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Research has consistently shown schizophrenics to perform significantly poorer 

than normal controls on commonly used measures of neuropsychological functioning. 

Research on the neuropsychological functioning of first-degree relatives of schizophrenics 

who do not themselves have schizophrenia is comparatively sparse but suggests the 

likelihood of deficits in this group as well. A battery of standard neuropsychological tests 

was administered to three groups: first-degree relatives of schizophrenics who do not 

themselves have schizophrenia (FDR-SCZ), first-degree relatives of persons with major 

depression and bipolar disorder (FDR-MOOD), and normal controls (NC). The FDR-

SCZ group was not found to demonstrate significantly impaired performance relative to 

the other two groups on any of the hypothesized or exploratory analyses. These 

implications of these findings are discussed with reference to previous studies and future 

research. 
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CHAPTER I 

INTRODUCTION 

Schizophrenia is the world's most common psychosis, affecting, by conservative 

estimates, approximately one percent of the population of the Earth (Gottesman & 

Shields, 1982; Howell, 1991). Though the specific definitions of schizophrenia may vary, 

it is generally thought to involve a fundamental disturbance of personality, with 

characteristic distortions of thinking such as delusions and autism, in combination with 

clear consciousness and retention of much intellectual capacitance (Flekkoy, 1981). The 

Diagnostic and Statistical Manual of Mental Disorders- Fourth Edition (American 

Psychiatric Association, 1994) defines schizophrenia in terms of a characteristic array of 

symptoms that include disturbances in perception, inferential thinking, language and 

communication, behavioral monitoring, affect, fluency and productivity of speech, hedonic 

capacity, volition and drive, and attention. 

These characteristic symptoms of schizophrenia fall into two broad conceptual 

categories: positive and negative. Positive symptoms represent an excess or distortion of 

normal functions, whereas negative symptoms reflect a diminution or loss of normal 

functions. Positive symptoms include distortions of thinking (delusions), perception 

(hallucinations), language and behavioral monitoring. Negative symptoms include 

restriction in the range and intensity of emotional expression, fluency and productivity of 

thought and speech, and in the initiation of goal-directed behavior (APA, 1994). 
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The term schizophrenia—literally "split mind"--was coined by Eugen Bleuler to 

replace the earlier term Dementia Praecox. Bleuler used the concept of the "split mind" 

to refer to a disorganization of various functions of the mind so that thoughts and 

feelings no longer worked together (Bleuler, 1924; Carlson, 1981). His conception of 

schizophrenia varied from that of predecessors such as Emil Kraepelin in that it held that 

the disease need not always be due to an insidious organic process similar in some ways 

to dementia. Instead, Bleuler felt that schizophrenia could also be caused by 

psychological stress and, in his later conceptions, psychodynamic factors (Howells, 

1991). However, despite Bleuler's eminence, the current trends in research seem to be 

moving in the general direction of Kraepelin's model rather than Bleuler's. 

Is Schizophrenia A Biological Disorder? 

A review of the state of the field of schizophrenia research (Iacano & Grove, 

1993) points out the trend: More than seventy percent of the posters at the 1993 

International Conference on Schizophrenia involved biological themes. Promising 

research derived from family, twin, and adoption studies suggest that schizophrenia likely 

involves an important genetic component. Nevertheless, these researchers also note 

severe problems with the body of research: Replication failure is the rule rather than the 

exception. Few correlates of the disorder are generally accepted as reducible. Even fewer 

correlates have potential as etiological clues. Despite literally thousands of studies, there 

is still no commonly accepted, plausible, and comprehensive theory of schizophrenia. Nor 

is there firm evidence of consistent structural lesioning or neurochemical alterations in the 



schizophrenic brain. And while alterations are commonly noted in the brains of individual 

schizophrenics, the universality of these alterations is generally lacking and their 

significance often unclear. 

Despite all this, the evidence does suggest that the development of schizophrenia 

has an important biological component. A large number of studies have found 

abnormalities in the brains of schizophrenics. Moreover, it seems likely that a genetic risk 

for schizophrenia would be expressed through alterations in the physiology and/or 

function of the schizophrenic brain. Over the past 10-15 years the idea that schizophrenia 

is a neurobehavioral syndrome has clearly become the mainstream position (Kremen, 

1994) and this seems unlikely to change in the foreseeable future. 

Schizophrenia as a Neurological Disorder 

The view that Schizophrenia is best seen as a neurological disorder has been 

steadily gaining credence for some time. Evidence for this view is of three main types. 

First, patients with schizophrenia exhibit many neurological symptoms that suggest brain 

damage, including catatonia, facial dyskinesias, elevated or reduced blink rates, episodes 

of eye deviation, staring/avoidance of eye contact, and absence of the blink reflex 

(Carlson, 1981). Second, the nature and effects of effective pharmacological intervention 

suggest that at least some of the symptoms of schizophrenia may be produced by 

abnormalities in neurotransmitter activity in the schizophrenic brain. The second major 

source of evidence, identifiable changes in schizophrenic brains, has become increasingly 

available with the widespread use of Magnetic Resonance Imaging (MRI) and other 



imaging techniques. The possibility that some symptoms of schizophrenia may be 

accounted for by disordered neurotransmitter activity is perhaps best accounted for by 

what is commonly known as the "Dopamine Hypothesis". This hypothesis holds that 

Schizophrenic psychosis is related to neuronal hyperactivity at the dopaminergic synapse 

(Crider, 1979). The main evidences for this hypothesis are threefold: First, drugs that are 

dopamine agonists (e.g. 1-dopa) exacerbate the expression of psychotic symptoms in 

schizophrenics while drugs that are dopamine antagonists decrease the expression of the 

same symptoms (Carlson, 1981; Crider, 1979). Indeed, all drugs known to inhibit 

psychotic activity also block the action of dopamine at the postsynaptic receptor sites 

(Carlson, 1981; Crider, 1979; Flekkoy, 1981). Second, the side effects of antipsychotics-

muscular rigidity, tremors, etc.- are similar to Parkinsonianism, which is known to be due 

to dopamine depletion in the nigro-striatal neurons. Third, studies have suggested that 

dopaminergic activity is abnormal in schizophrenics (Carlson, 1981). Overall, the weight 

of this evidence has been judged by at least one researcher as "massive" (Flekkoy, 1981). 

Nevertheless, unanswered questions remain. For instance, why is it that the symptoms of 

up to one-third of schizophrenics are not relieved or even reduced by antipsychotic drugs? 

Similarly, given the putative dopaminergic hyperactivity, why don't schizophrenics develop 

tardive dyskinesia? For now, at least, such questions remain unanswered. Despite this, 

the Dopamine Hypothesis remains popular and, given the evidence supporting it, seems 

likely to remain so for the foreseeable future. 



In addition to the possibility of abnormal neurotransmitter activity, the recent focus 

on a biological basis for schizophrenia has resulted in an ever growing body of literature 

dealing with possible structural changes in the schizophrenic brain. A number of theories— 

particularly those dealing with the negative symptoms of schizophrenia- posit the existence 

of such a structural abnormality to explain the altered functioning of schizophrenics. Still, 

at present, the only well-established structural abnormality in schizophrenia is enlargement 

of the lateral ventricle and even here the change is modest and there is a large overlap with 

the normal population (Chura & McKenna, 1995). Other findings, however, suggest that 

further structural abnormalities may be present in many schizophrenics. Cannon and 

Marco (1994) note that more than 200 postmortem and nueroimaging studies have 

documented the presence of structural brain pathology in schizophrenics. What is lacking 

is consistency of results. This lack of consistency may be due to both the subtlety and 

complexity of the structural alterations (Chura & McKenna, 1995) and the possibility that 

schizophrenia may very well represent not one but a number of disorders-confounding the 

results of studies based on unitary assumptions. 

As noted, a large body of literature does indicate that schizophrenics tend as a 

group to have enlarged ventricles, particularly the lateral ventricles (Andreasen, 1989; 

Cannon, 1998; Cannon & Marco, 1994; Chura & McKenna, 1995;). For example, Brown, 

et al. (1986) conducted a postmortem study in which schizophrenics were found to have 

significantly larger anterior lateral ventricles, particularly in the temporal horn cross 

section (by 97%). Likewise, Corey-Bloom et al. (1995) found that patients with late-



onset schizophrenia had significantly larger ventricles than did a normal comparison group. 

Imaging studies have demonstrated a diffuse loss of cortical volume and concomitant 

ventricular enlargement in schizophrenics (Maier, Ron, Barker & Tofts, 1995). While this 

ventricular enlargement is not unique to schizophrenia, having been found in patients with 

mood disorders as well, it is significantly greater in schizophrenic patients than in patients 

with other disorders (Elkins, Friedman, Wise & Meltzer, 1995). As might be expected 

given the increase in ventricular size, CSF fluid volume has also been found to be 

significantly greater in schizophrenics than in normal comparison subjects (Nopoulos et 

al., 1995) and this increase has been found to be associated with negative symptomatology 

(Turetsky et al., 1995). 

With regard to overall brain volume, the findings for schizophrenics are somewhat 

mixed. On the one hand, a number of studies have reported reductions in overall brain 

volume in schizophrenics (Brown, et al. 1986; Maier, Ron, Barker & Tofts, 1995; 

Turetsky et al., 1995). In contrast, a recent study by Nopoulos et al. (1995) found no 

difference in total overall brain volume between schizophrenics and normal controls. 

It may be that schizophrenia with brain atrophy represents a distinct subtype of 

schizophrenia (Goetz & Kammen, 1986), perhaps particularly associated with loss of 

tissue in the temporal lobe (Brown et al., 1986). While brain atrophy is certainly not 

unique to schizophrenia, a study by Harvey, Persaud, Ron, Baker and Murray (1994) 

found both bipolar patients and normal controls to have significantly greater overall 

cerebral and cortical volume than did schizophrenics. This finding suggests that the loss 



of cortical volume, while not unique to schizophrenia, is more severe in at least some 

cases of schizophrenia than in other severe psychological disorders. 

A number of studies have suggested that schizophrenics have significantly smaller 

frontal lobes than do normal controls (Andreasen, 1986; Nopoulos et al., 1995; Van Der 

Does & Van Den Bosch, 1992). Still, until recently, most magnetic resonance imaging 

studies had failed to find differences in the frontal volume of schizophrenics and normal 

controls. More recent studies, however, using thinner brain slices may be reversing this 

trend, suggesting the presence of reduced frontal volume in at least a subgroup of 

schizophrenics (Stanley et al., 1995). That this loss of frontal tissue may not be equal 

bilaterally is suggested by a recent study that found schizophrenics to demonstrate 

abnormal brain asymmetry with reductions in cortical tissue in both the right frontal and 

left temporal regions (Turetsky et al., 1995). 

Research has also suggested a number of structural abnormalities in the temporal 

lobes of schizophrenics. The consistent finding of enlarged lateral ventricles has been 

found to be associated with loss of temporal lobe tissue (Brown et al., 1986), A recent 

study found schizophrenics to have significant tissue reductions in both the right frontal 

and left temporal regions of the brain and suggested that reduced left temporal volume 

was associated with negative symptomalogy (Turetsky et al., 1995). Moreover, while 

temporal tissue loss can occur in concert with loss of frontal cortical volume, it may also 

occur even in the absence of gross volumetric abnormalities in the frontal cortex (Wible et 

al., 1995). Cytoarchitectural abnormalities have also been noted in the temporal lobes of 



schizophrenics, especially in the hippocampus and the outer layers of the entoerhinal 

cortex (Arnold et al., 1991; Maier, Ron, Barker & Tofts. 1995), perhaps due to 

abnormalities in the normal pattern of neuronal migration (Akbarian et al., 1993; Cannon, 

1998). Studies have also found schizophrenics to have smaller limbic structures than do 

normal controls, although there is a large overlap with about half of the schizophrenics 

falling in the normal range (Cannon & Marco, 1994). These abnormalities in the medial 

temporal lobe may play a key role in the genesis of the positive symptoms of schizophrenia 

(Akbarian et al., 1993). This may be particularly true of the entoerhinal cortex since it is 

the key area for communication between the cortex and the hippocampal formation. 

Defects in this area could result in both impaired reality testing and a compensatory 

increase in dopaminergic enervation to mesolimbic targets (Arnold et al., 1991). 

