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Summary Conditioned blocking (CB) refers to a delay in learning that a new stimulus, added 
during learning, has the same consequences as the conditioned stimulus already present. In animals 
such "learned inattention" depends on monoaminergic and limbic function and, thus, CB per- 
formance should be informative on selective information processing impairments found in subgroups 
of psychotic patients. Attenuated CB in acute schizophrenia has been reported to normalize rapidly. 
This study examines in young patients the specificity of CB performance to illness, and its associ- 
ations with symptoms, personality traits and monoaminergic metabolic status. CB was attenuated 
in psychotic patients with non-paranoid symptoms (NP: n = 12, mean age 17 years) with respect to 
obsessive-compulsive (OCD: n = 13, mean age 16 years) and healthy subjects (CON, n = 29, mean 
age 18 years), but only a transient attenuation was observed in paranoid hallucinatory patients (PH: 
n = 14, mean age 19 years). Outgoing personality traits in CON and OCD subjects correlated with 
CB. In NP patients attenuated CB was associated with increasing neurotic lability. In PH patients 
CB correlated positively with "manic" but negatively with psychotic or neurotic scores. The severity 
of negative symptoms in psychosis and specific negative/positive symptoms in the NP/PH groups 
was associated with reduced CB. Increased dopamine activity (24-h urine samples) correlated 
positively with CB, but relatire increases of noradrenaline metabolism in NP and serotonin metab- 
olism in OCD patients interfered. In summary, marked psychotic or neurotic traits and some 
symptom-states were associated with reduced CB. The particular selective processing problems of 
NP patients may reflect inappropriate NA activity. Copyright ~ 1996 Elsevier Science Ltd. 

I n t r o d u c t i o n  

L a t e n t  i nh ib i t i on  ( L u b o w  & M o o r e ,  1959) and  c o n d i t i o n e d  b l o c k i n g  (CB,  Karn in ,  1969) 

b e l o n g  to  a p a r a d i g m  k n o w n  as l ea rned  i na t t e n t i on .  If  a s t imulus  (e,g. a l ight  f l a s h ) i s  

r epea t ed  severa l  t imes  w i t h o u t  c o n s e q u e n c e  b e f o r e  b e c o m i n g  a s soc i a t ed  wi th  r e i n f o r c e m e n t ,  

l ea rn ing  a b o u t  the  r e l a t i onsh ip  ini t ia l ly  occurs  m o r e  s lowly t h a n  w i t h o u t  the  n o n - r e i n f o r c e d  

p r eexposu re .  Th is  is k n o w n  as l a t en t  i nh ib i t ion .  I f  the  flash is r e in fo rced  in i t ia l ly  a n d  d u r i n g  

the  c o u r s e  o f  l ea rn ing  a s e c o n d  s t imulus  is i n t r o d u c e d  (e.g. a tone ,  a lso  per fec t ly  c o r r e l a t e d  

wi th  r e i n f o r c e m e n t )  t h e n  l ea rn ing  a b o u t  the t o n e  is in i t ia l ly  s lower  t h a n  i f  the  two  s t imul i  

were  c o n t i g u o u s  f r o m  the  start .  Th i s  is k n o w n  as CB.  In  this p a p e r  we ask  w h a t  can  s tudies  

o f  l ea rned  i n a t t e n t i o n  tel l  us a b o u t  i n f o r m a t i o n  p r o c e s s i n g  in p s y c h o t i c  patients '?  

L e a r n e d  i n a t t e n t i o n  has  been  re la ted  to m o n o a m i n e r g i c  a n d  l imbic  f u n c t i o n  ( a c c u m b e n s -  

s e p t u m - h i p p o c a m p u s  and  p r e f r o n t a l  co r t ex )  in a n i m a l s  and  its d i s r u p t i o n  in acu te  schizio- 
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phrenia to a breakdown between monitoring attention-related activity and endogenous 
thought or motor programs (Gray et al., 1990). 

Selective attention processing has long been described as impaired in psychotic patients 
(Shakow, 1936) but descriptions of the psychological or neurobiological mechanisms 
responsible have remained elusive (Oades, 1982). However as some patients (e.g. with 
paranoid hallucinatory symptoms) have a more tractable form of illness (i.e. better prog- 
nosis) and respond better clinically to neuroleptic medication (Straube & Oades, 1992) we 
hypothesized that a subgroup analysis of CB performance in terms of active symptoms and 
monoaminergic metabolic status might reveal features on which this cognitive adaptiveness 
depends. The nature of these is, in part, predicted by the results of animal studies of learned 
inattention. 

In animals, latent inhibition is disrupted by amphetamine and facilitated by haloperidol 
after acute/subchronic systemic treatment (Solomon et al., 1981; Weiner et al., 1988; Feldon 
& Weiner, 1991). Local mesolimbic dopaminergic (DA) stimulation also disrupts (Solomon 
& Staton, 1982). Serotonergic (5HT) activity in the raphe-hippocampal system has been 
implicated (Solomon et al., 1978; 1980; Cassaday et al., 1993) and noradrenergic (NA) 
function has been found to be relevant to the contextual sensitivity of latent inhibition 
(Mohammed et al., 1986; Honey & Good, 1993). Many studies have implicated the ana- 
tomical substrates of the hippocampus and nucleus accumbens (Ackil et al., 1969; Schmajuk 
et al., 1994; Tai et al., 1995). For rats an intact hippocampus is necessary for CB measured 
in different task forms (Solomon, 1977; Rickert et al., 1978) but lesion of the dorsal NA 
bundle rather than ascending 5HT projections attenuates CB (Lorden et al., 1980). Indeed 
by pharmacologically changing the balance between ~- and fl-NA interactions, CB can be 
attenuated (Caza, 1984). The DA balance in mesolimbic and mesocortical areas is also 
important for the expression of CB. Thus, amphetamine produces a haloperidol-reversible 
attenuation ofCB (Crider et al., 1982) but haloperidol-induced DA supersensitivity reduces 
CB (Crider et al., 1986). Prefrontal 6-OHDA lesions that increase DA turnover disturb CB 
(Oades et al., 1987). 

Learned inattention in healthy human subjects tends to be reduced if they show psychotic 
personality features. Latent inhibition attenuation has been reported in those with high 
psychoticism scores on the Eysenck (Baruch et al., 1988a) and MMPI scales (De la Casa et 
al., 1993). However, this reduction is sensitive to the personality scale used (Baruch et al., 
1988a), experimental parameters (Lubow et al., 1992) and test form (Lipp & Vaitl, 1992). 
However, for CB an initial report suggested that neurotic rather than psychotic features 
may lead to an attenuation (Jones et al., 1990). This raises the question of whether certain 
personality features are indicative of a trait contribution to psychopathological forms of 
information processing. 

