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A bstract

NEUROELECTRIC CORRELATES OF CHILDREN 

AT HIGH RISK TO MANIFEST SCHIZOPHRENIA

by

Allan Frosch 

Adviser: Professor Steven J . Ellman

The electroencephalogram (EEG) and the auditory evoked 

response (AER) were studied in a group of children at (genetic) 

high risk  to manifest schizophrenia and in a group of control 

su b jec ts .  Differences between the groups were interpreted 

along the lines of disordered arousal for the high risk s u b je c ts . 

The configuration of EEG and AER findings in the high risk sub­

jec ts  could be interpreted as indicating e ither increased  or de­

c reased  arousal and, therefore, the findings were dubbed 

"paradox ica l" .
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Chapter I 

Introduction

The introduction section  will be broken up into the following 

parts:

A. Introductory comments on the concept of schizophrenia

1. Importance of the problem

2. Preliminary comments on the aetiology of schizophrenia

3. Some considerations concerning the "construction of reality"

4. Neurophysiological speculations

5. Further consideration of psychological dysfunction and ex­

perimental support.

B. D ifficulties inherent in research  strategy for the study of schizo­

phrenia and an a lternative approach

1. Subject se lec tion  (general)

C. High risk research  — a review of the literature 

1. The EEG and the AER

D. Some concluding comments concerning research  strategy

E. Aim of the p resen t study.

A. Introductory Comments on the Concept of Schizophrenia

The firs t c lass if ica tion  of "schizophrenia" as a "d isease  entity" 

was made by Kraeplin (1896). Kraeplin used M orel's  term "dementia 

praecox" to refer to a c lin ica l picture whose common characteristic
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was termination in a "peculiar weakened s ta te  of mind" (Kraeplin, 

1896, cited by McGhie, 1969, p. 39). Bleuler (1911) was the first 

to use  the term "schizophrenia", replacing Kraeplin1 s "dementia 

praecox" . Bleuler1 s use  of the term schizophrenia emphasized a 

"splitting" process  which Bleuler regarded as the basic  charac te r is ­

tic  of the disorder. Bleuler's observations led him to sta te  three 

primary symptoms as most charac teris tic  of schizophrenia: 1) a 

thought disorder; 2) a flattening or inappropriateness of affect; and 

3) a loss  of volition. For Bleuler, these  symptoms were a conse­

quence of a "splitting off of the different psychic  functions so that 

the cognitive, affective and volitional functions ceased  to operate 

in a unitary, congruous way" (Bleuler, 1911, c ited  by McGhie, 1969, 

pp. 39-43).

Although retaining Kraeplin1 s sub-d iv is ions of hebephrenia, 

ca tatonia  and paranoid schizophrenia (Bleuler also  included "simple" 

schizophrenia), Bleuler, like so many investigators who followed 

him, was struck by the heterogeneous nature of the d iagnostic  group. 

His term, the "group of sch izophren ias" , has been replaced  by the 

current term "spectrum of schizophrenic disorders" (Rosenthal, 1974). 

Although the subcategories of hebephrenia, cata ton ia , paranoid and 

simple schizophrenia are s t i l l  currently u sed , there is  w idespread 

agreement tha t the term schizophrenia does not represent a unitary 

d isease  en tity . In particu lar, the paranoid schizophrenic has been
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shown to differ along a number of psychological and biological d i­

mensions in comparison to the three other subcategories of sch izo­

phrenia (CF. Silverman, 1967). And some investigators ( e .g .

McGhie, 1969) have suggested tha t  many patien ts  c la ss if ied  as 

paranoid schizophrenics should be grouped under the category of 

paranoid p sy ch o s is .

1. Importance of the Problem

While recognition of some of the d ifficulties involved in sch i­

zophrenia resea rch  ( e .g .  d iagnoses , effects of hosp ita liza tion , e tc .)  

would seem to discourage major research  efforts into the etio logy 

of schizophrenia, quite the opposite has been the c a se .  Research 

efforts in the  area of schizophrenia have been widespread and di­

verse  (e .g .  psychological, neurologica l, biochemical, e t c . ) .  And 

recognition of the heterogeneous nature of the schizophrenic popula­

tion  has not curtailed the hope of discovering common "mechanisms" 

of dysfunction among the various schizophrenic groups.

Quite c learly , the in tense research  in terest in schizophrenia, 

in spite of some of the difficulties posed , is a consequence of the 

disorder i tse lf ,  i . e . , some of the more dramatic aspec ts  of the d i s ­

order such as  neologism s and "bizzare" behavior, as  w ell as the 

widespread occurrence of schizophrenia. In the U . S . , for example, 

in 1966 there were nearly 250,000 res iden t schizophrenic pa tien ts  in 

s ta te  and county mental hosp ita ls .  As Gunderson e t  a l.  (1974) point
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out, however, this figure is not at a ll indicative of the number of 

schizophrenic patients in the U .S. These authors note that s in ce  

the mid-1940's, there has  been a shift in the locus of treatm ent for 

mental pa tien ts  — out of hospitals and into community fac i l i t ie s  

such as day care cen ters , half-way houses and the l ik e .  In 1955, 

for example, 125,000 pa tien ts  were discharged from mental h o sp ita ls ,  

whereas 419,000 patien ts  were discharged in 1971 (1974, pp. 18- 

20). As Gundersou et a l.  point out, the increased number of d i s ­

charges does not indicate tha t more patien ts  are being "cured", 

but, instead, is more d irec tly  related to the growing number of a l ­

ternative treatment fac il i t ie s  which have become availab le . Since 

approximately fifty percent of a ll inpatients are diagnosed as su f ­

fering from some form of schizophrenia, or falling along the s c h i ­

zophrenic spectrum, the figure of 250,000 schizophrenics is ,  a t  

best ,  a conservative e s tim ate .

It is also c lear tha t the occurrence of schizophrenia cuts a -  

cross cultural boundaries. Each of the fifteen republics which 

constitute  the U .S .S .R . ,  for example, have major institu tes  which 

are active ly  involved in research  into the aetiology of sch izophre­

nia (Brown et a l . , 1973). In addition, the Institute  of Psychiatry  

in Moscow — under the d irect ausp ices  of the Society Academy of 

Medical Sciences — has undertaken major research  efforts into the 

causes  of schizophrenia (1973). (See also Bleuler, 1972, for a d is ­

cussion of schizophrenia in Germany and Switzerland, and M ednick &
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Schulsinger (1973) for the occurrence of schizophrenia in the 

Scandanavian coun tries .)

2. Preliminary Comments on the Aetiology of Schizophrenia

Beginning with the work of Kraeplin and Bleuler, a commonly 

noted charac teris tic  of schizophrenic pa tien ts  has been their diffi­

culty in processing  both external and internal information. Bleuler, 

for example, noted tha t his schizophrenic pa tien ts  seemed e a s i ly  

d istrac tib le  by external stim uli. He further noted that even those 

patients who appeared to pay litt le  or no attention to the external 

world, upon c loser  exam ination, appeared to be bombarded by a 

number of external events of l i t t le  or no concern to them. In a sim i­

lar vein, Schilder (1951) described schizophrenic pa tien ts  as being 

unable to pursue what he referred to as the "determinative idea" .

For Schilder, schizophrenic pa tien ts  were constantly  being bombard­

ed by thoughts and ideas tha t had little  or no relevance to the main­

stream of their thinking. The underlying ideas of both Bleuler and 

Schilder were, of cou rse , quite similar: the schizophrenic pa tien t 

seems unable to d iscard  or inhibit extraneous information (exogenous 

or endogenous) and seems flooded with a  mass of sense  im pressions. 

Freeman e t  a l.  (1958) described a sta te  of "undifferentiated a tten ­

tion" which led to a confusion of the "internal" and "external" 

worlds of the schizophrenic p a tien t .  The central notion in the work 

of Freeman e t a l .  (1958, 1966; McGhie & Chapman, 1961; McGhie,
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1969) has been a disturbance in a tten tional behavior which leads 

to extreme difficulty in the se lec tion  of relevant information. This 

inability  or defic it  in the process  of se lec tion  of relevant informa­

tion has been considered one of the most d is tinc tive  features of 

schizophrenia (Freeman e t a l . , 1966; McGhie, 1969). McGhie and 

Chapman (19 61) have observed tha t  th is  difficulty seems most pro­

nounced with young pa tien ts  during the onse t of the disorder.

3. Some Considerations Concerning the "Construction of 

Reality"

M odern-day psychology has taken the position tha t the world 

we perceive is a personal construction, as opposed to a d irect re ­

gistration of ev en ts . On the b as is  of p resen t needs , p a s t  experi­

ences and future expecta tions, man is able to se le c t  and categorize 

sense  data  (both endogenous and exogenous) and thereby construct 

his "time-bound" rea lity , i . e . , h is  rea lity  at that moment in tim e.

In order to comprehend his p resen t rea l i ty ,  man compares current 

information with models constructed from p a s t  experiences . Thus, 

man is constan tly  constructing and reconstructing an external and 

internal rea li ty .  Through the p rocess  of se lec tion  of input, c la s s i ­

fication along a number of dimensions and eventual comparison to 

internal standards or models, we create  rea lity . These ( re c o n s tru c ­

tions of rea lity  are further appraised as to their "goodness" or "bad­

n e s s " ,  "pleasure" or "d isp leasu re" , and so on. Furthermore, the
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products of these  constructions, i . e . , the consequences in terms 

of overt motoric behavior, are appra ised , as well as the various 

steps of the process (CF. Bowlby, 1969, pp. 104-124).

Inherent in th is  overall p rocess of appra isa l, or information 

p rocess ing , is some "mechanism" which can inhibit or block re ­

dundant (and presumably) maladaptive information. Freud (1920), 

for example, referred to a cortical mechanism (Reizschutz) which, 

in conjunction with the sense  organs, acted as  a specia l  integment 

or membrane to ward off stimuli. In recent y ears ,  Broadbent (1958; 

Broadbent & Heron, 1962) has been an eloquent proponent of the 

notion tha t to function effectively , man must se lec t  from a variety  

of stim uli. Broadbent has elaborated on the concept of a "filter 

mechanism" which helps the organism se lec t  relevant and discard  

(or screen out) irrelevant information from the array of sensory in­

put. The se lec ted  information is eventually  fed into a limited cap a ­

c ity  decision  channel with connections to a long-term memory sy s ­

tem. Thus, new information may be integrated with previously 

stored information. Broadbent conceives of the filtering mechanism 

as having a permanent "bias" toward the processing of novel stimuli. 

This insures that both the se lec tion  and subsequent p rocessing  of 

information will be focused on the most important a spec ts  of the 

stimulus array. In th is  fashion, our perceptions are synthesized  

and an inner and outer rea lity  is  c rea ted .
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Broadbent1 s ideas are of particu lar importance with reference 

to schizophrenia. Calloway (1970), for example, noting the impres­

sive body of literature which indicates tha t  many schizophrenics 

can be characterized as having disordered levels  of arousal (e .g .  

C laridge, 1967; Venables, 1967; Kornetsky & M irsky, 1966; Itil  e t 

a l. , 1972), high d is trac tib ili ty  (Shakow, 1962; Freeman et a l . ,  1969) 

and poor habituation to stimuli (Zahn e t a l .  , 1968), uses  a computer 

analogy to help account for some of these  findings. Based on th is 

analogy, human beings are conceptualized as having a central d ec i­

sion-making mechanism with a limited information capacity . Accord­

ing to Calloway, the schizophrenic begins with a heightened level 

of cortical arousal which leads to heightened d istrac tib ility  or 

"hypersensitivity" to stimuli. When th is  occurs, the central deci­

sion-making mechanism (or channel) becomes overloaded. This 

leads to a further increase in arousal which, in turn, leads to more 

overload; eventually , a "vicious cycle" is estab lished  and perpe­

tuated . In a similar ve in , McGhie (1969) describes such a s itua­

tion as leading to a "passive  mode of percep tion". The schizophre­

nic person is "obliged" to p rocess  (or attempt to process) a ll  stimuli, 

regard less of its  informational or adaptive va lue . (Although beyond 

the scope of the p resen t paper, it is  of in te res t to explore the re la ­

tionship between involuntary behavior — or loss  of volition — and 

p a ss iv i ty .  For an intriguing d iscu ss io n  of th is  rela tionship , see



Haley, 1965, and Gil & Brenman, 1959.)

It is  reasonably c lear tha t, even in this preliminary d iscussion  

of schizophrenia, the concepts of arousal and attention are of para­

mount im portance. Both concepts have been of great in te res t  in the 

field of psychology. Both concepts , however, have been conceptu­

a lized  in a number of different ways and have often been used inter­

changeably . (For an elucidating d iscuss ion  of attention and arousal, 

see  Berlyne, 1960, 1969; see Also Vaughan & Ritter, 1974; and 

Woorden, 1966) . In the present context, the term "attention" will 

be used to refer to its se lec tive  function, i . e . , the se lec tion  or a l ­

location of cognitive mechanisms (N eisser, 1967) of stimuli with high 

information and/or adaptive value to the organism, and "non-atten ­

tion" ( i . e .  , no allocation of certain cognitive mechanisms) to those 

stimuli with little  or no informational or adaptive value (Berlyne,

1969; McGhie, 1969). The term "arousal" w ill be used to refer to an 

organism's readiness to reac t ,  or to how "wide awake" or alert the 

organism i s . "The lower pole of the continuum is represented  by sleep 

or coma, while the upper role would be reached in s ta te s  of frantic 

excitem ent"  (Berlyne, 1960, p. 48) . In the context of the present d is ­

cussion on the construction of " rea lity " ,  arousal and attention are 

viewed a s  separate  but interrelated a sp ec ts  of a re la tive ly  ongoing 

process or behavioral system . It seem s apparent that a person 

would have great difficulty in exercising the se lec tive  p rocesses  of 

th is behavioral system ( i . e . , attention) while in coma or heightened 

s ta te s  of activation or excitab ility . It is assumed that for a person to
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exercise  some se lec tiv ity  in relation to both external and internal 

stimuli, there must be a context of "acceptable" a rousal,  or organ- 

ismic read iness ,  which fac ili ta tes  these  se lec tive  p rocesses .

4. Neurophvsiolocncal Speculations

There has been a great deal of in te res t in specifying the neuro- 

physiological locus of the postulated psychological dysfunctions in 

sch izophren ia . The re ticu lar system with " its  s tra teg ic  location at 

the crossroads for incoming and outgoing m essages and its apparent 

ability  to sample all such activ ity  and to develop from it a more las t­

ing influence in a form of alerting and attention" (Lindsley, 1961) has 

been a prime candidate for CNS malfunction in schizophrenia. This 

brainstem component which appears instrumental in both alerting the 

organism as w ell as the inhibition of stimulation along sensory path­

w ays, has received the attention of a great many investiga tors .

Fish (1963),for example, has postulated that overactiv ity  of the 

re ticu lar system may be the neurophysiological basis of schizophre­

n ia . He notes that such activ ity  could be the end product of several 

pathways: a) a biochemical disturbance or les ion  within the re ticu ­

lar system itse lf;  b) focal activ ity  of s tructures which influence re ­

ticular activity; and d) failure of cortical inhibitory influences. As 

Erlenmeyer-Kimling (1968) has pointed out, a ll  of th ese  possib ilities  

can be under genetic  control as well a s  non-hereditary  in n a tu re .

It is  known that spec ia l  pathways to the reticu lar system allow
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the cortex to exert centrifugal control over the re ticu lar system 

(Luria, 1966: Sokolov, 1960). It has been suggested (Sokolov, 1960; 

McGhie, 19 69) that some information may reach the cortex prior to 

its arrival in the re ticu la r system so that the cortex may analyze 

input and then  inhibit its passage  through the reticu lar system . 

Along these  l ines, Sokolov (1960) has proposed a model in which 

information travels  by separate pathways to the cerebra l cortex and 

reticular system . If the stimulus is familiar, i . e .  , it matches a 

cortical model, the cortex can inhibit further p rocessing  a t  the re ­

ticu lar lev e l .  If, however, the information is novel, i . e .  , there is 

no match between the incoming information and an ex is ting  model, 

further re ticu lar p rocessing  takes place and eventuates in an "ori­

enting" response .

While any research  into the aetiology of schizophrenia  must 

ultim ately concern i tse lf  with neurophysio logical a sp ec ts  o f the 

disorder, current neurophysiological hypotheses are highly specu­

lative and have been mentioned to provide some background for 

some of the psychological propositions. While these  la tter  proposi­

tions can a lso  be thought of as specu la tive , the support received 

from numerous experiments make their consideration more tenab le . 

For the remainder of this section  of the paper, some of the proposed 

pyscholog ical dysfunctions will be amplified in the light o f  experi-
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mental da ta .