Several research studies have also identified neuronal abnormalities in the brains of 

schizophrenics. A study by Arnold et al. (1995) found schizophrenics to have significantly 

smaller neuron size in three areas of the hippocampus that play a key role in maintaining 

hippocampal connections with widespread cortical targets. Histological studies have 

provided evidence that the number of neurons in the medial temporal lobe structures is 

reduced (Akbarian et al., 1993; Maier, Ron, Barker & Tofts, 1995), probably due to 

disruptions in the normal pattern of neuronal migration (Akbarian et al., 1993; Cannon, 

1998). Neuron density has been found to be increased in Prefrontal Area 9 in the brains of 

schizophrenics, though this increased density appears to be due to loss of neuropil and the 

consequent shrinking of intercortical space rather than an increase in the total cell number 



(Selemon, Rajkowska & Goldman-Rakic, 1995). These changes, especially those 

suggesting abnormal neuronal migration suggest the possibility of disturbances of brain 

development in schizophrenics (Cannon, 1998). 

Ongoing research also suggests that at least some schizophrenics may have 

abnormal cerebral vasculature. A study by Cohen, Yurgelun-Todd, English & Renshaw 

(1995) tested the hypothesis that the regional distribution of cerebral vasculature is 

anomalous in schizophrenia and found that cerebral blood flow was greater for 

schizophrenics than normal controls in every area measured. This finding suggests the 

presence in schizophrenics of an abnormality in the density size or configuration of 

cerebral blood vessels. 

As impressive as is the overall weight of this evidence, it must be interpreted with 

some caution. There is, as noted, little consistency in these findings. Also, there is 

considerable overlap (on the order of 50 percent) between the schizophrenic and normal 

samples (Cannon, 1998). The reasons for these heterogeneous findings are not entirely 

clear. One possibility is that there are two or more subtypes of schizophrenia, not all of 

which are associated with structural changes in the brain. 

Schizophrenia as a Frontal Disorder 

While the above evidence suggests the possibility of neurologic abnormalities in 

many areas of the schizophrenic brain and provides only equivocal evidence for consistent 

structural abnormalities in the frontal cortex, many researchers still feel this area plays a 

key and perhaps predominant role in schizophrenia. While the structural evidence for this 
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is not particularly impressive, a large body of functional data supports the notion of frontal 

dysfunction in schizophrenia. For example, it has long been recognized that many of the 

symptoms of schizophrenia, particularly flattening of affect, looseness of association and 

thought disorder, resemble symptoms exhibited by patients with frontal lobe damage 

(Selemon, Rajkowska & Goldman-Rakic, 1995). Likewise, the attentional deficits 

observed in schizophrenics are similar to those found in frontal lobe patients (Levin, 

1984). Like frontal patients, schizophrenics have been found to have impaired recall but 

nearly normal recognition memory (Beatty, Jocic, Monson & Staton, 1993). 

Testing performance also suggests the presence of frontal dysfunction in 

schizophrenia. Schizophrenics have been found to do significantly worse on the 

Wisconsin Card Sort Test (WCST), which requires intact Dorsolateral Prefrontal Cortex 

(DLPFC) functioning . In contrast they perform within normal limits on more purely 

parietal tasks, such as Number Matching and the Continuous Performance Task, that 

require similar levels of attention, concentration and effort (Berman, Zee & Weinberger, 

1986; Cannon, 1998; Kolb & Whishaw, 1983; Weinberger, Berman & Illowsky, 1988). 

A possible explanation for this performance pattern is provided by regional cerebral blood 

flow (rCBF) studies demonstrating that schizophrenics show deficits in their ability to 

appropriately activate the DLPFC (Weinberger, Berman & Zee, 1981), even when 

medication status was controlled for (Berman, Zee & Weinberger, 1986; Berman, 

Illowsky & Weinberger, 1988). 



11 

In addition to poor WCST performance, Schizophrenics have also been found to 

do poorly on other tests of frontal-striatal functioning such as verbal fluency and design 

fluency (Beatty, Jocic, Monson, & Stat on, 1993; Crawford, Obonsawin & Bremmer, 

1993) and to have significantly more anterior than posterior cortical dysfunction (Taylor & 

Abrams, 1984). In contrast to their poor performance on tests of frontal functioning, 

schizophrenics do not demonstrate significant deficits on Raven's Progressive Matrices, a 

test which does not require activation of the DLPFC (Berman, Illowsky & Weinberger, 

1988). However, studies have also found that schizophrenics have cognitive impairments 

on tests sensitive to the functioning of most cortical areas (Taylor & Abrams, 1984) and to 

do particularly poorly on tests of general intelligence and temporal lobe function (Kolb & 

Whishaw, 1983) as well as frontal functioning. 

Overall, these results suggest that the poor performance of schizophrenics on the 

WCST and other tests of frontal-striatal functioning is due impairments in DLPFC 

functioning rather than lack of attention, concentration and effort. It also appears that 

they do not do as poorly on purely parietal tasks. At this point, however, it is not yet clear 

whether the deficit in DLPFC functioning is a discrete phenomenon in schizophrenia or 

whether it is part of a larger deficit in overall cognitive functioning. 

Schizophrenics do resemble frontal lobe patients in some aspects of their 

presentation, primarily with regard to the negative symptoms of schizophrenia, as well as 

doing poorly on tests sensitive to frontal functioning. Both of these findings are 

supportive of the "functional" frontal lesion that an influential article by Weinberger 
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(1987) proposed as the major causal agent in the development of schizophrenia. 

However, these findings do not rule out the possibility that frontal dysfunction is a part of 

a larger pattern of cortical dysfunction in which they are not the causal agent. Nor do they 

explain why, if frontal dysfunction is the cause of both the negative symptoms of 

schizophrenia and schizophrenia itself, all schizophrenics do not demonstrate negative 

symptoms. It may be that schizophrenics with frontal dysfunction represents a distinct 

subgroup of all schizophrenic patients (Levin, 1984). If this is true, frontal lobe 

dysfunction should not seen as the exclusive or even primary disorder in schizophrenia, 

although it is likely the origin of the more severe negative symptoms. 

Positive and Negative Symptoms 

As noted in the introduction, the positive symptoms of schizophrenia may be 

broadly defined as behavioral excess or abnormalities that would not be demonstrated by 

the normal population. Negative symptoms are then seen as the absence of normal 

behaviors in schizophrenics. These definitions are conceptually similar to Blueler's 

Fundamental (loss of function) and Accessory (aberration of function) Symptoms of 

Schizophrenia (McGlashan & Fenton, 1992). Similarly, Walker and Lewine (1988) define 

negative symptoms as "signs of ideational or behavioral deficits", while positive symptoms 

are seen as "signs of ideational or behavioral excess". 

While there is general agreement on these broad definitions, precisely which 

symptoms are defined as positive and negative can vary. As a general rule though, 

virtually all systems include flat affect and poverty of speech as negative symptoms and 
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hallucinations and delusions as positive symptoms. Most systems also include anhedonia, 

abulia and avolition as negative symptoms along with thought disorder, bizarre behavior 

and inappropriate affect as positive (McGlashan & Fenton, 1992). 

As generally defined, studies have found negative symptoms to be associated with 

poor premorbid functioning (McGlashan & Fenton, 1992; Pogue-Geile & Zubin, 1988; 

Walker & Lewine, 1988) and to be more hereditable than are positive symptoms (Pogue-

Geile & Zubin, 1988; Walker & Lewine, 1988). Negative symptoms also appear to be 

more predictive of a poor outcome (Hwu, Tan, Chem & Yeh, 1995), although their 

prognostic significance is likely fairly modest (Pogue-Geile, 1988). Positive symptoms do 

not seem to be predictive of outcome (Hwu, Tan, Chem & Yeh, 1995). Negative 

symptoms have also been found to be correlated with structural damage and abnormalities 

(Walker & Lewine, 1988; Chura & McKenna, 1995), as well as neurologic abnormalities 

(McGlashan & Fenton, 1992). Positive symptoms are associated with over activity of 

dopaminergic neurons (Walker & Lewine, 1988). Negative symptoms have been found to 

be associated with deficits in visual processing, visual-motor, and visual-spatial deficits, 

while positive symptoms correlate with auditory processing and short-term memory 

deficits (Green & Walker, 1985; Walker & Lewine, 1988). 

From the first writings on them, there has been disagreement on the relationship of 

positive and negative symptomalogy. Hughlings-Jackson, writing in 1889, felt that 

positive and negative symptoms were related phenomena, with the negative symptoms 

being produced by a loss of higher mental functions and the positive symptoms being, in 
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turn, released by a loss of higher cortical control (McGlashan & Fenton, 1992; Sass, 

1989). Berze, like Jackson, saw negative and positive symptoms as related phenomena 

but argued that the positive symptoms were the result of the primary disease process, 

which through their effects on the brain could in turn lead to negative symptoms (Sass, 

1989). In contrast, writing some forty years earlier than Jackson (1858), Reynolds saw 

positive and negative symptoms as completely independent of one another (Sass, 1989). 

Despite the early view of Reynolds, the first explicit hypothesis that positive and 

negative symptoms represent distinct pathologies did not appear until it was proposed by 

Strauss et al. (1974) and elaborated by Crow (1980). Crow's model held that 

Schizophrenia really consisted of two disorders. Type I Schizophrenia was made up of 

mainly positive symptoms and was due to reversible hypodopaminergic activity. Type II 

Schizophrenia consisted mainly of negative symptoms and was a reflection of irreversible 

neuronal loss. Crow's model has proven to be quite influential but by no means has it 

eclipsed the view that the positive and negative symptoms of schizophrenia are due to a 

single disease process. Miller (1988), for example, echoes Berze when he argues that 

schizophrenia is a progressive disorder in which the continuous over activation of neurons 

due to positive symptoms results in neural degeneration and hence negative symptoms. 

Weinberger (1988) argues for a single pathogenesis also, a functional frontal lesion which 

produces both negative and positive symptoms through its effects. Other, more 

complicated theories have also been proposed. McGlashan and Fenton (1992), for 

example, suggest that negative and positive symptoms are initially independent but that 
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they tend to merge over time. In this model, negative symptoms are thought to initially be 

caused by a different disease process than they are in the later phases of the disease. At 

this point, then, there is still little agreement on the relationship of the positive and 

negative symptoms of schizophrenia. 

Andreasen (1989) argues that any model of the neural mechanisms of 

schizophrenia must take the following two research findings into account: First, positive 

and negative symptoms occur in different mixtures in different patients. Second, the 

symptoms demonstrated by patients may change over time. Moreover, further 

complications are provided in that multiple disease processes could be at work; i.e. 

negative symptoms could be produced by either a core neural deficit or by the effects of 

long-term positive symptoms. Given these findings, Andreasen argues that Crow's model 

is probably too simple to account for the differing mix of positive and negative symptoms 

found in schizophrenic patients. Instead, she proposes a model in which a reduction in 

prefrontal dopamine leads to a relative over activation of dopaminergic systems in the 

Basal Ganglia and/or limbic regions that would normally be modulated by a feedback loop 

from the (properly functioning) prefrontal cortex. In this model, hypofrontal activity 

would thus be expressed as negative symptoms while elevated subcortical activity could be 

expressed as movement abnormalities and/or positive symptoms such as hallucinations. 

Similar in many ways to Weinberger's (1987) model, this model does have the advantage 

of being able to account for variations in negative symptoms over time in that the amount 

of prefrontal dopamine could change temporally. However, to this time, such a pattern of 
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change has not been demonstrated nor has a compelling model for how such change might 

occur been proposed. If, taking a page from Weinberger's model, the dopaminergic under 

activation is due to a fixed frontal lesion it is difficult to see how the effects of the lesion 

would vary over time (Pogue-Geile, 1989). 

Walker and Lewine (1988) propose two other models for the production of the 

negative symptoms of schizophrenia. The first, the Threshold Model, holds that negative 

symptoms represent a more virulent form of schizophrenia which seems to be more 

hereditable, while positive symptoms are seen as more the result of the response to stress. 

The second model, the Vulnerability Model, holds that negative symptoms represent 

enduring characteristics that are independent of the genetic liability for schizophrenia, 

though they do contribute to the likelihood schizophrenia will be expressed. Another pair 

of researchers (Pogue-Geile & Zubin, 1988) proposed five etiological models for negative 

symptoms. The first of these, the Specific Influence model, sees negative symptoms as 

being inherited from a single genetic locus. In essence, negative symptoms represent a 

different form of schizophrenia with a different etiology than do positive. The Multiple 

Threshold model, in contrast, sees the negative symptoms of schizophrenia as due to the 

expression of a certain number of genetic loci that exceed a given threshold. In this model 

no single gene is sufficient to produce schizophrenia. The Modifying Influence model 

presents negative symptoms as not contributing directly to the risk for schizophrenia but 

instead as being exacerbated by the occurrence of schizophrenia. The Non-Indigenous 

model holds that negative symptoms occur in many disorders and are not at all specific to 
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schizophrenia. Finally, the Iatrogenic model suggests that schizophrenic symptoms are 

due to the stress produced by schizophrenia rather than an independent etiology. 