In an audiovisual test acute schizophrenics initially showed attenuated latent inhibition 
but normal performance in a later phase of the illness (Baruch et al., 1988b; Gray et al., 
1992). This applied to paranoid and non-paranoid subtypes (Lubow et al., 1987). While 
the severity of symptoms probably played a role (Baruch et al., 1988b), these reports remain 
equivocal on the role of symptom-type and medication, which we would predict to be 
central to CB expression. 

CB was examined by Jones et al. (1990; 1992), first, in a visual reaction time paradigm 
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with/without flanking letters. The distractors increased response times in controls and 
chronic schizophrenics but not the acutely ill; but an interaction with response made 
interpretation difficult. The second report using a complex audiovisual learning test con- 
firmed an attenuation of CB in the acutely ill. Again the effect was stronger with increased 
symptom severity but it was confounded by a learning floor effect in the chronic patients. 

We developed a visuospatial CB task-form (Oades et al., 1996) in which we compare the 
relationship of CB to personality, the types of symptom and their severity (correlational 
and subgroup analysis). Learning measures were also studied to try to discern if the type 
of task-solving strategy used related to CB. Pertinent here are reports that subjects with an 
outgoing personality perform better in situations requiring parallel processing (Eysenck, 
1982, pp. 128- 129), likely in this form of CB, and they may show quantitative differences 
of monoamine metabolism (e.g. low 5HT activity: Linnoila et al., 1983; Schalling et al., 
1984). Hence the relationship of performance to medication and the status of monoamine 
metabolism (urine samples) was studied. Thus, high levels of 5HT metabolism might be 
expected to interfere with CB, but the relationship of catecholamine metabolism to CB is 
less easy to predict. An increase of DA metabolism might be expected to be beneficial in 
healthy subjects on the basis of metabolite increases and improved learned inattention 
following neuroleptic treatment of animals. However, patient responses may differ in view 
of illness-related differences in DA and NA activity and medication response. An initial 
report found CB attenuated in young NP rather than PH schizophrenics and to be associated 
with increased DA utilization (Oades et al., 1992). 

The question of specificity was approached by including OCD patients. The OCD- 
psychosis comparison is of interest because of the implication of related frontal pathology 
(e.g. orbito-frontal vs prefrontal) and monoaminergic dysfunction (5HT vs DA) in bo~h 
groups: they both show impaired attention-related information processing (reviews in Reed, 
1985; Insel, 1992; Straube & Oades, 1992) and psychosis not infrequently develops through 
an obsessive phase in adolescence (Eggers., 1968; Eisen & Rasmussem 1993). 

Methods 

Subjects 
From 30 consecutive admissions for schizophrenia-like psychosis (SCH), 26 in-patienls 

learned the CB task; three did not achieve the learning criterion and the data for another 
were lost. Diagnosis (DSM-III-R) was made by the senior therapist, two psychologists and 
a clinician who also rated a semi-structured interview on tape. Diagnostic subtypes included: 
12 paranoid (295.3), four disorganized (295.1), two undifferentiated (295.9), one residual 
(295.6), four schizoaffective (295.7), two reactive (298.8) and one atypical (298.9). Further 
diagnoses were not made. Exclusion criteria included other major illnesses, substance abuse 
and a performance IQ under 70 (Ravens standard progressive matrices, Table 1). 

Psychotic patients were interviewed for the assessment of positive and negative symptoms 
over the week of the tests (Andreasen, 1983, 1984: for four raters and all 64 questions, 
Spearman p ranged from .64 to .75 between subjects). A subgroup of paranoid-hal- 
lucinatory patients (PH) was separated on a median split (score of 7) on the scores for 
delusions and hallucinations from the remaining non-paranoid group (NP). (Group num- 
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Table 1. 
Group Comparisons for Age, Gender, Stage of Illness, Perceptuomotor Ability and Medication (Mean and SD) 

Age Gender SCH SPM GFT Medication 
m f episode 

OCD IQ neurol. CPZ 
(years) y T score equivalents 

SCH 18.4 14 12 2.0 89 49 935 
n = 26 3.6 1.6 15 9 1067 

- -  PH 19.3 8 6 2.4 91 49 899 
n= 14 3.6 1.8 16 10 731 

- -  NP 17.3 6 6 1.8 87 50 978 
n= 12 1.0 1.2 14 7 1397 

OCD 16.3 9 4 2.3 118 42 - -  
n=13 2.9 1.8 21 l0 

CON 18.0 15 14 - -  113 38 - -  
n=29 3.6 15 9 

There were no significant age differences. CPZ=chlorpromazine equivalents (Rey et al., 1989); two patients 
were medication free; there was no significant difference between subgroups. Episode = number of admissions 
including the current stay (15 patients were in their first episode). OCD y=duration in years. GFT=G0ttinger 
Form Test (copy figures: scores < 40 normal, > 60 suspected brain damage). SPM = Raven's standard progressive 
matrices (performance IQ). SCH patients had lower SPM and higher GFT scores than OCD (t=4.8/-2.3, 
p < .01/.03) and CON subjects (t = 5.7/- 5.0, p <.0001). 

bers o f  14 and  12 reflect two pat ients  with the med ian  score.) P H  pat ien ts  also showed more  
though t  d i so rde r  and  bizarre  behav iou r  (see results  below). Brief  psychia t r ic  ra t ings  o f  
s y m p t o m  severi ty were ob ta ined  (Overal l  & G o r h a m ,  1962). 

Thi r teen  non -med ica t ed  O C D  in-pat ien ts  (300.3, D S M - I I I - R )  had  no c o m o r b i d  diag-  
noses except  for  one case o f  t r i cho t i l lomania .  F r o m  56 hea l thy  subjects  (aged 8-26 years)  
26 were pa i red  with each psychot ic  pa t ien t  ma tch ing  for  gender  and for age, within 4 
months .  Three  more  subjects  were a d d e d  to ma tch  the three younges t  O C D  pat ients .  These 
cont ro l s  r epor ted  no psychia t r ic  compla in t s  or  m a j o r  medical  p rob lems  and  were free o f  
med ica t ion  when tested ( C O N  in Table  1). 

Test ing fol lowed:  (a) a p p r o v a l  o f  the p ro toco l  by the clinic management ;  (b) agreement  
o f  the therapis t s  and  nurs ing staff  to the tests in pr inciple  and the t ime-poin t  in each case; 
and  (c) the co -opera t ion ,  unde r s t and ing  and  consent  o f  the adu l t  or  child and  the legally 
respons ib le  adul t .  

CB task 

CB was measured  in a learning task  presented  on  a pc co lour  m o n i t o r  with a joys t i ck  for  
response.  This  " m o u s e - i n - h o u s e "  game t o o k  5-20 min  to pe r fo rm (descr ibed in Oades  et 
al., 1996; sof tware  ob ta inab le  f rom the first au thor) .  A br ief  descr ip t ion  follows. 

