually so shabbily assembled as to require 
the scrapping of 1 in 100 young adult “widgets”. This is just one more reason to contemplate 
possible advantages associated with psychotic conditions. 

 
 

The Major Evolutionary Theories of Schizophrenia Positing Evolutionary 
Advantages 

 
Theories positing the evolutionary advantages of schizophrenia typically focus on 1 of 3 

vehicles of selection: individual, kin, or group. Evolutionary adaptation primarily functions at 
the level of the individual. In other words, individuals compete with each other, with those 
being most “fit” surviving and populating the next generation with their progeny. Although 
typically less prominent than individual adaptation, evolutionary competition can occur 
among other sets such as families or groups. In certain circumstances, a trait disadvantageous 
to the individual, such as altruism, can exist if the associated kin or corresponding group 
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derives benefit. In humans, competition between tribes presumably resulted in group-level 
adaptations. Thus, individuals, kin or tribes can be the beneficiaries of adaptive traits.  

 
Individual Advantages  

There are only two hypotheses suggesting that some advantage resides inside the 
individual with schizophrenia that counterbalances its disadvantages – both hypotheses are 
more for historical interest. The Huxley et al paper has already been introduced. The second 
hypothesis was formulated by J.M. Kellet in 1973 [57]. It suggested that characteristics 
associated with schizophrenia could have helped early man’s territorial instincts, whereas 
affective disorders would have assisted negotiating hierarchal tensions. Schizophrenia traits, 
such as inventiveness and the ability to tolerate low levels of stimulation while remaining 
alert, would have been advantageous to territorial animals. Kellet’s hypothesis, however, 
addresses only a small component of schizophrenia, providing no evolutionary explanation 
for psychotic symptoms. Further, the social structure of Homo sapiens lineages is better 
characterized as hierarchal instead of territorial. 

 
Advantages to Kin  

There have been three major hypotheses suggesting that relatives of patients with 
schizophrenia are the ones that accrue the evolutionary advantages associated with the 
illness. Studies by Karlsson found superior academic success among relatives of patients with 
schizophrenia [58]. Accessing records from Iceland’s stable population and using diverse 
methods to measure creative intelligence strengthened confidence in the results. Karlsson 
explain his results using the balanced polymorphism model – suggesting that creative 
relatives of schizophrenia patients are super-adaptive heterozygotes. Although not an 
evolutionary hypothesis per se, Karlsson’s work could perhaps explain the persistence of the 
schizophrenia genotype.  

The relationship between insanity and exceptional ability, in afflicted individuals or their 
relatives, has been a frequent theme through history and in Western culture dates back to 
Aristotle [59]. Several remarkable personal accounts are known – Isaac Newton became 
psychotic at age 51 years, and Albert Einstein’s son was diagnosed with schizophrenia [60-
61]. Other notable examples include Nobel laureate John Nash, who developed schizophrenia 
in his early 30’s and Bertrand Russell, who apparently had several relatives with 
schizophrenia. Perhaps, a more convincing connection exists with affective disorders [62]. 
One recent review suggested little evidence exists to link creativity and mental illness [59]. 
However, the author failed to fully appreciate the discernible bias against making a 
connection – historical references to mental illness will always be underreported while 
achievements are without exception widely recognized. The author dismissed even reputable 
work such as Karlsson’s Icelandic study solely because it was of retrospective design. 
Furthermore, if psychiatric conditions were responsible for only a fraction of all 
demonstrations of creativity, proving an association would be difficult. 

Allen and Sarich [63] postulated that the “ schizophrenia advantage is in the somewhat 
touchy relationship between an individual and his culture and society”. Using the balanced 
polymorphism argument, overt schizophrenia or having no genetic loading for schizophrenia 
would be non-adaptive. Asymtomatic heterozygotes, perhaps 5%, with some genetic loading 
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for schizophrenia would possess survival advantages by being able to resist the “ shared 
biases and misconceptions of the group”. In other words, conforming would not always be 
advantageous to the individual. The integrity of the group could sustain some betrayal if there 
were few non-conformists. Allen and Sarich emphasize their hypothesis explains why 
schizophrenia appears to demonstrate greater prevalence in industrial societies – complex 
societies can tolerate, sustain and even flourish when some persons possess a greater sense of 
individuality.  

Horrobin [64-65] developed an interesting hypothesis relating neuronal membrane 
phosholipid metabolism to the evolutionary cerebral changes that created man. Over the last 
2 million years, the seemingly greater availability of some essential fatty acids (arachidonic 
acid and docosahexaenoic acid) combined with phosholipase mutations could have resulted 
in enhanced neuronal microconnectivity. Amplification of neural connections would generate 
superior creativity manifested in a variety of ways including schizophrenia, dyslexia and 
manic-depression. Growing evidence of cerebral phospholipid dysregulation in schizophrenia 
supports the pathophysiological aspect of this hypothesis. Horrobin emphasizes the possible 
connection between bipolar disorder and schizophrenia, suggesting psychosis manifests 
attributes that could have been helpful to early man and is frequently observed to lesser 
degrees in relatives. For example, mania induces dynamic energy while paranoia results in 
prudence. Citing Karlsson’s work, close relatives of psychotic individuals may have accrued 
evolutionary advantages through enhanced creativity – a trait that has now permeated all 
people. Horrobin concluded these neuropsychiatric conditions reflect the foundations of 
man’s creativity. 

All kin selection theories of schizophrenia figure that schizophrenia is a disadvantaged 
phenotype accompanied by low fecundity and that the illness exists because it is evolutionary 
counterbalanced by exceptional relatives who possess increased fecundity. Although relatives 
of patients with schizophrenia could perhaps possess special abilities, it is yet undetermined 
whether these presumed advantages translate to increased fecundity of a magnitude that 
completely countervails the presumed disadvantages of schizophrenia. A few studies with 
limited numbers have shown increased fecundity in first-degree relatives but a recent large-
scale Finnish study could not establish appreciable differences [66-69]. Nevertheless, as 
previously mentioned, contemporary fecundity rates may not necessarily reflect those of 
yesteryear. Another potential pitfall with kin selection theories lies with the balanced 
polymorphism paradigm. There appear to be few proven cases of balanced polymorphism in 
nature, presumably because it is not an ideal mechanism for adaptation. The typical examples 
of balanced polymorphisms in humans, such as sickle cell anemia, Tay-Sachs disease and 
cystic fibrosis may just be imperfect stopgap measures to counter the abrupt outbreak of 
pernicious infectious agents [70-72]. Having said this, schizophrenia could perhaps be a 
befitting example of an imperfect evolutionary adaptation.   

 
Group Advantages 

The concept of group selection has an intriguing history – being belittled, disparaged and 
even ridiculed by evolutionary scientists. Particularly in the 1970’s and 80’s, to believe in 
group selection was analogous to admitting to other biologists that one didn’t fully 
understand how evolution worked. Evolutionary theorists were constrained to invoke either 
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individual selection or kin selection models – no matter how inapplicable or contorted the 
logic. The near complete dismissal of the idea for so long is a testament to how dogmatic and 
unquestioning the culture of science can be. In 1994, Wilson and Sober’s seminal paper, 
“Reintroducing group selection to the human behavioral sciences” clarified the concept and 
established group selection as a plausible evolutionary mechanism to explain certain human 
cognitive-behavioral traits [73]. To those perhaps interested in the topic, the history of the 
group selection controversy is briefly reviewed in Sober and Wilson’s, “Unto Others – the 
evolution and psychology of unselfish behavior” [74]. 

Stevens and Price were the first to consider the evolutionary mechanism of group 
selection to explain the schizophrenia phenotype although their model does not exclude the 
possible influence of individual and kin selection [53,75]. Their group splitting hypothesis 
presumes that proliferating tribal communities must eventually split to maintain optimum 
numbers. Schizotypal traits in certain prominent individuals may be necessary to ensure 
survival of the offshoot group. Stevens and Price argue that schizotypal traits are frequently 
found in charismatic leaders; namely Adolph Hitler, Joan of Arc, and Charles Manson. These 
shaman-like individuals use paranoia, delusions, religious themes and even neologisms, to 
fraction disaffected individuals and form new groups. They propose that this type of 
leadership is essentially altruistic and thus maintained by group selection.  

Polimeni and Reiss, unaware of the work of Stevens and Price, developed a similar 
hypothesis although with a distinctly different emphasis – schizophrenia represents a once-
adaptive vestigial phenotype that facilitated spiritual rituals conducted by shamans in hunting 
and gathering societies [76-77]. In our formulation, spirituality and religion are adaptive 
functions propagated by psychosis-prone shamans. We also question the classic disease 
model of schizophrenia and view psychosis-prone shamans as group-level adaptive 
specialists. Analogous to the polyethism of honeybee colonies, schizophrenia could be the 
most convincing example of behavioral specialization in humans [78]. The two major 
cornerstones of this hypothesis involve a familiarity with the concepts of group selection and 
shamanism. In the next section, we review the precursory ideas that led us to this seemingly 
unusual conclusion. 

 
 

A Closer Look at Group Selection and Shamanism  
 

Group Selection 
Group selected traits exist because they provide some advantage to delimited groups of 

living organisms competing with other similar groups. The quintessential group selected 
creatures are ants, bees, wasps and termites. The level of social cooperation in these creatures 
is astounding and has translated into significant dominance compared to solitary insects 
occupying similar environmental niches – eusocial insects constitute half of all living insects 
while only representing 2% of the total number of insect species [79]. The Darwinian benefits 
of group-selected traits are formidable – so much so that they more than counterbalance the 
disadvantages created for the individual. The integrity of the group becomes so important that 
expelled individuals are unable to survive and procreate on their own. Consequently, the 
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colony takes on the characteristic of a self-sustaining organism – sometimes described as a 
superorganism.  

Animals that compete in groups tend to share a set of qualities not readily observed in 
solitary creatures. Whether a particular trait is best explained by individual, kin or group 
selection can be scientifically debated, however, the existence of three evolutionary traits – 
task specialization (also known as division of labor), complex communication and altruism 
cannot be satisfactorily explained by individual models of selection. Furthermore, these traits 
are never prominently observed in animals that don’t live in close-knit groups. Task 
specialization is a very prominent trait of eusocial insects. Leafcutter ants, for example, are 
divided into a number of castes such as foraging workers, gardeners, and soldiers [79]. An 
example of complex communication is the waggle dance of honeybees. Compared to the 
behavioral repertoire of solitary insects, waggle dances represent a form of communication 
unprecedented in complexity – only the communication observed in a few mammals is more 
sophisticated. As for altruism, soldier ants that risk their lives to protect others or the 
presence of sterile worker castes in honeybee colonies are two well-known examples.  

Extreme genotypic variability within a species is rare. For example, all frogs of the same 
species tend to be anatomically and behaviorally similar. Genetic variation does exist but 
typically on a narrow spectrum. Uniform selection pressures tend to homogenize individuals 
– optimum traits get selected with the greatest frequency . In contrast, group-selected traits 
can be sizably divergent. For example, some soldier ants can be 300 times heavier than 
gardener workers of the same species [79]. In addition to anatomical differences, these 
soldier ants behave differently than their more docile counterparts. The propagation of task 
specialists seems to be both genetically and environmentally determined [80-81]. It  now  
appears that group level specialization may not be exclusive to insects. In South African 
mole-rat colonies, two separate castes of breeding females with clear morphological 
distinctions have recently been discovered [82]. 

Human beings are similar to eusocial insects in many ways. The various primate 
ancestors of Homo sapiens have lived in distinct groups for millions of years. Human beings 
and eusocial insects share several phenotypic traits inadequately explained by mechanisms of 
individual selection [83]. Examples include, altruism, complex communication, a 
predisposition for organized warfare and hierarchal social structure. For man, the list of traits 
poorly explained by individual selection could be extended to incorporate religion[84], ritual, 
humor and music. Thus, the evolutionary forces of group selection may have shaped the 
development of many cognitive skills. 

The genetics of group selection are essentially unknown. Task specialists could 
conceivably be maintained by two types of balanced polymorphism – specifically, 
heterozygote advantage and assortative mating.  Using the sickle-cell anemia example, 
heterozygote advantage could maintain individually disadvantageous traits in the 
corresponding homozygotes. If the individually disadvantageous trait was altruistic, it would 
be a group-selected trait ipso facto. Thus, a group selection evolutionary mechanism can 
work synergistically with a kin selection paradigm. As for assortative mating, Wilson and 
Dugatkin write, “Assortative interactions can generate highly nonrandom variation among 
groups, favoring the evolution of altruism and other group level adaptations among 
genealogically unrelated individuals” [85]. An example would be altruists having a 
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predilection to mate with other non-related altruists and generating a subset of group-selected 
altruistic individuals. Although generally not the focus of psychiatric epidemiological studies, 
evidence for assortative mating in psychiatric disorders, including schizophrenia, does exist 
[86-87]. 