Obviously, given these numerous different models, there is little agreement on the 

etiology of the negative symptoms of schizophrenia. The dominant current view is 

probably that there is a correlation between negative symptoms and frontal dysfunction 

(Andreasen, 1986; Chura & McKenna, 1995), suggesting that such frontal dysfunction 

may be the proximate cause of negative symptoms. The etiology and nature of this frontal 

dysfunction, however, remain unclear. 

The origin of the positive symptoms of schizophrenia is also unclear, although the 

general view is that they represent a deficit in the patient's ability to monitor their own 

cognitive activity. This monitoring impairment is consistent with evidence that suggests 

the brain pathology of schizophrenia lies in the frontal-limbic structures of the brain 

(Mlakar, Jenstarle & Frith, 1994). What is not clear is whether this monitoring 

impairment is genetic, hormonal or environmental, or some combination of these or other 

factors. 

Two researchers (Kirkpatrick & Buchanon, 1990) have argued that there may also 

exist a more virulent form of negative symptomalogy which they have dubbed the Deficit 

Syndrome. This syndrome is restricted to long-term persistent negative symptoms and, 

they argue, may be easier to track biologically. In terms of Crow's model, the deficit 

syndrome would not be present in Type I schizophrenia, though some negative symptoms 

might be. The deficit syndrome would, however, be present in Type II schizophrenia. 
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Kirkpatrick and Buchanon propose a pathway for the production of deficit symptoms 

which includes the Amygdala (which is involved in social cognition and behavior), the 

Periamygdalar Cortex, and the Prefrontal Cortex (which plays a key role in social 

affiliation and emotional expression). 

While the negative/positive symptom dichotomy is of long-standing, it is not 

without criticisms of its validity. It has been noted that many of the negative symptoms of 

schizophrenia also occur in the course of major depression. Given this observation, it is 

possible that negative symptoms are the result of schizophrenics' emotional reactions to 

their conditions and the problems they impose. In this case, there should be a correlation 

between negative symptoms and depression. However, a study by Kirkpatrick, Buchanon, 

Breier and Carpenter (1994) found just the opposite: deficit syndrome schizophrenics had 

significantly less severe depressive symptoms than did non-deficit patients. 

Another possibility is that negative symptoms are not distinctive to schizophrenia 

but rather a generalized feature of psychotic disorders. While this possibility cannot be 

ruled out entirely, a recent study (Ellason & Ross, 1995) found that schizophrenics had 

significantly more negative symptoms than did patients with Dissociative Identity Disorder 

(DID). In contrast, DID patients had higher scores on measures of positive symptoms and 

general psycho pathology scores. This suggests not only that negative symptomalogy may 

be a useful clinical measure of schizophrenia but also that the DSM system's primary 

reliance on the presence of positive symptoms to make a diagnosis (McGlashan & Fenton, 

1992) may be misplaced. 



19 

A number of studies have used factor analytic techniques to attempt to validate the 

positive/negative distinction in schizophrenia. The results of these studies have been 

somewhat mixed. One recent study (Eaton, Tharon, Federman, Melton & Liang, 1995) 

suggested that positive and negative symptoms are independent phenomena, although they 

were found to have a tendency to merge over time. Other studies, however, have 

suggested that while the negative distinction is a valid one, positive symptoms may not 

represent a unitary phenomenon. Peralta, de Leon, and Cuesta (1992) argued that their 

factor analysis revealed the presence of three symptom dimensions in schizophrenia: 

negative, delusion-hallucination and disorganization syndrome, with the last two 

encompassing the positive dimension. Two other studies (Andreasen, Arndt, Alliger, 

Miller & Flaum, 1995; Arndt, Andreasen, Flaum, Miller, & Nopoulos, 1995) obtained 

similar results: their factor analysis revealed three factors: positive psychotic, positive 

disorganized and negative. Liddle, Barnes, Morris and Hague (1989) obtained similar 

results, achieving a three-factor solution which included psychomotor poverty, 

disorganization and reality distortion, with the first two dimensions likely produced by 

frontal lobe damage and the latter dimension resembling the inter-ictal psychosis of 

temporal lobe epilepsy. Overall, the results of these studies suggest that the distinction 

between positive and negative symptoms is a valid one but that positive symptoms should 

probably not be viewed as a unitary dimension. 
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The Schizophrenic Spectrum 

The overall heterogeneity of the schizophrenic research findings suggests the 

likelihood that schizophrenia may not be best viewed as a single disease process but as a 

syndrome that can be expressed in a number of different ways. In this model, 

schizophrenia itself is viewed as merely the most severe expression of this syndrome, 

which also includes Schizoaffective Disorder, Schizotypal Personality Disorder, Schizoid 

Personality Disorder, Paranoid Personality Disorder, other nonaffective psychoses and 

psychotic affective illness (Kendler, Neale & Walsh, 1995). While this view of 

schizophrenia appears to be gaining credence there is not universal agreement on either 

the disorders that should be included in the spectrum nor on the severity of the respective 

disorders on the spectrum. Generally, it is assumed that, given the genetic contribution to 

the risk of schizophrenia, any disorder that is a part of the spectrum should have a 

significantly higher prevalence among biological relatives of schizophrenics than in the 

population at large (Maier et al., 1994). Using this criterion, the place of Schizotypal 

Personality Disorder in the schizophrenic spectrum has been supported (Kendler & Walsh, 

1995; Maier et al., 1994), as has that of Schizoid Personality Disorder (Varma & Sharma, 

1993). Findings for Paranoid Personality Disorder (PPD) have been comparatively mixed. 

One study (Varma & Sharma, 1993) did find PPD to be significantly more prevalent in the 

relatives of schizophrenics than in normal controls. Another study (Maier et al., 1994), 

however, found that PPD was significantly less common in the relatives of schizophrenics 
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than in the relatives of unipolar depressives. There is little or no research into whether 

such spectrum disorders are associated with neuropsychological impairment. 

Neuropsychological Functioning and Schizophrenia 

Studies using neuropsychological test measures have demonstrated Schizophrenics 

to have a number of deficits in areas such as overall cognitive functioning, executive 

(frontal) functioning, memory, psychomotor functioning, and attention. These findings are 

some of the most consistent in the schizophrenia literature. 

Studies have generally found schizophrenics to have significantly lower full-scale 

IQs (FSIQ) than do normal controls (Elliot & Sahakian, 1995). For example, Goldberg, et 

al. (1993) administered the Wechsler Adult Intelligence Scale-Revised to a group of 

schizophrenics, and found them to have an average FSIQ of 90.3, significantly lower than 

the mean FSIQ of 100.0 found in the normative sample for this test. Deficits have also 

been found in the verbal IQ (VIQ) of schizophrenics. A study by Hoff et al. (1992) found 

both first episode and chronic schizophrenics to have significantly lower VIQ scores than 

did normal controls. 

Given that research has suggested that schizophrenia likely involves functional • 

(and possibly structural) abnormalities in the frontal lobe, particularly the prefrontal 

cortex, it seems logical that schizophrenics would do poorly on tests that tap the 

functioning of this area of the brain. Research findings indicate that this is the case. 

Studies have found schizophrenics to do poorly on tests of frontal and prefrontal 

functioning such as the WCST (Beatty, Jocic, Monson & Staton, 1993; Fey, 1952; 
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Goldberg et al., 1993; HofFet al., 1992; Litman et al., 1991; Nestor et al., 1993) and Trail 

making, Part B (Goldberg et al., 1993; Litman et al., 1991). Schizophrenics have also 

been found to do poorly on tests of verbal fluency (Allen et al., 1993; Gruzelier, 1988; 

Kolb & Whishaw, 1983). 

Given that many of the tests schizophrenics do poorly on have as a common 

feature the involvement of working memory (Lewis & Anderson, 1994), an area of 

memory which is primarily mediated by the frontal cortex, schizophrenics might also be 

expected to do poorly on tests of working memory. Such tests would include the Digits 

Backwards portion of the Digit Span test. Unfortunately, little research has been done in 

this area. Beatty, Joga fMonson and Staton (1993) did find that schizophrenics performed 

significantly worse than normal controls on a Digits Backward test. However, since the 

same study found that schizophrenics also performed significantly worse on the Digits 

Forward portion of the test, it is not clear whether their performance deficit on Digits 

Backward was due specifically to impaired working memory or to memory deficits in 

general. 

While the early view of schizophrenia held that memory functions were generally 

unaffected, the current view is that there are significant semantic and episodic memory 

deficits in schizophrenia, in combination with a relative sparing of procedural memory 

(Elliot & Sahakian, 1995). Memory deficits are seen as both substantial and 

disproportionate to the overall level of intellectual impairment (Mortimer & McKenna, 

1994). Saykin et al. (1991) even argue that deficits in memory and learning are the major 
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selective deficits in the cognitive performance of schizophrenics. Schizophrenics have 

been found to demonstrate impaired recall in combination with nearly normal recognition 

memory (Saykin et al., 1991). Beatty, Jocic, Monson and Staton (1993), who also 

observed this pattern, note that it has been described in patients with frontal lobe lesions 

consequent to traumatic brain injury. These same researchers also report that 

schizophrenics demonstrate accelerated forgetting upon recall testing, a finding that is also 

characteristic of patients with temporal lobe and diencephalic amnesias. Both first episode 

and chronic schizophrenics have been found to do worse than normal controls on 

measures of verbal and spatial memory (Hoff et al., 1992). 

In addition to memory deficits, studies have found that schizophrenics appear to 

use an increased amount of information from their memory store (Trubnikov et al., 1993). 

This probably indicates impaired selectivity, which these researchers suggest is a 

consequence of reduced motivation. 

Gruzelier et al. (1988) observes that the pattern of deficits, including memory 

deficits, in schizophrenics is suggestive of hippocampal impairment, which is in keeping 

with findings of Cytoarchitectural and other hippocampal abnormalities in schizophrenics. 

However, at this point, it has not been determined whether the memory and learning 

deficits in schizophrenics are structural or functional. For example, Busatto et al. (1994) 

found that, although they did poorly on a test of verbal memory, schizophrenics did not 

fail to appropriately activate the left medial temporal lobe region thought to be associated 

with the test. Of course, the problem could lie elsewhere in the brain but to this point no 
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clear connection between structural brain abnormalities and memoiy deficits has been 

identified in any part of the brain. 

Given the signs of frontal (and perhaps Basal Ganglia) dysfunction in 

schizophrenics, it could reasonably be assumed that they would show deficits on tests of 

psychomotor function. Research suggests that this is the case. Schizophrenics have been 

found to be impaired on tests of psychomotor speed such as Finger Tapping (Hoff et al., 

1992; Rosofsky, Levin & Holtzman, 1992; Schwartz et al., 1990) and Trailmaking, Parts 

A and B (Goldberg et al., 1993; Hoff et al., 1992; Litman et al., 1991; Taylor, Abrams & 

Gattanga, 1975). In contrast, the findings for motor tests of muscle power are mixed. 

Schwartz et al. (1990) found both male and female schizophrenics to do significantly 

poorer on a test of grip strength than did normal controls. In contrast, Rosofsky, Levin 

and Holtzman (1992) did not find schizophrenics to perform significantly worse than 

normal controls on a test of grip strength. 

Attention is another area of cognitive performance in which schizophrenics have 

been found to demonstrate deficits. Early researchers such as Kraepelin and Shakow 

viewed attentional deficits as the key factor underlying the psycho pathology of 

schizophrenia (Saykin et al., 1991). Subsequent research has confirmed the presence of 

attentional deficits in schizophrenics. Mirsky et al. (1992) found schizophrenics to be 

impaired relative to controls on four measures of attention. They have also been found to 

do worse on tests of Digit Span (Beatty, Jocic, Monson & Staton, 1993), which in 

addition to being a test of immediate recall is also a measure of attention and 
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concentration. Harvey, Winters, Weintraub and Neale (1981) found schizophrenics to 

perform worse than normal controls on a test of digit span only when it was administered 

with a distractor. This suggests that the poor performance found in the Beatty, Jocic, 

Monson and Staton (1993) study may have be due to attentional problems rather than 

immediate memory deficits, per se. 