A 13 x 24 cm rectangle  was presented  as a "house" ,  d iv ided  into two " r o o m s "  by a wall 
with a d o o r  in the centre. Each  r o o m  was d iv ided  into  four  by  walls, t h rough  which the 
mouse  could  not  go. One to three co lour  panels  (18 x 7 mm)  a p p e a r e d  above  in the middle  
at  the s tar t  o f  each trial.  Small  panels  d i sp layed  the minus  and  plus poin ts  scored dur ing  
the task (F igure  1). 
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Figure 1. Schematic drawing of the task situation for measuring conditioned blocking: a " 'house" is divided into 
two rooms, each with walls that the mouse-cursor  (upper-left) cannot  cross. Three colour cue panels appear (upper 
middle) and the subject searches for a safe-spot (e.g. lower arrow). The subject is awarded + 15 points (upper 
right) on reaching this goal. Delays are awarded minus points (upper left). The upper arrow (right) indicates an 

alternate mirror-image starting point for one of the two conditioning tasks. 

Task procedure 

Testing started between 9:00 and 11:00 a.m. with 1 day between the first (A) and the 
second sessions (B). A was the subject's own learning control session and B was the blocking 
test session. Subjects were instructed to bring the mouse-like cursor to one of two possible 
"safe spots", demonstrated during joystick calibration. The sale-spot would shimmer yellow 
and +15  points were awarded (inter-trial interval, 2 s). The mouse might start in either 
room and the goal was always in the other room. 

At the start of  each trial one of two sets of  colour panels lit up for 1 s. These sets were 
cues as to which of the two safe-spots was the goal on a particular trial. In A (phase 1) 
there was a set of  three colours throughout training. Subjects were warned to attend 4o 
these. If  they did not reach the goal within 8 s they got 5 minus points for each additional 
second. When subjects had reached the learning criterion (88% in eight trials without minus 
points), they proceeded to 21 test trials when the first and third colours were presented 
alone for response (alternately first-third and third-first from each colour set). The main 
measure was the latency to find the goal after the colour originally presented on the right 
minus that on the left. Data  for the first test trial were discarded due to the inevitable 
surprise of  seeing only one colour cue. 

Session B, presented 48 h later, started with one of two pairs of colours. After achieving 
a 50% criterion over eight trials (B phase 1) a third colour was added until the full learning 
criterion had been reached (B phase 2). CB would be expected in the response latency to 
the third (added) colour when presented alone in the test phase with respect to the first 
colour (alone), seen from the start of  the session. The start positions to the same colour set 
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alternated from side to side while the colour sets were presented in a pseudo-random 
sequence. 

CB was measured by comparing the differential response latencies in A and B [i.e. B test 
(third minus first stimulus) minus A test (third minus first stimulus). This was calculated 
for the first pair of test stimuli, BA 1; the mean of the first three pairs, BA 1-3; five pairs, 
BA 1-5; all 10 pairs of stimuli, BA 1-10; and the first vs the last three test trials on B (B1- 
3)-(B8-10)]. Positive scores show CB or in the last case the development of"unblocking". 

Personality measures 

Personality traits were rated on the Minnesota Multiphasic Personality Inventory in 33 
subjects over 16 years old (MMPI, 221 questions: Gehring & Blaser, 1982), and the 
Hamburg Neuroticism Extroversion Scale with norms up to 16 years of age was used for 
all subjects to provide continuity across adolescence (HANES, 68 questions: Buggle & 
Baumgtirtel, 1975). 

The MMPI scales studied were social introversion (SI), paranoia (PA), depression (D), 
psychopathy (PD), psychasthenia (PT), schizophrenia (SC) and hypomania (MA). Atten- 
tion was also paid to the clinical use of three neurotic features (hypochondria, D and SI) 
and purported indicators for psychopathologic (4-9, PD/MA) or schizotypa! personalities 
(2-7-8, D/PA/SC; 8-9, SC/MA; Merritt & Balogh, 1990). We focus on single HANES 
scales, scored 1-9, as indicators of emotional lability ("neuroticism"; N1), need and ability 
to be sociable (El) and outgoing activity (sensation seeking; E2). The HANES extroversion 
measures correlated negatively with MMPI SI alone (e.g. El,  r =  - .64 ,  p =.008), and the 
HANES neuroticism scores correlated positively with PT, SI, D, the sum of the three 
neurotic dimensions, the schizotypal 2-7-8 scale but with no other dimensions (r = .52-.72, 
p = .04-.002). 

Urine collection 

DA, NA, 5HT and their metabolites (homovanillic acid, HVA; 3-methoxy-4-hyd- 
roxyphenyl-glycol, MHPG; 5-hydroxyindoleacetic acid, 5HIAA) were measured in 24-h 
urine collections (low monoamine diet) on the day between tests A and B. Acidified samples 
were frozen until analysis with ion-exchange liquid chromatography and fluorescence detec- 
tion. Volume-adjusted measures were expressed as ng/g creatinine per m z body area to 
correct for general somatic metabolic rates and large variations of body size (see Oades et 
al., 1994). 

Data treatment 

Two-way MANOVAs (a precaution against intersubject variability) were used to study 
(a) learning measures in the different task phases and (b) CB between subject groups: 
repeated measures were used where related CB measures were studied. Significant results 
were followed by one-way ANOVAs and post-hoc Newman-Keuls tests, cited in the text, 
to determine where the significance lay. Correlation coefficients (Pearson p) were calculated 
between learning and CB measures as an indication of the task-solving strategy used. 
Bonferroni s-corrections are described in the text to guide the interpretation of significance. 
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Insignificant interactions (p > .  1) are not reported but the terms "~tendency, trend and tend ~' 
refer to significances o f p  = .05 .1. 

An iterative procedure was adopted for the study of symptom, personality and monoam- 
ine measures (cf. Swerdlow et al., 1995). After performing analyses of variance for group 
differences, Pearson correlation coefficients were calculated between individual scores and 
CB measures. Then hypotheses based on the correlations were examined by linear (and 
stepwise) regression using the dependent measures of CB shown to be useful and partial 
correlations cited. 

Results 

Conditioned blockin 9 (CB) and learning 

Learning. First learning measures are examined for the potential confound with interprelt- 
ations in terms of blocking and illumination of the potential group differences in learning 
strategy. 

Both comparison groups required a similar number of trials to learn tasks A and B. An 
increased number of trials for the psychotic vs the comparison groups was consistent across 
each learning phase (Newman-Keuls,  p<.007;  Figure 2, left). The removal of outliers 
( > 3SD) decreased means for NP (not PH) patients by 8%. In each phase of learning, PH 
patients needed more trials than both comparison groups, but the effect was less marked 
for the NP group. 