5. Further Considerations of Psychological Dysfunction and 

Experimental Support

Of the many ch a rac te r is t ic s  that have been proposed to d is t in ­

guish schizophrenics from non-schizophrenics (see Grinker & Holzman, 

1973), the ex is tence  of a thought disorder has received the most 

attention and widespread agreement among investigators.

Weckowicz and Blewett (1959) have suggested that the inability of 

the schizophrenic to se lec tive ly  attend to relevant information may 

play a major role in the eventual m anifestation of a thought disorder.

In a similar vein, Shakow (1962) has proposed that the disordered 

thinking so charac ter is tic  of schizophrenics may be attributable to 

a dysfunction in the scanning p rocess  which takes  place before a 

response to a stimulus is made. Shakow, like the investigators 

previously mentioned, takes the position  that the schizophrenic per­

son is unable to se le c t  out the material relevant for an optimal re ­

sponse (1962, p . 9). Shakow's concept of "segmental set" will be 

d iscussed  in connection with C allow ay 's  work in a la ter  section  of 

this paper.

Silverman (1964, 1967) has proposed a "sensory  inpu t-p rocessing- 

ideational gating" mechanism which, in schizophrenia, functions to 

distort environmental d a ta . Silverman conceptualizes the operations 

of th is mechanism as a more or le s s  automatic adjustment to the en­
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vironment which emerges in the course of development and which is 

shaped by both constitu tional and environmental fac to rs . Although 

the terminology is different, Silverman's concept of a gating mech­

anism is quite similar to Broadbent1 s notion of a filtering mechanism 

(see Silverman, 1964, footnote p. 375). Lehmann (1966) has sug­

gested  a dysfunction, poss ib ly  constitu tional, in some central ( i . e . ,  

cortical) p rocessing  apparatus which leads to the oft-reported exper­

ience in schizophrenia of sensory bombardment or overload. Escalona 

and Heider (1959) have suggested  that p redispositions toward d isor­

dered approaches toward environmental stimuli may be p resen t in 

the ea r l ie s t  days of life , thus echoing the notions of the previously 

mentioned investigators regarding the influence of constitu tional fac­

tors on an organism 's information processing  capab il i t ie s .

McGhie (19 69) has d iscu ssed  some of the profound consequences 

of a breakdown or dysfunction of some filtering or gating mechanism 

which functions to se lec t  and inhibit endogenous and exogenous in­

formation:

"C onsciousness would be flooded with an undifferen­
tia ted  mass of incoming sensory da ta , transmitted 
from the environment via the sense  organs. To th is  
involuntary tide of impressions there would be added 
the diverse internal images, and their a sso c ia t io n s , 
which would no longer be coordinated with incoming 
information. Perception would revert to the pass ive  
and involuntary assim ila tive  process  of early child­
hood and, if the incoming flood were to carry on un­
checked, it would gradually sweep away the stable 
constructs  of a former r e a l i t y . " (P. 49)
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McGhie provides a host of phenomenological reports of young 

schizophrenic pa tien ts  during the early s tages of their disorder which 

lends support to the descrip tion  provided above:

"I can 't  concentra te . I t 's  a diversion that troubles 
me . . .  the sounds are coming through to me but I 
feel my mind cannot cope with everything."

"It 's  as if I'm too wide awake — very, very alert.
I c an 't  relax at a ll .  Everything seems to go through 
me. I ju s t  c a n 't  shut things out. "

"I notice so much more about things . . .  a ll sorts of 
l i t t le  things . . .  pick up my attention . . .  ."

"My thoughts get a ll  jumbled up . . .  my trouble is 
I 've got too many thoughts . . .  when I'm trying to 
think of something, I'm like a runaway engine, 
running along a line where someone keeps chang­
ing the p o in ts ." (1969, p . 45-49)

Cameron (1951) has also been struck by the schizophrenic 's  ex ­

perience of being overwhelmed by a constan t stream of internal and

external stimuli. Cameron has porposed two s tages  in the formation

of a delusion . The f irs t  stage is one of hyperv ig ilance , where per­

ceptions are diffuse and unstructured. It is during th is s tage , a c ­

cording to Cameron, tha t the schizophrenic begins to experience 

confusion between rea lity  and unreality , or a confusion between 

what is "out there" and what emanates from within. Cameron, how­

ever, postu la tes  a subsequent res tr ic tive -d is to rtive  s tage . During 

this s tage , a delusion (or de lusional system) is constructed . Al­

though the delusion leads to a distortion of rea lity , it may also
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serve the purpose of reducing the confusion, uncertainty  and subse­

quent anxiety of the initial stage. Cameron's proposals touch on an 

important issue  in any d iscuss ion  of schizophrenia. It concerns the 

notion tha t the particular symptom formation of the patien t is an a t­

tempt to resolve some of the unacceptable feelings and impulses which 

are inherent in the schizophrenic p ro cess .  Silverman (1964), for ex­

ample, has postulated that the idiosyncratic  operations of the schi­

zophrenic gating mechanism is the ultimate defensive resolution to 

an otherwise unacceptable situation . These notions apply to neurotic 

as well a s  psychotic  (e .g .  schizophrenia) d iso rders , and their d is ­

cussion  is well beyond the scope of the p resen t paper. Some cursory 

comments, however, will be made following the sec tion  reporting on 

experimental evidence which lends support to the general concepts of 

psychological dysfunction outlined up to th is  point. (For a detailed  

and stimulating d iscuss ion  on the relationship between "symptom 

choice" and the various subgroups of schizophrenia , see  Silverman's 

paper, 1964.)

Experimental Support for Psychological H ypotheses

There is an impressive body of literature which indicates that 

the sc a lp-re  corded electroencephalogram (EEG) bears a functional 

relationship  to underlying brain p ro cesses  (Gibbs & Gibbs, 1941; 

Lifshitz & Gradijan, 1974). Thus, it seem s reasonable  to expect 

the EEG to reflect some of the pathological mental functioning a s so -



-  16 -

ciated  with schizophrenia. It is not surprising, therefore, that the 

EEG has received such widespread usage in the study of schizophre­

n ia . One of the first investigators to u tilize  the EEG in the study of 

schizophrenia was Lemere (1936). Lemere reported a diminution of 

alpha activ ity  in the EEGs of schizophrenics in comparison to normal 

contro ls . Davis (1940) reported that the EEGs of schizophrenics con­

tained "choppy patterns" , i . e . ,  disorganized low voltage (5-10 

microvolts) fa s t  activ ity  (26-50 cps). She regarded such activ ity  in 

the EEGs of schizophrenics as a consequence of "cerebral irritation", 

i . e . , the bombardment of the cortex from subcortical sou rces ,  or as 

a resu lt  of unsynchronized activ ity  within the CNS (see D avis, 1940; 

see also  Abenson, 1970). Davis also observed that the more unstable 

( i . e . , d isorganized low voltage activity) the EEG, the more unstable 

the p a tien t 's  behavior. These observations have been confirmed by 

Brazier (1962).

Davis ' findings of increased  fa s t , lo w  voltage activ ity  have been 

replica ted  by an impressive number of subsequent investigators. 

Lester and Edwards (1966), for example, have demonstrated that the 

EEGs of chronic schizophrenics had a greater incidence of low volt­

age fas t  activ ity  in comparison to normal contro ls . Similar findings 

have been reported by Giannitrapani (1971). In his review of the 

literature on the EEG and schizophrenia, Abenson reports that the 

most common abnormality in the EEGs of schizophrenics has been
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the high incidence of low voltage fa s t  ac tiv ity  and a diminution in 

the alpha rhythm. In his own study, Abenson (1970) compared the 

EEGs of 210 chronic schizophrenics (mean age 48 .6  years) with 100 

normal controls (mean age 44.9 years) . Abensen 's findings para lle l­

ed the host of previously reported re su l ts ,  i . e . , increased low volt­

age fa s t  ac tiv ity  ("choppy records") and a diminution of alpha ac ti­

v ity . Abenson viewed such findings as indicative of schizophrenic 

instab ility  traceable  to some generalized brain d isorder. Itil  et a l. 

(1971, 1972) have also reported an increase in fas t  beta  activity 

(around 24 cps) and a diminution of alpha ac tiv ity .  Itil and his co l­

leagues have a lso  reported an increase  in slow wave activ ity  (both 

delta  and theta) in the EEG records of many of their schizophrenic 

subjects in comparison to normal and psychotic  (not schizophrenic) 

controls. The Itil  group have also reported sim ilar findings in the 

EEG records o f psychotic  (not schizophrenic) children. Lifshitz and 

Gradijan (1972, 1974) have also reported an increase  in low voltage 

fas t  activity  and, in accordance with Itil e t  a l . , an increase in slow 

wave activ ity  in the EEGs of some adult schizophrenic sub jects .

At th is poin t in the d iscussion , the focus has been confined to 

the frequency charac ter is tics  of the EEGs of schizophrenic su b jec ts . 

Another measure of the EEG which h as  been ex tensively  u tilized in 

schizophrenic research  is the amplitude variab ility  of the EEG as re ­

flected by the coefficient of variability (CV). (The CV is computed
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as follows:
Qy = standard deviation s . d .  )

mean amplitude  )
amp. )

W alter (1953) and Snezhnevsky (1961) have described a lack of 

amplitude variab ility  or "crysta llization" of the EEG in many sch izo­

phren ics . G oldstein et a l .  (1965) did an amplitude analysis  of the 

EEG recorded at occiput for a group of adult schizophrenics and nor­

mal con tro ls . The CV was significantly smaller in the schizophre­

nic group in comparison to the normal contro ls . The CV was sm all­

e s t  in those  schizophrenics with catatonic symptomatology. 

Goldstein  e t  a l. (1963) have previously demonstrated a decrease  in 

the CV following the ingestion of amphetamines in normals and an 

increase  in the CV following the ingestion of phenothiazines in nor­

m als . Goldstein  (1963, 1965) argues that the CV is inversely  re ­

lated  to the  level of activation (1965, p. 357), and postu la tes  that 

many schizophrenics suffer from a condition of cortical o v e r-a ro u s­

a l .  M ajerrison e t  a l.  (1968) have also reported a lowered CV in 

schizophrenic  subjects  and suggest:

"Those schizophrenics with rela tively  invariable 
EEGs may be the ones with more highly aroused 
s ta te s  of cortical activation . . .  and (also) defi­
c ien t  in basic  mechanisms . . .  th a t  are ordinarily 
operative in sensory input p ro c e ss in g ." (P. 40)

Lifshitz  and Gradijan (1972, 1974) a lso  report that the occ ip ta l  

a rea  CV of the EEG is sm aller in schizophrenic pa tien ts  in compari-
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son to normal con tro ls .

Further support for the hypothesis of disordered leve ls  of arous­

al in many schizophrenics comes from a host of investigators who 

have used a varie ty  of m easures as  indicators of a rousal. Mirsky 

(I960), for example, has used  the continuous performance te s t  (CPT) 

as a measure of arousal. Kometsky and Mirsky (1966) have proposed 

that performance on the CPT is  dependent on brain areas  which in­

clude the reticu lar activating system . The W echsler Digit Symbol 

Substitution Test (DSST) was se lec ted  by Mirsky as a task  represen t­

ing dependence on cortical structures and re la tive ly  independent of 

subcortical, midbrain s truc tu res . Mirsky, who is a strong propon­

ent of the hyper-arousal hypothesis in schizophrenia, predicted that 

schizophrenics would do poorly on the CPT but reasonably  well on 

the DSST. These predictions were confirmed by Orzack and 

Kornetsky (19 66) and lend further support to the hypothesis  tha t many 

schizophrenics are in a s ta te  of heightened cortical activa tion  or 

hyperarousal. Additional support for th is  position  comes from the 

study of Venables and Wing (19 62), who have shown tha t  many 

schizophrenic pa tien ts  have a  high level of fusion for paired light 

f la sh e s .  Venables (19 67) h a s  a lso  observed a positive assoc ia tion  

between the tw o-flash  threshold and the degree of soc ia l  withdrawal 

of schizophrenic p a tien ts .  This has  led to the suggestion that the 

social withdrawal of the schizophrenic patien t is a defensive reac ­
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tion aimed at limiting stimulation and thus reducing an unacceptable 

level of heightened arousal (Venables, 1967; McGhie, 1969;

Silverman, 1964). Venables (1967) has suggested that for many 

schizophrenics, cortical activ ity  is not being controlled by the re ­

gulatory action of the re ticu lar system . This leads to an inability  

to respond se lec tive ly  to significant stimuli and, th u s ,  to an ind is­

criminate arousal reaction  to a ll  stimuli.

While i t  is reasonably  c lear that the v a s t  majority of resea rch ­

ers who have studied cortical arousal in schizophrenia subscribe to 

the notion that many schizophrenics suffer from heightened s ta te s  of 

arousal (see Kornetsky & M irsky, 1966 for an excellen t review), the 

findings of increased low and high frequency activ ity  in the EEGs of 

many schizophrenics makes the hypothesis of a constan t s ta te  of cor­

t ic a l  hyperarousal somewhat problem atic. Itil and his colleagues 

(1972, 1974) have postu lated  a highly variable sta te  of "vigilance" 

in schizophrenia with continual fluctuation (decrease and increase) 

over short time periods. Claridge (19 67) has formulated a model of 

arousal based on two functionally re la ted  systems; th ese  are the 

tonic arousal system and the arousal modulating system . For 

C laridge, the function of the tonic system is to maintain some 

overall level of arousal. The function of the modulating system is 

two-fold: 1) the modulating system  regula tes the activ ity  of the 

tonic system and thus may be conceptualized as having (or serving)



-  21 -

a hom eostatic  function; 2) the modulating system is  also seen  as 

performing as  a f ilter for incoming information; thus , relevant in­

formation is fac ilita ted  and irrelevant information is  inhibited. 

Claridge postu la tes  that in schizophrenia, the two system s become 

functionally d issoc ia ted  due to a breakdown in feedback m echanisms. 

The effect of the proposed d issoc ia tion  depends on which of the two 

system s are predominant in their function. Based on his model, 

Claridge has proposed that all schizophrenics can suffer from both 

high and low leve ls  of arousal.

Although the EEG has been thought of as  reflecting ongoing 

neural ac tiv ity , it has not been considered a measure which ade­

quately  ref lec ts  the organism 's (cortical) responsiv ity  to the pre­

sentation  of a brief external event. Since evoked responses  (ERs) 

are tim e-locked to an external stimulus (Vaughan & Ritter, 1974), 

they  are believed to reflect some aspec t of the organism 's informa­

tion-p rocess ing  mechanisms, or, s ta ted  differently, ERs may re ­

p resen t a neuroelectric correlate of behavioral system s which 

subserve the organism 's capacity  to " a c to n "  ( i . e . ,  se lec t-inhib it)  

exogenous information. As has been mentioned throughout this 

paper, a primary emphasis in schizophrenia resea rch  has been the 

sch izophren ic 's  (postulated) dysfunction (or inability) in information- 

p rocess ing  t a s k s . It seems reasonab le , therefore, that ERs, like 

the EEG, would receive a great deal of a ttention in investigations
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concerned with the aetiology of schizophrenia; in point of fac t, th is  

has been the c a se .  Shagass (1969), for example, has produced an 

impressive amount of literature on the v isua l  and somatosensory ERs 

and schizophrenia. In recent y e a r s , however, the auditory evoked 

response (AER) has been of growing importance as a neuroelectric 

measure in the study of postu lated  atten tional dysfunctions in the 

"group of sch izo h h ren ia s" .

In a series  of s tu d ies ,  Calloway and Jones (1970, 1965, 1969) 

have used the AER to investigate  a tten tional dysfunctions in sch izo­

phrenia . Jones e t  a l .  (1965) have compared the waveforms of two 

subsets  of AERs generated to tones of 1000 Hz and 600 H z. The 

tones were presented  in a haphazard pattern . Jones et a l .  report 

lower correlations (more varaibility) in the schizophrenic group in 

comparison to  normal and psychiatric  (not schizophrenic) con tro ls . 

The theore tical orientation of th is  study was rooted in Shakow's con­

cept of segmental s e t .  Shakow (1962) has  found that schizophrenics 

have a tendency to form multiple d isarticu la ted  approaches to t a s k s .  