The Etiology of Schizophrenia 

A number of etiological risk factors, both genetic and environmental have been 

proposed for schizophrenia. Two researchers (Torrey & Yolken, 1995) even suggested, 

tentatively but seriously, that schizophrenia might be due to a viral zoonosis transmitted 

from ordinary house cats! Let us examine the hypothesized genetic and environmental 

risk factors in turn. 

Studies have strongly supported the notion of a genetic liability in schizophrenia 

(Kety & Ingraham, 1992). While the morbidity risk for schizophrenia is approximately 

one percent in the general population of an industrial society (Gottesman & Shields, 

1982), it is significantly higher for those related to schizophrenics. 

Generally, studies have found that the risk for developing schizophrenia is 

progressively higher the more closely related a person is to someone with schizophrenia. 

Studies have thus found the morbidity risk for monozygotic (identical) twins of 

schizophrenics to range from 45 to 65 percent, while the risk for dizygotic (fraternal) 

twins has been found to be between 9 and 17 percent (Crider, 1979; Cromwell, 1993; 

Gottesman & Shields, 1982; Holzman & Mattyse, 1990). First degree relatives of 
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schizophrenics have a considerably lower morbidity risk than do monozygotic twins, 

roughly similar to that of dizygotic twins. Siblings of schizophrenics have been found to 

have a morbidity risk between roughly 8 and 10 percent (Crider, 1979; Cromwell, 1993; 

Gottesman & Shields, 1982). The risk for children of schizophrenics has been found to be 

around 12 percent (Crider, 1979; Cromwell, 1993; Gottesman & Shields, 1982). Parents 

of schizophrenics, on the other hand, have a risk of 4-5 percent. This lower rate likely 

reflects the fact that schizophrenics get married at a much lower rate than the general 

population (Crider, 1979; Gottesman & Shields, 1982). The morbidity risk for second-

degree relatives of schizophrenics falls off to between 2 and 3 percent (Crider, 1979; 

Gottesman & Shields, 1982). These findings are consistent with genetic factors playing a 

considerable role in the development of schizophrenia. Still, while the data clearly support 

a prominent role for genetic factors in the etiology of schizophrenia, several potential 

problems exist with a purely genetic interpretation of the above findings. 

The first problem concerns the nature of familial disorders. In his earliest 

descriptions of Dementia Praecox (Schizophrenia) Kraepelin stressed the contribution of 

familial factors to the development of the disorder. This insight has been consistently 

supported by studies showing that the risk for schizophrenia is substantially higher in the 

first-degree relatives of schizophrenics than in the population at large (Kendler, Gruenberg 

& Tsuang, 1985). However, this need not be due to genetic factors since the familial 

environment will be shared as well. Fortunately, a number of adoption studies have 

demonstrated that schizophrenia runs in the biological families of schizophrenics but not in 
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their adoptive families (Kety, 1983; Holzman & Matthyse, 1990), demonstrating that the 

key familial risk factor is genetics rather than the environment. 

It is also possible that the relatives of those with psychiatric disorders other than 

schizophrenia would show an increased risk for schizophrenia. If so, this could suggest 

one of two hypotheses: First, it may be that the stress of having a mentally ill relative 

makes schizophrenia more likely. However, in view of the adoption studies mentioned 

earlier this seems unlikely. Second, it may be that the genetic risk for schizophrenia is not 

specific in its effects. That is, the presence of a relative with any severe mental disorder 

could predispose one to schizophrenia (and vice versa). 

At least one study has in fact found the relatives of those with affective disorders 

to have a higher risk for schizophrenia than the population at large (Tsuang, 1991). 

Likewise, the presence of a relative with schizophrenia has been found to increase the 

morbidity risk for other psychiatric disorders (Kendler, Gruenberg & Tsuang, 1985). 

However, the morbidity risk for schizophrenia is significantly higher in the relatives of 

schizophrenics than in those with affective or delusional disorders (Kendler, Masterson & 

Davis, 1985; Tsuang, 1991). Having a relative with Schizoaffective Disorder, on the other 

hand, actually results in a higher risk for schizophrenia than does having a relative with 

schizophrenia (Tsuang, 1991). This suggests that a similar genetic liability may underlie 

the putative schizophrenic spectrum of disorders. 

Overall, then, it does appear that the genetic liability for schizophrenia is not 

entirely specific, but is shared with other mental disorders. However, given that the risk 
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for schizophrenia is significantly higher than for other (non-spectrum) mental disorders, 

some specificity is probably present. 

A third problem is that while genetic factors clearly represent a significant risk 

factor for the development of schizophrenia, the actual morbidity risk is considerably 

lower than would be expected if schizophrenia were expressed as a single dominant gene. 

In this case, the theoretical morbidity risk would be 100 percent for monozygotic twins, 

50 percent for dizygotic twins and first-degree relatives, and 25 percent for second-degree 

relatives. The actual figures, as noted above, are 45-65 percent for monozygotic twins, 12 

percent for dizygotic twins, 8-10 percent for first-degree relatives, and 2-3 percent for 

second-degree relatives. Clearly, either other (environmental) factors or at work or a 

more complicated genetic model is necessary to explain these findings. Let us first 

examine the available genetic models. 

The first, and simplest model is the monogenic. This model holds that 

schizophrenia is transmitted by a single gene, a "schizophrenia gene", which could be 

modified in its expression by the presence of other genes (Crider, 1979; Flekkoy, 1981). 

As noted above, this model does not meet the test of the research evidence. For example, 

if the monogenic model were true, all monozygotic twins of schizophrenics would also 

have schizophrenia (Cromwell, 1993). Of course, it is possible that such a gene does exist 

but that it confers only a genetic liability that requires other environmental events to 

become manifest as schizophrenia. But this takes into an area that is better conceived of 
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as a "stress-diathesis" model than as a genetic model. This will be discussed at some 

length later in this paper. 

A second potential model is the polygenic. This model has several variants 

(Flekkoy, 1981). First, schizophrenia could be caused by a large number of genes, all of 

which provide an equal contribution, resulting in a continuous phenotype. Second, the 

genes might produce a continuous phenotype, but with individual genes varying in their 

contribution to the risk and only a few being responsible for the development of 

schizophrenia. Finally, the genes could produce an allelic loading that acts in relation to a 

threshold. Only if the loading is in excess of this threshold will schizophrenia be 

manifested. The severity of the illness, in this model, is dependent upon the genetic 

loading relative to the threshold and, perhaps, to environmental factors. These three 

variations of the polygenic model have in common that they posit schizophrenia to be 

produced by the action of a number of co-acting genes (some of which may be specific to 

schizophrenia) and that they make no specific risk predictions (Crider, 1979; Cromwell, 

1993). Clearly, the first two models are most congenial to the idea that schizophrenia 

represents the extreme end of a spectrum of related disorders, while the latter model is 

more appropriate to the view that schizophrenia is a distinct disease process. 

A third model is the oligenic. This model holds that schizophrenia is produced by 

a very limited number of critical genes (Cromwell, 1993). The model has two major 

variants: First, an additive model, in which the risk of schizophrenia is produced by a 

simple increase in the number of relevant genes. Second, a configural model, in which 
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schizophrenia requires a precise combination of genes, which must be in place before the 

disorder occurs. The additive model may be seen as more congenial to the idea that 

schizophrenia is part of a spectrum of related disorders, while the configural model would 

predict it to be a distinct disease entity. 

A study by Gottesman and Bertelson (1989) provides some support for the idea of 

an oligenic model of schizophrenia transmission. In this study, the offspring of 

monozygotic twins with and without schizophrenia were found to have comparable 

morbidity risks. In contrast, the offspring of dizygotic twins with and without 

schizophrenia had very different morbidity risks. This precipitous drop-off in the risk for 

dizygotic twins (but not monozygotic) suggests that a limited number of genes account for 

schizophrenia, rather than a large number as suggested by the polygenic model. 

In addition to the genetic models proposed to account for schizophrenia, a number 

of environmental events have been suggested as risk factors in the development of 

schizophrenia. These include exposure to influenza and other viral agents, obstetric 

complications and other events that interfere with normal prenatal development. All of 

these environmental stressors are assumed to act by causing brain damage that in turn 

produces or predisposes the individual to schizophrenia. 

The severe 1918 Influenza Epidemic resulted in a number of cases of brain damage 

with associated illnesses that resembled schizophrenia. This has led to the suggestion that 

schizophrenia may develop through the interaction of a genetically inherited vulnerability 

and a viral infection (Carlson, 1981). Research suggests that prenatal exposure to 
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influenza may also increase the morbidity risk for schizophrenia (Wright et al., 1995), 

although no evidence has been found that indicates that having a schizophrenic relative 

interacts etiologically with prenatal influenza or other viral agents. A study of the 1957 

Japanese Influenza epidemic (Kunugi et al., 1994) found that a significantly greater 

number of males (though not females) who developed schizophrenia were born five 

months after the peak of the epidemic. This finding is generally consistent with Goldman-

Rakic's (1995) observation that research indicates that second trimester exposure to 

influenza is more likely to result in schizophrenia offspring. The second trimester is 

particularly noteworthy in that it is the period during which the majority of prospective 

cortical neurons are generated near the ventricles and migrate to their proper places. This 

is particularly interesting in view of the literature (Akbarian, 1993; Cannon, 1998) which 

has suggested impaired neuronal migration in schizophrenics. 

While the results of this literature are not completely consistent, an association 

between obstetric complications and schizophrenia has also been demonstrated in several 

recent studies. Torrey et al. (1994) notes that a number of studies have found that some 

cases of adult-onset schizophrenia may have prenatal or neonatal etiological roots. 

Indications of this include minor physical abnormalities and an increase in obstetric 

complications in those who later develop schizophrenia. Cantor-Grace, McNeil, Sjostrom, 

Nordstrom and Rosenlund (1994) found that schizophrenics were exposed to a 

significantly greater number of obstetric complications than were matched controls. 

Susser, et al. (1996) found that the cohort most exposed to the severe Dutch famine of 
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1944-46 showed a two-fold, statistically significant increase in the risk rate for 

schizophrenia. However, Cannon (1998) notes that research has not been able to provide 

evidence of a genetic-environmental covariation with respect to obstetric complications so 

it is not clear what, if any, connection there is between these two putative causes. It may 

be that birth complications make schizophrenia more likely in those already genetically 

vulnerable or it may be that it represents an entirely separate etiology. 

In a possibly related finding, studies have consistently found an excess of 

schizophrenic cases born in the winter months (Pallast, Jongbloet, Streatman & Zielhuis, 

1994; Torrey et al., 1994). Why this is so is not entirely clear, though it may be due to 

higher rates of obstetric complications in the winter months (Cantor-Graae, McNeil, 

Sjostrom, Nordstrom & Rosenlund, 1994). 

In view of these findings which suggest both genetic and environmental 

contributions to the risk of schizophrenia, the dominant current view is probably that 

schizophrenia is the result of a constitutionally-based (genetic) vulnerability which is made 

overt by stress (Flekkoy, 1981). Models that emphasize this genetic-environmental 

interaction in the etiology of schizophrenia are referred to as Diathesis-Stress models 

(Crider, 1979). Mirsky and Duncan (1986), in one of the most influential of these models, 

proposed that the underlying basis of schizophrenia is a Structural Brain Abnormality 

(SBA) which can be caused by either a genetically inherited mutation or intrauterine/birth 

difficulties. In the former case this SBA would be genetically transmittable, in the latter it 

would not. This SBA might then interact with environmental stress to produce 
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schizophrenia. This model is particularly attractive in its flexibility. Since the SBA can 

vary in the severity of its effects, as can the degree of environmental stress, the 

combination of the two can account for not only the variations within schizophrenia but 

also for other disorders on the proposed schizophrenia spectrum. Thus a mild SBA and/or 

mild environmental stress might cause a less severe spectrum disorder, while a more 

severe SBA and/or severe stress would likely cause schizophrenia. Neither the SBA alone 

nor environmental stress alone would likely result in schizophrenia (although the authors 

note that, given a severe enough SBA, it is difficult to imagine an environment benign 

enough to not produce schizophrenia). 

Other researchers have proposed that a Diathesis-Stress interaction may represent 

the etiology of some, but perhaps not all, cases of schizophrenia. For example, Goetz and 

Kammen (1986) propose that schizophrenia with brain atrophy represents a distinct 

subtype. This atrophy is proposed to be the result of a prenatal or perinatal insult acting 

on a vulnerable individual. 

While stress-diathesis models of schizophrenia seem well-suited to the putative 

environmental and genetic correlates of the disease, they do not make any specific, 

testable predictions and have therefore been criticized as having limited heuristic value. 