Exploration search-times (punished with minus points) showed a similar pattern. Psy- 
chotic patients spent about three times as long exploring as the others (.04 <p  < .0001 ). The 
PH group explored for longer than the two comparison groups (p<.003) and again the 
effect was less marked for NP patients (Figure 2, middle). Both subgroups spent about 

NUMBER OF LENGTH OF 
LEARNING TRIALS ON EXPLORATION TIME (sec) DURING SESSION A and B 
SESSIONS A, B1 AND LEARNING (sessions A, B1 and B2) 

AND DURING THE TEST PHASES (A- (min) 
B2 test & B-test) 

30 4 

Figure 2. Three learning session measures before testing for CB. ANCOVA for four subject groups with IQ 
as covariate (Newman-Keuls post-hoe tests). (Lefl) Learning trials = F(9,136)= 2.84, p =  .004; *in each session 
P H > O C D  and CON p<.002,  N P > C O N  p<0,03.  (Middle) Exploration time=F(15,149)=2.31, p=.006; *in 
each phase PH > OCD and CON p < 0.003, A-phase NP > CON, B-phase also NP > OCD p < 0.03. (Right) Thsk 

length =F(6,112)=5.34, p=.0001, PH and N P > O C D  and CON p <0.007, P H > N P  p <  .01. 
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twice as long on sessions A and B as the others, with the PH needing more time than the 
NP group (Figure 2, right). 

Correlations between these "learning measures" for each group provide an indication of 
the differences of task-solving strategy used. Most correlations were highly specific to the 
phase of  learning for each subject group (e.g. trials and exploration time on A, r = + .77- 
.92, p <  .0001; trials on B phase ii and duration r =  + .69-.84, p =  .01 .0001). Measures on 
sessions A and B did not correlate with two exceptions: for PH alone, A and B test 
exploration times correlated ( r=  + .80, p=.001)  and for NP alone the number of learning 
trials on the two three-stimuli phases correlated (r = + .78, p--.003: see Discussion). 

Examination of  the contribution of psychopathology to slower learning in psychotic 
patients showed no correlation with negative or positive symptom ratings. Brief psychiatric 
ratings for positive, negative or psychotic symptoms and HANES personality ratings were 
not related to any learning measure. However, a clear relationship was found between an 
increased number of trials on the three-stimuli phase of session B and MMPI scores for 
neuroticism (3 Ns), psychopathy (4-9) and schizotypy (2-7-8, 8-9: n = 33, r =  +.59 .67, 
p <.0001; significant with ~-correction). There were similar correlations with exploration 
and duration in the final learn and test phases. 

Conditioned blocking (CB) 

A CB effect for controls and OCD patients of about 4 s on the first trial pair decreased 
across the test session with learning about the added stimulus (Figure 3). A MANOVA was 
performed with repeated measures to see which of five related measures of  CB might show 
group differences [F(8,260)--2.51, p = .012]. The covariate of IQ proved to have a trivial 
effect on these measures [F(8,256)= 2.37; p = .018]. Normal CB levels on each measure were 
reduced in the psychotic patients, but only significantly so for the first trial-pair comparison 
(p<.0001). CB across trials 1 3 and 1-5 (the best CB measures in healthy subjects; Oades 

MEANS OF FIVE MEASURES OF CONDITIONED 
BLOCKING (right side of diagram) FOR FOUR SUBJECT 

GROUPS 

4 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  

~Z i~  - - i  ...... ~ IIBA1 

a oBA 1-5 . |  
o~ . n Unblock 

- ~100  . . . . . . .  
wvr l r  

GROUPS: PH NP OCO CON 

Figure 3. Normal CB scores are positive: for the comparison groups, on the right, CB decreased successively 
across test trials. On the left, PH and NP groups showed attenuated CB on the first trial (***.0001 < p <  .01) (PH 
vs CON, NP vs OCD or CON). NP continued to show reduced CB across trials (**.01 < p <  .05 vs CON). But PH 

showed normal CB from the three trial measure onwards (*p <.1 vs NP on BA 1 3 and unblocking). 
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et al., 1996) correlated negatively with the ratio of negative to positive symptoms in the 
psychotic group (n = 23, r = - .62, p < ,002). Subgroup performance on these measures was 
examined further. 

An ANOVA with repeated measures for four CB measures [i.e. BA 1, BA 1 3, BA 1-5, 
unblocking (F(9,141)= 2.01, p = .04] gave a significant main effect for group [F(3,60)= 2.67, 
p= .05]  and an interaction [F(9,180)=2.3, p< .02 ;  Figure 3]. The main effect showed an 
average attenuation of - 2 . 5  s in the NP group vs an average CB effect in the other groups 
o f + l . 3 t o  +2 .4s .  

On the first trial-pair post-hoc tests confirmed that NP patients showed less CB than 
either of  the comparison groups and PH patients less than the controls. On BA 1-3 the NP 
showed less CB than the controls and tended to show less than the PH group (Figure 3). 
One-way analysis for unblocking [F(3,60)= 3.7, p < 0.02] confirmed continuing less CB in 
the NP than in the PH, OCD and control groups. Thus, the PH group showed only a 
transient reduction of CB on the first trial-pair, but the NP group had a marked deficit 
across measures. Even so, all groups demonstrated some learning about  the added stimulus 
across the test exposure. The following sections consider lhe associations of  these CB 
measures. 

Personality Traits and Symptom States 

Associations with positive and negative symptom clusters 

Does a more consistent CB attenuation in NP than PH patients relate to a particular 
symptom cluster? Both groups showed a similar incidence of the five negative symptom 
clusters, but the PH group differed significantly on each of the four positive symptom 
clusters IF(9,13) = 2.7, p --- .05; Newman-Keuls ,  p = .05-.001]. 

In psychotic patients, reduced CB correlated with an increase of the ratio of  negative to 
positive symptoms (BA 1-3, unblocking, r =  - . 6 2  to - . 6 7 ,  p <.002; significant after ~- 
adjustment). Within the NP group the negative relationship was maintained (BA 1, BA 1 
3 and unblocking, r= .65  to - . 8 9 ,  p=.03- .0001,  significant on s-adjustment) but an 
opposite trend was seen in PH patients ( r=  +.6 ,  p=.05) .  The apparent  paradox that 
negative symptoms were related to decreased CB in NP but to an increase in PH patients, 
is explained by specific negative symptoms being relevant in the NP group (flat-affect vs 
BA 1, r = - ,62, p = .04; alogia vs unblocking, r = - .69, p = .02) but positive symptoms were 
important  in the PH group (delusions vs BA 1-3, r--- - . 5 5 ,  p =.06; bizarre behaviour vs 
unblocking or BA 1-5, r = - .59 to - .65, p = .04-.02, uncorrected levels of significance). 

A linear regression analysis for the main CB measures vs the ratio of  negative to positive 
symptoms for psychotic patients confirmed an attenuation of CB with increased negative 
symptoms (-- .65 to - .89, p = .03 .0002). Analysis of separate symptom clusters was only 
significant for the first trial-pair measure. Extremes of positive and negative symptoms may 
interfere with normal CB (flat-affect - .91), bizarre behaviour - .66, p = .007; hallucinatioins 
+ .54, p = .035; thought disorder + .63, p = .01). 

