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IN'l'RODUCTIOH 

Itr.Peractirt.ty is a common presenting symptom among children sean in 

pfJ7chiatric clinics, and refera to an excessive level or actirt.ty which 

is sutficiently sustained to becom.e a serious source of complaint. Until 

recently interest in the hyperactive child was confined to the pqchia­

tric literature. As a result, most of the in.fol'Dll.tion currentl.l' avail­

able deals with questions of diagnosis and treatment. The pfJ7chologi­

cal tunctioning of the nyperactive child bas received little attention, 

although s()me information on it bas been presented in the fo:nn of inci­

dental. .findings. In order to meet this need for objective, controlled 

data, a research project, in which the writer participated, was de­

signed to study' the behart.o,r of nyperacti ve children in a variety of 

test situations. The spec~tic concem or the ex.periment reported in 

the present thesis was the behaviour of bfperactive children in a con­

trolled 1-.ming situation, . -qsing a concept formation task. 

Learning difficulties ~volving abstract or conceptual material· 

h~ve been mentioned in seve~al descriptions of hJperactive children 

(Burke, 1957, 1960; Lauter; Denhof & Riverside, 1957; Lauter, Denhof 
' ' "'J. . . 

&: Solomons, 1957; Clements & Petera, 1962). The only objective evi­

dence to support this eonteation, however, is the reasonabl.l' well es­

tablished ~act that ~erac~ive children tend to be retarded in academie 

achiev.aent (Burks, 1960; Rosenfeldt & Bradley, 1948). Since poor 

~c~ool perto:nnance can resu+t from. a num.ber or different causes, the 
" 

tirst aiœ ot the present inyestigation was to determine whether or not 

h1Peractiv~ children have a true deficit of a conceptual nature. For 

this reason a concept leaming task was chosen that would require 
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tanctioning at an abstraet level for solution. In addition, variations 

were int~~uced in reinrorccent sehedule and intertrial interval, in an 

attcpt, to identif)' other variables that might produce leaming decre-

menta in hJperactive subjeets. 

A second aim or this study' was to evaluate the affect ot drug 

therap.r on the learning efficiency or hyperactive children. Pheno-
', 

thiazine drugs (the so-called tranquilizers) have been reported as 

useful in the treatment of hyperactive patients and have becane tairlT 

widelT used by therapists (Grant, 1962). A calming affect on behaviour 

and general clinical im.prov•ent have been reported in the clinical 

literature (Freed, 1957; Fish, 1960a, 1960b; Morris & Dozier, 1961). 

Little is known, however, of the etfect or tranquilisers on other as-

pects of a childe s functioning, particularlT leaming, and an urgent 

need for objective, controlled data is evidento 
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ltfperactivit;r can be found. as one of the presenting S}'Dlptoas in a 

nœaber of different pathological conditions, including epilepq (Brad.le;r, 

1950; OUn ... ed, 1955), mental deticienc;r (Bair &. Herold, 1955; Carter&. 

Male;r1 1957), and childhood ps;ychosis (Freedman, Ef'fron &. Bender, 1955; 

Fish, 1960). !part from this, however, there is considerable agre•ent 

about the existence of a distinct and characteristic s.rndrome in which 

hJperactivit;r is the central and most important syaptoa (Kahn&. Cohen, 

1934; Brad.le;r, 1955; Eisenberg, 1957; Lauter, Denhof' &. Riverside, 

1957; Stevens &. Birch, 1957; Lev;y, 1959; Burks, 19571 1960; Kennard, 

1960; Daryn, 1961; Cl•ents &. Petera, 1962). For reasons that are 

not known, the syndrcrne is most trequ.ently f'ound in school-age children 

and signiticantly more trequently in bo;rs than in girls ( Cl•ents & 

Petera, 1962; Daryn, 1961; Bu.rks, 196o). This syndrome bas been 

variously referred to as the orga:nic brain s,rndrome, post-encephalitic 

behaviour s,rndro.m.e, hyperkinetic impulse disorder, Strauss syndroae, or 

h;rperkinetic Q'ndrome. As can be seen from the range in terminolog, 

ditf'erent workers tend to identif';r the syndrome with different specifie 

aetJ..oldgical factors, but the majorit;r agree in stressing aetiolog;r of an 

organic nature. Hevertbeless, despite differences in opinion regarding 

the exact aetiology and differences in the nomenclature used, descrip­

tions of the ccrnponent SJ11ptoms are r•arkably sim.Uar and include the 

followi:D.g: 