The major problem is, of course, the difficulty adequately defining and measuring 

environmental stress (Flekkoy, 1981). Such models have aldo been criticized as being too 

simplified to satisfactorily account for the variable and complicated course of 

schizophrenia (Crider, 1979). 
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Perhaps because of the problems adequately defining and/or measuring the severity 

of environmental stress, a great deal of research remains focused on identifying the 

genetics of schizophrenia. However, this identification has also proved problematic. In 

fact, in an influential article, Holzman and Matthyse (1990) argued that the traditional 

approach to the genetics of schizophrenia (segregation analysis) have advanced the field as 

much as it is likely to do. Locating a gene (or genes) that accounts for schizophrenia has 

proven more subtle than in diseases with a classical Mendelian inheritance pattern. Given 

this, these researchers argue for adopting a research strategy of Linkage Analysis, finding 

a gene that is common to schizophrenia and some other disorder. They feel that the best 

hope for finding such a linkage is to find a gene that is a minor loci for schizophrenia and a 

major locus for something else. 

Psychology might play a major role in finding such a loci since the first step in 

finding it will be to identify disorders which, while not necessarily uniquely tied to 

schizophrenia, occur at a significantly higher rate in the schizophrenic population and their 

relations than in the population at large. Particularly useful would be examining whether 

those who possess the risk factors for schizophrenia but do not manifest its clinical 

symptoms also have disorders that correlate with schizophrenia at a higher rate than the 

population at large. Another step will be to identify other markers of schizophrenia and 

then determine whether such markers are also found in those who possess the risk factors 

for schizophrenia, although they may not have its clinical manifestations. 
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Markers of Schizophrenia 

A number of disorders/abnormalities have been proposed as possible markers for 

the presence of genetic factors which could contribute to the risk of developing 

schizophrenia. Studies have typically found schizophrenic patients to have more minor 

physical abnormalities (MPAs) than do normal controls (Green, Satz & Christenson, 

1994). However, this finding is somewhat compromised by a number of methodological 

shortcomings present in this literature (Kremen et al., 1994). Research has not determined 

whether MP As also occur at a higher rate in those with only risk factors for schizophrenia. 

A growing body of literature suggests that neuromotor dysfunction precedes the 

onset of the schizophrenia syndrome (Walker, Savoie & Davis, 1994). One researcher 

(Walker, 1994) has argued that both neuromotor and behavioral dysfunction in 

schizophrenia represent differing effects of dopaminergic abnormalities over the lifespan. 

While motor dysfunction does appear to precede the onset of the clinical symptoms of 

schizophrenia it is not yet clear whether it occurs at a significantly greater rate in those 

merely at risk for schizophrenia. 

Another proposed abnormality is atypical handedness. While this is not, strictly 

speaking, representative of a dysfunction, it is genetically determined and has been 

suggested as a possible marker of schizophrenia. However, the research on this has 

produced mixed results. Manoach (1994) found that atypical handedness is a marker of a 

left hemisphere dysfunction in schizophrenics that also seems to disrupt language 

processes, including those implicated in the manifestation of frontal thought disorder. 
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However, another study (Taylor & Amir, 1995) found that handedness did not appear to 

be an important consideration in schizophrenia. 

Several studies have found schizophrenics to have abnormally lengthened reaction 

time when they must react to successive stimuli delivered in different modalities (Ferstl, 

Hanewinkel & Krag, 1994). However, the researchers also note that they found a similar 

effect for patients with mood disorders, so lengthened reaction time may be an effect 

produced by schizophrenia rather than a marker, per se. 

Probably the most promising marker so far studied is eye movement dysfunction 

(EMD). The association of EMD and psychiatric conditions was first identified by 

Diefendorf and Dodge in the first decade of the twentieth century and then rediscovered in 

the 1970s (Levy, Holzman, Matthysse & Mendel, 1994). It likely represents the single 

best marker for schizophrenia and has also been found to occur significantly more often in 

those at risk for schizophrenia than in either the population at large or those with other 

psychiatric disorders (Clementz, Sweeney, Hirt & Haas, 1990; Clementz, McDowell & 

Zisook, 1994). 

Most research into EMDs and schizophrenia has focused on the smooth pursuit 

system, which allows for the maintenance of slowly moving targets in the fovea (Clementz 

& Sweeney, 1990). This is generally expressed as pursuit gain, a measure of how 

accurately the eye is able to match target velocity during smooth pursuit. A number of 

studies have reported low pursuit gain in schizophrenics (Clementz & Sweeney, 1990; 

Clementz, Sweeney, Hirt & Haas, 1990; Holzman, Levy & Proctor, 1976; Holzman et al., 
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1988). Overall, up to 80 percent of schizophrenics may demonstrate smooth pursuit 

EMDs (Holzman, Levy & Proctor, 1976). Moreover, impaired smooth pursuit EMDs 

may also be associated with schizophrenic related traits such as negative symptoms (Siever 

& Coursey, 1985). 

Smooth pursuit EMD has also been found to be specifically associated with a 

family history of schizophrenia (Thaker, Cassady, Adami, Moran & Ross, 1996). 

Research has typically found between 34 and 58 percent of the first-degree relatives of 

schizophrenics to also demonstrate smooth pursuit abnormalities (Clementz & Sweeney, 

1990). 

Research has also examined saccadic system dysfunction in schizophrenics. 

Saccades are the fastest eye movements. Saccadic disorders can be divided into four 

functional classes: disorders of velocity, accuracy, initiation and intrusive movements. 

While schizophrenics have been found to have normal velocity and accuracy, they appear 

to have a significantly greater number of inappropriate saccades than do normal controls 

(Clementz & Sweeney, 1990). These saccadic intrusions likely represent an attempt to 

compensate for low pursuit gain (Holzman et al., 1988). First-degree relatives of 

schizophrenia have also been found to demonstrate an increased number of inappropriate 

saccadic intrusions and an impaired ability to inhibit such intrusions (Clementz, McDowell 

& Zisook, 1994; Thaker, Cassady, Adami, Moran & Ross, 1996). As in schizophrenics, 

this seems likely to be a compensation for low pursuit gain. 
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As regards all EMDs, a large majority of schizophrenics have been found to 

demonstrate some sort of EMD, usually smooth pursuit dysfunction (Holzman, Levy & 

Proctor, 1976; Holzman et al., 1977; Holzman et al., 1988). Research has also found 

between one-third and somewhat more than one-half of the first degree relatives of 

schizophrenics to demonstrate an EMD of some kind, again, usually defective smooth 

pursuit gain (Clementz, Sweeney, Hirt & Haas, 1990; Holzman, Levy & Proctor, 1976; 

Holzman et al., 1988). Moreover, a significantly elevated rate of EMDs has been found 

when only those first-degree relatives who were not themselves schizophrenic were tested 

(Holzman et al., 1974). In comparison, the EMD rate in the general population appears to 

be around 8 percent (Clementz & Sweeney, 1990; Holzman et al., 1988), while EMDs 

occur in between five and thirteen percent of the first-degree relatives of non-

schizophrenic psychiatric disorders (Clementz, Sweeney, Hirt & Haas, 1990). 

Neuropsychological Testing of First-Degree Relatives of Schizophrenics 

Schizophrenia is almost certainly due in some part to genetic factors and that even 

non-symptomatic first-degree relatives (FDRs) of schizophrenics are more at risk for 

several abnormalities which appear to be markers for schizophrenia than is the population 

at large. It therefore seems reasonable to ask whether these relatives may also share the 

neuropsychological deficits common to schizophrenia, perhaps in an attenuated form. 

Research in this area has been sparse and somewhat inconsistent. A review article by 

Kremen et al. (1994) argues that the strongest evidence for neuropsychological 

impairment in the FDRs of schizophrenics is in the areas of sustained attention, 
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perceptual-motor speed, concept formation and abstraction. Studies have also found 

impairments in encoding, verbal memory, and verbal fluency. However, even in these 

areas the results of the research are often mixed; there is little replication even conducted, 

much less conducted successfully, little consistency in which tests are used to assess the 

domains of interests, and little standardization in the administration and forms of these 

tests. Moreover, a systematic approach to the assessment of the FDRs of schizophrenics 

is virtually unheard-of, making it impossible to interpret test results in terms of the 

subjects overall performance profile. Despite these flaws some suggestive findings have 

been made and these are presented below. 

Some studies have reported that the FDRs of schizophrenics have lower IQs than 

do normal controls. However, the more consistent finding is that the intelligence of 

children with schizophrenic parents is not significantly lower than the children of normal 

parents (Worland & Hesselbrock, 1980). 

Limited research has examined the performance of the FDRs of schizophrenics on 

tests of prefrontal/frontal cerebral functioning. What research there is has somewhat 

mixed results, with some data suggesting the presence of deficits and others finding no 

such deficits in areas such as problem solving and cognitive flexibility (Keefe et al., 1993; 

Kremen et al. 1994). The evidence overall suggests that FDRs tend to show deficits in 

verbal fluency (Kremen, et al. 1994), although some studies (Goldberg et al., 1990) have 

also failed to find deficits in this area. The data on working memory is also mixed as well 

as possibly confounded by other factors such as receptive and attentional problems. 
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With regard to memory, studies suggest that both schizophrenics and FDRs of 

schizophrenics have deficient recall but adequate recognition memory (Rutschmann, 

Cornblatt & Erlenmeyer-Kimling, 1980). These researchers propose that this pattern may 

be due to an input dysfunction rather than impaired retrieval. 

With regard to psychomotor functioning, most of the studies reported on by 

Kremen, et al. (1994) found the FDRs of schizophrenics to perform more poorly than 

normal controls on tests of perceptual motor speed. Keefe et al. (1993) is an exception to 

these findings, finding no deficit in the performance of schizophrenic FDRs on 

Trailmaking, Part A. Little or no research has apparently been done with the FDRs of 

schizophrenics on tasks such as finger tapping and grip strength. 

Research has found strong evidence for the presence of impairments in sustained 

attention in the FDRs of schizophrenics (Kremen et al., 1994). This is in concordance 

with the hypothesis that attentional dysfunction is basic to schizophrenia (Lifshitz, 

Kugelmass & Karov, 1985). 

A criticism of most of these studies is that they used a very limited test battery, 

usually no more than two or three tests per study. It is not therefore clear if the results are 

due to uncontrolled variables such as overall cognitive abilities or attentional problems. 

However, Cannon, et al. (1994), in one of the few studies that utilized a comprehensive 

neuropsychological battery, found significant effects in nearly every area assessed. The 

first-degree relatives of schizophrenic probands performed significantly poorer than 

normal controls on measures of attention, abstract thinking, spatial ability, verbal and 
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spatial memory, language and sensory-motor abilities. These are striking findings, 

particularly in view of the fact that these researchers obtained samples matched on major 

demographic variables such as age, education and socio-economic status. However, the 

study has one major problem: the first-degree relative group included six subjects that 

either had been diagnosed with or were thought to have Schizotypal Personality Disorder 

(SPD). While there is not at present a significant body of research on neuropsychological 

deficits associated with this or other schizophrenic spectrum disorders, the fact that they 

appear to be genetically related to schizophrenia suggests that they could be associated 

with similarly impaired test performance. Moreover, it is possible that the SPD diagnosed 

in these subjects, particularly the younger ones, is actually an early, unrecognized stage of 

schizophrenia itself. Certainly it is not uncommon for schizophrenics to have odd thinking 

for many years before their formal diagnosis. If either of these hypotheses is true, then the 

test performance of this study's first-degree relative group could be compromised, 

particularly given the large percentage (37%) of the first-degree relative group thought to 

have SPD. 

Purpose of This Study 

An attempt will be made to determine whether or not the non-symptomatic first-

degree relatives of those diagnosed with schizophrenia would, in fact, do significantly 

worse than normal controls on a battery of neuropsychological tests. In addition, a second 

control group composed of the first-degree relatives of persons with major depressive 

disorder and/or bipolar disorder is included for comparison purposes. The inclusion of 
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this group allows inferences to be drawn concerning whether any findings are unique to 

the first-degree relatives of schizophrenics or whether they are general to relatives of those 

with severe psychological dysfunction. A reasonably comprehensive battery of tests, 

assessing several cognitive domains will be administered to allow the performance of these 

FDRs on the individual tests to be considered in light of their overall performance. 

The schizophrenia spectrum disorders of Schizoaffective Disorder, Schizotypal 

Personality Disorder and Schizoid Personality Disorder have an uncertain relationship to 

schizophrenia and an unclear effect on test performance. Given this, those volunteers who 

have been diagnosed with these disorders are not included in this study. 