Within the PH 9roup linear regression confirmed the influence of summed positive 
symptoms (BA 1--3, - . 7 0 ,  p =  .03). This was supported in the brief psychiatric ratings by a 
relationship with positive symptoms, absent for negative, depressive or sum scores ( -  .63, 



378 R.D. Oades et al. 

p <.007).  F r o m  a stepwise regression o f  clusters, bizarre behaviour  s tood out  across mea- 
sures (Figure 4). However,  delusions also had a detracting influence on BA 1-3 scores 
( - . 8 2 ,  p = .005)  and flat-affect had a detracting influence on the first trial-pair measure 
(Figure 4A). For  the NP group a linear regression was only significant for  unblocking 
(Figure 4A vs 4B), but  the first step in a backward  regression showed that flat-affect 
interfered with CB on the first trial-pair measure ( -  .62, p < .04). 

The opposing tendencies for different clusters in the analysis in Figure 4 might  imply that  
their severity rather than their nature was important .  This interpretat ion for performance on 
the first three trial-pairs was supported by the brief  psychiatric ratings where total scores 
o f  illness severity, in contrast  to componen t  measures, had negative coefficients ( - . 7 9  to 
- .89, p = .02-.002). 

Associations with personality features 

Having considered the contr ibut ion o f  symptom and state to the differences in infor- 
mat ion  processing strategies o f  P H  and N P  patients, it is impor tan t  now to take this 
approach  further  and to consider if these strategies are related to more  deeply embedded 
characteristics o f  personality. Analysis o f  H A N E S  features across all four  groups  showed: 
(a) more  lability in PH (N1, vs C O N  and O C D ,  trend vs NP); (b) less need for sociability 
in PH (El ,  vs N P  and CON);  and (c) the least extroversion in O C D  (E2, vs C O N  and SCH: 
Table 2). As expected psychotic patients scored 10-20 points significantly above healthy 
controls  on most  M M P I  measures. 

Fo r  controls there were no correlations between H A N E S  features and CB measures. 
A m o n g  M M P I ,  dimensions only deviate (PD) tendencies interfered (BA 1-3, r = - . 5 6 ,  
p = .03). H A N E S  E2 extroversion features assisted CB in OCD patients, notable for low E2 

A: PARTIAL CORRELATION COEFFICIENTS 
FOR NINE SYMPTOM CLUSTERS IN PH AND 

NP PATIENTS WITH CB (First Tdal Pair) 
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Figure 4. (A, left) A profile of partial correlations between negative and positive symptom clusters and the first 
trial-pair measure of CB which was decreased in both the PH and NP groups. There were no significant 
relationships for the NP group. For PH, flat-affect, anhedonia, bizarre behaviour, thought disorder, .05 <p < .01. 
(B, right) A similar profile for the unblocking measure on which only the NP group showed attenuated CB. There 
was no significant relationship for the PH group. For NP, flat-affect, alogia, apathy, anhedonia, attention, bizarre, 

thought disorder; p = .003-.0003. 
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Table 2. 
Selected Personality Ratings .]'or Psychotic ( SCtt), Obsessive-compulsive (OCD) and Healthy Subjects (('ON) 
(MEAN+SEM) 

HANES scales MMPI scales < 
N l El E2 SI D PD PA PT S(' MA 

* # # # # # 

s('H 6.4 6.4 4.7 61.8 63.5 63.5 66.5 66.3 69.6 58.7 
4 - 5  - 4  2.3 2.8 2.3 3.8 2.9 3.7 2.6 

n=25 n= 13 
PH 7.1 4.9 4.5 63.2 64.2 63.3 69.4 68.0 73.3 60.4 

n=13 n=9 
NP 5.7 8.0 4.8 57.7 61.3 64.0 57.7 61.3 58.3 53.3 

n=12 n=4 

O('D 5.5 6. I 3.3 55.6 56.0 56.8 53.0 61.4 56,6 50.0 
4 8 --5 4.7 5.0 4.2 4.6 2.6 1.9 2.6 

tl= 13 n=5 
C~)Y 50 7.6 5,2 49.0 47.9 48.6 46.5 48.9 50.5 51.8 

4 --2 --4 2.4 2.0 1.5 1.7 2.5 1.4 2.4 
n=29 n= 16 

Scores significantly deviant from controls are in bold. HANES (three group analysis: SCH, OCD, CON) 
F(6,124)=2.9, p=.012; Newma~Keuls, .01<p<.04; (N1, SCH>CON and El, SCH<CON, and E2, 
OCD < SCH and CON); (four group analysis: PH, N P, OCD, CON) F(9,1483 = 4.17, p < .0001~ Newman Keulg, 
.05 <p < .001 (N 1. PH > CON: El, PH < NP & CON; E1 & E2, OCD < CON). M MPI (three group analysis: SCH, 
OCD, CON) F(14,46)=2.62,p= .007; Newman Keuls, "p< .02 SCH vs CON, **vs OCD: 'p< .002, SCH vs CON. 
For abbreviations see Methods section. 

scores (e.g. on first trial-pair,  r = + .81 ,  p = .002, uncorrected).  However,  N P  and P H  patienis 
showed contras t ing  associations. Increased lability ( N l )  correlated with CB in the NP 
group (three CB measures, r =  + .59-.66, p - - .04- .02) ,  but  on the only measure where PH 
had a t tenuated  CB (first trial-pair), CB related to decreased lability (r = - .60, p = .03) with 
a similar modest  relat ionship to psychasthenia  (r = - . 6 ,  p = .(17 uncorrected).  

A linear regression with all H A N E S  features confirmed that CB related to decreased 
neurot ic  lability in the PH and to an increase in the NP  group on the initial tr ial-pair  measure 
(when both showed reduced CB; Figure 5). On the three-trial measure and  unblocking  where 
only NP pat ients  showed a t tenuated  CB, their relat ionship with lability was main ta ined  
( + . 7 2  and + .8, .002 < p  < .02) and that for PH patients was lost ( - . 3 4 ,  p =  .31 ). 

M M P I  data  were too sparse for analysis in NP or O C D  groups, but  in the PH group 
they help to explain the development  of CB absent  in the NP group (Table 2). For  the main  
CB measures negative partial  correlat ions for the "3 Ns" (neuroticism; - . 7 9 ,  p = .02) and 
schizophrenic features (SC, - .94) tend to be opposed by manic  features (MA, + .95, p < .  1). 
Thus,  while neurotic  and psychotic features, more evident in PH patients,  may interfere 
with normal  CB at first, their influence may be overcome by manic  tendencies (less evident 
in NP patients,  Table  2). There were no clear M M P I  relationships with CB performance in 
the controls.  