 
Shamanism  

Shamans are believed to possess spiritual powers resulting in the ability to heal others 
and communicate with the world beyond. Various forms of shamanism appear to have been 
universally present in all hunting and gathering societies. Defining characteristics are 
controversial; some authors emphasizing the presence of voluntary trances while others 
noting involuntary ‘spirit possession” as essential [88-89]. Psychotic-like experiences 
ostensibly seem to be a salient feature of shamanism as is evident in Michael Winkelman’s 
succinct, yet comprehensive, description[91]:  

 
“Shamans are selected and trained through a variety of procedures and auguries, 

including having had involuntary visions, having received signs from spirits, having 
experienced serious illness, having deliberately undertaken vision quests, and having induced 
trance states through a variety of procedures, such as hallucinogens, fasting and water 
deprivation, exposure to temperature extremes, extensive exercise (e.g., dancing and long 
distance running), various austerities, sleep deprivation, auditory stimuli (e.g. drumming and 
chanting), and social as well as sensory deprivation. Their trance states are generally labeled 
as involving soul flight, journeys to the underworld, and/or transformation into animals.”(p. 
19) 
 
It is believed that shamanism is at least 20,000 years old and was universally present in 

all traditional hunting and gathering groups. In complex societies, shamanism evolved into 
societal roles such as medicine man, diviner, witch doctor, medium and healer. These terms 
are sometimes classified under the general description, magicoreligous practitioner. An 
analysis of 47 societies throughout the world since 1750 BC revealed that all possessed some 
form of trance-based magicoreligious practitioner [92]. Therefore, a genetic role in 
shamanistic behavior must be considered. 

The possible connection between shamanism and veritable psychosis has been 
controversial with a spectrum of varied opinions offered by those studying the topic. 
Numerous examples exist of shamans experiencing undeniable psychotic episodes. One of 
the earliest descriptions of shamanism from a Russian 19[th] century account says, “ He who 
is to become a shaman begins to rage like a raving madman. He suddenly utters incoherent 
words, falls unconscious, runs through the forests, lives on the bark of trees, throws himself 
into fire and water, lays hold on weapons and wounds himself, in such wise that his family is 
obliged to keep watch on him. By these signs it is recognized that he will become a 
shaman”(Mikhailovsky quoted in Ackerknecht) [93]. Silverman was the first to make a 
detailed analytical comparison of psychological function between acute schizophrenia and 
shamanism [94]. He found little difference in several “core psychological factors” but noted a 
significant contrast in cultural acceptance of aberrant behaviors. Silverman argued that the 
stigma and futility of mental illness in Western cultures exacerbates psychotic symptoms.  
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Other anthropologists oppose the idea that psychosis is an integral part of shamanism. 
For example, Murphy asserted that the Yupik word nuthkavihak meaning “being crazy” was 
not used to describe any of 18 shamans in a Yupik village during fieldwork in 1954-55 [95]. 
However, Murphy may have only distinguished severe psychosis from its milder forms. A 
recent analysis of “folk healers” from Indonesian island of Bali found evidence for “initiatory 
madness” resembling schizophrenia in 18 of 108 [96]. The authors concluded that the 
phenomenon of psychosis was distinct from shamanism. However, considering these subjects 
have “priestly functions”, the comparison to veritable shamanism may not be entirely 
appropriate. Besides, a prevalence figure of psychosis in 17% is not trivial and warrants 
explanation. 

We believe that some of the phenotypic discrepancies between traditional shamanism 
and classic Western psychosis can be reconciled. As Silverman first suggested in 1967, it is 
certainly possible that the framework of modern society somehow exacerbates psychosis in 
some unforeseen way [94]. That schizophrenia follows a more severe course in industrialized 
cultures has been consistently observed although the reasons have not been satisfactorily 
established [13]. Complex behaviors do not evolve independent of culture – even ones with 
presumably strong genetic underpinnings. Marked differences in culture can dramatically 
alter fundamental human behaviors. The varied expression of anger and violence seen in 
different cultures is just one example. 

Perhaps the greatest discrepancy between shamanism and psychosis is that psychosis is 
viewed as an involuntary experience while shamanistic experiences are considered voluntary 
or “trance-like”. Some human behaviors, however, straddle the spectrum between voluntary 
and involuntary control. For example, penile erections can be voluntary or involuntary 
depending on a number of factors such as age, hormone levels, cultural cues, emotional state 
and cognitive approach. As for psychosis, a Yanomamo shaman’s testimony highlights the 
indistinct margin between voluntary and involuntary hallucinations[97], “After I became a 
young man, everything in the jungle talked to me…I kept remembering my mother’s words: 
As you learn to control them, they will stop scaring you. How right she was.”  

Epidemiological characteristics of schizophrenia are generally similar to the basic 
demographics of shamanism. For example, the onset of schizophrenia in young adulthood 
and the intensification of symptoms during stressful periods parallels shamanism. The gender 
bias of males being affected more severely than females is also consistent. Both phenomena 
seem to share a marked predisposition towards experimentation with psychoactive 
substances. Schizophrenic patients, for example, abuse many psychoactive substances such as 
caffeine, cigarettes, alcohol and marijuana significantly above community norms [98-99]. 
The diversity of substances abused makes it difficult to explain the behavior by some very 
specific neuropsychiatric mechanism. Similar to shamanism, the desire to experience any 
altered state-of-mind may be the most parsimonious explanation for psychoactive substance 
use in schizophrenia. Lastly, schizophrenia’s 1% prevalence corresponds well to tribal 
population densities. Since the average size of hunting and gathering tribes is typically 150-
180 individuals [100], a tribe would usually be ensured one psychosis-prone shaman. 

Religion appears to have meaningful connections to both shamanism and psychosis, thus 
supporting the notion that all three phenomena could have common origins. When studied, 
religious delusions reveal themselves to be a common feature of schizophrenia. For example, 
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one study found significant religious delusions or hallucinations in 15 of 20 schizophrenic 
patients retrospectively sampled from a state hospital in Hawaii [101]. Another study 
comparing symptoms of schizophrenia among African cultures, found religious delusions in 
over 60% of subjects [102]. Similarly, a Greek study showed religious or magical delusions 
in 56% of schizophrenic patients sampled [103].  

In the anthropological record, evidence of religion, along with art, emerges between 
30,000-60,000 years ago [104]. The religions of large complex societies have taken a slightly 
different form compared to hunting and gathering societies. In the latter, concerns about 
possession or magical spirits are almost universal. A belief in non-physical beings appears to 
be the most common feature of all religions [105]. Another frequent theme is the assumption 
that certain people are especially likely to receive supernatural messages from gods or spirits. 
Two essential points may be derived from these universal findings: 1) religious thoughts 
resemble some forms of psychosis, and 2) the ubiquity of specific religious cognitive 
paradigms imparts a potential genetic etiology upon religion. In fact, studies on religious 
attitudes among monozygotic and dizygotic twins suggest that about 50% of the variation in 
religious personality is under genetic influence [106]. 

Experiences of religious exaltation and shamanistic psychosis are comparable and both 
can be enhanced by hallucinogens. Shamans typically foster hallucinations and trance-like 
states through a variety of hallucinogenic plants such as Peyote or the mushroom, Amanita 
muscaria. A myriad of substances can be found in hallucinogenic plants although psilocyban 
and mescaline are common ingredients. Both these substances can induce hallucinations in 
non-psychiatric subjects. Neuroreceptors such as GABA, serotonin and dopamine are posited 
to be of critical importance in both schizophrenia and chemically induced hallucinations. 
Although less prominent in the major contemporary religions, hallucinogens have a history of 
being used to achieve ecstatic religious experiences [106]. In Pahnke’s famous “Good Friday 
experiment” conducted in 1962, a hallucinogenic substance was able to intensify mystical 
feelings in almost all experimental subjects [107]. In a double-blind placebo controlled study, 
measures of mystical experience were assessed in two groups: ten males received the 
hallucinogen psilocyban and ten males received placebo. The conclusions were that when 
used by religiously inclined individuals in a religious setting, psilocyban helped facilitate 
mystical experiences [107]. Along these lines, a recent PET study implicated the Serotonin 
1A receptor in spiritual experiences [108]. For a review of the possible neural substrates of 
religious experience, see Saver and Rabin [109].  

Rituals are an integral part of all cultures and a fundamental activity of both religion and 
shamanism. In his book Religions Explained[110], Pascal Boyer states, “In most human 
groups people have all sorts of rituals but no good explanation of why they should be 
performed”. Given the amount of time dedicated to ritual by every culture, an adaptive 
function must be considered. Rituals generally involve the entire relevant group and are 
typically conducted around life’s major events such as birth, marriage, death, spiritual 
dealings or procurement of sustenance. It is certainly possible that the critical adaptive 
function of ritual was to foster group cohesion in hunting and gathering societies.  

But how do rituals get started and how are they maintained? LaBarre claims, “Every 
religion in historic fact, began in one man’s “revelation” – his dream or fugue or ecstatic 
trance” [106]. Similarly, in ancient hunting and gathering societies, shamans would be the 
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ones to spearhead spiritual rituals. 
To summarize our hypothesis; schizophrenia is viewed as a vestigial phenotype that 

possesses several adaptive features for hunting and gathering societies. The phenomena 
known to us, as schizophrenia, would have generated shamans for hunting and gathering 
tribes through a group selection evolutionary process. Shamanism could perhaps be the most 
compelling example of cognitive-behavioral task specialization in human beings – analogous 
to task specialization in honeybees and ants. The primary function of shamanism would be to 
spearhead magicoreligious rituals. The adaptive function of spiritual rituals would be to 
homogenize tribal opinion around enigmatic events and foster group cohesion.  

In this context, positive symptoms of schizophrenia become evolutionarily beneficial. 
Delusional or hallucinatory experiences frequently contain magicoreligious or paranoid 
themes – abstractions of potential importance to hunting and gathering tribes. The dramatic 
and inscrutable quality of psychotic experiences would cast an indelible impression upon 
others, thereby reinforcing the notion of unfathomable supernatural forces. The looseness of 
associations typically observed in psychosis could generate possible creative solutions at 
times when the integrity of the tribe was critically challenged. Paranoid ideation has its own 
group-selected advantages. In the anthropological literature, there are examples of paranoid 
ideation in specific individuals facilitating unprovoked warring raids upon neighboring tribes 
[97,111]. Although unjustified and horribly brutal, these surprise attacks may nonetheless be 
an adaptive survival strategy for attacking tribes.  

Negative symptoms of schizophrenia such as social withdrawal, avolition and alogia 
would erode basic human qualities, thereby giving credence to the belief that the afflicted 
individual was truly a vehicle of supernatural phenomena. Poverty of thought, a pervasive 
feature of schizophrenia, could attenuate logical analyses of discrepant information and 
facilitate delusional thinking. 

 
 

CONCLUSION 
 
Darwin was prescient regarding the possible importance of evolutionary theory to mental 

conditions [16]: 
 

“In the distant future I see open fields for far more important researches. Psychology will 
be based on a new foundation, that of the necessary acquirement of each mental power and 
capacity by gradation. Light will be thrown on origin of man and his history.”(Origin of the 
Species, 1859) 
 
Evolutionary principles could be relevant to schizophrenia due to its presumed genetic 

basis and supposed long history. Although neglected prior to the 1960’s, a number of 
evolutionary based hypotheses have since emerged speculating on the possible origins of 
schizophrenia. Incorporating evolutionary perspectives can only enhance our understanding 
of schizophrenia. 
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ABSTRACT 
 
 

One of the key features of schizophrenia is the inability to filter out irrelevant stimuli 
which consequently leads to stimulus overload. There are different paradigms which aim at 
investigating these deficient filter mechanisms; one of these is latent inhibition (LI). LI refers 
to the retardation of associative learning that normally occurs when the to-be-conditioned 
stimulus (CS) is previously preexposed without reinforcement. It is based on a form of 
selective attention and reflects the ability of normal individuals to ignore irrelevant external 
and internal stimuli. In schizophrenia, the LI effect is disrupted. This LI disruption is due to 
faster learning of the CS-US (unconditioned stimulus) association which results in better 
performance of preexposed schizophrenic subjects compared to healthy controls. Because of 
this, attenuated LI has become an important tool to model cognitive and attentional deficits in 
schizophrenia. 

In recent studies a newly developed visual learned irrelevance (LIrr) paradigm has been 
applied. Learned irrelevance is yet another attentional paradigm related to latent inhibition. In 
contrast to LI, in a LIrr test procedure both the CS and the US are preexposed in an unrelated 
manner. LIrr has been shown to retard associative learning even more than LI.  
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In the following chapter the advantages of LI and LIrr, respectively, in schizophrenia 
research are discussed. Moreover, the differences between the currently applied LI paradigms 
will be presented as well as the LI modulations in healthy controls, first-episode and chronic 
schizophrenia patients. 
 