The many reports p resented  in the p resen t paper of the inability  of 

the schizophrenic to disregard redundant or unimportant a sp ec ts  of 

the environment lend some support to Shakow's notion. As Jones e t  

a l. additionally  point out, Shakow's notion of segmental s e t  is a lso  

reflected in the marked variab ility  of response and in the fragmented 

concepts of many schizophrenics (1965, p .  33). Jones et a l .  offer­
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ed the following explanation for their resu lts : the non-schizophrenic 

subjects treated the  two randomly presented tones as  part of the 

background. Since there w as no reason to discriminate between 

them, the AERs to the tones of 1000 Hz and 600 Hz would, a s  pre­

dicted, be sim ilar. The schizophrenic sub jec ts , on the other hand, 

with their a ssoc ia ted  a ttentional defect (or segmental set) continued 

to discriminate between the two tones in the absence  of any appa­

rent reason to do so . In a subsequent study, Calloway, Jones and 

Donchin (1969) investigated  the poss ib ili ty  that the d iss im ila r  AERs 

in the schizophrenic group could be produced by more variable AERs 

to tones unrelated to pitch and/or more variable AERs as a resu lt  of 

a "noisy" background EEG independent of responses to particu lar 

stimuli. In this study (1969), two AER wave forms were generated 

following 320 p resen ta tions of a 1000 Hz tone. To control for back­

ground variab ility , i . e . ,  a noisy EEG, the 500-m sec. period pre­

ceding each  tone p resen ta tion  was digitized and a coefficient of 

variability  (CV) w as computed by dividing the maximum standard de­

viation by the maximum peak-to -peak  amplitude o f the summed evoked 

re sp o n ses .  The resu lts  of this study were in agreement with the 

earlier work of these  authors: the schizophrenics had significantly  

lower product-moment correlations between the two se ts  of AERs 

than did the normal con tro ls . These findings have been interpreted 

along the lines of increased  variability  in the AERs of the sch izo ­
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phren ics . No difference was found between the normals and sch izo­

phrenics in the CV of the 500-m sec. period preceding tone onse t. 

Therefore, background variab ility  was ruled out a s  a significant f a c ­

tor in the increased variability  of the AERs of the schizophrenics (p. 

426). Calloway e t a l .  (1969) have suggested that a general in c re as ­

ed response variability  seems to be a central factor in schizophrenic 

thought process disorder (see a lso  Calloway, 1970; and Broen, 1968) 

and, therefore, the d issim ila rity  between the two subsets of AERs to 

the tones of 1000 Hz reflec ts  the generalized response variab ility  

which seems to play such  a ubiquitous role in the schizophrenic 

makeup (1969, p . 426). Calloway (1969) and h is  a sso c ia te s  have 

also reported that a reduction in variability  (higher correlations be ­

tween the two AER wave forms from the same subject) is positive ly  

correlated with c lin ica l improvement; there is an inverse re la tionsh ip  

between AER variability  and cognitive performance and there is a 

positive relationship between AER variability  and a thought disorder 

(pp. 420-421).

Similar findings have been reported by Saletu et a l. (1971), who 

have studied the AERs of sch izophren ics . These authors compared 

the AERs of schizophrenics with "thought p rocess  disorders" (TPD) 

with the AERs of schizophrenics with no thought process d isorders 

(NTPD) and a group of nromal vo lun teers . B leueler's definition of a 

thought process disorder was used: a fragmentation of the thinking
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p ro c e ss ,  a loosening into overtly d isconnected  but w ell d ifferentia­

ted percepts  and thoughts (Bleuler, 1911, cited by Saletu e t  a l . ,

1971). Saletu et a l.  describe the thoughts of their pa tien ts  with 

TPD as d isorganized, b izzare , diffuse and incoherent, with a loosen­

ing of a ssoc ia tions  and perseverations (p. 118). Saletu and his co­

workers used judges to rate the sim ilarity of AER wave forms (four 

AER wave forms per su b jec t) . Variability was judged to be the great­

e s t  in the first group (TPD), le s s  so in the second group (NTPD), and 

the AERs showed the g rea tes t  con sis tency  in the group of normal vol­

un tee rs .  Saletu e t  a l .  have also  reported latency  differences to the 

various components of the AER between the three groups. The sch i­

zophrenics had shorter la tenc ies  than the normal vo lun teers , and 

those schizophrenics with TPD had shorter la tenc ies  than the group 

of schizophrenics with NTPD. The amplitude of the normal subjects 

was higher than e ither of the schizophrenic groups.

The d ifficu lties  involved in trying to rela te  various components 

of the AER to underlying cerebral p ro c e sse s ,  specifica lly  those that 

(presumably) subserve a ttention, has received a great deal of d is ­

cuss ion  ( e . g . , see Calloway e t  a l.  , 1969; Vaughan & Ritter, 1974). 

Both N aatanen (1967) and Tecce (1972) have commented on the diffi­

culty of separating the effects of arousal and a ttention when inter­

preting the AER and contingent negative variation (CNV), respec tiv e ­

ly. Similar views have also  been expressed  by Karlin (1970), who



has  argued that amplitude differences in the AER may reflect the 

effects of differential preparatory s ta te s  rather than different s t i ­

mulus s ign ificance. Vaughan and Ritter (1974) have noted that the 

P200 component of the AER, which has often been considered a 

neurophysiological correlate of attention, is plagued by a number 

of interpretive d ifficulties; these  include the weight one gives to min­

ute changes in the amplitude of P200, as  well as changes in the op­

posite  d irection within and between sub jec ts  (p. 147). In general, 

however, changes in amplitude and /o r  la tency  of the early compo­

nents of the AER (less than 200 m sec.) have usually  been assoc ia ted  

with changes in arousal or the activation  level of the organism (CF. 

Shagass e t  a l . , 1969). Along these  l in e s ,  it is of in te res t to note 

tha t  Vaughan and Ritter (1974) have suggested that the positive  com­

ponent of the AER occurring approximately 300 m sec, after tone on­

se t (P300) may be an a ttractive  candidate for a postu la ted , but un­

specified , a ttentional mechanism (pp. 147-148). These authors 

note that the AER reflects  activ ity  in its primary receiving area of the 

cortex, i . e . , the auditory cortex (Vaughan & Ritter, 1970). These 

authors also  point out that the P300 component of the AER is part of 

an evoked potentia l whose origin has been demonstrated to be in the 

parieto-tem poral cortex, and thus appropriately labeled the a s so c ia ­

tion cortex po ten tia l (ACP) (Vaughan, 1970; Vaughan & Ritter, 1970). 

While the ACP temporally overlaps the AER, only the la t te r  portion
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of the ACP ( i . e . , P300) is ordinarily v is ib le  in the AER (Vaughan & 

Ritter, 1974).

While it is reasonable to assume that P300 ref lec ts  a different 

aspec t  or stage of information processing  in comparison to the ear­

lier components of the AER (see also Sutton et a l.  , 1965), the factors 

that e l ic i t  P300 have not been c learly  understood. Earlier stud ies 

(Sutton e t  a l . , 19 65; Ritter e t a l . , 1968) suggested  tha t the ACP was 

assoc ia ted  with stimulus uncertainty  or the unexpected presentation 

of a stim ulus. Vaughan and Ritter (1974) have noted, however, tha t 

when the difficulty of the discrim ination between the infrequent and 

frequent stimulus is increased , the ACP was observed to a ll  stimuli.

"This result led us to conclude tha t the ACP could 
not merely reflect stimulus uncertainty or the oc­
currence of a mismatch in the comparison between 
a template for predicted stimulus and the (infrequent) 
signal stim ulus, but must be re la ted  to a le s s  clearly  
specifiable  operation which we vaguely designated  
'cognitive stimulus evaluation1."  (Vaughan & Ritter,
1974, p . 148)

Since P300 (for the remainder of th is  paper, the ACP will be re ­

ferred to as P300) has been a sso c ia ted  with subjective  evaluation 

of a stim ulus, and since attention to unimportant or redundant s t i ­

muli has  played such a significant role in schizophrenic resea rch , 

P300 takes  on spec ia l  s ign ificance. In th is  con tex t, a study by 

Roth and Cannon (1972) is of in te res t .  These authors compared the 

amplitude of P300 for 21 adult sch izophrenics and 21 age-m atched
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contro ls . All sub jec ts  were told to ignore the stimuli (tone bursts). 

The control group had a larger P300 amplitude to infrequent stimuli 

than did the sch izophren ics.

A good many s tud ies  have been reported which indicate  that 

schizophrenics and children at high risk to manifest schizophrenia 

do not seem to habituate  as  quickly as normal subjects  on a  variety 

of measures (Zahn, 19 64; Mednick & Schulsinger, 19 73; see  a lso  Itil 

e t a l . , 1974, and p . 35 of this paper). Although the p resen t study 

has not been spec if ica lly  designed to study habituation, the AER 

wave forms between the groups will be compared over the course of 

time (see da ta  an a lysis  section  for details) with specia l in te res t  in 

the P300 component.

It is  c lear  that the use  of the AER in schizophrenic resea rch  has 

been, to a grea t ex ten t, to identify some neuroelectric correlate  of 

a ttention. The re su l ts  of these  studies have been difficult to inter­

pret because of the lack of knowledge concerning the AER, as  w ell 

as the ambiguity in the use  of the  concept of a tten tion . If, for ex ­

ample, the P300 component of the AER is to be considered a  neuro­

e lec tric  correlate of the "orienting response" (Roth & Cannon, 1972), 

does the decreased  amplitude of P300 in the Roth and Cannon study 

indicate that schizophrenics are le s s  eas i ly  d is trac tib le  by infre­

quent and (apparently) unimportant stimuli than normal con tro ls?  To 

argue that th is  is so would be to go against a voluminous body of
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(1974) have pointed out, changes in amplitude of the AER cannot be 

equated with shifts in a tten tion , and any in terpretation of the AER 

and its  various components must be with great cau tion .

Quite c learly , the vast majority of the s tud ies  investigating a t­

tentional behavior in schizophrenics have indicated th a t  many sch i­

zophrenics are unable to focus on that part of the environment re le ­

vant to the current ta sk  (Cameron, 1938, 1939). In support of th is 

notion, Chapman (1956) and Chapman and Taylor (1957) have demon­

strated that, in a card-sorting  task , schizophrenics were more e a s i ­

ly d istrac ted  by irrelevant items on response cards in comparison to 

normal controls. Payne (19 64) has a lso  suggested tha t schizophre­

nics p rocess more irrelevant information than non-sch izophren ics . 

Payne attributes this to some disturbance in se lec tive  a ttention.

For Payne, it  is  some defect in the mechanism of a tten tion , sp ec i­

fica lly , a defect in the filtering asp ec t  of attention which accounts 

for the disordered thoughts and assoc ia tions so charac ter is tic  of 

schizophrenics. According to Payne, the schizophrenic , when ap­

proaching a ta sk ,  becomes d is trac ted  by irrelevant stimuli (both in­

ternal and external); se lec tive  perception becomes im possible . In 

dealing with a problem, irrelevant stimuli may lead to the mass con­

fusion and "inappropriate" emotions so often a sso c ia ted  with sch izo­

phrenia. Along these  same l in e s ,  Shakow and Juston (1936) have
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shown tha t  in a v isu a l  s ignal tracking task , the level of schizophre­

nic performance fe l l  sharply when either v isua l or auditory d is trac t­

ing stimuli were introduced. Weckowitz and Blewett (1959) seem to 

have summed up much of the research  on attention and schizophrenia 

by comparing the (postulated) breakdown in some filtering mechanism 

to the opening of a se t of f loodgates , whereby the cortex becomes 

flooded with irrelevant information and the maintenance of a se t  be­

comes im possible.

B. Difficulties Inherent in Research Strategy for the Study of Schi­

zophrenia and an Alternative Approach

In an attempt to understand schizophrenia, most researchers 

have viewed the adult schizophrenic as the legitimate source of in­

quiry. Research efforts of th is  nature have been plagued by an in­

ability to delineate  ae tio log ica l factors from those that are an effect 

of the disorder. The use of drugs, for example, provides one of the 

most complicating factors in a ll  schizophrenic research . W ithhold­

ing drugs from acu tely  ill schizophrenic patien ts  is ,  for various e th i­

cal and p rac tica l rea so n s , not p o ss ib le .  Yet, Hughes (1961) has 

s ta ted , in relation to neuroelectric  m easures, that a t le a s t  ten  days 

following discontinuation of phenothiazines is necessa ry  for such 

measures to return to "normal" or some baseline  leve l.  In the pre­

viously mentioned study by Roth and Cannon, these authors point
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out that medication did have an effect on reducing the amplitude of 

the AER. Similar comments concerning the confounding effects of 

medication have been mentioned by Jones e t  a l. (1970). Mucovitch 

and Katzelenbogen (1948) have s ta ted  that the EEG does not return to 

normal until ten months following e lec tro -convu lsive  shcok therapy 

(ECT). In addition to these  more obvious complications which arise  

with research  which focuses on the " i l l " , i . e . , schizophrenic p a ­

t ien t ,  the length of hosp ita liza tion  and general m alaise produced by 

the disorder make it difficult to separate  causa tiv e  influences from 

the effects of the disorder. All of the s tud ies  d iscu ssed  at this 

point in the p resen t paper have employed a "retrospective" research 

stra tegy, i . e . ,  hospita lized  schizophrenics have been used  as sub­

je c ts .  The sub jects  have, un less  o therw ise  s ta ted , a ll been adults . 

Studies of th is nature, while providing n ecessa ry  insigh ts  into the 

structure of schizophrenia, cannot investigate  incipient p ro cesses  

which, over the course of tim e, may lead to  the m anifestation of 

schizophrenia .

In an attempt to circumvent th is  problem, i . e . , the delineation 

of factors that may exert a causa tive  influence from those that are a 

product of the disorder, a re la tive ly  new research  strategy has been 

employed. Children are se lec ted  who, by some c rite r ia , are con s i­

dered to be a t  high risk for eventually  manifesting schizophrenia in 

comparison to the population at la rge . By following these  children
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from their early  childhood, investigators hope to identify p re-ex is ting  

biochemical, physiological, psychological, or life h istory  character­

is tic s  which consis ten tly  differentiate  those who ultim ately  develop 

schizophrenia from those  who do not (Erlenmeyer-Kimling, 1971; 

M osher, 1974). Mosher (1974) has pointed out tha t prospective high 

risk studies represent a predictable stage in the evolution of p sy ­

chiatric  research: a commitment to the study of the development of 

schizophrenia following an immersion by researchers  in the struc­

tural a spec ts  of the d isorder. W hereas the adult schizophrenic is 

the legitim ate source of inquiry into structure, the child (at high 

risk) is  the legitim ate source of inquiry into development (p. 13).

While the  strategy for following children at high risk for mani­

festing  schizophrenia offers an opportunity for tes ting  aetio logical 

hypotheses, it is not without formidable problems of its own. A 

major problem is the identification and se lec tion  of the high risk 

children. Another problem facing the high risk researcher is  that of 

the se lec tion  of research  m easures. A measure chosen as highly 

promising at the beginning of a research  project may appear out­

moded and irrelevant at the conclusion of the study 15-20 years 

la ter. Does the measure in fac t d ifferentiate between those  sub­

jec ts  who eventually  manifest schizophrenia and those who do not? 

What inferences can be drawn from the measure regarding the ae tio ­

logy o f schizophrenia?
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These problems have led investigators utilizing high risk pros­

pective  research  s tra teg ies  to note tha t in high risk research , the 

risk is for the investigator as  w ell as  the identified child . While e s ­

pousing many of the advantages of high risk  research , Rosenthal 

(1974) expresses  a note of caution to investigators entering the 

field: "I am grateful enough to have survived most of my high risk 

period. I hope you survive yours" (p. 40). Before reviewing the 

high r isk  research , some preliminary d iscuss ion  will be given to the 

problem of sub ject se lec tion . The se lec tion  of research  measures 

will be d iscussed  following the review of the high risk litera ture.

1. Subject Selection (General)

The investigator employing a prospective  research strategy must 

optimize the chances tha t a su bs tan tia l  proportion of the children 

se lec ted  for study will actually  m anifest schizophrenia at some point 

in the ir  l iv e s .  Fortunately, the risk of manifesting schizophrenia in 

the population at large is only about 1-2% (Yolles, 1969). For the 

prospective researcher, however, th is  p resen ts  a formidable problem. 

To se le c t  subjects  from the population at large without screening pro­

cedures increases the risk to resea rchers  to an in to le ra b le  level.

In order to insure that a subs tan tia l  proportion of sub jects  will a c ­

tually  manifest schizophrenia, the in itia l subject pool would have 

to be so large tha t the sheer lo g is t ic s  and economics would make 

th is  type of research  un feas ib le .  In order to reduce th is  risk to the
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investigator, a number of approaches have been proposed for the 

se lec tion  of high risk su b jec ts ,  e . g . , se lec tion  of disordered ch il­

dren, se lec tion  of subjects  from the lower socio-economic c la s s ,  

se lec tion  of subjects with a h isto ry  of birth complications (see 

Garmezy & Stretimen, 1974a, pp. 18-30); the use  of genetically - 

defined populations is preferred by risk researchers over a ll  the 

current a lte rna tives (Garmezy & Streitman, 1974a).