The Status of M o n o a m i n e  Activity 

One in terpre ta t ion  of these data  is that  the PH and  NP  groups differ according to another  
feature that is associated with the positive negative symptom dist inct ion in general but  is 
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PARTIAL CORRELATIONS FOR THREE GROUPS OF 
PERSONALITY TRAITS (HANES N1, El, E2) WITH CB 

(FIRST TRIAL MEASURE) IN FOUR SUBJECT 
GROUPS 
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Figure 5. Partial correlations from a linear regression of HANES personality traits with thefirst trial CB measure. 
Increases of N 1 (neuroticism and lability) in the NP group (p = .04) and E2 (outgoing extroverted activity) in the 
OCD group were associated with increased CB (p =.002). In PH patients decreased CB was associated with 

increases of N1 (p= .025) and E2 (p= .063). 

not  described by a part icular  symptom.  This section examines whether monoamine  activity 
and the effects o f  medicat ion are appropr ia te  candidates. Briefly, the biochemical analysis 
(see Oades et al., 1994) showed high levels o f  utilization (metabol i te /monoamine)  in PH 
and N P  vs compar i son  groups for DA,  N A  and 5HT, where D A  utilization tended to be 
higher in PH patients. O C D  patients showed increased levels o f  adrenalin, HVA,  5HT and 
5HIAA.  

Medication 

Neurolept ic  doses did not  correlate with CB or biochemical measures, except for an 
increase in H V A  and the H V A / 5 H I A A  ratio in the PH group  alone (r = + .58, p = .04). Of  
five patients taking clozapine (four in the P H  group) two showed good  CB and two showed 
some at tenuation.  These patients did not  show increased N A  utilization as might  be 
expected f rom ~-2 anatagonism.  However,  two patients on propranolo l  had high M H P G  
levels and were excluded f rom the analysis. Patient groups  did not  differ significantly on 
anticholinergic medicat ion [biperidine: PH,  n - -8 ,  mean 4.3 mg (SD = 1.7 mg); NP  n = 6, 
mean 5.3 mg (SD= 1.6)]. However ,  as dose tended to relate to BA 1-3 and BA 1-5 
(r = + .46-.51, .05 < p  < .  l) a cholinergic influence on CB should not  be overlooked.  

Associat ions with Monoamine  Metabol ism 

A m o n g  adrenergic measures only N A  utilization ( M H P G / N A )  correlated with any CB 
measure ( C O N  alone, BA 1 and BA 1-3, r - -  + .52- .42 ,  p---.01-.02). However,  in O C D  
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patients, who showed lower N A  metabol ism than any other group,  decreasing N A  utili- 
zat ion tended to be associated with increasing CB (BA 1 3, unblocking; r =  - . 5  to - . 6 ,  
• 1 < p  <.05) .  5HT utilization ( 5 H I A A / 5 H T )  tended to increase with decreased CB on the 
unblocking measure alone in the O C D  group (r = - 0 . 5 8 ,  p < ,06). In view of  the widespread 
finding of  unusual  5HT (and sometimes DA)  activity in O C D  patients, the correlat ion of  
unblocking with increased H V A / 5 H I A A  is o f  interest (Figure 6). 

There were a number  o f  correlations for the status o f  D A  metabolism and its relation to 
N A  and 5HT metabolites (Figure 6). In controls  increasing DA metabolism and its relatio!n 
to N A  metabolism was associated with increased CB. For  O C D  patients the relationshiip 
to HVA was less marked,  but like the control  group an increase with respect to NA 
metabolism correlated with CB. In contrast ,  the N P  group showed a negative association 
with H V A / M H P G  (Figure 6). CB did no!  clearly relate to any biochemical measure in the 
PH group (but see Figure 6). 

Pursuing these correlations in a linear regression for the four H V A  and HVA ratio 
measures supports  a major  role for D A  metabol ism in the CB shown by controls.  The 
utilization measure alone was significant ( +  .65, p = .001 ). Stepwise regression for three CB 
measures leaving D A  utilization in the equat ion attained 5% significance or  better (BA 1, 
+ .63;  BA 1-3, +.40) .  In O C D  patients linear regression showed that the significance of  
N A  or 5HT metabolism relative to DA was lost with their HVA/metabol i te  ratios in the 
equation. This confirms the dominan t  role o f  D A  metabolism (i.e. increased HVA wi{h 
increased CB). 

In contrast  to the PH group where no biochemical measure related to CB, in the NP 

Pearson correlations for 3 measures of condi~oned blocking 
in 4 subject groups with the status of DA metabolism and its 

relaUon to NA and 5-HT metabolism 
BA1 ~1-3  Unblo~k BA! BA1-3 Unblock [ 

[ . . . . . . . . .  ; 

I ........... 

~ -100 .................. 

FOUR MEASURES OF MONOAMINE M E T A B O U S M  FOR EACH OF FOUR 
SUBJECT GROUPS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

Fi.qure 6. (Left) Early CB measures (BA 1, BA I 3) in both comparison groups correlated positively with DA 
metabolism and its relation with NA metabolism ('p <.05). OCD patients also showed a correlation with the 
relation of DA to 5HT metabolism (#p<.01). (Right) In the NP group CB correlated negatively with ~he 
HVA/MHPG ratio (*p<.05, #p<.001). Correlations for PH patients were not significant. HVA= 1.7 (CO N, 
n=29), 2.6 (OCD, n=ll),  2.1 (PH, n= 12), 1.7 (NP, n= 10) mg/mg creatinine/m 2 body area. HVA,'DA 
HVA/MHPG, HVA/5HIAA ratios=9.2/3.6/10.6 (CON), 10.6/9.1/3.5 (OCD), 15.8./'3.7,,'5.2 (PH), 13.6/5.2/10.2 

(NP). 
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patients the importance of the H V A / M H P G  ratio was confirmed with M H P G  and the 
four HVA measures in the linear regression (BA 1-3, - . 9 1 ,  p=.007;  unblocking, - . 9 8 ,  
p<.0001).  Stepwise analysis showed that although HVA and M H P G  were negatively 
related to CB, their ratio was dominant. Recalling that NP values for NA utilization and 
H V A / M H P G  were higher than for controls and that 66-75% of  HVA is derived from NA 
metabolism, the negative relationship with CB may be attributable to relative changes in 
NA rather than DA activity. The positive relationship for CB with HVA and H V A /MH P G  
in comparison groups may reflect the more dominant role of  DA activity in their 
performance. 