 

INTRODUCTION 
 

The Core Symptoms of Schizophrenia 
 
Schizophrenia is a very heterogeneous disorder encompassing a variety of different 

symptoms. These are usually clustered in positive and negative symptoms as well as several 
cognitive dysfunctions. Cognitive deficits are core symptoms of schizophrenia and serve as 
specific markers of that disorder. There are various cognitive functions, such as memory, 
learning, planning and attention, an impairment of which results in the reduced ability to cope 
with everyday life. The cognitive deficits thought to be the most central to schizophrenia are 
information processing and attention abnormalities (1-4). 

 
 

Information Processing and Attentional Deficits  
 
Disturbances in attention and pre-attentive information processing are considered to be 

key features of schizophrenia (1) and are hypothesized to be strongly associated with its 
clinical and functional impairments (5-7). Because of these deficits, schizophrenics cannot 
adequately process sequentially presented stimuli (8) and are therefore vulnerable to be 
overloaded by external and internal stimuli (9). As a result they suffer from cognitive 
fragmentation and thought disorder (6;10-12). 

The phenomenon of latent inhibition (LI) is based on a form of selective attention which 
enables normal individuals not to attend to and to filter out irrelevant stimuli (13-15) in order 
to protect themselves from stimulus overload. Therefore, experiments measuring LI are 
appropriate to quantify information processing deficits in schizophrenia. 

 
 

Latent Inhibition 
 
LI refers to the retardation of associative learning, for example classical conditioning – 

the formation of an association between a conditioned stimulus (CS) and an unconditioned 
stimulus (US) (Fig. 1) - that normally occurs if the CS is previously preexposed without 
reinforcement (16;17). Schizophrenic patients fail to show LI.  Because of this, disrupted LI 
has become an important tool to model cognitive and attentional deficits in schizophrenia and 
might even be treated as a state marker of it (18). Disrupted or reduced LI means that people 
with schizophrenia learn a CS-US association faster than healthy controls and perform better 
on the various tasks involved in LI paradigms (19;20). Thus, factors such as general deficits 
in intellectual ability, medication side effects or lack of motivation of schizophrenia patients 
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can almost be excluded from being responsible for LI disruption, i.e. faster learning 
following preexposure (19;21). 

Another advantageous property of LI is that it can be similarly demonstrated in humans 
and animals. Actually, LI was first studied in animals of different species (for a review see 
(22)) and then translated to paradigms which could be performed in humans (23). There are 
only a few paradigms which can be used in both animals and humans. Such paradigms that 
can be applied to various species are very useful because the effects of manipulations (e.g. 
pharmacological, physiological, environmental) can be compared across species and may 
give clues to elementary questions. Experiments with rats and mice especially allow one to 
analyze the neural and neurochemical basis of LI and have provided evidence for the central 
elements in the pathophysiology of schizophrenia (24-28). A thorough investigation of 
human LI data has led to the conclusion that LI is the same phenomenon in humans and 
animals, and that the processes underlying LI are analogous across species (17). 

 
 

How to test LI – the basic procedure 
 
Classical conditioning, also referred to as Pavlovian conditioning, involves learning 

about the association of two or more stimuli. In a conditioning procedure, the paired 
presentation of a CS and US leads to a CS-US association in which the CS becomes a signal 
for the US. Latent inhibition refers to a CS-preexposure effect which results from the non-
reinforced presentation of the CS alone prior to the conditioning procedure (Fig. 1). All LI 
test paradigms share a basic procedure (28) involving two or three distinct stages: 
preexposure, conditioning and, in some paradimgs, a test phase. As all animal and most 
human LI paradigms apply a between-subject design, two groups, a “stimulus preexposed” 
(PE) and a “non-preexposed” (NPE) group, are formed. At the preexposure stage, subjects in 
the PE group are repeatedly exposed to the CS, which is not followed by any consequences, 
while subjects in the NPE group do not encounter the CS. When preexposure is completed, 
all subjects enter into the conditioning stage in which the CS is paired with a reinforcer (US) 
over a number of trials. The resulting conditioned response (CR), i.e. the rate of conditioning, 
is quantified either during the conditioning stage, or in a separate test phase in which the CS 
is presented alone. The LI effect is measured by comparing the performance of the PE to that 
of the NPE group.  

 
 

LATENT INHIBITION IN ANIMALS 
 
Animal LI test paradigms 

 
There are three test paradigms commonly used to assess LI in rats and mice. These are 

conditioned taste aversion (CTA), conditioned emotional response (CER) and two-way active 
avoidance. Classical eyeblink conditioning is a further paradigm that has a long history of 
testing the neural substrates of LI and which is predominantly applied to rabbits.  
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Conditioned taste aversion (CTA) 
 
In CTA, the PE animals are preexposed to water flavored with sucrose (CS), while the 

NPE animals receive pure water only (29-31). In the conditioning phase, both groups have 
access to flavored water which is now paired with the US, nausea caused by LiCl injection. 
LI is measured by the different volume intake of flavored water by the PE and NPE animals 
in the test phase after conditioning. 

 

 
 
 

Conditioned emotional response (CER) 
 
A conditioned emotional response is commonly measured by a conditioned lick 

suppression procedure (32-34). During the preexposure stage, a tone (CS) is presented 
several times to the PE animals. In the conditioning phase the tone is presented to both the 
NPE and the PE group and is paired with a foot shock (US). In the test phase the animals of 
both groups, which had been all on a water deprivation schedule before, had free access to 
water. After a specific number of licks, the tone is presented again. The variable of interest is 
the amount of time that is required to complete a certain number of licks after the onset of the 
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tone. The LI effect is typically quantified by the between-group difference in the suppression 
ratio computed by A/(A+B), whereby A is the time period before tone onset, and B refers to 
the period of time needed for a specific number of responses (licks) during tone presentation 
in the test phase. 

 
 

Two-way active avoidance 
 
The two-way active - or shuttle - avoidance task is performed in a so-called shuttle box; a 

box divided in two compartments by a low barrier. Mild electric shocks can be delivered in 
either compartment through a grid floor. Animals are tested separately, i.e. there is only one 
animal in the box at any given time. PE animals are placed in the box and preexposed to an 
auditory (tone) or visual (light) stimulus (CS). During conditioning, the stimulus is paired 
with a foot shock (US). NPE animals quickly learn to jump over the barrier as soon as the 
stimulus is presented, in order to avoid the foot shock. As PE animals are retarded in 
associating the stimulus with the shock, they stay more often or longer in the “dangerous” 
compartment after CS onset. 

 
 

Eyeblink conditioning 
 
In a classical eyeblink conditioning procedure a neutral stimulus (CS) such as a tone or 

light is paired either with an air puff to the cornea or a periorbital electric shock (US) which 
both elicit a reflexive eyeblink response to protect the cornea (35;36). As a result of CS 
preexposure, PE animals fail to produce an anticipatory eyeblink response to the CS in the 
subsequent test phase. 

 
 

ANIMAL MODELS OF SCHIZOPHRENIA 
 

How to model schizophrenia in animals 
 
As has been previously discussed, LI is important in schizophrenia research because it 

serves as a measure of deficient information processing. Schizophrenia is a disease restricted 
to human beings, therefore, it is necessary to induce schizophrenic symptoms in animals in 
order to perform schizophrenia research. In other words, an animal model of schizophrenia 
has to be created which can be done pharmacologically, environmentally, developmentally or 
by lesions of specific brain structures.  

 
 

The amphetamine animal model of schizophrenia 
 
It has been suggested that the neurotransmitter dopamine (DA) plays a major role both in 

schizophrenia as well as in the LI phenomenon. Amphetamine, an indirect DA agonist, 
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causes behavioral disturbances in rats which are similar to human psychosis (37-40). In 
addition, it disrupts latent inhibition (32;41-45) which indicates information processing 
dysfunctions. Amphetamine has therefore become the preferred drug to mimic schizophrenia 
(25;46).  

Furthermore, amphetamine induced LI disruption can be reversed by both typical (i.e. 
chloropromazine, haloperidol) and atypical (i.e. clozapine) antipsychotics (47). Moreover, 
typical as well as atypical antipsychotic drugs (APDs) enhance LI in normal rats when 
administered on their own (29;32;48).  

 
 

The switching model 
 
Further investigation aimed to find out at which stage (preexposure or conditioning) 

amphetamine and APDs exert their effect on LI. As LI is assumed to be a consequence of 
learned inattention to the preexposed, non-reinforced stimulus, both kinds of drugs were 
thought to show their impact in the preexposure phase (28). But, Weiner et al. (46;49) 
reported that rats receiving amphetamine only during preexposure, showed intact LI. 
Similarly, rats preexposed under haloperidol, while conditioned without it, showed normal LI 
(50). These results indicate that both kinds of drugs do not act on the ability to learn to ignore 
irrelevant stimuli during preexposure (28). Rather it seems that they affect the ability to 
continue to respond to a stimulus as irrelevant as soon as it is reinforced during conditioning. 
The switching model, formulated by Weiner (47), does not reject the assumption that learning 
of irrelevance occurs during preexposure. But, it adds that the irrelevance of a stimulus is 
manifested and expressed during the conditioning stage (28). According to the switching 
model, a CS-noUS association is learnt in the preexposure stage, whereas the CS-US 
association is learnt during conditioning (19;28;47). These two associations compete for 
expression during conditioning (28). Normally, behavior in the conditioning stage is 
controlled by the CS-noUS association. In order to express the CS-US association, the subject 
has to switch to it from the formerly dominant CS-noUS association (19;28). Applied to the 
effects of amphetamine and APDs, the switching model proposes that amphetamine disrupts 
LI by promoting excessive switching of responses, whereas APDs retard it (28). 

 
 

LI and glutamate 
 
Besides DA, the excitatory neurotransmitter glutamate is also shown to be involved in 

schizophrenia, as well as in LI. Pharmacological blockade of the NMDA glutamate receptors 
produces behavioral effects relevant to schizophrenic symptomatology (28;51). Especially 
negative and cognitive symptoms which express themselves as impairments in social 
interaction and behavioral inflexibility can be mimicked by NMDA antagonists in rats 
(51;52). On LI, the NMDA antagonist MK-801 has the opposite effect as amphetamine: it 
leads to abnormally persistent LI (28;51). The LI effect can be considered as a specific 
balance between the number of preexposures and conditioning trials. Thus, the LI effect is 
normally disrupted after a specific number of paired CS-US presentations in the conditioning 
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phase. Applying the switching theory, this occurs as soon as the subject has switched from 
the CS-noUS to the CS-US association. MK-801 treated rats show persistent LI even after a 
number of conditioning trials which disrupts LI in normal rats. This indicates that they are 
still inhibited in expressing the CS-US association. In other words, NMDA antagonists 
impair the ability to switch between behaviors (53). 

The finding that glutamate depletion might be responsible for deficient behavioral 
switching is in accordance with the theory proposing that NMDA receptor hypofunction is 
involved in the negative symptomatology of schizophrenia. 

 
 

LATENT INHIBITION IN HUMANS 
 

Animal LI paradigms applied to humans 
 
Only a few paradigms used to assess LI in animals can be directly transferred to humans.  

These are CTA and classical eyeblink conditioning. The CTA has been applied to humans 
using cranberry juice as CS and apomorphine induced nausea as US (54;55). Eyeblink 
conditioning studies investigating LI in humans have been conducted by several groups 
(35;56). The basic procedure for humans is the same as that applied to animals, but with a 
weaker corneal air puff. 

Additionally, there is also a modified human paradigm which applies conditioned 
suppression (57). In this paradigm both the PE and the NPE subjects have to perform the 
Tower of Toronto puzzle which requires the subjects to arrange four discs in a specific order 
by translocating them over three vertical pegs. The task is repeated several times in order to 
achieve a problem-solving routine with constant times per move. After the training trials, the 
PE, but not the NPE group is preexposed to a pure tone (CS) while completing the puzzle. 
During the conditioning stage, the CS is paired with a loud burst of white noise (US) for both 
groups increasing the duration of the hand movement. The LI effect is measured by the 
different degrees of suppression of ongoing motor activity (time per move) due to the noise 
burst in the PE compared to the NPE group. 

 
 

Paradigms designed especially for human LI measurements  
 
In addition to paradigms adopted from animal LI testing procedures, there are some that 

are designed specially for humans. These are Pavlovian conditioning of autonomic responses 
(58), instrumental learning to criterion (23;59), and the recently introduced visual LI 
paradigms (60-62). 