lirp!racti1'ity - An excessive level of' activit;r is undoubtedly the 

core symptom of the syndrome, to the ment that the whole .syndrome is 
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otten identitied b.r its nam.e. The patients are described as constantl.y 

in.motion, running rather than walking~ unable to ait still. Teachers 

coDiplain that they cannot stay in the ir seat • and constantl7. get up and 

disturb the classroom. (Bradley, 1955; Eisenberg, 1957; Lauter, Denhot 

& Riverside, 1957; Sutherland, 1961; Clements & Petera, 1962).. Much 

ot this constant activity appears to be aiml•ss, and the illpression auch 

a child leaves is one ot "drivenness" (Kahn & Cohen, 19.34) .. 

Poor motor OOf:U"dination- BJrperactive children are otten described 

as awkward and clumsy" Either tine muscle pertol"''lance {manual dex­

terity) or overall coordination (e .. g .. balance) may be involved, and in 

some cases both seem. to be af.fected (Clements & Petera, 1962; Burks, 

196o) 0 

Distractibility - A short attention span and poor powers ot con­

centration are considered t;ypical of the hyperactive (Bradley, 1955; 

Eisenberg, 1957; Lauter, Denho.f & Riverside, 1957; Clements & Petera, 

1962) o They are said to be ••at the mercy of eve:ry sound and sight" 

(Eisenberg, 1957) 1 presum.ably because ot an inability to inhibit or ex­

elude irrelevant sensory impressions .. 

Bmotional instability - Descriptions of the hyperactive s.y.ndrome 

include a series of symptoms indicative or emotional instability, such 

as impulsiveness, low frustration tolerance and inability to delay grati­

fication, hypersensi tivity, irritability and .frequent aggressivity· 

(Bradley, 1955; Eisenberg, 1957; Lauter~ .!}.o, 1957 a; Levy, 1959; 

Sutherland, 1961; Clements & Petera, 1962). Rappaport (1964) bas 

argued that auch sym.ptoms merely represent difterent aspects of the same 

underlying ditficulty, ioe., inadequate impulse control and regulation. 
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P!fchological Correlates of Hrperactivity 

Accord.ing to seTeral sources, visual-m.otor difficulties are v err 

frequent ill h7Peractive childreno The evidence for this includes ir­

regul&l\, poor}T formed hand:writing, poor performance in coptiD.g geo­

metrie figures auch as the Bender Gestalt Visual Motor Test, and on the 

Goodenough Draw-a-m.an or the Hou.se-tree-person tests {Clements & Petera, 

1962; Burke, 1960; LeVJ', 1959; Lauter et ,!1;o 1 1957 a). lieither of 

these reports, hoveTer, included findings on any control subjects. 

Little seems to be known of the intellectual tunctioning of hyper­

actives, apart tram the frequent observation that their school per­

formance is not satisfactor.y (Clements & Petera, 1962; Laufer ~!!., 

1957 a; Rosenfeld & Bradley, 1948).. These clinical observations are 

supported by' the resulte of a more qstematic study (Burke, 1960), in 

vhich hyperactive children vere found to have marked reading difficulties 

and an average retardation of one year in academie achievement. IQ 

scores vere also obtained in the same study, but no significant differ­

ences vere tound between the hyperactive and nor.mal samples.. According 

to Burks.the onJ.T difference was that the hyperactive children shoved 

more scatter in their subtest scores. Consistent patterns of defici­

encies, hovever, could not be reliab!T determined., 

Conceptual difficulties as characterietic of hyperactive children 

are reported by several authors (Clements & Petera, 1962; Burke, 1960; 

Rosenfeld & Bradley, 1948), without any supporting objective evidence. 