Discussion 

Main CB results 

Normal CB was seen in healthy controls and OCD subjects. Psychotic patients taken 
together showed an attenuation on the first test trial-pair reflecting decreases in both PH 
and NP subgroups. Over three-five test trials NP patients continued to show less CB than 
either the PH or comparison groups. In psychotic patients extremes of negative or positive 
symptoms (e.g. flat-affect or bizarre behaviour) could interfere with CB. Among personality 
traits extroverted tendencies were beneficial in non-psychotic subjects but in those with 
psychosis, extremes of  neuroticism or psychoticism could interfere with normal CB. 
Increased DA metabolism was associated with enhanced CB in both comparison groups, 
but a relative increase of 5HT metabolism in OCD patients interfered with learning about 
the added stimulus during testing (unblocking). A relative increase of  NA vs DA activity 
may be associated with reduced CB in NP patients, but no clear relationship with the 
activity of the monoamines appeared in PH patients. 

Learning strategies and personality features 

The psychotic patients needed more trials and time to complete the task than the 
comparison groups, yet for healthy and patient groups alike, correlations between learning 
trials, exploration time and task duration were remarkably specific for each phase of  each 
session. Further, neither the nature nor the severity of  the symptoms correlated with 
learning measures. This is important as it implies there was no simple or artifactual 
explanation in terms of exposure to the task to account for group differences in CB. 
However, the two exceptions are informative. 

First, the PH group explored the task arena for longer than the NP group. Indeed the 
amount  of  exploration shown by the PH group was remarkably similar on both sessions 
suggesting a stereotyped approach to the spatial constraints or context of  the task. An 
insensitivity in adapting to where it was worth/not worth going with the cursor is consistent 
with the theoretical position taken by Hemsley (1987). He has interpreted the problems of 
information processing in patients with positive symptoms in terms of  a reduced use of 
regularities from past experience. The PH strategy or cognitive style contrasts with the 
second feature where only the NP group showed a correlation between the number of 
learning trials on the two three-stimuli phases (i.e. A1 and B2). This suggests a more 
stereotyped approach to the attentional or task demands of learning about three stimuli 
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(i.e. independent of the two-stimuli B1 condition). This would lead to the prediction of more 
learning about the added stimulus and the attenuation of CB. Both styles are reminiscent of 
the repetitive structuring of stimulus-response strategies described for chronic schizo- 
phrenics by Lyon et al. (1986) and Lyon & Gerlach (1988). 

It was this three-stimuli phase, and to an extent the CB result arising from it, that 
provided the only correlation to personality scores. The correlation implies that learning 
about the added stimulus (i.e. decreased CB) is more likely in the presence of neurotic traitS, 
as suggested by Jones et al. (1990). This is consistent with reports that those with outgoing 
traits cope better with situations requiring parallel processing (see Introduction). This 
viewpoint assumes that CB reflects active processing of both stimuli in parallel and that 
reduced CB reflects shifting resources between stimuli in series. Oades et al. (1996) reported 
that outgoing traits in healthy adults, but not children or adolescents, correlated with the 
amount of CB. We were probably unable to replicate this here as our control group 
contained subjects selected to match patients under 16 years of age. None the less within 
the limited range shown by the largely introverted OCD group, CB showed a modest 
correlation with outgoing features. 

In the PH group, neurotic lability and psychasthenia scores were high and correlated 
negatively with initial CB. This seems compatible with the view that these features ape 
associated with problems of  concentration and indecision (Archer, 1992, p. 194). However, 
it may, more specifically, relate to their insensitive exploration patterns, described above, 
and to impaired spatial search patterns as described by J utai (1989) in psychosis-proue 
subjects. The rapid development of CB in the PH group, if difficult to explain, recalls the 
accelerated cognitive processing reported in an "active" group of patients with similar 
symptoms and personality traits by Gruzelier (1991) and Gruzelier et al. (1995). Consistent 
with this, our PH patients tended to show more manic features. Interestingly Gruzelier 
contrasted this performance with a neuropsychologically-impaired, negative, "'withdrawn'" 
group reminiscent of our NP patients. 

Our correlative analysis cannot provide any evidence that attention-related performance 
is causally related to personality dimensions, but a number of recent studies have indicated 
that personality measures of psychotic-proneness and neuropsychological measures of 
attention-related processing may tap similar vulnerabilities (Gruzelier, 1991: Gruzelier et 
al., 1995; Jutai, 1989; Franke et al., 1994). Their description thus extends and adds weight 
to other findings of interactions between personality traits and learned inattention (see 
Introduction). 

Psvcho tic' syrup toms 

Reflecting the symptom state of the two patient groups, the increasing presence of positive 
symptoms was related to less of  a CB impairment. However, high or low scores o n  a 
particular symptom cluster did not mean that this was or was not important for the 
particular function required in the CB test. Symptoms had a differential significance for the 
subgroups. Thus, for PH patients bizarre behaviour (modest) and delusions (marked) were 
negatively, while hallucinations (marked) and thought disorder (modest) were positively, 
associated with CB. Flat-affect and alogia had a generally negative association with CB On 
the first few trials, particularly in NP patients for whom symptom severity was important. 
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Few studies have focused on the relation of symptoms to attentional performance. 
Comparisons between studies are dangerous considering the different requirements for 
performance and illustrate the ease of drawing incorrect inferences. Thus, thought disorder 
has been reported to correlate with distractibility on the digit span task (Oltmanns et al., 
1978). However, in the CB task irrelevant stimuli did not catch the attention of thought- 
disordered patients; thought disorder correlated with normal CB. However, the tasks were 
differently set up: in the current CB task the stimuli were spatially separated and there was 
no task requirement to suppress response to the added stimulus. 

In another example, Green & Walker (1986) noted that positive symptoms and low signal 
detection (d-prime) related to poor digit-span performance. In the present study those with 
positive symptoms performed CB better and had better d-prime scores than NP patients 
(unpublished). Indeed, as CB attenuation reflects learning about the stimulus in question, 
poor signal detection is hardly a viable explanation of NP performance. 

Further, digit-span scores did not relate to poor word association performance (Allen, 
1990) which required "contextual processing". This feature may be more relevant to learning 
about associations in the CB task than attentional span and relate to our proposal (above) 
on the role of perseverative learning strategies. Lubow & Gewirtz (1995) have already 
posited a critical role for "context" as an "occasion setter" for eliciting learned inattention. 
They suggested that decreased latent inhibition in psychotic patients reflects an inability to 
fully use this aspect of the context or to switch from controlled to automatic processing of 
inconsequential events. It would be interesting to see if neuropsychological tests of frontal 
lobe performance, where dysfunction is implicated in poor word fluency and perseverative 
strategies (discussion in Elliott et al., 1995), would correlate differently with PH and 
NP patients' CB scores. Many studies find frontal dysfunction associated with negative 
symptoms (for a review see Straube & Oades, 1992) and impaired CB has been reported in 
frontally damaged animals (Oades et al., 1987). 