 
 

Pavlovian conditioning of autonomic responses 
 
In paradigms employing Pavlovian conditioning of autonomic responses, reactions of the 

autonomic nervous system are measured for LI assessment. The recorded variables are skin 
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conductance, vasomotor activity and heart rate. The conditioning task typically involves a 
tone as CS and an aversive (electric shock) or non-aversive (reaction time task, noise burst) 
US (58). Indications of the LI effect are expressed as the differences in the autonomic 
responses between the subjects of the PE and NPE group during conditioning. 

 
 

Instrumental learning to criterion 
 
In an instrumental learning to criterion task, the PE group is preexposed to a visual (63) 

or auditory CS (13;20;23;64;65). In the conditioning stage, this CS becomes the signal for the 
subjects to respond to, i.e. to perform a specific task (17). Subjects are reinforced when they 
respond in the presence of the CS. The dependent variable is the CR which is the number of 
trials to reach criterion, usually constituted by a specific number of consecutive correct 
(reinforced) responses. LI is measured by the different performance of the PE and the NPE 
subjects. 

Most experiments (13;20;66) using instrumental learning procedures are replications of 
the experimental setup of Ginton et al. 1975 (23). In the original procedure, the CS, a short 
burst of white noise, is presented to PE subjects in the preexposure stage, whilst the subjects 
of the NPE group do not hear such noise bursts. Subsequently, in the conditioning stage, all 
subjects hear the noise burst which now signals the increment of a score on a counter. All 
subjects are instructed to decrease this score by pressing a button every time they anticipate 
that it will rise. If they respond correctly in the presence of the CS, they are reinforced by a 
decrement of the score. If, however, they respond in the absence of the CS or fail to respond 
in the presence of the CS, the score is raised. As soon as the subject presses the button several 
times consecutively during CS presentation, the test is terminated. PE subjects preexposed to 
the CS are less likely to learn the association between the noise burst and the score increment 
and need more trials to reach the criterion that indicates a LI effect.  

 
 

Visual LI paradigms 
 
One of the recently developed LI paradigms (60;67) uses a visual search procedure in 

which the subjects’ task is to search for a unique target shape embedded between a number of 
homogeneous distractor elements. They are required to indicate the presence or absence of 
the target by pressing corresponding keys (0= target absent, 1= target present). Later on, the 
preexposed distractor element becomes the target, while the target serves as a new distractor. 
In addition to that, novel elements are introduced on occasion and serve first as target and in 
a later stage as distractor or vice versa. 

Preexposure occurs in those trials in which the subject has to look for a target which was 
a distractor before and which is presented among distractors consisting of a former target 
shape. NPE trials are those in which a novel target is presented with familiar distractor 
elements. 

In sum, two kinds of CS are involved, preexposed (a target that was a distractor before) 
and a non-preexposed (novel target) stimuli allowing preexposure and non-preexposure to 
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take place in one and the same individual, i.e. a within-subject study design is applied. The 
US consists of the target which commands the subjects to respond. As the dependent variable 
the time to find the target, i.e. the response time (RT) is measured.  

In another new visual LI paradigm (61;62) subjects are preexposed to a colored 
rectangular field that contains six small windows (preexposed “PE-CS”). In the conditioning 
phase, one of the windows is shaded by a black square which changes its position every trial. 
The subjects are instructed to try to predict the position of the square (US) by pressing one of 
six keys which represent the six windows. One specific position is indicated by a field stained 
with the preexposed color, while another distinct position is predicted by a field of a different 
color (non-preexposed “NPE-CS”). The remaining four positions are not predicted at all and 
the black square appears on a blank background. The dependent variables are the CR and the 
time to predict the black square’s position (RT) in the trials with colored (PE and NPE) 
backgrounds. 

 
 

Response time as the dependent variable 
 
It is unique that these visual LI paradigms measure the response time (RT) as the 

dependent variable and not the conditioned response as instrumental learning to criterion 
paradigms. The conditioned responses (number of correct responses) are measured as well, 
but they do not indicate a LI effect (61;62). This is thought to be because the associations of 
the multiple CS and the US are much harder to learn than those in the instrumental learning 
tasks, e.g. in the paradigm of Ginton et al. (23). In the visual LI paradigms the subjects only 
scarcely learn the rule underlying the task and, therefore, do not reach the criterion of a 
specific number of consecutive correct responses. However, it is debatable whether this new 
generation of paradigms takes us away from those used in animal LI studies. They might 
make it more difficult to compare and contrast the results obtained with physiological and 
pharmacological manipulations across species (21).  

 
 

The masking task 
 
Human LI paradigms can be divided into two groups: paradigms that require a masking 

task (MT) to produce a LI effect and paradigms that do not. While CTA and Pavlovian 
conditioning of autonomic responses can obtain a LI effect without an additional task, 
instrumental learning to criterion as well as eyeblink conditioning and visual LI paradigms 
need masking (17;58). 

A MT is a simple task administered to all subjects in the preexposure phase or in both the 
preexposure and the conditioning phase. In the frequently replicated paradigm of Ginton et 
al. (23), the MT involves a recording of a list of nonsense syllables which is played several 
times to PE as well as NPE subjects during preexposure and conditioning. In the preexposure 
phase, subjects are instructed to pick one specific syllable and to count how many times it is 
repeated. For the PE group, the noise bursts (CS) are interspersed with the syllables, while 
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the NPE group hears only the syllables. For both groups the syllables are played also during 
conditioning, but then the subjects are no longer required to perform the counting task.  

Several studies have shown that a MT is necessary to obtain a LI effect in humans 
(23;56;62;63;68). The original motivation to use a masking task was to reduce the subjects’ 
awareness to the change of stages (56;68), i.e. the transition from the preexposure to the 
conditioning phase. However, as mentioned in the example above, LI is also obtained if the 
MT stimuli are presented in the preexposure and the conditioning stage, but the task only has 
to be completed during preexposure (20;23;66). Moreover, if the MT is applied only during 
preexposure a LI effect can be yielded as well. (69). These findings suggest that a MT does 
not affect the transition between phases, but rather the preexposure stage itself (70). Thus, the 
MT serves to “mask” the significance of the CS and prevents the subjects from focusing their 
full attention onto the preexposed CS (17). In other words, a masking task consumes 
attentional resources and therefore allows an attention decline towards the CS (63). Needless 
to say, a MT has never been necessary to produce LI in non-human animals (17). 

The reason why instrumental learning to criterion, conditioned eyeblink and visual LI 
paradigms need a MT is that the measured responses are outputs of skeletal behaviors which 
can be voluntarily controlled and modulated by attentional processes (17). On the other hand, 
LI paradigms applying conditioned autonomic responses or conditioned taste aversion do not 
require a masking task because they measure more elementary autonomic responses which 
are involuntary and relatively insensitive to controlled attentional processes (17). 

 
 

Within-subject and between-subject study designs 
 
All human LI paradimgs presented above, with the exception of the new visual LI 

paradigms, use a between-subject test paradigm involving a PE and a NPE subject group. The 
formation of two groups is one of the main problems of a between-subject study design. It 
requires the recruiting of twice as many subjects than a within-subject study (19) which in 
turn leads to many problems in matching subjects (71). Another limitation is that a between-
subject design cannot provide an individual index of LI for each subject, because only group 
comparisons can be made (19;71). The urgent need for a within-subject task arose when LI 
research with patient groups was promoted (71). As LI is assumed to reflect the operation of 
attentional mechanisms (70;72), its assessment has gained great interest in disorders which 
show modulation of attention (e.g. schizophrenia, Parkinson’s disease, attention deficit 
hyperactivity disorder, obsessive compulsive disorder) (71). 

The advantage of a within-subject study design is that it involves only one group as the 
same subject undergoes preexposure as well as non-preexposure to a CS. Applying a within-
subject task reduces time and effort (58), especially in studies involving patient groups 
because it is often difficult to recruit and motivate the patients needed for experiments. 
Moreover, LI can be indexed for each individual. Thus, in clinical populations, the 
correlations between LI and clinical variables such as symptomatology or medication can be 
investigated more directly than by applying a between-subject paradigm (21;73).  
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The metamorphosis of a between-subject LI paradigm 
 
The first attempt to design a within-subject LI experiment was made Lubow and Moore 

in 1959 in goats and sheep (16). Unfortunately, they obtained only a small LI effect. 
Subsequently, only between-subject LI experiments were conducted until 1995 when Gray et 
al. (73) transformed the original between-subject LI paradigm of Ginton et al. (23) to a 
within-subject procedure. They used two different CSs - a burst of white noise as the 
preexposed CS (PE-CS) and a tone as the non-preexposed CS (NPE-CS). During preexposure 
the white noise is presented in the background of the MT (21;73), whereas during 
conditioning both, the PE-CS and the NPE-CS are paired with the US, which consists of an 
increment of the score.  

 
 

Requirements for within-subject LI paradigms 
 
In a within-subject paradigm two different stimuli are used, one for the PE and another 

one for the NPE condition, instead of two separate groups, as in between-subject studies 
(18;73). However, there are some factors which have to be considered when replacing a 
between-subject paradigm with a within-subject LI procedure. Gray et al. (21) elaborated on 
two major requirements: first, the LI effect has to be of a similar magnitude, regardless which 
of the two stimuli is preexposed and second, the magnitude of the LI effect obtained by the 
within-subject paradigm must be comparable to that produced by the corresponding between-
subject paradigm. Concurrently, they investigated if the within-subject version of the 
paradigm of Ginton et al. (23) met these requirements. For this purpose, they compared the LI 
effect produced by the original between-subject paradigm to that produced by the within-
subject variation. In order to support the first requirement, they counterbalanced the two 
stimuli, i.e. some subjects were preexposed to the white noise, while others were preexposed 
to the tone. This way it can be investigated if the two stimuli have specific properties which 
influence the speed of learning. The authors succeeded in showing a similar LI effect with 
both stimuli as the preexposed CS. Moreover, they were able to show a significant within-
subject LI in terms of slower learning of the PE-CS – US association (21). However, the LI 
effect was notably smaller than the one produced by the corresponding between-subject 
procedure (21). Consistently, Lubow had reported before that between-subject designs 
provide larger LI effects (70).  

 
 

Two different CS – a sticking point 
 
It was speculated that the within-subject LI effect was weaker because the two stimuli 

were of the same kind (both auditory) and therefore too similar. As a consequence, learning 
about one stimulus could have facilitated the learning about the other stimulus (21) leading to 
an overall faster learning. A solution to this problem would be the involvement of stimuli of 
different modalities, e.g. one auditory, the other visual. But this would in turn raise the issue 
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if they differed in their salience. A stimulus which is more salient than the other is easier 
conditioned (21). Hence, there is faster learning on salient stimuli. 

The new visual LI paradigms introduced above both apply a within-subject design but do 
not encounter such problems because the task is quite complex - there are several PE- as well 
as NPE-CS which even change roles within a test session (60;71;74).  

 
 

DISRUPTED LI AS A MARKER OF SCHIZOPHRENIA 
 
Comparable to animals, intoxication with amphetamine elicits psychosis like symptoms 

(75) and disrupts LI (18;76-79) in healthy human individuals. Additionally, amphetamine 
also exacerbates psychosis in schizophrenia patients in remission (80). As acute 
schizophrenia is thought to be primarily due to a current hyperdopaminergic state (20), LI is 
expected to be absent in acute schizophrenia patients. Actually, there are many studies 
supporting the notion that LI is disrupted in acute schizophrenics (9;20;73;81;82) while it is 
robustly present in healthy subjects (76;78). However, there are also findings reporting 
normal (13;64;65;83) or potentiated (84) LI in schizophrenia.  

Concerning antipsychotic drugs, it is assumed that they enhance LI in healthy controls 
(85). Inconsistently, Williams and colleagues reported that the typical APD haloperidol 
abolished auditory LI in healthy volunteers (65). This group also found disrupted LI in 
medicated acute schizophrenics. This result had already been found by Baruch et al. (20) 
before.  

 
 

LI is disrupted in acute, but not in chronic schizophrenia 
 
In chronic schizophrenia patients constantly medicated with APDs, LI is suggested to be 

reinstated (20;58;81). Baruch et al. (20) considered that the difference between acute and 
chronic schizophrenia is a result of distinct situations of antipsychotic medication. It was 
shown that LI is also intact in unmedicated and still symptomatic chronic schizophrenia 
patients (73). It was suggested that illness duration rather than neuroleptic medication is 
responsible for LI normalization in chronic schizophrenia (73). Support for this is provided 
by Rascle and collaborators (81) who found enhanced LI in chronic schizophrenia patients. 
Moreover, they report that the LI effect did not depend on the drug treatment status (drug-
free, atypical or typical neuroleptics). Based on these findings, LI disruption might be treated 
as a state rather than a trait marker of acute schizophrenia (18). Cohen and co-workers (84) 
suggest that LI stabilization might be correlated with the composition of symptom types. In 
acute schizophrenia positive symptoms are more prevalent than in chronic schizophrenia. 
These are attributed to the currently increased DA level (86) which is also responsible for LI 
disruption. Therefore, the shift of symptomatology away from positive symptoms towards 
negative symptoms may lead to LI reinstatement in chronic schizophrenia.  