Hypotheses 

Based on the foregoing research we propose the following hypotheses: First, that 

first degree relatives of schizophrenics will make significantly more perseverative errors 

than will normal controls on the Wisconsin Card Sort Test (WCST). Second, that first 

degree relatives of schizophrenics will generate significantly fewer words than do normal 

controls on the Controlled Oral Word Association Test (COWA). Third, that first-degree 

relatives of schizophrenics will require significantly longer than normal controls to 

complete Trailmaking, Part B. Fourth, that first-degree relatives of schizophrenics will 

recall significantly fewer words than normal controls on the short-delay free recall portion 

of the California Verbal Learning Test (CVLT). Fifth, that first degree relatives of 

schizophrenics will recall significantly fewer words on the long delay free recall portion of 

the CVLT. 
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The first-degree relatives of persons with mood disorders group was included as 

an additional control and to allow exploratory analyses. There is not currently sufficient 

research to generate a priori hypotheses regarding the relationship of this group to the 

other two groups. 



CHAPTER II 

METHOD 

Subjects 

Group 1 (FDR-SCZ). Sixteen first-degree relatives of persons with schizophrenia 

comprised group one. The members of this group were recruited from Texas Associations 

for the Mentally 111 in Dallas, Denton, Kerr, and Bexar counties. None of the group 

members had themselves received a diagnosis of schizophrenia, major depression or 

bipolar disorder. 

Group 2 fFDR-MOODY Fifteen first-degree relatives of persons with bipolar 

disorder and/or depression comprised group two. The members of this group were 

recruited primarily from Texas Associations for the Mentally 111 in Dallas, Denton, Kerr, 

and Bexar counties. Additional subjects were also recruited from the student population 

of the University of North Texas. The University of North Texas students who 

participated in this study received classroom extra credit. None of the group members had 

themselves received a diagnosis of schizophrenia, major depression or bipolar disorder. 

Group 3 (NC). Seventeen normal controls comprised group 3. The members of 

this group were recruited from the student population of the University of North Texas 

and received classroom extra credit in return for their participation in this research. No 

members of this group had themselves received a diagnosis of schizophrenia, major 

depression or bipolar disorder. 

44 
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Materials 

Tests of General Intelligence 

Kaufman Brief Intelligence Test (KBIT; Kaufman, 1989). This instrument is 

designed to be a brief (15-30 minute) test of intellectual ability. A study by Naugle, 

Chelune and Tucker (1993) found the KBIT to have a concurrent validity of .88, as 

compared to the Wechsler Adult Intelligence Scale-Revised. The KBIT has a concurrent 

validity of .78, as compared to the Wechsler Intelligence Scale for Children-Third Edition 

(Prewett, 1995). 

Tests of Executive Function 

Wigpongin Card Sort Test (WCST; Heaton, 1981). This is a test of abstract 

reasoning ability and the ability to shift set. Recent studies have found schizophrenics to 

perform more poorly on this test than do normal controls, achieving fewer categories 

(Nestor, et al., 1993) and making more total and perseverative errors (Littman et al., 

1991). The WCST is specifically sensitive to frontal lobe deficits, requiring as it does 

concept formation, the ability to shift cognitive set and to profit from feedback (Heaton, 

1981). Studies have found schizophrenics to make more total errors, a higher percentage 

of total errors, require more trials to achieve categories, and make more perseverative 

errors than do normal subjects (Beatty, Jocic, Monson & Staton, 1993; Fey, 1952; 

Goldberg et al., 1993; HofFet al., 1992; Nestor et al., 1993). The deficits shown by 

schizophrenics on this test have been found to be similar to those found in frontal lobe 

patients (Drewe, 1974; Robinson, Heaton, Lehman & Stilson, 1980). Studies of the 
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performance of schizophrenic FDRs on this test have resulted in mixed findings, with 

some finding significant impairments and others finding none (Kremen et al., 1994). 

Trails A & B (Reitan, 1955). These test visual scanning, attention and 

concentration, vigilance and psychomotor speed. In addition Trails B requires the subject 

to shift cognitive set, making it a measure of mental flexibility. Both of these tests are 

sensitive to global neuropsychological impairment, with Trails B providing particular 

sensitivity. Schizophrenics have been found to demonstrate impaired performance on this 

task (Goldberg, et al., 1993; Littman, et al. 1991). In general, studies have found the 

FDRs of schizophrenics to do significantly worse on this test than do normal controls 

(Kremen et al., 1994). 

Controlled Oral Word Association test fCOWA; Rp.ntnn h Hatrwlw 1976). This 

test requires subjects to provide as many words as they can for three letters (F, A, and S) 

in three 60-second periods. This measure has been found to be sensitive to brain 

dysfunction in general, particularly to left-frontal damage (Lezak, 1995). Schizophrenics 

have also been found to show impairment on this measure (Beatty, Jocic, Monson & 

Staton, 1995; Elliot & Sahakian, 1995; HofFet al., 1992). What slight research there is 

suggests that the FDRs of schizophrenics show impaired performance on this test (Kremen 

et al., 1994). 

Memory Function 

California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan & Ober, 1987). 

This is a commonly administered test of list learning, immediate and delayed free and cued 
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recall, and recognition memory. Studies have found schizophrenics to do poorly on recall 

but not recognition memory. 

Wechsler Memory Scale-Revised (WMS-R; Wechsler, 1984). The Logical 

Memory and Visual Recall subtests of this commonly used battery of memory tests were 

used to measure immediate and delayed verbal and visual memory. The Logical Memory 

subtest requires the subject to attend to and recall as many details as they can from two 

paragraph length stories. Visual recall requires the subjects to attend to and recall four 

figural designs. Both subtests include immediate and delayed recall conditions. Studies 

have found schizophrenics to perform poorly as a group on these WMS-R subtests. 

Goldberg et al. (1993) found 50% of schizophrenic subjects performed at an impaired 

level on the logical memory subtest, while 41% performed at an impaired level on visual 

reproduction subtest. Nestor et al. (1993) found schizophrenic subjects to perform in the 

low average range as a group on both the immediate and delayed recall portions of the 

Logical Memory subtest, while demonstrating average performance on the Visual 

Reproduction subtest. 

Motor Function 

Finger Tapping Test (Reitan, 1955). This finger oscillation test from the Halstead-

Reitan Battery is the most widely used measure of manual dexterity (Lezak, 1995). It 

allows the comparison of right and left hemispheric functioning by comparing the 

performance of the right and left hands respectively. Schizophrenics have been found to 

do significantly worse on this test than do normal controls (Hoff et al., 1992), Little or no 
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research has apparently been conducted on the finger tapping performance of 

schizophrenic FDRs as no citings were found for this. 

Design and Procedure 

Prior to participating in this study, subjects were given an explanation of the 

procedures to be performed and signed an informed consent form indicating that they 

understood and were willing to participate in this study. Subjects were then asked to 

provide demographic information including their age, level of education, handedness, and 

history of notable medical events. They were asked if they themselves had ever received a 

diagnosis of schizophrenia, bipolar disorder or major depression. Those who had received 

any of these three diagnoses were excluded from the study. They were then asked to 

describe the nature and course of their relative's illness so as to assure placement in the 

proper group. 

Following the above preliminary screening, those subjects that qualified for the 

study and agreed to participate were administered the aforementioned neuropsychological 

battery, which required approximately two hours to complete. Following the completion 

of this test battery the subjects were given an opportunity to voice any questions or 

concerns, however, information was not provided concerning their test performance. 



CHAPTER III 

RESULTS 

The groups varied significantly in mean age, F (2, 45) = 6.00, p = .005. Post hoc 

testing using Tukey's HSD statistic found the FDR-SCZ group to be significantly older 

than both the FDR-MOOD (g = .012) and NC groups p = .012). The groups were not 

found to differ significantly with regard to education, F (2, 45) = . 14, g = .863, or gender, 

F (2, 45) = .531, j) = .592. All participating subjects were white, non-Hispanic. The 

groups did not differ significantly with regard to handedness, F (2, 45) = 1.737, p = 188. 

For the FDR-SCZ group, 11 of the subjects were parents, five were siblings, and 

none were children of individuals diagnosed with schizophrenia. In the FDR-MOOD 

group, five were parents, four were siblings, and six were children of individuals 

diagnosed with mood disorder. A 2 X 2 chi-square analysis indicated that the FDR-SCZ 

and FDR-MOOD groups did not differ significantly as to the ratio of first-degree relatives 

who were parents or siblings (chi-square = 0.224). The small number of first-degree 

relatives who were related as children made it statistically inappropriate to include these 

cells in the chi-square analysis. However, it should be noted that six members of the FDR-

MOOD group were related as children whereas no members of the FDR-SCZ group were 

so related. This likely reflects the fact that schizophrenics rarely marry and/or have 

children. 
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The groups did not vary significantly on the KBIT Composite, an estimate of 

overall IQ, E (2, 45) = 1.45, p = .245. Nor did they differ significantly on KBIT 

Vocabulary, an estimate of verbal IQ, E (2, 45) = .81, p = .450, or on KBIT Matrices, an 

estimate of performance IQ, E (2, 45) = .95, p = .394. 

Using age-corrected standard scores, the groups did not differ significantly on the 

Digit Symbol subtest of the WAIS-R, E (2, 45) = . 110, p = .898, or Trailmaking, Part A, 

E (2, 45) = .023, p = .978, both measures of psychomotor speed. Nor did they differ 

significantly with either the dominant, E (2, 37) = .137, p = .873, or non-dominant hand, E 

(2, 36) = 1.69, p = .200, on the finger tapping subtest of the HRNB, a measure of overall 

fine motor capacity. 

Since the experimental group (FDR-SCZ) was significantly older than the other 

two groups and most of the administered tests are sensitive to the effects of aging, it was 

felt that this variation needed to be controlled for. To achieve this standard, age-corrected 

scores were used for the data analysis. Both the research hypothesis and exploratory 

analyses employed a MANOVA to analyze this data. 

Our research hypothesis was that the FDR-SCZ group would differ significantly 

from the FDR-MOOD and NC groups on five key variables which previous research had 

shown Schizophrenics to demonstrate significantly poorer performance on than did the 

population at large. These five variables were WCST Perseverative Errors, Controlled 

Oral Word Association Test (COWA) Total Score, Trailmaking, Part B, CVLT Short-

delay free recall, and CVLT Long-delay free recall. 
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Multivariate F-testing (Wilk's Lambda) on these five scores did not find an overall 

significant difference between the groups, F (10, 82) = .926, p = .514. Univariate F-tests 

indicated that the groups did not differ significantly on any of the five measures, including 

WCST Perseverative Errors F (2, 45) = 1.932, p = .157, COWA Total Score, F (2, 45) = 

.433, p = .651, Trailmaking, Part B, F (2, 45) = .197, p = .822, CVLT Short-delay free 

recall, F (2, 45) = 1.041, p = .361, and CVLT Long-delay free recall, F (2, 45) = .561, p 

= .561. 

Exploratory analyses were also carried out to determine if the groups differed on 

key WCST and CVLT variables. Multi variate F-testing (Wilk's Lambda) did not find 

significant overall group differences on three key WCST variables,! (6, 86) = 1.663, p = 

.140. Univariate F-tests indicated that the groups did not differ significantly on any of 

three individual WCST measures, including perseverative errors, F (2, 45) = 1.932, p = 

.157, perseverative responses, F (2, 45) = 2.078, p = .137, or total errors, F (2, 45) = 

2.209, p = .122. 

Multivariate F-testing (Wilk's Lambda) did not indicate significant overall group 

differences on seven key CVLT variables, E (14, 78) = .982, p = .479. Univariate F-tests 

indicated that the groups differed significantly on CVLT recognition hits, F (2, 45) = 

3.522, p = .038. Post hoc testing using Tukey's HSD statistic indicated that the FDR-

SCZ group performed significantly better than NC group on this measure (p = .036). 

There was not a significant difference between the FDR-SCZ and FDR-MOOD groups on 

this measure. Univariate F-testing did not indicate significant group differences on any of 
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the other six analyzed CVLT variables, including total performance trials 1-5, F (2, 45) = 

.145, g = .866, short-delay free recall, E (2, 45) = 1.041, p = .361, long-delay free recall, 

E (2, 45) = .585, p = .561, perseverations, E (2, 45) = .489, g = .617, free recall intrusions, 

E (2, 45) = 1.93, g = 157, and cued recall intrusions, E (2, 45) = .163, g = .850. 