The strategy of using genetica lly  defined populations w as first 

presented  by Pearson and Kely in 1957. Approximately 10-16% of 

children with one schizophrenic parent can be expected to develop 

schizophrenia during adolescence  or adulthood (Heston et a l .  , 1966), 

compared to a 1-2% risk in the general population. The risk for 

children of affected fathers is the same as for children of affected 

mothers (Erlenmeyer-Kimling, 1970). Children with two affected 

parents are at higher risk; 35-40% of such children are expected to 

m anifest schizophrenia (Erlenmeyer-Kimling, 1970). As Pearson and 

Kely (1957) have pointed out, screening  of unse lec ted  populations of 

children would require samples at le a s t  ten times as large as  those 

drawn on children with a schizophrenic parent in order to obtain a 

comparable number of p re-sch izophren ic  su b jec ts .  As Garmezy and 

Stretiman have em phasized, the c rit ica l rea lity  for subject se lec tion  

in high risk research  is not adherence to a particu lar model, but, 

instead , is one of determining how b e s t  to ra ise  the base  rate for
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predicted schizophrenia. "Thus, genetic suscep tib ility  has become 

a prime method for se lec ting  samples of vulnerable children, how­

ever, the in tensity  of advocacy of a genetic model of etiology seems 

to vary widely among those involved in risk research . " (1974a, p.

2 1 )

C . High Risk Research

Although high risk  prospective research  is  s t i l l  in i ts  infancy 

and the variab les that receive primary emphasis vary from study to 

study, i t  is possible  to d iscern  certain patterns or directions of the 

resea rch . High risk resea rch e rs ,  like the retrospective researchers 

who preceded them, them emphasized the schizophrenic 's  difficulty 

in information processing  ta s k s .  Included under this term are such 

notions a s  disordered leve ls  of arousal, hypersensitiv ity , d is trac -  

tib il ity , e tc .

One of the research  programs for the study of high risk children 

was conducted by Mednick and Schulsinger (19 68) who tes ted  ado­

lescen ts  (15.5 mean age) with one schizophrenic parent. (The study 

was begun in 19 62.) Mednick and Schulsinger compared high risk  

subjects  and a group of normal controls under "normal" and " s t r e s s ­

ful" conditions. (The s tressfu l condition consis ted  of a loud, un­

p leasan t noise for 4 .5  s e c s ,  over nine t r ia ls . )  All resu lts  refer to 

the galvanic skin response (GSR). The resu lts  indicated that under 

the s tre ss  condition, the high risk sub jec ts  had more rapid la ten c ies ,
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greater amplitude, were slow in habituating to the stress  stimuli and 

had more generalized responses  in comparison to the normal control 

group. The measure which best differentiated between the  two 

groups was the rate of recovery (number ohms per second) of the GSR 

following the s tre ss  stim uli. Mednick and Schulsinger describe the 

high risk subjects as being highly susceptib le  to a  broad range of 

stimuli that are capable  of stimulating an a lready -sensitive  autono­

mic nervous system  (see  also  Silber, 1966). Many of the Mednick 

and Schulsinger findings are comparable to the resu lts  from the 

studies of adult sch izophren ics . Mednick (1955) and Rodnick and 

Garmezy (1957), for exam ple, have reported th a t  adult schizophrenics 

have over-genera lized  GSR respon ses ,  and Zahn (1964) reports tha t 

chronic schizophrenics are slower to habituate (GSR) to stimuli than 

normal controls. Mednick (1973) has reported tha t  approximately five 

years after completion of the in itia l tes ting , twelve of the high risk  

subjects (total N = 97) had been hospitalized for psychiatric  d is tu r­

bances and, in addition, e ight had been diagnosed as severely  sc h i­

zoid, delinquent, or a lcoho lic . Mednick designated  these  twenty 

subjects as the "sick" group and compared their original GSR respon­

ses to the original GSR responses of twenty high r isk  sub jects  with 

no signs of pa thology. The sick group had GSR resp onses  of greater 

amplitude to the s t re s s  stimuli, and also had more rapid conditioning 

and shorter la ten c ies  to the s tre ss  stimuli. Once again, the measure
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that best d ifferentiated between the groups was the rate of recovery 

of the GSR following the s tre ss  stim uli. While it is  unclear what 

underlying p rocesses  this measure may relfect (personal communica­

tion, D rs. Mednick and Venables, February 29, 1975), it remains 

the measure that b e s t  d ifferentiates between the high risk and con­

trol group as well as between the "sick" and "well" high r isk  sub­

jects (in their s tu d y ) .

In addition to the GSR da ta , Mednick and Schulsinger (1973) 

have found that the high risk  sub jects  were significantly  slower than 

the controls on portions of the WISC that required continuous con­

centration. As an informal observation, Mednick has  noted that the 

high risk subjects  seemed to react to excitement by withdrawal.

This is  similar to McGhies* observation (1969) that ca ta ton ic  sub­

jects seemed to have the h ighest level of arousal of a ll  sch izophre­

nic p a tien ts .  Mednick and Schulsinger (1973) have ten ta tive ly  con­

cluded that early evidence of autonomic dysfunction may predict 

serious adult psychopathology. Schacter (1970) is a lso  in te res ted  in 

studying psychophysiological responsiveness  of children a t  r isk .

His subjects  are neonates  with schizophrenic mothers. Preliminary 

reports from the Schacter study indicate  that some of the high risk 

subjects had a marked increase  in heart rate  acceleration over the 

testing sess ion  (cited by Garmezy, 1974, pp . 31-33).

Erlenmeyer-Kimling, Rainer and Mednick (1971) have studied the 

children of one (father or mother) and two schizophrenic p aren ts . A 

primary emphasis in th is study w as the investigation of "defective 

filtering" and "stimulus overload" in the risk group. All resu lts  refer
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nic parent. Comparing 29 high risk subjects  to 23 normal contro ls , 

Erlenmeyer-Kimling et a l .  report no difference on baseline  m easures, 

no consisten t differences in the amplitude of responses to an uncon­

ditioned stimulus (a loud noise) and no difference between the groups 

in habituation. Response latency  was significantly  longer in the high 

risk group (Erlenmeyer-Kimling e t  a l . , 1977a) . These authors report , 

in fac t,  that recovery time seemed somewhat fa s te r  in the controls 

(no s ta t is t ic s  reported) . The Erlenmeyer-Kimling group also  report 

that many children did not show conditioning, and that such failures 

were less  frequent among controls (Erlenmeyer-Kimling et a l . , 1977a; 

see a lso  Garmezy, 1974, pp. 53-60). At a high risk conference a t  

New York State Psychiatric  Institu te  (February 29, 1975), Mednick and 

Erlenmeyer-Kimling d iscussed  some of the differences in psychophy- 

siological findings between the  original Mednick and Schulsinger 

study and the Erlenmeyer-Kimling et a l .  s tudy. Two reasons were 

suggested to account for these  differences: 1) The subjects in the 

Erlenmeyer-Kimling study were younger than the children in the Med­

nick and Schulsinger study (mean age 9 .5  v s .  15.5); and 2) although 

the design and procedure were the same in both s tud ies , the children 

were treated subs tan tia lly  differently. Mednick instructed his experi­

menters to make the testing  se ss io n s  a s  s tressfu l as poss ib le . 

Erlenmeyer-Kimling, however, instructed her experimenters to con­

duct the tes ting  se ss io n s  in a s  easy  and relaxed way as poss ib le .

Erlenmeyer-Kimling et a l .  (1977b; see  a lso  Rutschman et a l . ,  1977) 

also  compared both groups' performance on the continuous performance 

task (CPT). Kornetsky and M irsky (1966) have suggested that the CPT
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is dependent upon midbrain and brainstem structures that mediate 

arousal. Erlenmeyer-Kimling et a l .  sta te  that preliminary analyses 

indicate that the high risk subjects  have significant performance de­

ficits  on the CPT in comparison to normal controls. These findings 

are consis ten t with data from chronic schizophrenics (Orzack & 

Kornetsky, 1966) and lend additional support to the notion that d isor­

dered levels of arousal plays a significant role in the schizophrenic 

m ake-up. Gallant (1972) has a lso  used the CPT as a measure of con­

tinuous attention with high r i s k  children. He compared the perform- 

mance of f ive-year-o lds  with a schizophrenic mother to age-m atched 

children with psychotic (not schizophrenic) mother and age-m atched 

controls (non-psycho tic , non-schizophrenic) mothers. The children 

with schizophrenic mothers had significant performance defic its  in 

comparison to both control groups. In the same study, Gallant a lso  

used the Hidden Figures Test and the Children 's Embedded Figures 

Test as  measures of se lec tive  a tten tion . A coding te s t  and an in te l­

ligence te s t  were employed as non-a tten tional m easures . Perform­

ance defic its  were only found on the a tten tional m easures. Gallant 

repeated the study with the same subjects  one year la te r .  At this 

time, no differences were found between the two groups. Gallant in­

terprets these latter findings as evidence of "catching up" in the risk 

ch ildren 's  ability  to inhibit irrelevant, non -task  related stimuli (1972).

Anthony (1972) has studied children with one schizphrenic pa­

rent. The emphasis of this s t  udy was a " liv ing-in" experience with 

the family, to provide data  for evaluating the degree of suscep tib i­

lity to the pathogenic influences at work in the environment. In
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addition, Anthony and his staff bring each child into the laboratory 

for te s ts  of information-processing ability  and psychophysiological 

re sp o n s iv i ty . Preliminary reports (cited by Garmezy, 1974, pp. 57- 

59) suggest some similarity between the psychophysiological data 

from Anthony's study and the Mednick and Schulsinger (1973) study. 

Anthony reports , for exam ple ,that the high risk children do not 

seem to habituate  as well as  the normal con tro ls , and do not differ­

entiate  between stimuli as well as the normal controls ( i . e ,  the 

high risk children seem to have overgeneralized re s p o n se s ) . More 

recen t repo rts ,  however, indicate  that these  la tter  findings are not 

specific  to high risk  sub jects  (personal communication, Dr. Erlen­

meyer-Kimling, April 25, 1977).

Weintraub and N eal (1974) also  studied the children of one 

schizophrenic  parent. They tes ted  each ch ild 's  ab ili ty  to ignore d is ­

tracting information using auditorily-presented  m ateria l. At th is 

time, no resu lts  have been reported. In a similar vein , Wynne (1974) 

is in te res ted  in taking measures of psychophysiological responsivity 

and measures of sensory integration and inform ation-processing in 

children with schizophrenic mothers (results not reported).

Garmezy (1974) has studied the children of schizophrenic mothers. 

In a  preliminary report (1974, p . 65), he mentions finding "atten tion­

al"  dysfunctions with these  children (no d e ta ils  g iven ) . Garmezy in­

d ica tes  tha t  in the  future, more emphasis w ill be given to the c o n s ­

truct of attention: "A broadened a ttack  on the a tten tion  construct is
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programmed for the future, in which s tud ies  w ill be conducted simul­

taneously  at three levels of functioning — at the  neurophysiological 

level, a t  the behavioral level in laboratory ta s k s ,  and at the beha­

vioral level in a na tu ra lis tic  setting (1974, pp. 65-66).

The only neuroelectric  study of high risk children was done by 

Itil e t  a l .  (1974). These authors investigated  children between the 

ages of 10-12 (mean age = 1 1  years) in Copenhagen, Denmark, who 

were considered at high risk  for manifesting schizophrenia (schizo­

phrenic m others). Itil has been c rit ica l of retrospective  research 

(Itil, 1972; Saletu et a l . ,  1971), and s ta te s  that the opportunity to 

study children before the manifestation of schizophrenia was most 

welcome (1974). I t i l  e t a l .  have suggested  tha t neuroelectric  research  

with high risk children could lead to the estab lishm ent of "common 

neurophysiological charac ter is tics"  of schizophrenia , if they e x is t ,  

long before the outbreak of the ac tua l disorder (1974, pp. 896-899). 

The resu lts  of the Itil  e t  a l .  study were a s  follows:

EEG

The high risk children had more delta ac tiv ity  (1 .3 -3 .5  c p s ) , 

more fa s t  beta ac tiv ity  (above 18 cps), higher average frequencies, 

less alpha ac tiv ity , less  amplitude variab ility , and le s se r  average 

absolute  amplitude in comparison to normal controls (1974). (It is 

worth mentioning that what Itil e t  a l .  mean when they say  "more", 

is percentage of time spent in a particular band w id th . It is more 

common, however, for the amount of power (or amplitude) to be em­

ployed as  the referent for "more", e . g . , CF. Lifshitz and Gradijan,
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1972, 1974.) Itil et a l .  (1974) have compared the EEG data of adult 

sch izophrenics, psychotic children, and the high risk children. All 

three groups were different than normal controls and were character­

ized by more slow wave ac tiv ity ,  less  fa s t  alpha ac tiv ity , and less 

amplitude variability  (a lowered CV). Commenting on their findings 

w ith  high risk  children, I t il  e t a l .  point out the similarity of neuro- 

physiological patterns of high risk children to those of adult sch izo ­

phrenics . Noting the appearance of increased  slow and fast a c t iv i­

ty in the EEG records of adult schizophrenics and high risk children, 

Itil e t a l .  interpret their findings along the lines of a fluctuating 

sta te  of arousal hypothesis (see p. 20 of this paper).

AER

For each sub jec t,  five averaged AERs were generated, each con­

taining fifty individual AERs. Each of the five averaged responses 

were plotted and the latencies of the various peaks was determined. 

Itil  e t a l .  report that the high risk  group had shorter la tencies  than 

the control group. The latency differences reached the  level of 

s ta t is t ic a l  significance at peaks occurring approximately 40 m s e c . ,  

and between 100-200 m sec, following stimulus onset. There were 

no significant differences in amplitude between the two g roups.

Using a discriminant function a n a ly s is ,  i t  was possible  to d isc r i ­

minate between the two groups a t  the p .01 level of s ign ificance . 

Itil and his coworkers a lso  report that shorter la tenc ies  between 100- 

200 msec . in the high risk group were most pronounced when the AER 

wave forms were based on the last 50 (of a to ta l  of 25 0) responses .

In the control group, however, shorter la tencies  occurred earlier in
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the recording se ss io n , i . e . ,  when the AERs were based on 50 respon­

ses occurring between 150-200 stimulus p resen ta tions . These f ind­

ings have been interpreted as a lack of habituation in the high risk  

group (p . 896) .

In d iscuss ing  his re su l ts ,  I t i l  emphasizes the similarity in the 

AERs of the high risk group, adult chronic schizophrenics, and p sy ­

chotic children. He suggests th a t  differences in latency may indicate  

a po ten tia l, or predisposition, for becoming schizophrenic, while the 

amplitudes are affected only when the d ise a se  is  c lin ically  manifest 

in later life (p. 898) . Along these  same l in e s ,  the differences in 

latency of the early components with high risk children as  compared 

to differences in the later components (see  Saletu et a l . ,  1971) with 

adult sch izphren ics , may indicate that different aspects  of the " in ­

formation processing system" are differently affected , depending on 

the s ta te  of the disorder, i . e . ,  incipient or manifest. As mentioned 

earlier in this paper, the early components of the AER have been 

generally a sso c ia ted  with activation or arousal; the later components, 

however, have been more often a s so c ia te d  with a ttention. It is in te r ­

esting to consider the speculation that the various neurophysiological 

system s that subserve the general term information processing are 

differentially affected during the course of development and that the  

system that subserves arousal may become dysfunctional early in the 

course of development and, at some later point in time, interfere with 

the organism 's capacity to "act o n " ,  i . e .  , se lec t  and inhibit, endo­

genous and exogenous information.
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1. The EEG and the AER

An assumption inherent in a l l  high r isk  research is that indica­

tors of vulnerability  to schizophrenia are to be found at rela tively  

early ages and that they show them selves as emerging difficulties in 

areas continuous with the behavioral defic iencies  observed in adult 

schizophrenics (CF. Erlenmeyer-Kimling, 1971). In the present study, 

the EEG and the AER are employed a s  the dependent va riab les .  Both 

m easures have been shown to be deviant in a great many adult sch i­

zophrenics in comparison to normal and psychiatric  controls . In addi­

tion , both m easures, when studied in children at high risk to manifest 

sch izophrenia , have been shown to be deviant in comparison to normal 

con tro ls , and are comparable to the findings from adult schizophrenics 

and psychotic  children. Thus, the choice of the EEG and the AER 

seem s reasonable  in view of the experimental evidence. Both mea­

sures are a lso  thought to reflect certain a sp ec ts  of information pro­

c e ss in g ,  i . e .  , the organism's capacity  to se lec t and inhibit external 

and internal stim uli. The EEG and the AER have been implicated in 

s ta te s  of disordered arousal, a tten tion , heightened d is trac tib ili ty  and 

the l ik e .  Since disordered levels of a rousa l  and /o r attention have 

played such a major role in structural as w ell a s  aetio logical consi­

derations in the area of schizophrenic resea rch , the choice of the EEG 

and the  AER in the proposed study has theore tical as  well as pragmatic 

v a lu e .