It should, however, be pointed out that there are also data showing disrupted LI in 
chronic schizophrenia regardless of medication or illness duration (83). 



Latent Inhibition and Learned Irrelevance Paradigms … 149

Potential confounding factors 
 
However, for the inconsistencies between the results in LI experiments a range of 

confounding factors might be responsible. First of all, it has to be taken into account that 
some LI modulations, such as drug effects or the impact of specific symptoms on LI may be 
task specific (65). Williams et al. (65) obtained different results with the same subjects, 
depending on whether they used an auditory or a visual LI paradigm.  

Second, the fact that the involved patient groups show great differences in illness 
duration (first-episode, acute or chronic) and/or medication (drug-naive, recent 
recommencement of medication or constantly medicated) might be an explanation for the 
heterogeneous results. 

Third, it was mentioned above that it is also relevant to the magnitude of the LI effect if a 
between-subject or within-subject paradigm is used. 

 
 

LEARNED IRRELEVANCE  
 

A phenomenon closely related to LI 
 
There is a phenomenon closely related to LI called learned irrelevance (LIrr). In contrast 

to LI, LIrr is obtained by the uncorrelated preexposure of both the CS and the US (Fig. 1). 
Thus, the only difference between LI and LIrr is that in a LIrr paradigm the US is also 
presented during preexposure. In this context it is important to note that the presentation of 
the US alone in the preexposure phase is also able to retard learning of the CS-US association 
during conditioning (87-89). This latter phenomenon is known as the US preexposure effect. 
It has been the subject of many animal studies to find out whether LIrr is simply the sum of 
LI (CS preexposure effect) and the US preexposure effect or whether it is a phenomenon in 
its own right (90-96).  
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LIrr retards associative learning more than LI 
 
Baker and Mackintosh (91) conditioned rats to lick water in the presence of a tone after 

various types of preexposure: water alone (US), tone alone (CS), and uncorrelated 
presentations of tone and water. They found that the effect of unpaired CS and US 
presentation was dramatically stronger in retarding subsequent conditioning than the 
preexposure of either CS or US alone (92). There are further studies showing that the 
retardation of learning resulting from LIrr is stronger than that produced by LI (35;90;94;97). 
A potential explanation for the stronger learning retardation by LIrr is based on the theory of 
context dependence of LI (92;96). It has been shown that the LI effect is context dependent 
(70). This means that if the preexposure and the conditioning take place in different contexts, 
LI might be reduced or even abolished (98). These contexts can be spatial (test room, 
environment) or temporal (time of day) (30). In a basic LI procedure the context changes 
between the preexposure and the conditioning phase, as in the latter phase the US is 
presented, while in the former it is not (19). This change of context might contribute to LI 
reduction. In contrast, in LIrr paradigms the US is part of the context in which the 
preexposure takes place (19) and it is also presented during conditioning. Thus, there is no 
context change what might produce a stronger LI effect. However, this would mean that LIrr 
and LI are the same phenomenon (19;99). 

 
 

LIrr paradigms might be more sensitive for individual variables 
 
Regardless of whether LIrr constitutes a separate phenomenon, it is definitively 

worthwhile to introduce LIrr in psychiatric research. It is assumed that LIrr might produce 
stronger effects than LI in humans as well (35) and can be therefore useful in situations where 
LI tasks have produced results which are difficult to interpret (19). Moreover, Young et al. 
(97) revealed in a fMRI study that brain activity during a LIrr paradigm overlaps the regions 
which are activated by a LI paradigm. These findings indicate that results obtained by LIrr 
paradigms can be compared with those produced with LI paradigms (19) and might deliver 
supplementary or complementary insights into the underlying mechanisms. 

 
 

A NOVEL CONTINUOUS WITHIN-SUBJECT LIRR PARADIGM 
 

The essential in a nutshell 
 
In a handful recent studies (97;100) a new within-subject LIrr paradigm (developed by 

A.M. Young and coworkers) has been applied. The paradigm has been further adapted by G. 
Gal (101; 102). It is a short and simple computerized visual letter recognition task and is 
therefore manageable even for pathological groups. The pioneering properties of this new test 
are: first, it does not require a masking task, second, it is continuous, i.e. preexposure and 
conditioning have not to be performed separately, and third, it allows repeated measurements 
(102).  
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As it is characteristic for a within-subject LI paradigm, this LIrr task also involves two 
different kinds of CSs, preexposed CSs (PE-CS) and non-preexposed CSs (NPE-CS). 

 
 

General description 
 
The paradigm involves a visual target detecting task in which the subject is instructed to 

press a key on the computer keyboard as soon as the target, the letter X, appears on the 
screen. In addition to the target, there are 10 different characters constituting the test. These 
non-target characters are divided in two groups, NPE and PE, containing five capital Latin 
letters each. In the studies of Orosz et al. the five vowels (A, E, I, O and U) are assigned to be 
the NPE letters, while a selection of five consonants (B, D, T, Y and Z) form the PE character 
group (101; 102).  

All characters are yellow and are presented on a blue background which covers the entire 
computer screen (Fig. 2). The letters are all of the same size and are positioned in the center 
of the screen. Each letter persists for one second and changes directly without any 
interstimulus interval to the subsequent characters. A test session consists of 450 letters, 
hence the test duration is 450 seconds which is equal to 7.5 minutes. 

 
 

Composition of a test session 
 
There are 75 targets in a test session which are presented according to the schedules of 

three different conditions. These are preexposed (PE), non-preexposed (NPE) and random 
(R). The three conditions, in turn, are segmented in five blocks each. Thus, there is a total of 
15 blocks in a test session. Regardless of the condition, all blocks contain 30 characters: five 
targets, 5 CSs, and 20 filler letters. Depending on the condition, the CS letters consist of 
characters from either the NPE or the PE group and they are always presented immediately 
before the target. Because of their specific role they are also called target predictor letters or 
cues. Filler letters consist of characters of the PE group shown in a pseudorandom order. 
They serve to “fill” the intertrial intervals between the CS-target contingencies. On average, 
there are four filler letters between a target and the next CS, whereas the range is between 
one and eight. Filler letters never predict the target. 

While the target and the filler letters always involve the same characters, the predictor 
letters (CSs) are different across the three conditions (Fig. 3): 

 
 

NPE  
 
In the NPE condition, letters of the NPE group (A, E, I, O and U) serve as CSs. In a NPE 

block the target is preceded five times by the same NPE-CS, e.g. five times by A. Each letter 
is used only in one block as target predictor in a test session. Consequently, the five different 
letters of the NPE group are distributed to the five NPE blocks. Note that NPE letters appear 
only as target predictors in the NPE blocks and are not presented elsewhere in the test. 
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PE 
 
In the PE condition blocks, PE letters (B, D, T, Y and Z) act as CS. Comparable to the 

NPE condition, in the PE condition, each letter of the PE group predicts the target five 
consecutive times in one particular block.  

 
 

R 
 
For the CSs in R, also letters of the PE group are used. But, unlike in the PE condition, in 

R, the target is preceded five times by a different PE letter. This means that every PE letter 
appears once in each of the five R blocks in a test session. In an R block, the target is 
predicted once by each of the five PE letters. (Remember that in a PE block one particular PE 
letter is presented five times before the target) 

In summary, letters of the PE character group are used for three different purposes: first, 
as CS in the PE condition, second, as the CS in the R condition and, third, as filler letters. 

 

 
 
Thus, the 450 letters of a test session are composed of a total of 75 targets, 25 NPE 

characters and 350 PE letters which serve as PE-CS (25), R-CS (25) and filler letters (300). 
 
 

Blocks 
 
The blocks of the three different conditions alternate in a pseudorandom order, whereby 

the first block of a test session is always an R-block and blocks of the same condition are 
never presented successively. The order of the blocks is conserved: R, PE, NPE, R, NPE, PE, 
R, PE, NPE, R, NPE, PE, R, PE, NPE. 
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The task 
 
The subjects are told that they are going to perform a reaction time task and that they 

have to press a certain key as quickly as they can when the target appears. They are instructed 
to observe the other letters as well, because they might give hints on the appearance of the 
target. For an accurate completion of the test, subjects are required, at least rudimentary, to 
learn associations between the CS letters and the target. The dependent variable is the 
reaction time (in ms) to the target, i.e. the time measured between the target onset and the 
pressing of the key. Differences in reaction times across the condition blocks indicate the 
degree of learning in the specific conditions.  

 
 

The LIrr effect 
 
In case of LIrr, performance on the reaction time task is the fastest in the NPE, relatively 

slower in the PE and the slowest in the R condition blocks. There are total of 25 NPE letters 
surrounded by 350 PE letters in a test session. Therefore, NPE letters attract more attention 
than the letters of the PE group which can be seen regularly throughout the test. Moreover, 
subjects learn that NPE letters always predict the target. As a consequence, they are more 
attentive when a NPE-CS appears and are already prepared to respond before the target is 
presented. 

The formation of an equivalent association between PE-CSs and the target is reduced. 
The reasons are the R blocks as well as the filler letters. In the R blocks, the target seems to 
appear without any rules as it is predicted five times by a different letter of the PE group. 
Thus, in the R blocks the subjects learn that PE characters are not necessarily followed by the 
target (unlike NPE letters). Moreover, filler letters which consist of PE letters are never 
succeeded by the target.  

However, as in a PE block the target is preceded five times by the same PE-CS, subjects 
begin to learn the association between the current PE-CS and the target. That is why the 
reaction times become lower within the PE blocks and are on average lower than in the R. 
But, the formation of an association, as with NPE-CSs, is disrupted for the PE characters 
because of the repeated occurrence of the R blocks and the filler letters. 

 
 

Advantages of the new test  
 
Because of the complexity of the task - the rule underlying the X appearance is 

impossible to learn - no masking task is required to divert the subjects’ attention from the CS. 
Furthermore, it is also because of the complexity that repeated measurements can be carried 
out. Subjects do not learn the rule underlying the task and therefore they cannot apply it to 
possible follow-up testing. 
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RESULTS OBTAINED BY THIS NEW LIRR PARADIGM 
 

LIrr in first-episode and acute schizophrenia 
 
To date, there are two published reports (97;100) and an abstract (101) of studies that 

apply the new LIrr paradigm ((97; 100):version of A.M.Young, (101): version of G.Gal) to 
healthy controls as well as schizophrenia patients. All groups yielded robust LIrr in healthy 
control subjects. Concerning the patient groups, there were some differences between the 
studies. 

Young and collaborators found disrupted LIrr in acute schizophrenia patients who were 
drug-free or within 14 days of recommencement of antipsychotic treatment. As comparable 
results were produced by LI experiments (20;60;73;81), they reasoned that very similar 
processes may underlie the phenomena of LI and LIrr (97). Furthermore, the found in their 
fMRI study that the LIrr paradigm gives rise to activation in brain areas, e.g. the hippocampal 
formation, which has been shown to be activated also in LI experiments (97).  

In addition, Gal and coworkers (100) and the group of Orosz (101) tested never 
medicated first-episode acute schizophrenia patients in order to investigate if disrupted LIrr is 
already present at the onset of the illness. Both research groups measured disrupted LIrr 
endorsing the paradigm to be a reliable tool to assess attentional dysfunctions in acute 
schizophrenia. 

 
 

LIrr in Chronic Schizophrenia 
 
However, there were some conflicting outcomes concerning the performance of chronic 

schizophrenia patients. While Gal and colleagues (100) reported disrupted LIrr also in 
chronic schizophrenia patients, Young et al. (97) failed to show any learning of the CS-US 
association under either PE or NPE conditions. Young at al. have interpreted these findings 
as the result of a general failure of associative learning as it was already reported by Martins 
et al. (83). However, various LI studies have shown that LI is reinstated in chronic 
schizophrenia (20;58;73). It has to be noted that the chronic schizophrenia patients involved 
in the Gal et al. (100) study were tested during an acute phase, whereas the patients of Young 
et al. (97) were in a stable “steady” state. Thus, the LIrr disruption measured by Gal et al. 
might be due to the current acute phase. This might indicate that, as LI disruption (18), LIrr 
abolition might be seen as a state marker of acute schizophrenia. On the other hand, the 
failure of the LIrr paradigm to detect possible slight modulations of associative learning in 
chronic schizophrenia could also be a limitation on the applicability of this new paradigm 
which is more useful in studies of acute schizophrenia (97).  