The main basis for the se reports se ems to be the children • s poor aca­

demie performance, which is interpreted as resulting r.ro~ specifie 

learning defects in reading, spelling9 or, in some cases, on!T arith­

metic and number concepts., In discussing the nature of these 
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im.pairments, Clements & Petera (1962) refer to an impaired. 11 capacit;r to 

receive, bold, scan, and selectively screen out stimuli in sequential 

order11 • Similazoily, Burks (1960) suggests that the conceptual ditfi­

cultiee of the nyperactive reflect "inefficient patterning and pro­

cessing (capabilities) of the brain". other writers, hovever, have 

pointed out that the behavioural symptoms of the h;rperacti ve child are 

auch as to make adequate .tunctioning in the classroom extreme]Jr diffi­

cult (Lev;r, 1959). Thus i~ is conceivable that school difficulties 

in the byperacti ve do not stem from an impaiment in intellectual 

capacit;r, but are b;r-products of the child ua restlessness, inabilit;r to. 

concentrate, etc. 

The only objective evidence of relevance to this question comes 

from an experimental stud;r b;r Switser (1961), in which hyperactive 

bo;rs vere found to do more poor]Jr than control groups of normal and 

bypoactive bo;rs of the same age (8 and l2 ;rears old). The task re­

quired reporting the sequence in which lights of different colours 

would go on in a horizontal arra:r of identical boxeso It could be 

solved b;r memorising either the list of colour names (verbal response), 

or the position of auccessive]Jr lit boxes (involTing painting, def'ined 

as a perceptuo~otor response)o HYPeractive subjects, as compared to 

the other two groups9 were f'ound to give significant]Jr more position 

than colour-naming responseso Within the fr81lework of' Werner' s (1948) 

developnental theo17, this funtioning at the perceptu~otor, rather than 

the verbal-conceptual level~ was interpreted as representing a matura­

tional retardation in the hyperactive subjects. While these f'indings 

were not interpreted as representing a f'Undamental deficienc;r in the 
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h;rperacti ve, they do n.pport current clinical opinion in shO'Wing that 

hJperactive children do not tunction as readilJ at the •c~ceptual 

level". 

There is a striking parallel between the cognitive deficits attri­

buted to hn>eractive children and the losa of conceptual abilit7 or 

•abstract attitude" round in adult patients with frontal lObe damage 

(Goldstein &: Gelb, 1918, 1924; IQ'lander, 1938; ladel, 193.8), or hemis­

pheric lesions {Battersby, Krieger, Pollack & Bender, 1953). Similar 

deficits have also been reported for brain-injured children {Strauss & 

Lehtinen, 1947; Strauss, 1951). Considering the lack of direct evi­

dence regarding cognitive ftmctioning in bn>eractives, the possibilit7 

arises that the descriptions discussed above may have been coloured b.r 

the widelr held beliet in an organic aetiology. Subjective bias in 

observation might easilJ arise, making the clinician hypersensitive to 

symptoms associated with brain damage and possiblJ neglecttul of im­

portant evidence to the contr&ey". Because the aetiology of the s;yndrome 

is far from being conclusivelr established, the evidence will be dis­

cussed in the next section. 

J.etioloq pt llyperactivity 

~he tirst report or hyperactivitT as the core or a distinct s;yn­

drome {Kahn & Cohen, 1934) was based on observations of patients vith a 

history of encephalitis epidemie&. These patients vere described as 

having a surplus of drive, or inner impulsion, wbich was labelled 

•organic drivenness• and was attributed b,y the writers to damage at the 

brain-stem. level. Since that time several lines or evidence linking 

the hyperactive S,fndrome to organic factors have been marshalled. 



Resulta of conventional neurological exami nations are usuall.y nega­

tive in by'peractiv:e children (Clements & Petera, 1962; Lauter,!:!! al., 

19.57 a; Burke, 1960). A high incidence of borderline or "soft" neuro­

logie&! signe, however, has been reported b7 a munber of different in­

vestigators (Clements & Petera, 1962; Dar,yn, 1961; Burke, 1960; 

Sutherland, 1961). Unfortunately' this :tinding is difficult to inter­

pret because control subjects were not used for comparison. In a study 

where a control group was included, Kennard (1960) :round equivocal 

neurological signa (such as dys.tunctioning extraocular Dlllscles, tremor 

of ext.ended fingers, intention tremor and equivocal Babinski refiex) to 

be consistently' more frequent am.ong her m.ix.ed group of patients. The 

num.ber of hyperactives in this group, however, was only' 26% and separate 

data on them were not presented. Further.more, the difference in inci­

dence between the clinical and normal sam.ples varied from symptom to 

symptom, but the magnitude of tbese differences was not subnitted to 

statistical tests of significance. 