Since the time of Darwin, a basic  foundation in the behavioral 

sc ien ces  has been the belief that those  behaviors which contribute 

to the survival of the species  w ill continue in the organism 's beha-
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vioral repertoire, while those that do not w ill be eliminated — or the 

species  will perish . In short, the behavior must have functional 

consequences , i . e . , i t  must promote survival. In biological sys tem s, 

the function of a system  are those consequences of the sys tem 's  a c ­

tivity which led to i ts  having been evolved and which leads to its  

continuing to remain in the equipment of the sp e c ie s .  As Bowlby 

(1969, pp. 72-76) h as  emphasized, however, function is  used  to re ­

fer to a collection of individuals (or the species) not to a particular 

individual or member of the sp e c ie s .  In a particular individual, the 

activity  of behavioral system s may have consequences that fa il  to 

promote the survival of the species  . Examples of this are both 

Cameron's and Silverman's d iscuss ion  of the "defensive" a sp ec ts  of 

certain information processing  maneuvers of schizophrenic p a tien ts .  

C learly, the establishm ent of delusional system s would not be ex­

pected to contribute  to the survival of the s p e c ie s .  These maneu­

ve rs , however, may serve some "part-function" for particular indivi­

duals of the s p e c ie s .  The purpose of the present paper, however, is 

not to d iscu ss  or e lucidate  the  defensive (or what has been termed 

here the part-functional) consequences of information processing 

maneuvers or s tra te g ie s .  For further d iscussion  of th is ,  se e  Arieti 

(1961) and Rapaport (1951).

The purpose of the present paper is to investigate  those aspec ts  

of information processing which, both pragmatically and theo re tic ­

ally , seem to play such an important role in schizophrenia. It is 

assumed that information processing behavior(s) are  subserved by 

integrates of neurophysiological sys tem s, p las tic  in nature, whose
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final structure is determined by the interaction of constitu tional and 

environmental fac tors . The EEG and the AER are considered neuro­

electric  correlates of th e se  neurophysiological sys tem s. Thus, the 

study of these measures can provide the investigator with a "peep­

hole" into the development of system s whose final structure will 

determine its functional adap tiveness  in the sp ec ie s ' environment of 

evolutionary a d a p t iv e n e s s .

D . Some Concluding Comments Concerning Research Strategy

Research in the area of schizophrenia has always been charac­

terized by an inconsis tency  of findings . Some of th is  inconsis tency , 

no doubt, has been a resu lt  of the retrospective  approach generally 

employed. Factors such as hosp ita liza tion , effects  of drugs, e t c . ,  

may all contribute to this incons is ten cy . The movement toward high 

risk prospective research increases the  investigators ' chances of 

separating causative  influences from products of the disorder. There 

are d iff icu lties , however, which are not eliminated by a change in re ­

search stra tegy. One of th ese  d ifficu lties  is the growing belief that 

the group of people who constitu te  the schizophrenic population are a 

heterogeneous group. If th is  is correct, and nearly  a ll  researchers  in 

the area would readily ag ree , then inconsis tency  of findings should 

not be unexpected and a greater emphasis must be placed on those a s ­

pects  of schizphrenia th a t ,  to some ex ten t,  appear to cut across the 

schizophrenic spectrum. Even a cursory review of the myriad stud ies 

of schizphrenia indicates tha t such areas  as "arousal" , "atten tion", 

and "d istractib ility" (very often th ese  are subsumed under the more
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general rubric "information processing") constitu te  a major thrust of 

most research efforts. This confluence of theoretical notions con­

tinues in the re la tive ly  new area of high risk research — only more 

so . That the preponderance of investigators in a particu lar area of 

research  sim ultaneously find them selves drawn toward certain  hypo- 

th e s e ,  i s ,  quite c learly , no proof a t a ll  that the hypotheses are cor­

rec t .  It does seem to suggest,  however, that the hypotheses under 

consideration are timely, that the  data  force their consideration at 

this particular juncture and , finally , that the hypotheses should be 

worked out in further de ta il  and thoroughly explored before progress 

toward more definitive theories can be made.

E . Aim of the Present Study

In the  present study, an attempt has been made to extend some 

of the findings predominant in the retrospective  research  and the very 

early s tages  of high risk re sea rch . A group of children a t  (genetic) 

high risk to manifest schizophrenia has been compared to a group of 

normal contro ls , i . e . ,  children not a t  high risk to manifest sch izo­

phrenia. The AER has been used as a measure of responsiv ity  to ex ter­

nal stimuli and the EEG has been employed as a m easure of cortical 

a rousal.

The u se  of the EEG and the AER reflects  a general sc ien tif ic  

trend in any new area of resea rch , i . e . ,  from the general toward the 

sp e c if ic .  There is  a certain  amount of "heuristic  optimism" involved 

in such an approach. With specific  reference to high risk  resea rch , it 

is  hoped that a general research  s tra tegy  at the beginning stages of
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investigation will lead to more specific  conceptual and empirical cri­

teria  as subsequent stud ies are generated .
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Chapter II 

Hypotheses

In order to te s t  the  notion that disordered levels of cortical 

arousal ex is ts  before the m anifestation of schizophrenia, and is 

therefore not merely a product of the disorder, a comparison of the 

frequency charac ter is tics  and amplitude variability  of the EEGs of 

the high risk (HR) and normal control (NC) subjects was made. 

Hypothesis 1.

I t was hypothesized that the frequency characteristics  of the 

EEGs of the HR sub jects  would differ significantly  from the frequency 

charac ter is tics  of the NC sub jects  . Based on previous research  with 

adult schizophrenics and children a t  high r isk  to manifest sch izo­

phrenia, the power spectra  of the HR sub jec ts  was expected to be 

characterized by more power in the beta^ and beta2 band widths 

(14.31 H z-30.00  H z), an inc reased  amount of power in the delta 

and theta  band widths (1.30 Hz-7.1.6 H z), le ss  power in the alpha 

band width (7.81 H z-13 .65  H z ) , and le s se r  average amplitude in 

comparison to the NC su b jec ts .

Hypothesis 2 .

It was hypothesized that HR subjects  would have significantly  

lower CVs than the NC s u b je c t s .

Comparisons of the power spectra  and CVs between groups was 

made within and between conditions (see section on data a n a ly s is ) . 

These comparisons allow for a partial te s t  of the notion that many 

schizophrenics can be characterized by a fluctuating sta te  of cor­
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t ica l  a rousal.  More pronounced changes between conditions for the 

HR su b jec ts ,  for example, would lend support to th is  hypothesis .

In order to te s t  the notion that disordered responsivity  to exter­

nal stimuli ex is ts  before the m anifestation of schizophrenia, a com­

parison of the AERs of the HR and NC sub jects  was made.

Hypothesis 3 .

It was hypothesized that there  would be a significant difference 

in the  variab ility  of the AER w ave form of the HR subjects  in compari­

son to the NC subjects  .

Hypothesis 4 .

Differences were hypothesized to various components of the AER 

wave form between the two groups. Based on previous research  with 

adult schizophrenics and children at high risk  to manifest sch izo­

phrenia, differences in latency, as opposed to amplitude differences, 

were expected between the two g ro u p s . W ith respec t to these  laten­

cy d ifferences, it was expected that the HR subjects would be cha­

rac terized  by shorter latencies than the NC su b jec ts ,  and that these 

differences would be most pronounced in reference to the early com­

ponents of the AER wave form, i . e . ,  those  peaks a t  or before 200 

m sec , following tone onset.
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Chapter III 

Methods and Procedures

The methods section will be broken up into the following parts:

A. Subjects

1. Genetic factors and some general considerations

2. C haracteris tics of subjects  used

3. Subject sampling procedures

B. Laboratory procedures

C. Data analysis

A. Subjects

The experimental subjects  in the present study are considered 

to have a potentially  high risk of manifesting schizophrenia compared 

to the risk  in the population at large. These HR subjects  have been 

drawn from a genetically  defined population.

The present study is part of a  larger ongoing study of children 

at HR to manifest schizophrenia, conducted by Dr. L. Erlenmeyer- 

Kimling and Dr. J .  Rainer at the New York State Psychiatric  Institu te . 

The HR and NC subjects  in the present study were drawn from a larger 

pool of sub jects  connected with this ongoing s tudy . Although su b ­

jec ts  in the present study were not individually matched, considera­

tion was given during subject se lec tion  to age and sex so that the 

groups are w ell matched along th e se  dim ensions. The primary c r i ­

teria  for se lec tion , however, has been a  sub jec t 's  availability  to 

participate  in the study a t the time of s e le c t io n . In creating the 

original subject pool matching variables (in addition to the age and
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sex  of the child) included the socioeconomic level and ethnic back­

ground of the family. In addition, an attem pt was made to equate the 

number of paranoid and non-paranoid pa tien ts  ( i . e .  , father or mother 

of the child to be studied) . T his , however, was not accom plished. 

The number of c learly  diagnosed paranoid pa tien ts  in the present 

study i s ,  however, quite sm all. N everthe less , the children of a 

paranoid parent can be subjected to a post hoc a n a ly s is .

HR Subjects

Subjects in th is group were a ll  between the ages of 7-12 at the 

time of in it ia l  contact. All sub jec ts  had one schizophrenic parent 

(at least  one hospitalization with a d iagnosis  of schizophren ia), 

e ither father or mother. The sub jec ts ,  however, were free of any 

psychopathological or neuropathological symptomatology and were 

drug-free. The number of sub jects  in this group w as 34.

NC Subjects

Subjects in th is group were a ll  between the ages of 7-12 at the 

time of in itia l contact. No sub jects  in th is  group had a parent with 

a h istory  of psychiatric  hosp ita liza tion . The sub jects  were free of 

any psychopathological or neuropathological symptomatology and 

were drug-free. The number of sub jects  in  th is group was 32. 

Sampling Procedures (HR)

Schizophrenic patients with two or more children in the age 

range of 7-12 were located by screening a l l  consecutive adm issions 

to several s ta te  ho sp ita ls ,  c l in ic s ,  and one  county hospital in New 

York metropolitan area, between June, 1971 and December, 1972 . All 

patients whose children were se lec ted  were white, English-speaking ,
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married and s t i l l  living with his or her spouse ( i . e . ,  with the other 

b iological parent of the children of in te re s t) , and were between the 

ages of 25-50 .

D iagnostic  evaluations were made independently from p a tien ts ' 

hosp ita l  records by two staff psychia tr is ts  a t  the New York State 

Psychiatric  Institu te  and one psychiatric  re s id en t.  All diagnoses 

were made without knowledge of the hosp ita l d iagnosis  or of any 

m edications which may have been prescribed by the h o sp i ta l .  Un­

less  a ll  three p sy ch ia tr is ts  agreed on a d iagnosis  of schizophrenia , 

the patient w as excluded from further considera tion .

Sampling Procedures (NC)

NC subjects  were obtained through the cooperation of the 

N assau  and Rockland counties school sys tem s. Letters were sent 

to the fam ilies in these  school d is tr ic ts  with two or more children 

between the ages of 7 -12 . These letters requested the voluntary 

cooperation of "mentally healthy" fam ilies . The names of both 

parents of a control subject were checked aga inst the Department of 

Mental Hygiene f i l e s . Any child with a parent who had a h isto ry  of 

p sy ch ia tr ic  hosp ita liza tion  was eliminated from the  s tudy . All pa­

rents of se lec ted  children were w hite , E nglish-speak ing , married and 

s t i l l  living with h is  or her spouse ( i . e . , with the other b iological 

parent of the children of interest) and were between the ages of 25-50 .

Each of the HR subjects  and NC sub jects  se lec ted  to participate  

in the ongoing study by D rs. Erlenmeyer-Kimling and Ranier were 

brought into the laboratory to be tested  on a number of m ea su re s .

These included a modified L incoln-O seretsky Test of motor impair­
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ment, a ttention span m easu res , and psychophysiologi'cal m easures.

All subjects  who participated in the study have had a good dea l of 

contact with various members of the investigative  team. In addition 

to a previous v is i t  to the laboratory, this contact over time a lso  in ­

cluded home v is i ts  by staff personnel. Neuroelectric measures were 

not previously taken, however, and the application of e lectrodes for 

the recording of the EEG and the AER has been a new experience for 

each of the subjects . The families of each of the subjects  received 

$25.00.

B. Laboratory Procedures

All subjects who participated in the study were picked up at 

their home by a limousine service and delivered to the laboratory at 

9:00 A.M . A typ ical day at the laboratory lasted  approximately 8 

hours. The neuroelectric  measures lasted  approximately 30 m inutes. 

The remaining time was devoted to paper and pencil t e s t s ,  an in ter­

view, psychophysio logical m easures, and a neurological examination. 

These latter measures will not be included in the present s tudy.

Two subjects  a day were te s te d .  As one sub ject was te s ted  on 

neuroelectric  and psychophysiological measures in the morning, the 

second subject went through the other procedures . This procedure 

was reversed in the afternoon. Lunch was prepared for each sub­

ject by staff personnel (not the experim enters). At the end of the 

day, each subject was driven home by the limousine se rv ice .

When a subject entered the laboratory, staff personnel attempted 

to a llev ia te  any possib le  anxiety regarding the testing situa tion . All
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subjects were introduced to the experimenters and a brief exp lana­

tion of recording equipment was offered. The ac tual running of sub­

jects was done by two experimenters (A.F. and A.B.) . All subjects 

were identified by a code number. Neither experimenter had know­

ledge of a su b jec t 's  code number before that subject was actually  

run. Thus, a ll  sub jects  were run in a blind fash ion . The in te r­

views and paper and pencil te s ts  were not administered by the ex­

perimenters . The neurological examination was conducted by a 

neurologist connected with the Neurological In s ti tu te .

EEG

The EEG was recorded in two one-minute s e s s io n s ,  one at the 

beginning and one a t  the end of an entire se ries  of psychophysiolo- 

gical measures lasting approximately one and one-ha lf  hours. Re­

cordings were made from vertex (C2) and occiput (2 cm. above the 

inion along the  midline) and referenced to the left earlobe. Beckman 

biopotential (11 mm.) e lectrodes were employed. Eye movements 

(EM) were recorded from a supraorbital e lectrode at the right eye, 

referenced to the left earlobe . Beckman Dynograph amplifiers (type 

#482 M8) and preamplifiers (type #481 B) were used . The frequency 

response of the amplifier system  was se t  to .03-30 H z, with 6 db 

per octave ro ll-o ff .

Following electrode p lacem en ts , a check of re s is tan ces  was 

made using a  portable (Simpson-260) ohm meter. R esistance  under 

8K ohms was considered accep tab le .  Immediately after this in it ia l  

res is tan ce  check , a subject was seated  in a comfortable leather arm­

chair with a reclining back . The subject was asked to  relax as much
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as p o ss ib le .  The lights in the su b je c t 's  room were extinguished. 

There was sufficient illumination from a window between the subject 

and instrument rooms, however, to allow subjects  to view a target 

of concentric c irc les on th e  opposite  w a l l .  Subjects were asked not 

to move their heads during the recording of the EEG. All subjects 

were instructed to look at the targe t (10.5 inches away from the su b ­

je c t 's  chair , 66 inches off the ground). At th is point, a second 

check of electrode res is tan ce  was made using the Beckman re s is ­

tance m eter. A f ina l check  of e lectrode r e s i s t a n c e , also using the 

Beckman res is tance  meter, was made following the second minute of 

EEG recording at the conclusion of the tes ting  procedure.

Each su b jec t 's  EEG w as  sim ultaneously recorded on polygraph 

paper and FM ta p e . A Beckman type RM Dynograph Recorder and 

Hewlett-Packard Magnetic Recording System (model #3520 B) was 

calibrated before testing  each  su b jec t .  Calibration was accom plish­

ed by generating a 2 cm. deflection  on the Beckman which was equi­

valent to a one-volt deflection on the FM recorder. This one-volt 

deflection is equivalent to a . 1  mV signal from the sub jec t.

Immediately prior to recording a su b je c t 's  EEG, the experimenter 

spoke to the subject over an intercom. Subjects were encouraged to 

re lax , to keep their head and neck  re la tive ly  immobile, and to look 

a t  the ta rge t.  Subjects were told tha t the procedure would take 

about one minute. After recording ac tua lly  began, the experimenter 

w as able to observe the sub jec t through a window separating the two 

rooms. Thus, any untoward movement or dozing could be detected 

by direct observation, as w ell a s  by monitoring the polygraph paper.
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For the EEG, only the occiput placement was analyzed (see  section 

on data analysis) .