Pearson r analyses were conducted on all variables and groups. Please see 

Appendix B for a full listing of the significant correlations for the overall sample. 



CHAPTER IV 

DISCUSSION 

This study was conducted to investigate whether the first-degree relatives of 

schizophrenics (FDR-SCZ) would differ significantly from first-degree relatives of persons 

with mood disorders (FDR-MOOD) and normal controls (NC) on a number of commonly 

administered neuropsychological measures. These measures assessed cognitive domains 

including executive/frontal functioning, recall and recognition memory, overall cognitive 

ability, learning and psychomotor speed. Study results were analyzed in terms of the 

control measures, research hypothesis, exploratory analyses, and ancillary findings. 

Several tests were included to ensure that the groups did not differ with regard to 

overall cognitive functioning. When using age-corrected scores, these measures did not 

find significant differences between the groups on any of several measures of IQ and/or 

psychomotor speed. This suggests that the overall cognitive capabilities of the three 

groups was comparable and that any subsequent differences were not due to systematic 

differences in such capabilities. 

Previous studies have not typically reported the ratio of the three first-degree 

relative subtypes (parents, children, or siblings) included. It is possible that differences in 

this ratio could have some impact on the study results, although it is not entirely clear 

what this might be. A 2 X 2 chi-square did not find the FDR-SCZ and FDR-MOOD 

groups to differ significantly as to the ratio of first degree relatives who were parents or 

s i 
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siblings. Overall, these results suggest that study findings were not likely due to 

differences in first-degree relative subtypes. 

The research hypotheses of this study were that first-degree relatives of 

schizophrenics would differ significantly from normal controls on five measures of 

neuropsychological functioning: the Wisconsin Card Sort Test perseverative errors, 

Trailmaking Test, Part B, California Verbal Learning Test short and long delay free recall, 

and the Controlled Oral Word Association Test. These measures primarily assessed the 

domains of executive/frontal functioning and recall memory. Using standard, age-

corrected scores, no significant differences were found between the FDR-SCZ and FDR-

MOOD groups overall or on any of these five individual measures. These results do not 

support our research hypothesis. 

Overall, these results do not indicate that the first-degree relatives of 

schizophrenics do significantly poorer than do either the first-degree relatives of those 

with mood disorders or normal controls on measures of executive/frontal functioning or 

recall memory. These results do not support those studies (Kremen et al., 1994, Keefe et 

al., 1993) that have found the first-degree relatives of schizophrenics to have significantly 

poorer performance than normals on measures of executive/frontal functioning such as 

verbal fluency and Trailmaking, Part B. With regard to verbal fluency, these findings are 

consistent with those of Goldberg et al. (1990). Unlike Rutschmann, Cornblatt, and 

Erlenmeyer-Kimling (1980), this study did not find that first-degree relatives of 
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schizophrenics did significantly poorer than normal controls on measures of recall 

memory. 

Since limited research has been conducted in this area, two further exploratory 

analyses were carried out. The first of these examined the performance of the three 

groups on three key WCST variables, total categories, perseverative responses, 

perseverative errors and total errors. While findings on the performance of first-degree 

relatives of schizophrenics on the WCST have been mixed, those with schizophrenia have 

been found to perform significantly more poorly on this test, achieving fewer categories 

and making more perseverative and total errors. It therefore seemed logical to examine 

whether their relatives would demonstrate similar WCST performance. 

This did not turn out to be the case. In the present study, no significant differences 

were found between the FDR-SCZ, FDR-MOOD, and NC groups on any of the three 

WCST variables. These results do not indicate that the first-degree relatives of 

schizophrenics perform significantly worse than do the first-degree relatives of those with 

mood disorders or normal controls on any of the key WCST variables. 

A second exploratory analysis examined whether the three groups differed on key 

CVLT variables. Using age-corrected scores, no significant differences were found 

between the FDR-SCZ, FDR-MOOD, and NC groups on any of the seven CVLT 

variables (total words, trials 1-5, short-delay free recall, long-delay free recall, 

perseverations, free recall intnisions, cued recall intrusions, and recognition hits). The 

FDR-SCZ group was found to obtain significantly more recognition hits than did the NC. 
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These results do not suggest poorer verbal learning and/or memory in the first-degree 

relatives of schizophrenics in comparison to either normal controls or the first-degree 

relatives of those with mood disorders. 

Pearson r correlations were calculated for all demographic and age-corrected, 

standardized test measures. While a number of these correlations were statistically 

significant, this is not an unexpected finding given the intercorrelations expected within 

and between many of the measures used. 

There was a significant positive correlation between age and KBIT composite and 

vocabulary scores. Given the fact that the FDR-SCZ group was significantly older than 

the other two groups, this finding may suggest some overestimation of this group's 

performance on these two measures. However, given that these correlations are not 

particularly large (r values of .442 and .507, respectively), it is unlikely that this is a major 

issue. 

The results of this study do not support the notion that the neuropsychological 

impairment will be significantly more likely in the first-degree relatives of schizophrenics 

who do not develop the disorder itself. This suggests that poor performance on measures 

of neuropsychological functioning is primaiy to schizophrenia rather than the product of 

related risk factors. In this it appears to be different than impairments such as eye-

movement dysfunction, which occur at a higher rate than normal in both schizophrenics 

and in their first-degree relatives who do not develop schizophrenia. 
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These overall findings are in marked contrast to those of Cannon et al. (1994). In 

that study the first-degree relatives of schizophrenics were found to perform significantly 

below the level of normal controls on all measures included in a broad neuropsychological 

battery. The reasons for these dramatically different results are not entirely clear but two 

possibilities recommend themselves: 

First, it is possible that the previously mentioned inclusion of six first-degree 

relatives who either met or were felt likely to meet the criteria for Schizotypal Personality 

Disorder (SPD) did indeed significantly reduce the performance of the Cannon et al. 

(1994) study's first-degree relative group. Our study did not include anyone diagnosed 

with this disorder and would not be vulnerable to such an event. 

A second possible explanation of the different findings is related to sampling 

issues. Most of the studies in this area, including Cannon et al. (1994) and the present 

study, have a relatively small sample size and usually consist of volunteers recruited 

through very few sources. Given this, the potential for nonrepresentative samples is 

apparent. It may be that the different results are simply indicative of systematic 

differences in the samples themselves. 

The limitations in the generalizability of this study are primarily related to such 

sampling issues. The first of these issues is the significant age difference between the 

FDR-SCZ group and the other two groups. It had been our intent to match the groups for 

age. Unfortunately this did not prove possible Nevertheless, it is felt that our analysis 

minimized the effects of this age difference by using scores corrected for age. 
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The second sampling issue is somewhat more complicated and potentially more 

harmful. The FDR-SCZ group was recruited almost entirely from Texas Associations for 

the Mentally 111. Those who volunteered were typically those who were most involved in 

the activities of these associations. In several cases volunteers served in responsible and 

influential positions such as association officers and delegates. In two cases they were 

local organization presidents. Given the foregoing it may be that this sample represents a 

particularly effective and functional subset of the first-degree relatives of schizophrenics. 

A third sampling issue is related to education. While all three groups were 

successfully matched for education, the age difference between the groups complicates 

matters. The average education of all three groups was around fifteen years, but the 

difference in age suggests that this may not mean the same thing. Fifteen years of 

education is a fairly remarkable mean for a group (FDR-SCZ) that has an average age of 

54.44. This level of education is less remarkable for the other two groups whose average 

ages were in the thirties. This suggests that the FDR-SCZ group is better educated than 

the other two in comparison to its comparable age cohort. This, in turn, may suggest 

higher levels of ability, opportunity, achievement, and/or motivation. 

Future research might do well to recruit participants by some means other than 

through organizations such as associations for the mentally ill or mental health clinics. 

However, unless a researcher has considerable resources, it seems likely that those willing 

to volunteer for a study such as this one will systematically differ from non-volunteers in a 

number of ways, some of which may not be predictable. 
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Despite these limitations, some of which are endemic to research in this area, it is 

notable that our study, one of the few to employ a full neuropsychological battery, did not 

find the first-degree relatives of schizophrenics to differ from a group of normal controls. 

This may suggest that, unlike such findings as abnormal eye movements (EMD) in first-

degree relatives without schizophrenia, neuropsychological functioning is not necessarily 

altered by the presence of a genetic risk factor for schizophrenia. In view of the current 

emphasis on schizophrenia as a biological and genetic disorder, this result is a 

counterintuitive one but is perhaps not as surprising as it initially seems. Unlike relatively 

discreet phenomena such as EMD, numerous factors, many of which are not genetic and 

some of which may be difficult to predict, affect neuropsychological test performance. 

Moreover, the genetic transmission of EMD is relatively straightforward, whereas the 

influence of the various genes on overall cognitive functioning is likely complicated and, 

perhaps, variable. It may be that the somewhat erratic findings in this area reflect the 

complicated and variable interaction of genetic and environmental factors that affect brain 

functioning and, hence, neuropsychological functioning. 

If genetic and environmental factors vary in their impact on neuropsychological 

functioning, then findings may also vary from study to study. This is particularly true of 

studies in which the sample size is small. This suggests that more studies, particularly 

those with larger sample sizes, are needed in this area. It would also be helpful if 

recruitment could be from multiple sources to minimize systematic variations in the 

sample. Drawing definitive conclusions regarding the neuropsychological functioning of 
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first-degree relatives of schizophrenics will remain premature until such studies are 

completed. 

Future studies might also consider counterbalancing the order of test 

administration. It is not likely that order effects contributed to these findings but there is 

some possibility of this. 

More research is also needed on the effect of schizophrenic spectrum disorders on 

neuropsychological functioning. Given that such disorders appear to be genetically related 

to schizophrenia, it is reasonable to ask whether or not they are associated with similar 

cognitive deficits. Since the risk for such spectrum disorders is greater in those related to 

schizophrenics and since such disorders are presumably less likely to be diagnosed (due to 

less severe functional effects), they may well represent an important variable in future 

studies of the first-degree relatives of schizophrenics. 



APPENDIX A 

GROUP MEANS AND FREQUENCIES 
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Table 1 

Group Demographics 

Means 

VARIABLE 

Age 

Education 

FDR-SCZ (SD) 

54.44(15.55) 

15.44 (2.61) 

FDR-MOOD (SD) NC (SD) 

39.00 (17.09) 39.59 (9.52) 

15.13 (2.13) 15.06(1.43) 

Gender 

Male 

Female 

Handedness 

Right 

Left 

Race 

White 

Other 

Frequencies 

3 

13 

16 

0 

16 

0 

1 

14 

14 

1 

15 

0 

3 

14 

14 

3 

17 

0 
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Table 2 

Group Means for the KBIT 

Mean Age-Corrected T-scores 

K-BIT VARIABLES FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

Vocabulary 58.06 (5.45) 56.27 (5.52) 55.76 (5.24) 

Matrices 57.63 (5.93) 55.67 (4.15) 55.47 (4.42) 

Composite 58.81 (5.62) 56.67 (4.81) 56.06 (3.99) 

Table 3 

Group Means for Tests of Psychomotor Speed (Age-correctecH 

Mean Age-corrected T-scores 

VARIABLES FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

Digit Symbol 56.69 (9.47) 55.87 (7.84) 57.00 (7.67) 

Trailmaking, Pt.A 49.00 (8.58) 49.67 (8.87) 49.18(8.71) 

Finger Tapping 
Dominant Hand 
Non-Dom. Hand 

49.82(11.82) 
49.64 (6.74) 

46.58 (7.27) 
48.00 (6.96) 

46.94 (7.29) 
51.88 (7.72) 
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Table 4 

Group Means for Primary Variables (Age corrected^ 

Mean Age-Corrected T-scores 

VARIABLES FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

WCST Perseverative 
Errors 54.13 (5.56) 49.80 (7.91) 53.47 (9.53) 

Trailmaking, Part B 49.38 (9.32) 51.40 (8.87) 50.29 (8.74) 

COWA* 40.69 (12.13) 43.73 (10.02) 40.29(11.48) 

CVLT Short Delay 
Free Recall 50.00 (8.94) 46.00 (12.98) 44.12(13.26) 

CVLT Long Delay 
Free Recall 46.25 (9.57) 46.00(15.02) 42.35 (8.99) 

*COWA scores are age-corrected raw scores 
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Table 5 

Group Means for Primary Variables (Raw scores^ 

Mean Raw Scores 

VARIABLES 

WCST Perseverative 
Errors 

Trailmaking, Pt. B 

COWA 

CVLT Short-delay 
Free Recall 

CVLT Long-delay 
Free Recall 

FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

7.93 (3.34) 