Severa! authors have noted a greater inpidence of abnor.mal 

electroencephalogram.s {EI!n•s) among children with disturbed behav:iour 

than among control subjects (Jasper, Solomon & Bradlq, 1938; Rabino­

Yitch, 19.56). Similar resulta for b;yperactive subjects were reported by 

Burke (1960), who :round that .57% of his sample of hyperactive children 

showed abnormal E'1!n tracings, as opposed to 9.6% of the normal control 

subjects. More than half of the abnor.mal tracings were of the paroJcy"s­

mal, non-focal type. other investigators, howev:er, have failed to tind 

a close correspondence between hyperactiv:ity and any particular EEG 

pattem (Lauter ,!:!! !!•' 1957 a; Knobel, Wolman & Mason, 1959; Dar,yn, 

1961); many children with vell-marked symptoms of the hyperactive 
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syndrome have normal EJ!G. records, while a number of abnorm.al Dl: 1 s can 

be found in either disturbed children without the s7Jldrome, or normal 

control subjects. 

Some investigators have tried to establish a relationship between 

hyperactivity and a history of anoxia, febrile illness, and other poten­

tial sources of damage to the central nervous system. In a retrospec-

tive stuQ1 of cases admitted to a children1 s ~ychiatric hospital 

(Rosenfeld &: Bradley, 1948), a syndrome of six traits, including hyper­

JRŒtility and the related symptoms, was found to be eight times as fre­

quent in children vith a history of aspbT-xia neonatorwn or pertussis 

than in a group of control patientso Similar resulta were obtained by 

Burks (1960) from a developnental questionnaire sent to parents of J.,.th 
,. ·'-'- .,, l") 

grade children.. In this case five times as Dl8ll1' premature births vere 

found among the hyperactive thSll. among the control children.. Burks also 

report.ed a higher incidence of births by Caesarean section, unusual Pre-

sentat.ion and ano:xia among the hyperactives, as well as more records of 

meningitis, encephalitis, and blowa on the head. The actual frequencies 

of occurrence of these incidents were not presented, however, and it is 

impossible to assess whether tpë differences between the hyperactive and 

control subjects were large enough to be meaningful.. In general, these 

correlational etudies must be interpreted with considerable caution, 

since they are based on retrospective data which may be distorted by 

selective bias in parents' recollections of traumatic incidents. 

Furthermore, many of the lv'Peractive children bad no history of incidents 

that might have caused brain damage, while a number of the control sub­

jects in Burks' (1960) stuQ1, who were normal in eveey way, bad histories 

of asphyxia, pertussis, etco Final.ly, in a longitudinal stuey of 50 
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babies with severe neonatal asphyxia (Fraser cft Wilks, 1959), none were 

found to be ~eraetive in the follow-up examination. 

In summar,y, the evidence linldng hyperacti vity to various signs of 

brain damage is large]Jr inconclusive., Signa indicative of brain damage, 

or at least suggestive of it, are present in some hyperactive patients 

and absent in others., Because of the number of patients in whom organic 

involvement cannot be demonstrated, a few writers have argued tbat bn>er­

activity in these cases is simp]Jr a manifestation of anxiety or a reaction 

to enviromnental stress (Blau, 1954; Pond, 1961). Others have gone to 

the opposite e:x.treme and propose that a diagnosis of brain injur,y be made 

on the basis of the behavioural sym.ptoms alone, even in the absence of 

any other evidence (Strauss cft Lehtinen, 1947; Lauter et !::1•, 1957 a; 

Levy, 1959; Clements cft Peters, 1962)., 

What the majority of clinicians seem to agree upon, is that the 

hyperactive syndrome can be better understood from a phyaiologiaal or or­

ganic point of view than wi thin a conventional ltpaychodynamic" framework 

{Bradle,y, 1955; Burke, 1957, 1960; Clements & Peters, 1962; Camly, 1955; 