AER

Immediately following the recording of the f irst minute of EEG, 

AERs were recorded. The recording time las ted  20-25 minutes. The 

recording conditions and electrode placements were exactly  the same 

a s  in the EEG procedure. During the AER procedure, a se r ies  of 360 

c lick - f re e ,  1000 H z, 70 db, 500 m sec, tones were generated over a 

s e t  of Sharpe (HA-10A) earphones. The tones were generated by a 

Heathkit Sine-Square Audio Generator (model 1G-18). The interval 

between tone presentations ( i . e . , the interstim ulus interval) was 

manually controlled by the experimenter and haphazardly varied b e ­

tween 1.75 minutes and 3 seconds . All sub jec ts  received the follow­

ing instructions before beginning the AER procedure:

"I want you to look at the target on the w all opposite 
to you. I want you to do th is so that your eyes don't 
move too much. Everyone blinks and moves their 
e y es ,  so  I don't expect you not to move your eyes at 
a l l .  I ju s t  want you to move your eyes as  little  as 
p o ss ib le .  You will hear some tones over the headphones 
while you are looking at the ta rge t.  Try to ignore the 
tones . Are you ready?"

As in the EEG procedure, subjects were observed through the 

window to check for dozing and excessive  movements. This was a lso  

accomplished by monitoring the polygraph paper. For the AER, only 

the  vertex placement was analyzed (see section  on data analysis) .

C . Data Analysis 

EEG

For each of the two conditions, ten 6-second  epochs were su b -
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mitted to the time series  spectra l analysis  program (BMD 03T). For 

each of the ten epochs, a ll  frequencies above 30 Hz were filtered out 

and a spectra l analysis  was performed. Following th is ,  log transfor­

mations were computed for each of the ten-power sp ec tra .  The means 

and standard deviations (SD) were then computed. Thus, for each 

subject, a mean (amplitude) and SD was computed a t  each of the 

frequency band w idths. There were 22 separate  band w idths, from 

1 .3-28 . 9 Hz . Each of the band widths was 1.3 Hz w ide . The means 

and SDs of the ten power spectra were used in the analysis  of the fre­

quency charac teris tics  of the EEG. A diagram of this is  presented for 

one sub jec t be low .

Condition 1 Condition 2

F 1 .3 -2 8 .9  F 1 .3 -2 8 .9

Subject 1 mean* mean mean mean

SD SD SD SD
2

* where the means are the means of log uV 

While the spectra l analysis permits the investigator to look at

the frequency charac teris tics  of the EEG, it does not provide a mea­

sure of amplitude variability . Amplitude variab ility  w as measured

by computing a CV( S D ) of the to ta l EEG a s  w ell as  a
(mean amplitude)

at each of the frequency band w id th s . The CV were computed with­

out performing any logarithmic transformations of the data  (cF .

Lifshitz and Gradijan, 1974). Thus, with reference to the diagram

presented above, in the computation of the CV/ the means are .the 
2means of uV .
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Three sapara te  stepwise multiple linear regress ions (MLR) were

performed on conditions 1 and 2 separa te ly . The squared multiple 
o

correlation (R ) of the MLR represen ts  the proportion of the total 

variance tha t can be predicted using a linear eq u a tio n . For the first
O

MLR, the independent variables were the m easures of power (log uv ) 

at each of the band widths a s  w ell as a measure of power for the 

overall (or total) EEG, and the age and sex  of the su b je c ts .  For the 

second MLR, the independent variab les were the CV a t each of the 

band widths as  well as a CV of the total EEG, and the age and sex 

of the su b je c ts .  The third MLR used the variab les employed in the 

final steps of the first two MLRs and was used to predict group mem­

bership . A multiple discriminant function an a ly s is  (MDF) was a lso  

performed on conditions 1 and 2 separa te ly . Unlike the MLR which 

used only those  variables which appeared in the final step  of the 

regression equation, the MDF employs a l l  the v a riab le s ,  i . e . ,  both 

power and CV at the separate band widths and for the total EEG, and 

is used to predict group membership.

Comparisons of power ( i . e .  , frequency characteristics)  and 

amplitude variab ility  ( i . e . ,  CV at delta  (1 .3 0 -3 .2  5 Hz), theta 

(3 .9 0 -7 .1 6  Hz), alpha (7 .81 -13 .65  Hz), beta]_ (14 .31 -20 .16  Hz), 

and betag (20 .18 -30 .00  H z), as well as to ta l power and to ta l CV was 

made between the groups within each condition using a one-w ay 

ANOVA with sex  and age as the covariates . The same ana lysis  was 

made betweenthe groups across  conditions using a sp l i t-p lo t  re ­

peated m easures ANOVA with sex and age as  the covariates (Winer, 

1971, p. 518). Amplitude graphs were generated for each  subject
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and the mean amplitude and mean frequency of the alpha peaks were 

scored in a blind fash ion . These m easures were compared within 

and across conditions using the same s ta ts t ic a l  designs mentioned 

a b o v e .

AER

The 500-m sec. period following tone onset was d ig itized  for all 

360 stimuli on a PDP-12 computer. In order to check for a "noisy" 

background level of EEG ac tiv ity , the 500-m sec. period preceeding 

tone onset was a lso  d ig itized .

The digitized data was averaged using a computer program on an 

IBM 370 that contained the following specifica tions: Each tr ia l  was 

edited for EMs. Discursions on the EM channel g reater than a 2-cm . 

deflection ( .1  mV) led to a rejection of that t r ia l .  All t r ia ls  where 

the data was out of range of the FM recorder (due to momentary DC 

shifts or movements of the head and neck a re a ) , were similary d i s ­

carded .

The first two hundred "good" (see criteria  s ta ted  above) tr ia ls  

were averaged for each subject for each condition, i . e . , following 

tone onset (AER) and preceeding tone o n se t  (background EEG). This 

averaging procedure produced poin t-by-poin t means and SDs across  

the two hundred t r ia ls .  Since there was a  2 -m sec . interval between 

samples during the digitization procedure, the output consisted  of 

250 means and SDs per condition per su b jec t .  An average SD was 

then computed for seven time opochs, 128 m sec, w ide, with centers 

at 64, 196, 238, 256, 310, 384 and 448 m sec . This w as done for 

both the 500-m sec. period prior to and following tone o n se t .  In



-  61 -

order to determine if the background activ ity  of the EEG is  having a 

significant effect on the AER, the pre-stim ulus condition w as com­

pared between groups using a one-w ay ANOVA for each  of the seven 

S D s. In order to determine if there was a significant difference in 

the variab ility  of the AER wave forms between groups, a one-way 

ANOVA w as performed for each  of the seven SDs of the 500-m sec. 

period following tone o nse t.

An AER wave form based on 200 responses was graphed for each 

sub jec t.  Each su b jec t 's  AER wave form was hand-scored  in blind 

fashion so that latency and amplitude measurements could be made 

on the identifiable  peaks . (Both positive and negative  deflections 

will be referred to as  p eaks .)  Although the latency and amplitude of 

a ll identifiable  peaks have been recorded, only the values a t  appro­

ximately 100 m s e c . , 200 m sec. , and 300 m sec, following tone onset 

were reported. The scoring of these  components was accomplished 

in the following fashion: the most negative  peak occurring between 

80-160 m sec, following tone onset was designated as N100; the 

most positive  peak occurring between 180-250 m sec, following tone 

onse t was designated a s  P200; and the most positive  peak occurring 

between 280-350 m sec, following tone onset was designated  at 

P300. If there was more than one identifiable peak occurring at 

approximately the same time, the greater of the two values was a l ­

ways u sed . ForNlOO, the "greater" value was considered the value 

with the g rea tes t negativ ity . Thus, -5 .3 0  was considered greater 

than - 5 .2 5 .  Amplitude was always scored from baseline  to peak.

For N100, P200 and P300, separate  ANOVAs were performed for
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the latency and amplitude values . Cochran 's C and the Bartlett Box 

F te s ts  for homogeneity were a lso  employed, using the SD a t the la­

tency and amplitude values a t the peaks under consideration . A 

(stepwise) MLR and MDF were performed using the amplitude and la­

tency values . The rationale for this analysis  is exactly  the same as 

the rationale presented for the EEG a n a ly s is .

In addition to the  analysis  of the AERs based on 200 resp o n ses ,

AERs for both groups were calculated  based  on (approximately) the 

first ten , second ten , the las t ten , and next to las t  ten responses 

per su b jec t.  The latency values for N 100, P200 and P300 were 

then compared between groups. This procedure allows for a partial 

te s t  of the "habituation" hypothesis .

An expectation based on previous high risk research  is that appro­

ximately 10-16% of the HR subjects will manifest schizophrenia a t  some 

point in their l ives . While no such prediction was made in the present 

study, it was of in te res t ,  neverthe less ,  to see  if two separate  subgroups 

of HR subjects  could be determined at th is tim e. A method used for 

accomplishing th is  was to transform the scores of a ll the subjects  

into standard scores (Z sc o re s ) . Thus, it was possib le  to determine 

how, and with what strength , a particular subject differed from a l l  

other subjects  . Z score transformations (based on the mean and SD 

of the groups combined) were made for each su b jec t 's  to tal power, 

as well as for the power a t d e lta ,  the ta , a lpha, beta^ and b e ta 2 *

The same transformations were made for the CV. All Z scores t ran s ­

formations of the EEG measures were based on the combined scores 

of conditions 1 and 2. Z scores transformations were a lso  made for
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each sub jec t 's  latency and amplitude scores on N100, P200 and P300 

of the AER. A subjects was considered deviant if he had a Z score of 

at least  —1 SD away from the mean on at least one of the measures 

of power and at lea s t  one of the measures of the CV. In addition, a 

subject must a lso  be deviant on at leas t  one of the AER m easures. If 

a subject had a Z score between i . 9 5  and i . 9 9 ,  this score was not 

rounded off to —1.00 unless the subject was considered deviant.

For example, if subject XYZ had Z scores at or above —1.00 at the
-j-

CV and AER measures ,and a Z score of —. 98 on any of the power mea­

su res ,  this la tter Z score was not rounded off to ± 1 .0 0 .  If, however, 

he had a Z score of at leas t  ± 1 .0 0  on any of the power m easures, in 

addition to the score of ±  .98, then the subject would be considered 

deviant and the score of ±  . 98 would be rounded off to ± 1 .0 0 .

A further method for delineating a subgroup of deviant subjects  

was to ass ign  one point to Z scores ±1  SD from the mean, two points 

for Z scores ±2 SD from the mean, and so on. Using the same hypo­

thetica l example of subject XYZ, if he had a Z score of +1 and +2 at 

power (say at delta  and total) and Z scores of -1 a t  CV(e.g . ,  at 

total) and a Z score of +1 at latency P300, his total deviance score 

would be 5 . Subjects with deviance scores above the median of all 

other deviant subjects were considered highly deviant (HD).

All subjects in the present study were, as mentioned earlier, 

tes ted  on a number of psychophysio logical m easures. The scoring of 

these  measures was accomplished by a separate  team of investigators 

who were able to delineate  a  subgroup of sub jec ts . The subgroup was 

characterized by: 1) high absolute  threshold; 2) low uncomfortable
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threshold; 3) high heart rate during the presentation of uncomfortable 

stimuli; 4) large skin conductance response to the uncomfortable s t i ­

muli; and 5) more variability  of the squeeze response in a magnitude 

estimation procedure. The stimulus for the above-mentioned measures 

was white noise  (Fein et a l . , 1974) . The subjects in this group who 

were considered deviant on the neuroelec tric  measures as w ell, have 

a lso  been c la ss if ied  as  HD.

The final step  in the analysis  of the neuroelectric data  was to 

perform a stepwise MDF analysis  using the values from the EEG and 

AER analysis . The EEG values were combined across conditions .

The stepwise MDF analysis  uses basica lly  the same mathematics as 

the MLR and has the advantage of predicting group membership. Thus, 

one s tep  is needed instead of two.
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Chapter IV 

Results

The resu lts  section will be broken up into the following parts:

A. EEG Analysis

1. MLR and MDF Analysis -  Condition 1

2. MLR and MDF Analysis -  Condition 2

3. Power Analysis

4. CV Analysis

5. Alpha Analysis

B. AER Analysis

1. M easures of Latency, Amplitude and Variability

2. Delineation of a Subgroup: The High Deviant Subjects

3. EEG and AER M easures used to Predict Group Membership

A. EEG Analysis

1. MLR and MDF Analysis -  Condition 1

Knowledge of the power at 12 .0 Hz, 14.6 Hz, 22.4  Hz, 17.2 

Hz, 4 .2  Hz, and 8 .1  Hz, reduces the error in predicting group 

membership by 24.6% (p .008) .

Knowledge of the CVat 10.7 Hz, 14.6 Hz, 28 .9  Hz, and 13.3 

Hz, reduces the error in predicting group membership by 30.5%

(p .000) .

Using both power and the CVin the regression equation, 30.5% 

of the variability in predicting group membership can be accounted 

for by knowledge of the CVsat 10 .7H z, 14.6 Hz, 28.9  Hz, and 13 .3 

Hz (p .000).
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Using a s tepw ise  MLR and knowledge of the CVs at 10.7 Hz,

14.6 Hz, 2 8 .9  H z, and 13.3 Hz, allows for a predictive accuracy of 

70% (p .01). Twenty-nine out of thirty-four HR subjects are correctly 

placed in their appropriate group, and twenty-one out of thirty-two 

NC sub jects  are correctly assigned  to their appropriate group.

Employing an MDF a n a ly s is ,  it is poss ib le  to assign  thirty-two 

out of thirty-four HR subjects to their correct group, and thirty out of 

thirty-two NC subjects to their appropriate group. The accuracy  in 

predicting group membership is 96.9% (p .000).

2. MLR and MDF Analysis -  Condition 2

Knowledge of the power at 2 5 .0 Hz, 12.0 Hz, 13.3 Hz, and 

22 .4  Hz accounts for 19.9% of the variability  in predicting a su b jec t 's  

group (p .01).

Knowledge of the CV a t  1.6 Hz reduces the variab ility  in pre­

dicting group membership by 6.4% (p .04).

Using both power and the CV in the regression equation, 20.5% 

of the variability  in predicting group membership can be accounted 

for by knowledge of the power at 25.0 H z, and the CVs a t 10.7 Hz, 

28.9 Hz, and 26.3 Hz (p .008).

Using a stepwise MLR, and knowledge of the power at 25.0 Hz, 

and the CVs a t  10.7 Hz, 28.9 H z, and 26.3  H z, allows for a predic­

tive accuracy of 69% (p .05). Twenty-three out of thirty-four HR 

subjects are correctly assigned  to their appropriate group, and twenty- 

three out of thirty-two NC subjects are corEectly ass igned  to their 

appropriate group.
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Using an MDF an a ly s is ,  it is possib le  to a ss ign  thirty-two out 

of thirty-four HR subjects  to their correct group, and thirty out of 

thirty-two NC subjects to their correct group. This is a predictive 

accuracy of 96 .9% (p .000).

3. Power Analysis (across and within conditions) (ANOVAs)

The power values for each group at d e lta ,  th e ta ,  a lpha, be ta^ , 

be ta 2  and to ta l power are presented in Table 1 and graphically d is ­

played in Figures 1, 2 and 3.

D e l ta . Across conditions, younger sub jec ts  are a ssoc ia ted  with 

increased  power (p .02). In condition 1 (younger) males are a s s o ­

ciated  with increased  power (p .01).

T heta . Across conditions, younger sub jec ts  produce more power 

in the theta  band width than older sub jec ts  (p .005). In condition

1 (younger), m ales are assoc ia ted  with increased  power (p .01) and 

in condition 2 , younger subjects are a ssoc ia ted  with increased power

(p .001).

Alpha. Across conditions, younger sub jec ts  produce more power 

in the alpha band width in comparison to older sub jec ts  (p .02). The 

assoc ia tion  between age and power reaches significance in condition

2 (p .01).

Beta,.. . The NC subjects  produce significantly  more power across  

conditions in the be ta 2  band width than do the HR subjects  (p .04). 

This relationship is significant in condition 2 (p . 04).

Total. Across conditions, the NC subjects  produce significantly  

greater to ta l power than do the HR sub jects  (p .05). The group dif­

ference approaches significance in condition 2 (p .059). Across



Table  1

Power values for 34 HR and 32 NC subjects  in the indicated band widths within and across condi­

tions and significance (sig .) of differences between the two groups.