 
 
 
 
 



Latent Inhibition and Learned Irrelevance Paradigms … 155

CONCLUSION 
 

LIrr paradigms are appropriate to assess information processing deficits in 
schizophrenia 

 
Latent inhibition has become an important concept in schizophrenia research in animals 

as well as in humans. To date, several human LI studies have been carried out, but have 
yielded conflicting results and have been afflicted with various methodological problems.  

The new LIrr paradigm introduced in this chapter seems to offer a useful tool to assess 
associative and attentional learning deficits in humans. It offers many advantages and 
achievements compared to the commonly used LI paradigms: the task is short, simple and 
continuous and the paradigm is within-subject. Moreover, no masking task is required and it 
is possible to test the same subject repeatedly. Last but not least, there is also a variation of 
the test paradigm which is suitable for fMRI (97). 

As LIrr is very closely related to LI, it has been expected that the same results are 
obtained by this LIrr paradigm as by previous LI experiments. Indeed, studies applying the 
LIrr paradigm produced the same results with healthy controls and acute and first-episode 
schizophrenia patients as a predominant number of former LI studies. But there are 
inconsistencies concerning the findings in chronic schizophrenia, indicating the necessity of 
further investigation. Possible confounding factors are differences in medication, illness 
duration and symptomatology. Furthermore, it must be taken into consideration that 
schizophrenia patients might not understand or might be incapable of following the 
instructions which are necessary to obtain a LIrr effect. 

Although the necessity of the instructions is a limitation, the LIrr paradigm provides 
many results which are similar to those obtained by LI paradigms, indicating that LIrr can be 
equally used in schizophrenia research. 
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ABSTRACT 
 

In recent decades, evidence has accumulated that cognitive impairments are a central 
feature of schizophrenic disorder. Many research findings have indicated that cognitive 
impairments limit the rate of improvement in various kinds of psychological 
interventions for schizophrenic patients. The lack of awareness of mental disorder is 
another important correlate of patients' response to treatment, compliance and prognosis. 
In our study we hypothesized that schizophrenic patients' ability to be aware of the illness 
is dependent on more basic ability to directly acquire verbal information, in particular 
information given throughout treatment interventions. Twenty-seven outpatients with 
long illness duration were rated on the Scale to Assess Unawareness of Mental Disorder 
(SUMD) and assessed on verbal learning and memory test. We obtained several 
significant correlations indicating the presence of the relationship between "learning 
potential" and insight about psychosis. Afterwards, some of the patients participated in 
12 sessions of cognitive training and/or 12 sessions of psychoeducation. The 
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effectiveness of these interventions on illness awareness was assessed and the influence 
of verbal learning abilities on insight change was explored and discussed. 

 
 

INTRODUCTION 
 
Many research findings have reported stable and significant memory deficits in 

schizophrenia [cf. Aleman et al., 1999]. These deficits appear to encompass various memory 
systems and components, including sensory, short-term (or working), long-term, declarative, 
and procedural memory, etc. [cf. Schröder et al., 1996; Stip and Lussier, 1996]. Relationships 
between memory impairments and other aspects of psychopathology in schizophrenia have 
been intensively studied in recent decades. The findings of these research are often 
inconsistent but mostly they suggest that verbal memory is connected with negative and 
disorganization symptoms but not with hallucinations and delusions. Moreover, recent meta-
analysis have pointed out the role of moderating factors, especially illness duration and 
gender, that can substantially affect relationships between symptoms and memory 
[Nieznański, 2004]. 

The unawareness of illness has been regarded as a crucial factor in schizophrenia by 
many clinicians and researchers. It seems to be the most common symptom of schizophrenia, 
and it occurs more often in schizophrenia than in other psychotic disorders. It is estimated 
that between 50 and 80 % of individuals with schizophrenia have poor insight regarding the 
fact that they have a mental disorder [cf. Amador and Gorman, 1998; Cuesta and Peralta, 
1994; Mintz, Dobson, and Romney, 2003]. In the last two decades, many research have been 
focused on understanding, defining, and measuring the unawareness of illness in psychotic 
disorders. Most authors have concluded that it is a multidimensional phenomenon which 
includes at least three components: awareness of illness, awareness of the need for treatment, 
and recognition of signs of illness. The ability to attribute symptoms to disorder and to 
understand the social consequences of mental illness are often added to these dimensions [cf. 
Amador and David 1998; Cuesta and Peralta, 1994; David, 1990; Mintz, Dobson, and 
Romney, 2003]. 

Unawareness of illness is assumed to have deleterious effects on treatment compliance 
and prognosis [cf. Lamot and Grzywa, 1997; McEvoy et al., 1989b; Smith et al., 1999a]. The 
findings regarding association between symptoms and insight are mixed. Some investigations 
have demonstrated positive or inverse relationships between awareness of illness and 
depressive symptoms [Carroll et al., 1999; Collins et al., 1997, Schwartz, 2001; Smith et al., 
2000]. Other reports have suggested no significant association between insight and any 
symptom group, especially acute psychopathology [Cuesta and Peralta, 1994; Kemp and 
David, 1996; McEvoy 1989a; Michalakeas et al., 1994]. However, many studies have shown 
that poorer insight is related to more severe positive symptoms [Carroll et al., 1999; Collins 
et al., 1997, Kim et al., 1997; Lysaker et al., 1998; for review see: Mintz, Dobson, and 
Romney, 2003]. 



The Association of Verbal Learning Deficits with Unawareness of Mental Disorder 165

AWARENESS OF ILLNESS AND  
NEUROCOGNITION IN SCHIZOPHRENIA 

 
Three main theories are most often described in the literature regarding the etiology of 

poor insight in schizophrenia. Firstly, according to the psychodynamic approach, poor insight 
is a denial of illness, it is a defense mechanism protecting against low self-esteem. Secondly, 
"clinical" hypotheses have been proposed that unawareness of mental disorder is a 
manifestation of other groups of symptoms or, alternatively, it is an independent basic 
symptom arising directly from the illness process. Finally, the neuropsychological view has 
been developed which assumes that poor insight is a function of neurocognitive deficits [cf. 
Carroll et al., 1999; Cuesta and Peralta, 1994; Macpherson, Jerrom, and Hughes, 1996; Smith 
et al., 2000]. 

The neuropsychological theory draws a parallel between unawareness of illness in 
schizophrenia and poor insight described in some neurological conditions. Lack of insight 
has been evidenced in lesions in the frontal lobe of right hemisphere. Many authors have also 
pointed out a clinical resemblance of the syndrome of "anosognosia" in parietal lobe disorder 
and lack of insight in schizophrenia [e.g., Cuesta and Peralta, 1994; Cuesta et al., 1995; Lele 
and Joglekar, 1998]. Some studies have searched for the relationship between unawareness of 
illness and neuroanatomical measures. Flashman et al. [2000], using a structural magnetic 
resonance imaging, have found that patients with schizophrenia who were unaware of their 
symptoms had smaller brain size and intracranial volume than patients with schizophrenia 
with good insight, however, these results have been not confirmed by Rossell et al. [2003]. 

Most investigators focused on associations between lack of insight and frontal 
dysfunction indexed by Wisconsin Card Sorting Test (WCST). However, these studies have 
yielded inconsistent findings, with number of studies which found [e.g., Lysaker et al., 1998, 
2002; Marks et al., 2000; Mohamed et al., 1999; Rossell et al., 2003; Smith et al., 2000; 
Voruganti, Heslegrave, and Awad, 1997; Young et al., 1998; Young, Davila, and Scher, 
1993] and which did not find [e.g., Arduini, Kalyvoka, and Stratta, 2003; Collins et al., 1997; 
Cuesta et al., 1995; McEvoy et al., 1996] significant relationship between performance on 
WCST and insight scores [cf. Drake and Lewis, 2003]. 

A group of studies has found a modest association between general cognitive ability and 
awareness of illness [e.g., Rossell et al., 2003; Young et al., 1998; cf. Kemp and David, 1996; 
Macpherson, Jerrom, and Hughes, 1996b]. Some reports have investigated relationship 
between insight and memory impairments in patients with schizophrenia. They found no 
significant relationship between insight scores and Rivermead Behavioural Memory Test 
[Carroll et al., 1999], memory score from Luria Nebraska Neuropsychological Battery 
[McCabe et al., 2002], California Verbal Learning Test [Smith et al. 2000], measures of 
working memory [Rossell et al., 2003], and a global memory index based on Hopkins Verbal 
Learning Test (HVLT) and two subtests from Wechsler Memory Scale-Revised [Lysaker et 
al., 1998]. Significant relationships were found only in two studies, that is in a study by 
Marks et al. [2000], between worse performance on immediate recall in HVLT and denial of 
presence of illness and, in opposite direction, between better performance on immediate 
recall and lack of insight in study conducted by Cuesta and Peralta [1994]. 
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The contrasting results from studies regarding association between various cognitive 
deficits and lack of insight in schizophrenia are due to many factors. Some authors [e.g., 
Carroll et al., 1999; Collins et al., 1997; Kemp and David, 1996] have suggested that this 
association is present in a subgroup of more chronically disabled patients with long illness 
duration. Moreover, there are important variations in study design, sample composition (i.e. 
patients' clinical and demographical characteristics), and methods of cognitive deficit 
assessment across investigations [Kemp and David, 1996; Macpherson, Jerrom, and Hughes, 
1996b]. Another source of inconsistencies are differences in definitions and measures of 
insight. As Kemp and David [1996] have stated, insight is not a unitary concept, hence only 
certain aspects may be associated with cognitive deficits [see also Smith et al., 2000]. 

 
 

STUDY 1: UNAWARENESS OF ILLNESS  
AND VERBAL LEARNING DEFICIT 

 
Study 1 tested the hypothesis that impaired insight in schizophrenia is associated with 

verbal memory and learning deficit. Specifically, it was assumed that one's ability to be aware 
of the illness is partly dependent on more basic ability to retrieve verbal information, and on 
the ability to add and adjust new information to the already existing knowledge. According to 
Green et al. [2000], a capacity for learning, termed "learning potential", is an important 
mediator between basic neurocognition and patient's ability to acquire and perform 
instrumental life skills (see Woonings et al., 2002 for opposite suggestions). We 
hypothesized, that verbal learning abilities may be also a requisite for the ability to acquire 
the information about illness and to modify some concepts concerning mental disorder. The 
postulated association between verbal learning and insight may be restricted only to some 
aspects of illness awareness, it is probably connected with beliefs and knowledge about one's 
own illness rather than with the personal attitudes and emotions or the willingness to co-
operate with medical staff, however, all these aspects are to some extent connected with each 
other. This hypothesis is consistent with a model proposed by Macpherson, Jerrom, and 
Hughes [1996], they postulated that a high level of cognitive functioning, as measured by 
various intelligence tests connected with educational background, is required to understand 
and assimilate complex concepts of mental illness and treatment. In their study patients' 
awareness of illness was significantly predicted by the length of education. 

 
 

Method 
 

Subjects 
Our sample consisted of 27 subjects representing chronic outpatients with a history of 

many hospitalizations. The mean age for the group was 44.8 ± 9.6 years, 14 subjects were 
women. Four patients had primary, 5 technical, 12 secondary, and 6 university level of 
education. Twenty one patients met ICD-10 [WHO, 1992] criteria for schizophrenia (F 20.0, 
F 20.5), five for schizoaffective disorders (F 25.0, F 25.1) and one for persistent delusional 
disorder (F 22.0). The diagnoses were made by psychiatric staff of the treatment unit. No 
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subject with a history of previous electroconvulsive therapy, evidence of organic brain 
syndrome or mental retardation was included in the study. Four patients with suspected 
alcohol-abuse problems were not excluded from the study. All participants were treated at 
community outpatient unit at the Institute of Psychiatry and Neurology in Warsaw and were 
receiving antipsychotic medication at fixed doses at the time of testing. Sixteen of the 
patients were receiving atypical neuroleptics in a standard therapeutic range, and 11 were 
maintained on typicals. The majority of patients, especially those on conventional 
neuroleptics, were also receiving anticholinergic drugs. Several participants were treated with 
antidepressants or mood stabilizers in addition to antipsychotics. 