The paranoid-non-paranoid distinction 

We have emphasized in the previous sections the associations with symptom-cluster. 
This is important for two reasons. First, our subgroup distinction was based on the 
presence/absence of PH symptom-clusters defined by the SANS/SAPS interview. Secondly, 
current views on three types of schizophrenia explicitly refer to symptom-groupings and 
not syndromes (Liddle, 1987; Liddle et al., 1992). Thus, earlier neuropsychological studies 
of the performance of paranoid or non-paranoid patients were not necessarily based on the 
same distinction used here. 

The potential usefulness of differentiating paranoid patients was recognized long ago 
(Kahlbaum, 1863), but the experimental study of paranoid vs non-paranoid cognitive style 
only really got under way 100 years later (Silverman, 1964; Magaro, 1980). These authors 
maintained that non-paranoid patients relied more on perceptual data and less on con- 
notative or contextual aspects of situations to solve tasks. While more recent discussions 
find this view contentious (e.g. Strauss, 1993), the idea is replaced with the suggestion that 
positive symptoms reflect, in part, failures of automatic processing. To us this is not 
inconsistent with earlier formulations. Paranoid patients may be able to cope with a 
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situation better than non-paranoids because they switch in an active controlled processing 
strategy (Heim, 1989). This explanation could underlie our finding that PH patients showed 
a CB impairment on the first trial, but thereafter used a normal CB strategy--through 
switching in controlled processing. Indeed our finding that NP patients learned more about 
the added stimulus could be viewed as the automatic response of a perceptual strategy. Our 
discussion of the "stereotyped" response of PH patients to context and of NP patients to 
task demands (above) also supports this distinction. 

There have been numerous failures to find performance differences between paranoid 
and non-paranoid patients (e.g. Hoffet  al., 1992; Rund et al., 1993) and yet many others that 
have reported "poorer"  performance on psychological tests in non-paranoid vs paranoid 
patients (e.g. Ditchfield & Hemsley, 1990; Neufeld & Williamson, 1994), There is r~o 
necessary inconsistency here. If NP patients have fewer processing resources available at~d 
are more likely to use automatic processing then there are many task forms that will show 
an impairment. We should emphasize that in the CB task NP patients actually learned 
more about the added stimulus than the other groups. It is this which was unusual. 

The end result is that paranoid patients may not be so deviant in co-ordinating attention 
(Scherer & Storms, 1981). The difference may lie in the means they use to achieve this end. 
We would not take issue with Liddle's ([987) view that patients with poverty symptoms 
(cf. NP) are impaired in conceptual processing. In CB such an ability requires controlled 
parallel processing that was not an attribute of our NP patients. However, it may well be, 
as in other attentional tasks (Rappaport  et al., 1972), that the PH patients were more al~le 
to use a normal attentional strategy than NP patients as they were more responsive to 
medication. We now consider this aspect in the last part of the discussion. 

Monoamine Activity and Medication 

Medication 

Neuroleptic treatment is considered to be mildly beneficial on information processing and 
attention span (Spohn & Strauss, 1989). Here we found no dose-performance relationship. 
However, a clinical response to neuroleptics may have been important. HVA increases 
implied that the PH patients were responding to medication more than the NP group and 
we have noted that animals treated with neuroleptics show facilitated performance On 
learned inattention tasks (see Introduction). The curious implication that anticholinergic 
medication may be beneficial for CB in 14 patients is probably an artifact as most received 
the same dose. Spohn & Strauss (1989) noted that anticholinergic medication impairs recall 
rather than recognition processes. The latter rather than the former is important for 
performance of the present task. 

Monoamines 

It is important to note that 25-30% of HVA measured peripherally may reflect central 
DA metabolism with most of the remainder being derived from NA metabolism (fo~ a 
review see Amin et al., 1995). Thus, as HVA/DA and H V A / M H P G  ratios increased with 
CB in the control group, it is assumed that increases of DA over NA metabolism were 
responsible for the positive H V A / M H P G  correlation. However the reverse is probably {he 
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case where the HVA/MHPG ratio correlated negatively with CB in the NP group. Here, in 
the absence of HVA/DA changes, basal MHPG/NA was nearly double that in the controls 
(Oades et al., 1994). Evidence for a significant role for NA metabolism in psychosis and an 
association with negative symptoms has been discussed at length elsewhere (e.g. Horny- 
kiewicz, 1982; van Kammen et al., 1990; Yamamoto et al., 1994). 

CB in the PH group was unrelated to any biochemical measure. There was evidence that 
this group was responding to neuroleptic medication and, in line with this, CB tended to 
normalize after the first trial-pair. This is consistent with a recent report that patients with 
positive symptoms show an early improvement after the onset of medication on measures 
of complex attention and tasks such as the Stroop test where there is a need to switch 
mental set (Nopoulos et al., 1994). 

Together the results are consistent with our preliminary report that higher DA activity 
was found in subjects showing normal CB (Oades et al., 1992). However, they show that it 
would be more precise to say that, within limits, relative increases of DA utilization are 
associated with increasing CB and not that CB is predicted by high DA turnover, per se. 
The results are also consistent with animal studies showing that acute neuroleptic treatment 
facilitates latent inhibition (Feldon & Weiner, 1991). 

A plausible interpretation of these data refers to a putative function of DA activity in 
switching and NA activity in tuning (Oades, 1985). Basically this suggests that DA activity 
promotes the likelihood that there will be a change from the input to a given brain area 
that predominantly controls the output of this area. Increased NA activity is involved in 
tunin9 between the inputs competing in a given brain area to influence the output. Low DA 
activity (less switching) and high NA activity (overtuning) could lead to an inflexibility of 
response. This leads to persistence of the ongoing set or strategy and may be illustrated by 
the CB performance of NP patients. In contrast PH patients are more able to switch set- 
like controls (cf. Nopoulos et al., 1994, above). Perhaps the benefit of increased DA activity 
in controls is seen in the proposal of Lubow & Gewirtz (1995) whereby the ability to switch 
between controlled and automatic processing of inconsequential events is promoted. 

Could the subgroup differences reported here reflect more frontal dysfunction in the NP 
group? Siever (1994) noted that the incidence of deficit symptoms in schizotypal patients 
correlated with decreased peripheral measures of HVA that in turn correlated negatively 
with the performance of tests said to reflect frontal function. The hippocampus and associ- 
ated limbic areas are involved in mediating learned inattention in rats (see Introduction); 
however, there is a body of evidence suggesting that a number of attention-related effects 
in primates are taken over by the frontal lobe (e.g. Oades, 1982, pp. 123-128). Indeed, 
recently normal latent inhibition performance was reported in patients with temporal lobe 
epilepsy, implying that mesial temporal lobe structures may not mediate learned inattention 
in man (Gray et al., 1995). Hence as Siever (1994) reported enlarged ventricles and altered 
PET measures of frontal metabolism in neuropsychologically impaired schizotypal patients, 
it would be instructive to study neuropsychological performance and tomographic measures 
of atrophy and metabolism in patients with a known CB impairment. 
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