Condition 1
band widths HR NC (sig.)

Delta 9.70 9.72 n . s .

Theta 7.87 7.98 n . s .

Alpha 7.17 7.27 n . s .

Beta-^ 5.96 6.05 n . s  .

Beta2 4.82 5.04 n . s  .

Total 6.47 6.62 n . s .

Condition 2_____ Conditions 1 and 2
HR NC (siq.) HR NC (siq .)

9.69 9.53 n . s . 9 .68 9.62 n . s  .

7.87 7.87 n . s . 7.87 7.93 n . s .

7. 16 7.29 n . s . 7.17 7.28 n . s .

5.98 6.13 n . s . 5.97 6.09 n . s .

4.85 5.22 .04 4.83 5.13 .04

6.48 6.65 .059 6.48 6.63 .05
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Figure 1. Electroencephalographic power plotted on a linear
scale  for the indicated band w id ths . The height of the 
bar indicates the mean for either 34 HR subjects or 32 
NC subjects . The dot above the bar shows one standard 
deviation . Condition 1.
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Figure 2 . Electroencephalographic power plotted on a linear
scale  for the indicated band w id ths. The height of the 
bar indicates the mean for e ither 34 HR subjects or 32 
NC su b je c ts .  The dot above the bar shows one standard 
deviation . Condition 2 .
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Figure 3. Electroencephalographic power plotted on a linear
scale for the indicated  band w idths. The height of the 
bar indicates the mean for either 34 HR subjects or 32 
NC subjects . The dot above the bar shows one standard 
deviation . Conditions 1 and 2 .
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conditions, younger subjects  are assoc ia ted  with increased  power 

(p .04).

4. CV Analysis (across and within conditions) (ANOVAs)

The CV values for each group at de lta ,  theta , a lpha, beta-^, 

be ta 2  and the to ta l  CV are presented in Table 2 and graphically  d i s ­

played in Figures 4, 5 and 6.

D e l ta . Across conditions, the HR subjects have a s ignificantly  

lower CV in relation to the NC sub jects  (p .04). The difference be­

tween the  groups is significant in condition 2 (p .04). The CV in 

condition 2 is significantly  greater than the CV in condition 1 (p .01) . 

Across conditions, fem ales have a greater CVthan males (p .05) .

T h eta . The CV in condition 2 is  significantly greater than the CV 

in condition 1 (p .01).

Alpha. Across conditions, the CV for the HR sub jects  at the 

alpha band width is  s ignificantly  le ss  than the CVfor the NC sub jec ts  

(p .01). The difference between the groups is  significant in condi­

tion 1 (p . 01) .

Beta-j . Across conditions, the HR subjects have a significantly  

lower CV in relation to the NC sub jec ts  (p .01) . This difference be­

tween the  groups reaches significance in condition 1 (p .02).

Total. Across conditions, the HR subjects have a significantly  

lower CV in relation to the NC sub jec ts  (p .03) . This rela tionship  

reaches significance in condition 2 (p .05). The CVis greater in 

condition 2 than in condition 1 (p .01). Across conditions, females 

are assoc ia ted  with an increased  CV(p .02).



Table 2

CVs for 34 HR and 32 NC subjects  in the indicated band widths within and across conditions and 

significance (sig .) of differences between the two groups.

Condition 1_____ Condition 2_____ Conditions 1 and 2
EEG band widths HR NC (sig.) HR NC (sig.) HR NC (siq.)

Delta .77 .78 n . s . .81 .98 .04 .77 .88 .04

Theta .57 .64 n . s . .65 .72 n . s . .61 .68 n . s .

Alpha .60 .77 .01 .64 .73 n . s . .62 .75 .01

Beta-^ .54 .65 .01 .60 .67 n . s . .57 . 66 .01

Beta2 .65 .73 n . s  . .73 .80 n . s . .69 .77 n . s .

Table 3

Comparisons of power and frequency of the alpha peaks within and across conditions and signifi-

cance (sig .) of d ifferences. (N = HR 34, NC 32)

Condition 1 Condition 2 Conditions 1 and 2
HR NC (sig.) HR NC (sig.) HR NC ( s ig .)

Power 7.81 8.03 n . s . 7.67 7.92 n . s . 7.74 7.98 n . s .

Frequency 9.91 9.69 n . s  . 7.27 9.24 n . s . 9.60 9.47 n . s .
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Figure 4. The heights of the bars indicate  the mean values for the
coefficient of variability  of the power in the indicated band 
widths for the same population of 34 HR and 3 2 NC subjects 
as presented in the first three figures . The lines above the 
bars indicate one standard deviation for these populations; 
the vertical scale  is linear. Condition 1.
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The heights of the bars ind ica te  the mean values for the 
coefficient of variability  of the power in the indicated band 
widths for the same population of 34 HR and 32 NC subjects 
as presented in the first three figures . The lines above the 
bars indicate one standard deviation for these populations; 
the vertical scale  is linear. Condition 2.
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coefficient of variability  of the power in the indicated band 
wdiths for the same population of 34 HR and 32 NC sub jects  
as presented in the f irst three figures . The lines above the 
bars indicate one standard deviation for these  populations; 
the vertical scale  is linear. Conditions 1 and 2.
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5. Alpha Analysis

The (mean) amplitude and (mean) frequency of the alpha peaks for 

both groups in each condition are presented in Table 3. No difference 

between the groups was found on either measure.

B. AER Analysis

1. M easures of Latency. Amplitude and Variability

The seven SDs of the  500-m sec. period following tone onset were 

compared between groups and indicated no difference in the v ariab il i­

ty of the AER wave form between the HR and NC subjects . The SDs 

of the 500-m sec. period preceding each tone onset were a lso  com­

pared between the groups and no differences were found. The ampli­

tude and latency values forNlOO, P200, and P300 were compared between 

groups (see Table 4) . The amplitude a t  N 100 was significantly 

greater for the HR sub jec ts  in comparison to the NC sub jec ts  (p .0 4 ) .  

Using Cochran's C and the Bartlett Box F te s ts  for homogeneity of 

variances, the HR sub jects  were found to have greater latency va ria ­

bility for N 100 than  the NC subjects  (p .02, .05) and greater

amplitude variability  for P200 (p .005, .008). These va lues are p re­

sented in Table 5 .

Latency measures forNlOO, P200 and P300 based on the first 

twenty and last twenty responses  were compared between groups for 

ten HR and ten NC su b je c ts ,  and no differences were found (see Table 

6) .

The resu lts  of the stepw ise  MLR and MDF analysis  were not s ig ­

nificant .
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Table 4

Latency and amplitude va lues for 31 HR and 25 NC subjects 

atNlOO, P200, and P300 and significance (sig.) of differences 

between the g roups.

N 100

Latency

Amplitude

P200

Latency

Amplitude

P300

Latency

Amplitude

HR

120 .45 m se c . 

-  7 .01  Uv

197 .93 m se c , 

3 .58  Uv

303.19 m se c , 

5 .22 Uv

NC Sig

125 .60 m s e c . ns

-  5.29 Uv .04

185 .36 msec . ns

3.99 Uv ns

292 .96 m sec . n s

4.91 Uv ns
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Table 5

Standard deviations (SDs) for 31 HR and 2 5 NC subjects at N100, 

P200, and P300 and te s ts  for homogeneity of v a r iances .

HR NC Cochran 's C S iq . Bartlett Box F

N 100

Latency 35.25 23 .80  .68 .02 3.83

Amplitude 3.11 3 .36  .53 ns .15

P200

Latency 33.85 44 .40  .63 ns 1.81

Amplitude 3.61 1.99 .76 .005 7.01

P300

Latency 45.44 35 .26  .62 ns 1.64

Amplitude 2.67 2 .42  .54 ns .25

S iq .

.05

ns

ns

.008

ns

ns
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Table 6

Latency measures for 10 HR and 10 NC subjects  based on the first 

twenty and la s t  twenty responses and significance (sig .) of differ­

ences between the groups.

LN100______  LP 200_______ LP 300

First 20 Last 20 First 20 Last 20 First 20 Last 2 0 

HR 133.1 133.3 190.0 196.9 296.1 295.4

NC 123.1 125.4 184.5 186.5 278.3 276.4

Differences:

HR + .2 +6.9  -  .7
ns ns ns

NC +2.3  +2 .0  -1 .9
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A graphic representation of an AER wave form for one HR and one 

NC subject is presented in Figures 7 and 8.

2 . Delineation of a Subgroup: The High Deviant Subjects

(The delineation of a HD group was based on 53 sub jects  who 

had both EEG and AER m easures . There were 23 NC sub jec ts  and 30 

HR s u b je c ts .)

There are twelve sub jec ts  who are considered deviant. Of these  

twelve su b jec ts ,  nine are HR subjects  and three are NC sub jec ts . 

There are six  subjects who are considered highly deviant (HD). These 

subjects have a Z score average equal to or greater than the median Z 

score (9) of a ll  of the deviant subjects  . Of the six HD su b jec ts ,  four 

are HR subjects  and two are NC su b jec ts .  In addition to these  sub­

jec ts  , a subgroup of five sub jects  have been identified on a psycho- 

physiological task  as  being significantly  deviant from a ll  of the other 

subjects ’(Ni zy ty)  . These su b jec ts  were characterized  as  having a high 

absolute  threshold and a low uncomfortable threshold . The stimulus 

was white n o ise .  All five sub jec ts  were HR su b jec ts .  Of these  five 

sub jec ts ,  two were considered deviant on the neuroelectric  mea­

su res , i . e . , Z scores i- lS D  from the mean on power, CV, and the AER. 

Of the remaining three su b je c ts ,  one had Z scores of at lea s t  i  1 SD 

from the mean on the AER and the CV, one had Z scores of a t  leas t  

±.1 SD from the mean on power and the CV, and the remaining subject 

had Z scores of at lea s t  — 1 SD from the mean on power, and a Z score 

of -  .92 on the CV and + .97 on the AER. The two sub jects  who were 

identified a s  deviant on the  psychophysiological task  as w ell as on 

the neuroelectric  m easures are considered to be HD. Thus, the to ta l
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An AER for one HR subject in response to 200 tone 
presentations . Standard errors of the mean are 
presented at and around N100, P200 and P300.
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Figure 8. An AER for one NC subject in response to 200 tone 
p resen ta tio n s . Standard errors of the mean are 
presented a t and around N100, P200 and P300.
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number of subjects considered to be HD is  e igh t. Of these  eight sub­

je c ts ,  s ix  are KR. A profile of these  eight sub jects  is  presented in 

Table 7.

For six of the HD su b je c ts ,  the measures of power and variab ili­

ty of the EEG have 100% w ith in -su b jec t  re l iab il i ty .  Thus, if a sub­

ject had a minus Z score on one measure of power ( e .g . ,  delta), he 

had minus Z scores on a ll other measures of power. The same held 

true for the CV. This w ith in -sub jec t  reliab ility  did not hold true for 

the two subjects who were considered HD based on psychophysio lo­

gical and neuroelectric m easu res .  As can be seen in Table 7, there 

was no consis ten t rela tionship  between Z scores on power and Z 

scores on the CV. Looking a t  the  EEG records of the HD subjects 

(excluding the two who were deviant on the psychophysiological 

m easures), three tentative patterns can be discerened: For two sub­

jects (one HR, one N C ), minus Z scores on power were accompanied 

by plus Z scores on the CV; for two subjects  (both HR), minus Z 

scores on power were accompanied by minus Z scores on the CV; and 

for the remaining two sub jects  (one HR, one N C ), the EEG profile was 

characterized by positive Z sco res  on both power and the CV. On the 

AER m easures, the HD subjects  were characterized by shorter la ten ­

cies and lower amplitudes than the res t  of the subjects  (see Table 8).

3. EEG and AER M easures used to Predict Group Membership 

(across conditions)

Using a stepw ise  multiple discrim inant function an a ly s is ,  know­

ledge of the CV a t  1.6 Hz, 9 .4 H z , 10.7 Hz , 14.6 H z , 22 .4 Hz, and 

knowledge of the power at 5 .5  H z , 9 .4  H z . ,  and knowledge of the
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Table 7

A profile of the 8 High Deviant (HD) subjects  with: age, sex , Z 

scores for the power and CV m easures, and Z scores for the AER mea­

su res . Subjects labeled 100 have schizophrenic mothers, subjects  

labeled 200 have schizophrenic fa thers , and sub jects  labeled 700 are 

NC su b jec ts .  The la s t  two subjects (*) are deviant on the psychophy- 

sio logical measures and have been included in the subgroup of HD

su b je c ts .

Subject
number Sex Aqe Power

Band
widths CV AER

100301 F 12.9 -  .40 Delta + 1.11 LN100 -2 .5 7
-1 .3 0 Theta + .80 AN 100 -  .19
-1 .02 Alpha + 1.21 LP 200 -2 .5 6
-  .01 Beta 1 + 1.43 AP 200 + .20
-  .23 Beta 2 + 1.06 LP 300 -1 .4 7
-  .50 Total + 1.33 AP 300 -  .09

101401 M 11.4 -1 .4 4 Delta -1 .3 3 LN100 -2 .1 2
-1 .7 4 Theta -  .14 AN 100 + .83
-1 .7 2 Alpha -1 .0 5 LP 200 -2 .2 4
-1 .8 0 Beta 1 -  .95 AP 200 -  .60
-1 .3 3 Beta 2 -  .94 LP 300 -1 .7 2
-2 .1 5 Total -1 .2 6 AP 300 -  .05

200102 F 8.5 + 1.07 Delta + 1.96 LN 100 -  .02
+ 1.34 Theta +2 .94 AN 100 -  .52
+ .82 Alpha + 1.45 LP 200 -  .24
+ 1.13 Beta 1 + 1.60 AP 200 -1 .4 8
+ .44 Beta 2 +2 .77 LP 300 -  .64
+ 1.29 Total +2 .42 AP 300 -  .25

200602 F 12.1 -1 .1 9 Delta -1 .4 8 LN 100 + .04
-1 .7 4 Theta -1 .3 7 AN 100 -1 .2 0
-2 .2 3 Alpha -  .88 LP 200 -  .38
-1 .4 3 Beta 1 -  .50 AP 200 -  .26
-  .25 Beta 2 -  .97 LP 300 + .96
-1 .6 5 Total -1 .5 5 AP 300 +1.09

700701 M 12.1 -1 .0 8 Delta + 1.40 LN 100 -  .16
-1 .3 4 Theta + 1.42 AN100 + .91
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Subject
number Sex Age

701502 M 12 . 1

100304* M 8 . 2

200604* M 1 0 . 1

Power
Band

widths CV AER

-1 .14 Alpha +2 .54 LP 200 -  .56
-2 .23 Beta 1 +2 .04 AP 200 +1.74
-1 .19 Beta 2 +3.69 LP 300 +1.29
-1 .86 Total + 1.66 AP 300 + .004

+ .85 Delta + 1.16 LN 100 - ..48
+ 1 .34 Theta + 1.06 AN 100 +1.23
+ 1 .23 Alpha + .05 LP 200 -  .67
+ .87 Beta 1 + 1.69 AP 200 -  .02
+ .48 Beta 2 +2.00 LP 300 -1 .1 3
+ 1 .19 Total + 1.04 AP 300 -1 .5 2

+1 .14 Delta -1 .1 9 LN 100 + .37
+ .80 Theta -  .06 AN 100 +1.60
- .35 Alpha + . 66 LP 200 + .70
-1 .17 Beta 1 + 1.54 AP 200 + .74
-1 .13 Beta 2 -  .26 LP 300 + . 18
- .70 Total -  .95 AP 300 -  .98

+ .53 Delta + .90 LN 100 -  .81
- .24 Theta + 1.12 AN 100 +1.23
-1 .23 Alpha -  .71 LP 200 -  .45
- .61 Beta 1 -  .08 AP 200 -  .53
- .69 Beta 2 -  .07 LP 300 + .78
- .87 Total + .93 AP 300 -  .80

Table 8

Mean latency and amplitude values for 8 HD subjects  and the a sso

c ia ted  Z scores at LN100, AN 100,

Z Score

LN 100 = 100.75 - .7 2

LP 200 = 166.50 - .7 0

LP 300 = 289.24 - .2 2

LP200, LP300 , and AP300.

Z Score 

AN100 = -4  .62 +.55

AP 200 = 3 .69 - .0 3

AP 300 = 4 .25 - .1 4
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AER values for latency at 121.4 m sec. (LN100), 191.8 m sec. (L 

P200), and the amplitude a t  N100, 37% of the variance in predicting 

group membership can be accounted for. Twenty-five out of thirty 

HR subjects  can be correctly assigned  to their group, and eighteen 

out of tw enty-three  NC subjects  can be correctly  assigned  to their 

group. The predictive accuracy is 81.13% and is significant at the 

.02 level.