74.88 (36.58) 

38.44 (12.04) 

10.19(3.90) 

11.06(2.89) 

12.47 (3.03) 

57.67(14.12) 

40.93 (9.99) 

11.87 (2.85) 

12.80 (3.03) 

7.24 (4.34) 

58.71 (15.05) 

38.53 (11.65) 

11.35 (2.78) 

11.29 (2.42) 
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Table 6 

Group Means for the WCST f Age-corrected) 

Mean Age-Corrected T-scores 

VARIABLES 

Perseverative 
Responses 

Perseverative 
Errors 

Total Errors 

FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

53.73 (5.62) 

54.13 (5.56) 

55.27 (7.65) 

49.00 (7.57) 

49.80 (7.91) 

48.73 (9.21) 

53.94 (5.87) 

53.47 (9.53) 

51.35 (5.98) 
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Table 7 

Group Means for the WCST ("Raw scores) 

Mean Raw Scores 

VARIABLES 

Categories 

Perseverative 
Responses 

Perseverative 
Errors 

Total Errors 

Non-perseverative 
Errors 

Learning To Learn 

Failure to 
Maintain Set 

FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

5.93 (.25) 5.07(1.94) 5.94 (.24) 

8.67 (3.96) 

7.93 (3.34) 

14.53 (7.69) 

6.60 (4.77) 

-.19(1.45) 

.73 (1.00) 

12.93 (9.79) 

12.47 (9.48) 

27.40 <22.39) 

12.60(11.98) 

-.53 (2.06) 

.60(1.35) 

7.53 (5.37) 

7.24 (4.34) 

15.35 (9.39) 

8.00 (5.57) 

-.41 (1.73) 

.77 (.90) 
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Table 8 

Group Means for the CVLT (Age-corrected^ 

Mean Age-corrected T-scores 

VARIABLES FDR-SCZ (SD) FDR-MOOD (SD) NC (SD) 

Total Words 
(Trials 1-5) 45.81 (12.13) 43.67 (10.48) 44.94 (10.74) 

Trial 1 45.63 (12.63) 47.33 (8.83) 45.30(12.81) 

Trial 5 46.25 (7.19) 42.67 (14.38) 45.88 (11.76) 

List B 
Short-delay Free 

45.63 (8.14) 43.33 (9.00) 44.12(12.28) 

Recall 
Short-delay Cued 

50.00 (8.94) 46.00 (12.98) 44.12 (12.26) 

Recall 
Long-delay Free 

51.25 (8.06) 46.00 (14.54) 47.65 (9.70) 

Recall 
Long-delay Cued 

46.25 (9.57) 46.00(15.02) 42.35 (9.70) 

Recall 45.63 (9.63) 46.00(16.39) 40.59 (8.99) 

Perseverations 53.75 (10.25) 49.33 (17.92) 50.00(11.73) 

Free Intrusions 53.75 (8.06) 49.33 (11.00) 47.65 (8.31) 

Cued Intrusions 48.13 (16.82) 44.67 (24.16) 44.71 (17.72) 

Recognitions Hits 53.13 (7.93) 43.33 (17.18) 40.00 (16.96) 

False Positives 46.$8 (10.78) 52.00 (4.14) 46.47 (6.06) 
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Table 9 

Group Means for the CVLT CRaw scores^) 

Mean Raw Scores 

VARIABLES FDR-SCZ(SD) FDR-MOOD (SD) NC (SD) 

Total Words 
(Trials 1-5) 52.13 (10.17) 56.00 (9.58) 54.94 (10.04) 

Trial 1 6.88 (2.31) 8.13 (2.42) 7.88 (2.57) 

Trial 5 12.19(2.34) 13.07 (2.12) 13.18(1.94) 

List B 6.63 (1.75) 6.73 (1.62) 6.82 (2.19) 

Short-delay Free 
Recall 10.19(3.90) 11.87 (2.85) 11.35 (2.78) 

Short-delay Cued 
Recall 12.38(2.19) 15.93 (12.42) 12.59(1.94) 

Long-delay Free 
Recall 11.06 (2.89) 12.80 (3.03) 11.29 (2.42) 

Long-delay Cued 
Recall 12.00 (2.39) 13.33 (2.55) 11.71 (2.28) 

Perseverations 2.63 (3.20) 4.13 (6.19) 4.65 (4.09) 

Free Intrusions 1.13 (2.09) 1.93 (2.76) 2.47 (2.29) 

Cued Intrusions 1.13 (1.45) .87 (1.25) 1.65 (2.09) 

Recognition Hits 15.00(1.21) 14.47 (2.00) 14.06(1.56) 

False Positives 1.56(1.21) .20 (.41) 1.18 (1.55) 
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Table 10 

Group Means for the WMS-R (Age-corrected) 

Mean Age-corrected T-scores 

VARIABLES 

Logical Memory I 

Logical Memory II 

Visual 

Reproduction I 

Visual 
Reproduction II 

FDR-SCZ (SD) FDR-MOOD (SD) 

51.75 (7.15) 47.20(6.81) 

52.31 (7.36) 49.87(5.77) 

61.63 (8.55) 

59.38 (12.22) 

60.60 (8.67) 

58.40 (8.07) 

NC (SD) 

51.35 (7.17) 

51.35 (7.18) 

57.42 (8.54) 

56.29 (7.59) 
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Table 11 

Overall Significant Correlations 

All Groups 

VARIABLE VARIABLE PEARSON r SIGNIFICANCE 

Demographics 

Age 

Education 

Gender 

CVLT rechits .387 

Education .414 

Gender -.378 

Group -.392 

KBIT composite .442 

KBIT vocabulary .507 

Age .414 

CVLT ldfr .328 

CVLT rechits .291 

CVLT sdfr .335 

Gender -.334 

KBIT composite .537 

KBIT matrices .313 

KBIT vocabulary .553 

Age -.378 

.007 

.003 

.008 

.006 

.002 

.000 

.003 

.023 

.045 

.020 

.020 

.000 

.030 

.000 

.008 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r SIGNIFICANCE 

Group 

Handedness 

Test Results 

COWA 

CVLT cri 

CVLT listb 

CVLT fri 

Education -.334 

Age -.392 

CVLT rechits -.355 

No significant correlations. 

CVLT psv -.392 

Digit Symbol .310 

KBIT vocabulary .348 

KBIT matrices .308 

Log Mem I .374 

Log Mem II .495 

Vis Rep I .358 

Finger Tap-dom .546 

Finger Tap-nondom .431 

Log Mem I .345 

Log Mem II .435 

No significant correlations* 

.020 

.006 

.013 

.006 

.032 

.015 

.033 

.009 

.000 

.013 

.000 

.006 

.016 

.002 

(table continues) 

Table 11 (continued) 
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VARIABLE VARIABLE PEARSON r SIGNIFICANCE 

CVLT ldcr KBIT composite .385 .007 

KBIT vocabulary .386 .007 

Log Mem I .337 .019 

Log Mem II .433 .002 

Vis Rep I .423 .003 

Vis Rep II .382 .007 

CVLT ldfr KBIT composite .350 .015 

KBIT vocabulary .304 .036 

Log Mem II .392 .006 

Vis Rep I .366 .011 

CVLT psv COWA -.392 .006 

Digit Symbol -.292 .044 

Trails A -.327 .023 

WCST psv resp -.302 .037 

CVLT rechits KBIT composite .380 .008 

KBIT vocabulary .395 .005 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r SIGNIFICANCE 

CVLT falpos 

CVLT sdcr 

CVLT sdfr 

CVLT trial 1 

CVLT trials 

CVLT tot 1-5 

No significant correlations* 

KBIT composite .418 

KBIT vocabulary .427 

Log Mem I .500 

Log Mem II .472 

WCST tot errors .313 

KBIT composite .350 

KBIT matrices .306 

Vis Rep I .372 

Log Mem I .312 

WCST psv errors .286 

WCST psv resp .336 

WCST tot errors .439 

KBIT composite .316 

KBIT vocabulary .331 

KBIT composite .385 

.003 

.002 

.000 

.001 

.030 

.015 

.034 

.009 

.031 

.049 

.020 

.002 

.029 

.022 

.007 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r SIGNIFICANCE 

Digit Symbol 

KBIT matrices .386 

Log Mem I .372 

Log Mem II .317 

Vis Rep I .400 

WCST psv errors .333 

WCST psv resp .379 

WCST tot errors .464 

COWA .310 

CVLT psv -.292 

Finger Tap-dom .395 

Log Mem I .360 

Trails A .359 

Trails B .407 

Finger Tap-dom CVLT listb .546 

Digit Symbol .395 

Finger Tap-nondom .474 

.007 

.009 

.028 

.005 

.021 

.008 

.001 

.032 

.044 

.012 

.012 

.012 

.004 

.000 

.012 

.002 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r SIGNIFICANCE 

Finger Tap-nondom CVLT listb .431 

Finger Tap-dom .474 

KBIT composite COWA .290 

CVLT ldcr .385 

CVLT ldfr .350 

CVLT rechits .380 

CVLT sdcr .418 

CVLT sdfr .350 

CVLT trial5 .316 

KBIT matrices .810 

KBIT vocabulary .835 

Log Mem II .381 

Vis Rep I .428 

Vis Rep II .348 

CVLT cri .308 

CVLT sdfr .306 

KBIT matrices 

.008 

.002 

.045 

.007 

.015 

.008 

.003 

.015 

.029 

.000 

.000 

.008 

.002 

.015 

.033 

.034 

(table continues) 



78 

VARIABLE 

All Groups 

VARIABLE PEARSON r 

KBIT vocabulary 

Log Mem I 

CVLT totl-5 .386 

KBIT composite .810 

KBIT vocabulary .361 

Log Mem II .380 

Vis Rep I .520 

Vis Rep II .380 

COWA .348 

CVLT ldcr .386 

CVLT ldfr .304 

CVLT rechits .395 

CVLT sdcr .427 

CVLT trial5 .331 

KBIT composite .835 

KBIT matrices .361 

CVLT cri .374 

CVLT listb .345 

SIGNIFICANCE 

.007 

.000 

.012 

.008 

.000 

.008 

.015 

.007 

.036 

.005 

.002 

.022 

.000 

.012 

.009 

.016 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r SIGNIFICANCE 

Log Mem II 

CVLTldcr .337 

CVLT sdcr .500 

CVLT trial 1 .312 

CVLT tot 1-5 .372 

Digit Symbol .360 

Log Mem II .830 

CVLT cri .495 

CVLT listb .435 

CVLT ldcr .433 

CVLT ldfr .392 

CVLT sdcr .472 

KBIT composite .381 

KBIT matrices .380 

Log Mem I .830 

Trails B .317 

VisRep II .309 

.019 

.000 

.031 

.009 

.012 

.000 

.000 

.002 

.002 

.006 

.001 

.008 

.008 

.000 

.028 

.032 

(table continues) 
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VARIABLE 

All Groups 

VARIABLE PEARSON r 

Trails A 

Trails B 

Vis Rep I 

CVLT psv .-327 

Digit Symbol .359 

Trails B .412 

Digit Symbol .407 

Log Mem II .317 

Trails A .412 

CVLT cri .358 

CVLT ldcr .423 

CVLT ldfr .366 

CVLTsdfr .372 

CVLT trials .317 

CVLT tot 1-5 .400 

KBIT composite .428 

KBIT matrices .520 

Log Mem II .309 

WCST categories -.284 

SIGNIFICANCE 

.023 

.012 

.004 

.004 

.028 

.004 

.013 

.003 

.011 

.009 

.028 

.005 

.002 

.000 

.032 

.050 

(table continues) 



VARIABLE VARIABLE 

All Groups 

PEARSON r 
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SIGNIFICANCE 

Vis Rep II CVLT ldcr .382 .007 

CVLT ldfr .302 .037 

KBIT composite .348 .015 

KBIT matrices .380 .008 

Vis Rep I .678 .000 

WCST categories Vis Rep I -.287 .048 

WCST psv errors No significant correlations* 

WCST psv resp CVLT psv -.302 .037 

CVLT trial 1 .336 .020 

CVLT tot 1-5 .379 .008 

WCST tot errors C VLT sdcr .313 .030 

CVLT trial 1 .439 .002 

CVLT tot 1-5 .464 .001 

*not including correlations within CVLT and WCST subtests 

NOTE: Correlations within CVLT and WCST subtests were not included in this table 
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