 
Clinical Assessment 

All patients were rated on the Positive and Negative Syndrome Scale (PANSS) [Kay, 
Fiszbein, and Opler, 1987], which is a 30-item scale with 7 items measuring positive, 7 
negative, and 16 items measuring general aspects of psychopathology. The second clinical 
scale used in our study was the Scale to Assess Unawareness of Mental Disorder (SUMD), 
developed by Amador and Strauss [Amador et al., 1993]. The scale samples discrete and 
global aspects of insight, it follows recent conceptualizations of insight as a multidimensional 
phenomenon. The first three general items assess, in succession, the patient’s general 
awareness of a mental disorder, awareness of the effects of medication on the disorder, and a 
general understanding of the consequences of the illness. Subscales 4 to 20 pertain to specific 
symptoms. Awareness is assessed in the aspect of recognition of signs or symptoms of illness 
and attribution of the cause or source of these symptoms. We computed two overall insight 
scores: symptoms awareness and symptoms attribution, which were the means of scores 
patients received in the symptoms subscales. During the assessment of unawareness of mental 
disorder some symptom subscales were not rated, i.e. in the cases when a subject had not 
exhibited a particular symptom. In the analyses we used rates of current and past illness 
awareness. All item scores range from 1 to 5. Higher scores indicate poorer awareness or 
attribution. In order to be rated on PANSS and SUMD subjects were interviewed by an 
experienced psychiatrist of the treatment unit (A.Ch. or W.D.). Information from patient’s 
psychologist or therapist and current medical documentation were also taken into 
consideration. 

 
Assessment of Verbal Learning Ability 

Subjects were presented orally with a list of 15 common words and then were 
immediately requested to recall as many of the words as they could remember. The procedure 
consisted of three such consecutive trials and one trial after a 10-minute delay. Three 
parameters of memory and learning were determined: 1) the total number of words recalled in 
immediate trials, 2) the sum of all words remembered in the delayed trial as a measure of long 
term retrieval, and 3) an index of "learning potential" defined as the difference between the 
number of words recalled in the third and first trial. Patients were tested individually by a 
psychologist (M.N. or M.C.) who was blind to the insight and symptoms ratings. 
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Results 
 
The group showed a mild overall level of psychopathology with prevalent negative 

symptoms. Scores on the SUMD indicated that majority of subjects were aware of their 
illness. Only several patients received maximum ratings indicating full unawareness of 
mental disorder. Mean ratings for patients' unawareness of current and past illness are 
presented in Table 1. Exploratory analyses were undertaken to determine the influence of 
gender, level of education, illness duration, and medication type (atypical vs. traditional 
neuroleptics) on insight scores. The only significant results were the positive associations of 
illness duration with unawareness of the effects of medication, unawareness of past 
symptoms, and misattribution of current symptoms (see Table 3). 

 
Table 1. The Means and Standard Deviations of the  
Verbal Learning Test and Clinical Variables (n=27) 

 
SUMD* General items  PANSS  
Awareness of mental disorder: current  2.6±1.2 PANSS positive 14.7±3.6 
Awareness of mental disorder: past 2.5±1.1 PANSS negative 20.7±5.3 
Awareness of effects of medication: current  2.1±1.2 PANSS total 72.0±140 
Awareness of effects of medication: past 2.4±1.4   
Awareness of social consequences: current 2.0±1.3 Illness duration (years) 18.0±8.7 
Awareness of social consequences: past 2.0±1.3   
SUMD Overall scores  Verbal Learning   
Symptoms awareness: current 2.9±1.0 Immediate recall 12.7±4.3 
Symptoms awareness: past 2.8±1.1 Delayed recall 3.1±2.0 
Symptoms attribution: current (n=23) 2.6±1.0 Learning potential 1.9±2.0 
Symptoms attribution: past (n=24) 2.5±1.1   

* Higher scores on the SUMD items indicate worse insight 
 

Table 2. Spearman Rank Correlations between  
Verbal Learning and Insight Scores (n=27) 

 
SUMD Immediate 

recall 
Delayed 
recall 

Learning 
potential 

General items    
Awareness of mental disorder: current  .15 -.25 -.40* 
Awareness of mental disorder: past  .33** -.25 -.21 
Awareness of effects of medication: current  -.06 -.22 -.38* 
Awareness of effects of medication: past  .05 -.17 -.34** 
Awareness of social consequences: current  .04 -.22 -.26 
Awareness of social consequences: past  -.04 -.22 -.30 
Overall scores    
Symptoms awareness: current  .27 -.17 -.20 
Symptoms awareness: past  .24 -.19 -.22 
Symptoms attribution: current (n=23) .31 .24 -.23 
Symptoms attribution: past (n=24) .23 -.00 -.21 

one-tailed, * p<.03; ** p<.05 
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Table 2 presents Spearman rank correlation coefficients between verbal memory and 
learning test performance and insight scores. We found no statistically significant 
correlations between delayed recall and SUMD scores. Better immediate recall was 
significantly related only with unawareness of past mental disorder SUMD item. Better 
learning potential was significantly associated with better awareness of current mental 
disorder and both awareness of current and past achieved effects of medication. 

Significant correlations were found between severity of negative symptoms and 
awareness of current and past mental disorder and with overall awareness of current and past 
symptoms. The PANSS positive symptoms scores correlated significantly with all SUMD 
scores except awareness of social consequences of mental disorder (see Table 3). 

 
Table 3. Spearman Rank Correlations between Severity of Symptoms, Illness Duration, 

and Insight Scores (n=27) 
 

SUMD PANSS 
negative 

PANSS 
positive 

Illness duration 

General items    
Awareness of mental disorder: current  .53f .56g .24 
Awareness of mental disorder: past  .33a .69i .20 
Awareness of effects of medication: current  .14 .55g .39c 

Awareness of effects of medication: past  .22 .73i .50e 

Awareness of social consequences: current  .29 .26 .00 
Awareness of social consequences: past  .31 .29 .08 
Overall scores    
Symptoms awareness: current  .50e .77i .29 
Symptoms awareness: past  .44d .71i .36b 

Symptoms attribution: current (n=23) .19 .46d .40c 

Symptoms attribution: past (n=24) .32 .62h .27 
one-tailed; a p<.05, b p<.04, cp <.03, d p<.02, e p<.006, f p<.004, g p<.003, h p<.002, i p<.000 

 
 

Discussion 
 
The subjects participating in our study displayed an unusually good awareness. It may be 

due to the fact that patients with good insight into illness are more probable to agree to 
participate in the research and it is consistent with the observation that outpatients have more 
insight than inpatients [Young et al., 1998]. As expected, schizophrenic patients with high 
ratings of learning potential were more aware of mental disorder and achieved effects of 
medication than patients with low learning potential. However, it was the only memory and 
learning index which was connected with insight scores in the hypothesized direction. It 
indicates a specific character of learning potential as a cognitive variable associated with 
outcome in schizophrenia. We suppose that capacity to recall new words after repeated trials 
is dependent on basic verbal memory functioning, and as our results suggested, it mediates 
the awareness of illness, probably by determining the ability to assimilate information about 
illness [see Green et al., 2000]. We would like to mention, that there is some similarity 
between learning potential, measured by the progress in word list recall, and "cognitive 
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flexibility" measured by WCST. When learning a list of words subjects have to adjust their 
responses in consecutive trials after the feedback from the experimenter reading the same list 
before each trial. In the WCST subjects are instructed to sort cards according to a particular 
rule. The experimenter is telling them whether their sort was correct. After a set of sorts the 
criterion for matching is changed and subject must adjust their responses [cf. Woonings et al., 
2002; Drake and Lewis, 2003]. This common feature, that is an ability to change reaction and 
gain from the feedback, may be connected with some aspects of illness awareness. 

Contrary to our hypotheses lack of insight was connected with better immediate recall. 
This result replicates that of Cuesta and Peralta [1994] study, however this association 
remains unclear and needs further investigation. The potential role of mechanisms of denial 
have to be considered in this context. It is possible that patients with their working memory 
functioning better are also more capable of using some kind of self-deception [cf. Startup, 
1996]. 

Among sample describing variables the illness duration seems to have the most impact 
on insight scores. It was indicated that patients who had longer illness duration were less 
aware of their illness. This supports the view that mechanisms of the relationship between 
insight and cognition may differ in subgroups of chronically disabled patients and patients 
with short illness duration. This result does not correspond with findings reported by 
Thompson, McGorry, and Harrigan [2001] that first-episode patients with schizophrenia are 
less aware of having mental illness than multiple-episode patients. They suggested that 
multiple-episode patients may appear to have good insight because they are more skilled in 
using medical terms, and they acquired appropriate language to explain their illness. 
However, our sample included mostly multiple-episode patients, and illness duration and 
number of episodes are related but not identical indicators of illness course. 

Our findings are in line with other reports which have shown a relationship between 
schizophrenia symptoms and unawareness of illness. Severity of negative symptoms was 
significantly correlated with unawareness of mental disorder and unawareness of symptoms. 
Severity of positive symptoms was connected with unawareness of mental disorder, effects of 
medication and both unawareness and misattribution of symptoms. 

 
 

STUDY 2: VERBAL LEARNING ABILITY AND INSIGHT 

IMPROVEMENT AFTER PSYCHOLOGICAL INTERVENTION 
 

Cognitive Impairment as 'Rate-Limiting' Factor in Rehabilitation of 
Patients with Schizophrenia 

 
Many studies have demonstrated that level of cognitive functioning is among the most 

significant predictors of acquisition of new social skills and improvement in vocational 
functioning after psychiatric rehabilitation interventions [e.g., Bell and Bryson, 2001; Cook 
and Razzano, 2000; Hoffmann et al., 2003; Kern, Green, and Satz, 1992]. Sometimes, in 
order to make psychiatric rehabilitation more effective, it is started with cognitive skills 
training, like in the Integrated Psychological Therapy developed by Brenner et al. [1994]. In 
other approaches, the rehabilitation outcome is optimized by reducing the cognitive burden 
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on patients. To achieve this, for example, Kern et al. [2002, 2003] used special learning 
method (ie. "errorless learning"), and Velligan et. al. [1996, 2000] designed various 
environmental adaptations and compensatory strategies. 

Among cognitive impairments limiting effectiveness of rehabilitation interventions 
verbal memory and attention are being mentioned most often. For example, Kern, Green, and 
Satz [1992] designed skills training modules to improve patients' knowledge and awareness 
of their psychiatric condition. They showed that verbal memory, sustained attention, and 
freedom from distractibility had the highest correlation with this training outcome. Similarly, 
in study reported by Silverstein, Hitzel, and Schenkel [1998] attentiveness and verbal 
memory were critical for patients' ability to benefit from social skills training. Moreover, 
some studies indicated that severity of symptoms contributed less than cognitive impairment 
to rehabilitation outcome [e.g., Bell and Bryson, 2001; Lysaker and Bell, 1995; Smith, et al., 
1999b]. 

 
 

Cognitive Training and Psychoeducational Intervention: Modifiability of 
Illness Unawareness 

 
In the past decade cognitive impairments have become the target of many rehabilitation 

programs. Several studies have yielded promising findings, for example in Wexler et al.'s 
[1997] study most patients practicing sustained perceptual, memory and motor tasks achieved 
performance levels equal to or greater than high functioning healthy control subjects. In 
another successful program, Bellack et al. [2001] trained two groups of patients on two 
different neurocognitive tasks. Both groups showed large improvements on the trained test 
and moderate improvement on the untrained test, while a control group failed to exhibit 
improvement on either test. In Wykes et al.'s [1999] study patients with schizophrenia 
participated in an intensive cognitive remediation program aimed at improving executive 
functioning. In comparison with a control group attending occupational therapy, experimental 
group significantly more reduced deficits in cognitive flexibility and memory domains. 
Similarly, Medalia et al. [1998] have demonstrated that schizophrenic patients receiving 
computerized attention training made significantly greater progress than the control group. 
Patients participating in the training became more vigilant and less distractible, moreover, 
these effects further generalized on severity of their symptomatology. However, there is also 
much skepticism concerning the effects of direct remediation of cognitive deficits in 
schizophrenia, especially their generalizability and durability [cf. Bellack, 1992; Nieznański, 
2000a]. A group of studies did not find any evidence that cognitive rehabilitation has grater 
impact on outcome than conventional interventions [e.g., Benedict et al., 1994; Lewis et al., 
2003; Medalia, Revheim, and Casey, 2000]. In recent meta-analysis of several randomized 
controlled trials, Pilling et al. [2002] have concluded that cognitive remediation does not 
appear to give reliable benefits for patients with schizophrenia. Similarly, Suslow, Schonauer, 
and Ardt [2001] in their review of the literature have drawn the inference that there is a weak 
evidence that attention training is effective in schizophrenia. Nevertheless, cognitive deficit 
remains one of the most important targets of rehabilitation in schizophrenia and studies 
searching for successful rehabilitation methods are still growing. 
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Psychoeducation is a widely used method aimed at helping people with schizophrenia to 
manage their illness more effectively. This kind of intervention mostly increases patients' 
knowledge but rather does not affect their behavior [Mueser et al., 2002]. However, in the 
literature it is recommended as a method reducing risk of relapse, preventing noncompliance 
and optimizing compliance [e.g., Chładzińska-Kiejnia, Górna, and Bąk, 1997; Merinder, 
2000; Tafliński, 1998; Rund et al., 1994; Weiden, 1997]. Some studies have demonstrated 
improvements of insight in patients with schizophrenia after participation in educational 
programs [Carroll et al., 1999; Kemp et al., 1996; Macpherson, Jerrom, and Hughes, 1996]. 
As Mueser et al. [2002, p. 1274] have concluded, "psychoeducation remains important 
because access to information about mental illness is crucial to people's ability to make 
informed decisions about their own treatment, and psychoeducation is the foundation for 
more comprehensive programs". 