The three most "powerful" individual v a riab le s ,  i . e . ,  the three 

variab les with the three h ighest univariate  F-ra tios with 1 and 51 df 

are: the CVat 14.6 Hz (F = 7 .59 , p .01), the CV at 10 .7 Hz (F = 

6 .8 6 ,  p .025), and the CVat 12 .0 Hz (F = 5 .76 , p .025). ,

The most "powerful" combination of v a r iab le s ,  i . e . ,  the sm all­

e s t  combination of variables with the most predictive accuracy , is the 

amplitude at N 100, the CV at 10.7 Hz, and the power at 5.5 H z.

This combination of variab les reduces the variab ility  in predicting 

group membership by 20%. Twenty-two out of thirty HR subjects 

can be a ss igned  to the ir  correct group, and seventeen out of twenty- 

three NC sub jec ts  can be assigned  to their correct group. The predic­

tive accuracy us 73.80% and is significant a t  the .01 level.
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Chapter V 

D iscussion

The d iscuss ion  section  will be broken up into the following parts:

A. The Data in Relation to the Four Hypotheses

B. The EEG M easures and an Arousal Hypothesis: The Paradoxical 

Effect

C . The HD Subjects (AER)

D . The HD Subjects (EEG)

E. Summary and Conclusions

F. Suggestions for Future Research

A. The Data in Relation to the Four Hypotheses 

Hypothesis 1

The data lends some support to the f irs t  hypo thes is . As pre­

d ic ted , the HR subjects  do produce s ignificantly  less  amplitude 

across  the power spectra  than the NC su b jec ts ,  and a difference in 

frequency ch arac te ris tics  between the two groups was a lso  found.

The data does no t, however, support the notion tha t the HR subjects 

would be characterized by a significantly  greater production of power 

in the de lta  and th e ta ,  and beta^ and be ta 2  band w id ths , and s ign i­

ficantly  le s s  power in the alpha band w idth. There are no differ­

ences between the groups at the slow frequencies (delta and theta), 

nor are there any differences between the groups a t  the alpha band 

w idth . The finding that the NC subjects produce significantly  more 

power in the b e ta 2  band width in comparison to the HR subjects  is 

contrary to the expectation of hypothesis one. These findings do not
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support an increased level of arousal hypothesis in the HR sub jec ts .  

The decreased  levels of power across  the frequency spectra  may in­

d icate  a certain amount of unsynchronized activ ity  and /o r  lower 

levels of cortical a rousal. This latter suggestion a lso  receives sup­

port from the decreased  power in the be ta 2  band w idth. The differ­

ences between conditions one and two are not of interpretive s ign i­

ficance .

Hypothesis 2

The data supports the second hypo thesis . The HR subjects  

have a s ignificantly  lowered CV in relation to the NC sub jec ts .

These findings lend support to an increased  level o f arousal hypo­

th e s is .  The differences between conditions one and two are not of 

interpretive s ign ificance.

Hypothesis 3

In comparing the SDs a t seven centers across the AER period, no 

differences were found between the groups. The findings that the 

SDs of the HR subjects  were greater than the SDs of the NC subjects 

at L N100 and A P200 do es , however, lend some support to the third 

h y p o th es is , which predicts differences in the variability  of the AER 

wave form between the groups.

Hypothesis 4

With respec t to the fourth h y p o th e s is , a significant difference 

was found between the two groups at AN 100. An expectation of the 

fourth hypothesis was that latency differences were more likely than 

amplitude d ifferences, and, therefore, the difference in amplitude 

was somewhat unexpected and lends only partial support to th is  hypo-
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t h e s i s .

B. The EEG M easures and an Arousal Hypothesis: The Paradoxical

Effect

If the CV is considered inversely  related to level of arousal, then 

the HR subjects  in the present study seem to have a "paradoxical" 

arousal pattern . The frequency charac teris tics  of the EEGs of the HR 

subjects does not suggest increased  a rousal.  The lower beta power 

can , in fac t ,  lend some presumptive support to the notion of a de­

creased level of a rousal. These f ind ings , along with a lowered CV, 

is what is  meant by a paradoxical effect. One EEG measure ind icates 

the HR subjects are in a s ta te  of heightened arousal, while a second 

EEG measure suggests  quite the opposite . Another way of viewing 

the CV i s ,  for the moment at le a s t ,  to disregard (or strenuously doubt) 

previous notions concerning its  relationship  to cortical a rousa l.  This, 

in effect, p laces the CV in the same category a s  M ednick's measure 

of recovery of the GSR, which he found to be the best predictor va ri­

able between the high risk  and control groups although he was not 

able to postulate the underlying process(es) reflected by th is  m easure. 

For the remainder of th is d isc u ss io n ,  however, the CV will be consi­

dered to have an inverse rela tionship  to cortica l a rousal. The ramifi­

cations of this notion will be explored in the context of the findings 

from the AER as w ell as the EEG.

The paradoxical nature of the EEG findings is continued to some 

extent when the resu lts  of the AER ana ly s is  are considered. The in ­

creased variab ility  to L N100 in the HR group, along with the fact that
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the HR subjects  have shorter latency times (not significant) at N100 

can, to some extent at lea s t ,  be taken as  providing ten tative  support 

for an increased  level of arousal hypo thes is . The argument might be 

presented in the following way: The early components of the AER 

have typically  been a sso c ia ted  with p rocesses  reflecting organismic 

arousal and there does seem to be some activ ity  around the latency 

for L N100. It is  of in te res t ,  s ta te s  the proponent of an increased 

arousal hypo thesis , that the latency a t  N100 is the only place where 

the latency is shorter for the HR subjects  in comparison to the NCs 

(although not significantly  shorter) . The argument is  not very con­

vincing. If the AER findings were taken as supporting an increased  

arousal hypo thes is , it would be expected that they would fa ll  along 

the lines reported b y l t i l e t a l .  (1974), and Saletu et a l .  (1971), i . e . ,  

shorter latencies (espec ia lly  to the earlier components) and lowered 

amplitudes . (In point of fac t ,  the HR subjects  in the present study 

had s ignificantly  greater amplitude values at N100 than did the NC 

su b jec ts .)  The a n a ly s is  of the HD subjects  produces a pattern of 

AERs characterized  by shorter la tenc ies  and lower amplitudes in re la ­

tion to the res t  of the su b je c ts .

C . The HD Subjects (AER)

It was possib le  in the present study to te a se  out a group of eight 

sub jects  who were c la ss if ied  as HD. Based on previous s tud ies ,  an 

expectation was that approximately 10-16% of a ll  children with one 

schizophrenic parent to become schizophrenic . In the group of HD 

su b jec ts ,  s ix  are HR subjects  . The num ber of HR subjects  in the
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original group from which the HD subjects were drawn was thirty.

Thus , the HR subjects who are also  HD account for approximately 

20% of the high risk  group. As mentioned throughout this paper, a 

subgroup of 20% of the population is  in general agreement with ex ­

pectations based on previous investigations of children a t  high risk 

to manifest schizophrenia.

The AER wave forms of the HD subjects  show a striking similar­

ity to the findings reported from studies with chronic schizophrenics, 

psychotic children, and children at high risk to manifest schizophre­

nia (Saletu et a l. , 1971; Itil  et a l . , 1974) . The latency values for the 

HD subjects were shorter in comparison to a ll  other sub jects  and the 

HD subjects also had lower amplitude values . Based on the a s s o ­

ciated Z scores , none of these  m easures were significantly  different 

than the scores of the entire group. It is  worth mentioning, however, 

that the average Z score of the latency measures for the HD group was 

.54, while the average Z score for the amplitude values was .24.

This is in agreement with Itil et a l .  (1974), who found significant 

differences in latency measures between high risk subjects and nor­

mal co n tro ls ,  but no significant differences in amplitude m easure­

m ents. These authors have suggested that: " . . .sh o r t  la tencies may 

indicate a potential for becoming schizophrenic, while the amplitudes 

are only affected when the d isease  is c lin ically  manifest in later 

l i fe ."  (1974, p. 898). Along these  same l ines , it is of in terest to 

note that the shortest la tency values occur at the ea r l ie s t  AER com­
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ponents and get increasingly longer, and less  deviant, across  the 

500-m sec. AER period. Once again , in the context of an arousal 

hypo thesis , the earlies t  latency values would be expected to be most 

susceptib le  to fluctuations in a rousal.

D . The HD Subjects (EEG)

Excluding the two subjects who were found to be deviant on the 

psychophysiological m easures, three ten tative  EEG pa tterns , i . e . ,  

re la tionships between Z scores on power and Z scores on the CV, 

were identified . The first pattern (subjects 101401, 200602) has 

negative Z score values on both the power and CV m easu res . This 

pattern most c learly  reflects the general findings of the study which 

have been dubbed paradoxical. The paradoxical nature of the find­

ings are highlighted with these  two s u b je c ts , since the lowered 

levels of slow wave activ ity  (delta and theta) and also the lowered 

levels of fas t  wave activity  (beta^ and be ta 2 ) would lend support to 

a lowered level of arousal h ypo thes is , while the negative values at 

the CVs would lend support to an increased  level of arousal hypo­

th es is  .

The second pattern (subjects 200102, 701502) is characterized 

by positive  Z scores on both power and the CVs. The increased 

power, however, is primarily in the delta and theta band widths a s  

opposed to the beta^ and b e ta 2  band w id ths, and the subjects  in this 

category would seem to be characterized  by lower levels of arousal. 

This interpretation is  somewhat problematic, however, s ince there 

were increases in beta^ and b e ta 2  for both su b jec ts , and for sub­
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jec t 200102, the increase  at be ta 2  was s ign ifican t. An alternative  

interpretation is to consider the EEG patterns of these  two sub jec ts  

as paradoxical. This latter interpretation finds some support from 

two separate sources . Itil et a l .  (1974) have s ta ted  that their high 

risk subjects had increased  d e lta ,  theta , be ta j  and be ta 2  ac tiv ity , 

and also had lowered (not significantly) CVs in relation to the normal 

control sub jec ts . Itil  et a l .  interpret these  findings in support of a 

fluctuating level of arousal hypothesis with increases and decreases  

over short time periods . Lifshitz and Gradijan (1974) report that 

some chronic schizophrenics a lso  produce more power at delta and 

theta , and beta^ and beta 2  than do normal controls. They do not, 

however, argue for a fluctuating s ta te  of arousal hypothesis , but, 

instead , sta te  that increased slow wave activ ity , under certain con­

ditions, may indicate increased levels of a rousal. What is common 

to both the Itil et a l .  and the Lifshitz and Gradijan study is the find­

ing of a lowered CV. (In the Lifshitz and Gradijan study, this finding 

was significant.) With respect to the two subjects under examina­

tion, the CV was a sso c ia ted  with positive Z scores and the notion of 

an increased level of cortical a rousal seems difficult to support.

Since no group differences were found between conditions, the notion 

of a fluctuating s ta te  of arousal hypothesis seems somewhat problem­

atic  and the paradoxical nature of the findings seems to stand ou t.

The third pattern (subjects 100301, 700701) is characterized by 

minus Z scores on power and positive  Z scores on the CVs. The d e ­

creased power at both delta  and theta  as well as a t  beta^ and b e ta 2 , 

along with the positive Z scores on the CV m easures, suggests a
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lowered level of cortical a rousal.

E. Summary and Conclusions

What is  perhaps most noteworthy in the present study is  not 

only the s ta t is t ic a l  differences between the groups and the differ­

ential support of the four hypotheses but, ins tead , is  the iden tifica­

tion of a group of eight HD subjects and the specification of certain 

neurophysiological charac teris tics  of the HR and HD subjects which 

are strikingly similar to the EEG and AER findings from adult sch izo­

phrenics , psychotic  ch ild ren , and other children a t  high risk  to 

manifest schizophrenia.

Of the two EEG m easu res , the CV is a more powerful predictor 

variable than the frequency ch arac te ris tics , and is in agreement with 

the results  reported from previous studies . The frequency findings 

of the HR subjects were not in accord with the general findings of 

other s tu d ies .  The most striking difference was the finding that the 

HR subjects  in the present study produced significantly  l e s s ,  not 

more, high frequency low voltage activ ity , i . e . ,  b e ta 2  . These seem­

ingly contradictory findings, i . e . ,  a lowered CV and frequency cha­

rac te r is t ics  which do not suggest heightened a rousa l,  have led to the 

usage of the term paradoxical. The term has as  its referents the vast 

amount of work in the area of rapid eye movement (REM) s leep . REM 

sleep is characterized by an EEG pattern which is similar to a waking 

EEG and, at the same time, the subject is as leep  and , by some indi­

cators , in quite a "deep" s leep . With reference to the present study, 

the paradoxical findings (or effect) are not nearly  as  dramatic nor as
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well understood as the REM phenomena. The HR subjects  do, how­

ever, seem to be at both high and low levels of arousal sim ultane­

ously . An examination across conditions does not support a fluctu­

ating s ta te  of arousal hypo thesis , and the AER findings do not sup­

port e ither an increased or decreased  arousal hypo thesis . Thus, the 

paradoxical nature of the resu lts  were em phasized.

The results  of the AER analysis  of the HD subjects is  more in 

accord with an increased level of arousal hypothesis . An examina­

tion of the EEG findings of these  su b jec ts ,  however, emphasizes the 

paradoxical effect. This effect is most c learly  demonstrated in sub­

jec ts  101401, 200602, 200102, and 701502. The specification of 

three EEG patterns in the HD subjects brings to mind the concept of 

"spectrum of schizophrenia" as well as  C laridge 's  notion of arousal 

based  on two functionally rela ted  sys tem s. The subjects in the HD 

group (including the two sub jects  with "mixed" EEG patterns who 

were found to be deviant on the psychophysiological task) may a ll 

eventually  manifest schizophrenia, but each may have different 

underlying systems which are dysfunctional. Another very similar 

way of viewing these  subjects  is  to think that each subject may suf­

fer from both increased and decreased  a rousal,  depending on which 

system is dysfunctional. It is  in teresting  to speculate  and try and 

make se n se ,  or find specific  "meaning" for the resu lts  of the present 

study. At the current stage of high risk  resea rch , however, it seems 

more prudent to have less  speculation and to focus on the "more tan ­

gible" a spec ts  of the re su l ts .  By taking this approach, it may be 

possib le  to suggest future research  s tra teg ies  which could extend
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some of the findings which seem to cut across  the various studies of 

chronic schizophrenia, psychotic  children and children a t high risk 

to manifest schizophrenia. By limiting specu la tions, it may be pos­

sible to accomplish this la tter task  without adding further generalities 

to an area of research which seems to have more than its  share of 

generalities and vague concepts at the present time.

F. Suggestions for Future Research

A disordered level of arousal hypothesis has received widespread 

support and is  worthy of future investigative  efforts. One such ap­

proach may simply be the employment of se lf-ra ting  sca le s  to get 

some notion of a sub jec t 's  own perception of h is /h e r  level of arousal 

and /or anx ie ty . Another approach which can be particularly sensitive  

to disordered levels of arousal is  the investigation of the sleep pat­

terns of these  sub jec ts ,  particularly  their REM sleep . Ellman (1977), 

for example, has made a number of suggestions along these  lines, 

with particular emphasis on REM deprivation and investigation of the 

REM rebound phenomena. Another approach of in te res t would be the 

investigation of the AER in these  children under a variety of s i tu a ­

tions which would be differentially sensitive  to arousal. For example, 

if, as  Shagass has suggested (1969), certain inferences can be made 

about inhibitory processes based on the configuration of the AER wave 

form (particularly increases or dec rease s  in amplitude), then it would 

be of real in te res t  to study the AER of these  children when stimuli 

have different values and /or when stimuli are omitted. Perhaps the 

most propitious research at th is  time, however, is  to follow the sub-
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jec ts  in the present study over tim e. It is  important to know, for 

example, if the eight HD sub jec ts  do, in fac t ,  remain "dev ian t" .

Are the neuroelectric  patterns de lineated  in the HD subjects good 

predictors of sch izophren ia?  W ill changes in the frequency charac ­

te r is t ic s  of the EEG be forthcoming, and will these  changes be in 

line with the frequency charac te r is t ics  so often observed in chronic 

sch izophren ics?  More importantly, w ill  these changes take place 

only in those  sub jec ts  who do manifest sch izophren ia?  One of the 

prime personality  charac te r is t ic s  of the high r isk  researcher must 

be the ab ili ty  to delay  g ra tif ica tion . There m ust, by definition, be 

a considerable  delay  between certain  ideas  g leaned from research  

and the eventual tes ting  of these  ideas through observation of those 

children who are predicted to manifest schizophrenia .
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