The aim of Study 2 was to evaluate the influence of cognitive rehabilitation and 
psychoeducational intervention on various aspects of illness awareness in outpatients with 
schizophrenia spectrum disorders. It was hypothesized that both interventions may improve 
patients' insight. In cognitive training group this improvement may be achieved indirectly by 
improving cognitive functions potentially connected with insight into illness. We can assume 
this because we have found the applied method of training effective in improving patients' 
various cognitive skills [Nieznański, Walczak, and Chojnowska, 2000; Nieznański et al., 
2004]. For psychoeducational intervention it may be expected to directly improve patients' 
knowledge about symptoms and effects of medication, which may make easier for them to 
understand and manage the illness. The second aim of this study was to investigate if verbal 
learning abilities, which we showed in Study 1 that correlated with insight scores, may also 
predict patients' improvement in insight scores after participation in psychological 
intervention. 

 
 

Method 
 

Subjects 
We invited subjects from Study 1 to participate in psychoeducation or cognitive training. 

The courses were conducted alternately, therefore patients could participate in both 
interventions (in psychoeducation - cognitive training sequence or opposite, cognitive 
training - psychoeducation sequence). Twenty three out of 27 patients agreed to participate, 
among them 10 participated in both offered interventions, 4 patients participated solely in 
cognitive training and 9 solely in psychoeducation. Therefore we were able to assess 14 
subjects before and after cognitive training ("cognitive training group"), and 19 before and 
after psychoeducation ("psychoeducational group"). For those subjects who participated in 
both interventions the post-test from the first intervention was a pre-test of the second 
intervention. 

 
Cognitive Skills Training 

Patients participating in cognitive training received one 40-50 minutes session per week 
for 12 weeks. They were divided into 2-3 persons subgroups, they were joined according to 
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the similar level of cognitive abilities. During a typical training session, subjects were 
practicing 5-8 cognitive tasks, each demanding various combinations of cognitive abilities. 
For example, during one of the sessions patients were engaged in practicing: 1) sorting of 
cards with geometrical figures, according to their color and/or number and/or shape; 2) 
giving words connected with the word "book" and categorizing gathered associations into 
various classes; 3) searching for words containing letter "b" in a given text; 4) copying 
complex figures and than drawing them again from memory; 5) making analogies between 
pairs of objects; 6) assembling a story from fragmented sentences. Specifically for this 
project, a training manual was developed [Nieznański, 2000b], containing over 70 cognitive 
tasks, designed to exercise a wide range of cognitive abilities impaired in schizophrenia, 
among them various aspects of attention, verbal and nonverbal learning and memory, long-
term and short-term memory, executive functioning, conceptual thinking etc. The tasks were 
adopted from other cognitive trainings [e.g., Brenner et al., 1994] and selected from various 
cognitive tests described in the literature on methods of testing intellectual abilities [e.g., 
Guilford, 1967; Matczak, 1994]. Activities were graded with respect to their complexity, with 
easier versions of tasks given to subgroups of less-skilled patients. Detailed results 
concerning the influence of our cognitive training on cognitive functioning and symptom 
severity have been presented elsewhere [Nieznański et al., 2004]. 

 
Psychoeducational Treatment 

During 12 sessions patients had got acquainted with a range of topics on the nature and 
treatment of mental disorder, and the need for maintaining medication to prevent or delay 
relapse was stressed by the psychiatrist leading the sessions. Patients were divided into two 
subgroups (9 or 10 persons in each) and participated in the sessions once a week. Materials 
from a program of relapse prevention "PRelapse" and earlier experiences with educating 
patients about their illness were used during the sessions. 

 
Statistical Methods of Outcome Prediction 

Two logistic multiple-regression analyses were carried out, using stepwise backward 
regression based on the Wald statistic, with improvement of awareness of current (first 
analysis) and past (second analysis) illness as the dependent variable. Patients who achieved 
a better score on at least one SUMD general item in the post-test were classified as improving 
insight (n=10), those whose SUMD scores did not improve or deteriorated were classified as 
not improving (n=16); seven patients were not classified because all their pre-test SUMD 
scores were maximally good, so they could not improve. We entered significant variables 
outlined in the correlational analyses of Study 1 into analyses, for the first analysis they 
included: illness duration, severity of negative symptoms, severity of positive symptoms, and 
learning potential. In the second analysis we entered one more variable - immediate recall. 
Two other independent variables potentially important for insight improvement were also 
entered: the kind of intervention (cognitive training versus psychoeducation) and the phase of 
treatment (i.e. improvement achieved in first intervention versus in second intervention). 
These two variables, as well as dependent variables, were coded as "dummy variables" [see: 
Glantz and Slinker, 2001]. 
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Results 
 
The improvements in illness awareness were found in both groups. In the 

psychoeducational group significant changes were found on SUMD items of mental disorder 
awareness and awareness of effects of medication, as well as on overall awareness of 
symptoms, and overall attribution scores. In the cognitive training group patients improved 
significantly on overall score of symptom awareness (see Table 4). 

 
Table 4. Changes in Insight Scores after Psychoeducation  

(n=14) and Cognitive Training (n=19) 
 

 Cognitive training Psychoeducation 
SUMD Pre-test Post-test Pre-test Post-test 
General items     
Awareness of mental disorder: current  2.50 ±1.40 2.14±1.40 2.42a±1.02 2.21a±1.03 
Awareness of mental disorder: past  2.57±1.28 2.14±1.23 2.47b±1.28 2.32b±1.11 
Awareness of effects of medication: current  1.79±1.42 2.0±1.57 2.11b±1.20 1.89b±1.20 
Awareness of effects of medication: past  1.93±1.38 1.93±1.33 2.32a±1.11 2.11a±1.15 
Awareness of social consequences: current  2.21±1.48 2.07±1.54 1.74±1.10 1.68±1.11 
Awareness of social consequences: past  2.07±1.54 2.07±1.54 1.74±1.10 1.63±1.12 
Overall scores     
Symptoms awareness: current  2.71c±1.23 2.35c±1.44 2.79d±0.91 2.53d±0.96 
Symptoms awareness: past  2.58c±1.21 2.27c±1.31 2.65e±0.94 2.43e±0.95 
Symptoms attribution: current  2.41±1.21 2.04±1.19 2.67d±1.05 2.43d±1.06 
Symptoms attribution: past  2.39±1.27 2.0±1.18 2.69f±1.16 2.38f±1.07 

Matched-pairs signed-ranks test, one-tailed; a z=1.82 p<.04, b z=1.60 p=.05, c z=1.68 p<.05, d z=2.67 
p<.004; e z=2.77 p<.003; f z=2.58 p<.005 
 
The first logistic multiple-regression analysis was conducted with improvement of 

awareness of current illness as the dependent variable. This analysis showed that pre-
treatment learning potential, illness duration, and phase of treatment contributed most to the 
prediction of insight improvement, while pre-treatment severity of negative and positive 
symptoms, and kind of psychological intervention (cognitive training vs. psychoeducation) 
made nonsignificant contributions. The second stepwise backward regression analysis was 
conducted with improvement of awareness of past illness as the dependent variable. Only two 
variables significantly explained insight improvement, that is: immediate recall and learning 
potential. The kind of intervention, phase of treatment, illness duration and pre-treatment 
severity of positive and negative symptoms did not contribute significantly to improvement 
of awareness of past mental disorder (see Table 5). 
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Table 5. Significant Predictors of Improvement in SUMD General Items after 
Psychological Intervention (n=26) 

 
Dependent variable Independent variables B SE Wald p (df=1) R 

Constant 5.29 4.29 1.52 .217  
Phase of treatment 3.80 1.73 4.81 .028 .28 
Learning potential .81 .40 4.11 .043 .25 

Improvement of 
awareness of current 
illness 

Illness duration -.55 .31 3.20 .074 -.19 
Constant 2.52 1.53 2.71 .10  
Immediate recall -.29 .12 5.35 .02 -.31 

Improvement of 
awareness of past 
illness Learning potential .41 .25 2.70 .10 .14 

 
 

Discussion 
 
Both applied interventions improved patients' awareness of the illness. The influence was 

more prevalent in the psychoeducational group than in the cognitive training group. 
However, it must be noted that in the cognitive training group the sample size was smaller 
(n=14) than in psychoeducational group (n=19) and some comparable improvements 
appeared not large enough to reach significance. It is possible that patients improved their 
insight scores not due to a change in their attitudes and beliefs about illness but rather 
because they became more skilled in verbalizing and explaining their illness. However, we 
believe that this change in patients' knowledge about mental illness is also a valuable 
treatment effect which may contribute to improvements in patients' compliance or quality of 
life. Our Study 2 lacked a group without any intervention, therefore it cannot be excluded 
that improvement in insight was due to a spontaneous change, however this possibility seems 
to be very improbable in chronic, clinically stable outpatients. 

The first logistic regression analysis showed that the improvement in awareness of 
current illness was more probable after participation in the second intervention and for 
patients with higher learning potential, and shorter illness duration. The second analysis 
showed that an improvement in awareness of past illness was predicted by higher learning 
potential and worse immediate recall. Both analyses suggested that it was not important what 
kind of intervention (psychoeducation vs. cognitive training) the patient received, the positive 
and negative symptom severity also had no significant predictive value. These results of 
multiple-regression analyses we consider only preliminary because of inadequate sample size. 
However, they support our hypothesis that learning potential may be an important predictor 
of patients' ability to improve their insight after participation in psychological intervention. 

These results have some clinical implications. They suggest that poor learning potential, 
but not poor ability to retrieve information, may be a rate-limiting factor for interventions 
aimed at insight improvement. This finding is consistent with results of Wiedl's [1999] study, 
which have shown that cognitive modifiability is an important predictor of readiness for 
rehabilitation. Moreover, it seems that various forms of rehabilitation may lead to 
improvements in insight. Our study showed that psychoeducation and, to a lesser degree, 
cognitive training improve patients' awareness of illness, while Lysaker and Bell [1995] have 
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observed improvements following participation in vocational rehabilitation. It also seems that 
psychological interventions may be more successful for patients with shorter illness duration, 
and, when two consecutive interventions are given, for patients participating in the second 
intervention. 

 
 

CONCLUSION 
 
• Our findings support the hypothesis that impaired insight in schizophrenia is 

associated with low learning capacity. It was demonstrated in Study 1, where 
unawareness of mental disorder and unawareness of effects of medication correlated 
significantly with low learning potential, and in Study 2, where patients with low 
learning potential were less able to improve insight scores after participation in 
psychological intervention. 

• General ability to retrieve verbal information appeared to be unrelated to illness 
awareness. Moreover, the relation between the immediate recall and awareness of 
past mental disorder seemed opposite to the expected one. This finding remains 
unclear and requires further investigation. 

• This study also pointed out the importance of illness duration as a variable affecting 
patients' insight. It was showed that patients with shorter illness duration are both 
more aware of the illness and more prone to improve their awareness after 
psychological intervention. 

• The data from this study suggest that the relationship between symptoms and insight 
is rather a correlational than cause-effect relationship. Study 1 indicated that 
negative and positive symptom severity are correlated with unawareness of illness, 
however in Study 2 the severity of symptoms did not predict insight changes after 
psychological intervention. It is consistent with other studies that have found no 
association between changes in psychopathology and changes in insight in patients 
recovering from acute psychotic episode [Armstrongh, Chandrasekaran, and Perme, 
2002; Cuesta, Peralta, and Zarzuela, 2000]. 

• The multidimensional nature of illness awareness was pointed out in both conducted 
studies. It was especially apparent in case of the dimension of understanding of the 
social consequences of illness. This variable did not correlate with any of the 
studied variables and did not change after psychological interventions. It is possible 
that this component is related to patients' emotions and social experiences, while 
other insight dimensions are more connected with patients' knowledge about illness, 
and more liable to improvement following psychological intervention. 

• The main limitation of this study is small sample size, therefore most of our results 
should be considered as exploratory. Moreover, we have to emphasize that our 
inferences are mostly restricted to a population of outpatients with schizophrenia 
spectrum disorders in the remission phase of the illness, and could not be 
generalized on acute patients. 
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