:Sisenberg, 1957; Kennard, 1960; Knobel et al., 1959; Lauter et al., 

1957 a, 1957 b; Levy, 1959; Morris & Dozier, 1961; OUnsted, 1955; 

Sutherland, 1961)., Furthermore, in the more recent literature, there is 

agreement that brain damage in the sense of definite loss of tissue 

accounts for only a minority of cases with the hyperactive s.yndrameo Be­

yond that, three different types of formulations have been presentedo 

The first hypothesis is that, at least in some cases of the hyperactive 

syndrome, there must be brain damage of either a m'Jnimal, boX"derline, or 

diffuse nature (Clements & Petera, 1962; Kennard, 1960; Bradley, 1955). 

These would be the patients with abnormal EBG&s, •sort• neurological 
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ai~s, etc. !the second, broader, formulation is that a tunctional dia­

turbancè ot the central nervous qstem. must be involved (Clements & 

Petera, 1962; Sutherland, 1961; Lauter, 1962). Such tunctional dia-

. ~~ce---.-have been triggered by specifie traumata (e.g. anoxia) in 

som.e cases, but mq be due to natural.l.y occurring constitution&! devia­

tions in others. Chess (1960), tor aaaple, bas proposed that Jvper-

activit7 be considered as representing one extr•e end ot a continuum 

ot activity, the level ot activity being a trait norm~ distributed 

in the population. An advantage ot the notion ot tunctional distur­

bance is that it avoids auch ot the contusion that has come to surround 

the use of the term •brain dau.ge• (Sarason, 1949; Wortis, 1956; 
-

Eisenberg, 1957; Hqnes & Sella, 1963). Final.l.y, the third bypothesis 

coaceives of the byperactive SJ'Ddroae as due to developmental retarda­

tian, or "maturation&! lag~ (Knobel et ~., 1959; Switser, 1961). 

'this hJrpothesis is supported b;y the clinical obserYations that byper­

acti Te children tend to behave more lilce younger children thm normal 

children ot their own age, and by the tinding that the hyperactivity 

tends to subside by the time a child reaclles àd.olescence (Lauter, 

Denhot & RiTerside, 1957; Lev,r, 1959). 

ilth respect to a possible locus tor either the ~stunction or the 

damage causing hyperactivity, the available evidence is lliited and in­

conclusive. The argument has been advanced (Knobel, Wolman & Mason, 

1959) that hyperactivity must involve a disturbance in the reciprocal 

innervations between the cerebral cortex and the diencephalon. This 

notion is consistent with available neurophysiological data (Stanley & 

Janes, 1949; Dusser de Barenne, Garol & McCulloch, 1942; Freeman & 
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Krasno, 1940; Mettler, 1935), which tend to indicate that the frontal 

cortex, acting through the caudate nucleus, normall.7 exerts a suppres­

sive influence on motor activity. Knobel et al. suggest that this tn­

hibitoey influence ot the cortex is late in developing in ey-peractive 

patients beca.use ot dela.yed maturation ot the cortical neurone. This 

hypothesis tinds some support in the paradoxical finding that byper­

activity is reduced by dex.troamphetam.ine sulphate (Bradley, 1955; 

Levy, 1959), a stimulant presumed to act directly on the cortex. 

Lauter and his associates (1957b), on the other band, have evidence 

suggesting the diencephalon as the locus tor the ditticulty. Jtyper­

active patients in this study were tound to have signiticantlJ lower 

photo~etrazol thresholds than a mixed diagnostic group who were not 

hyperactiveo Low phot~etrazol thresholds have been shown in other 

etudies (Gastaut, 1950; Gastaut & Hunter, 1950), to indicate damage to, 

or dysf\mction ot the diencephalon. In view of the limited evidence 

supporting each h;ypothesis, it is ditticult to arrive at definite con­

clusions, especially since the question ot damage or ~stunction itselt 

is far trom being settledo 
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CHLORPRCIIAZIIE 

Experimental and Ph.ysio1osical Findings 

The behavioural eff'ect of' chlorpromazine ~chloride is "tran~ 

quilization• and inc1udes reduced responsiveness to extemal stimuli, 

decreased motor acti'Vity, and depressed conditioned reflexes (Brodie, 

Sulser & Costa, 1961). Smal1 doses of chlorpramazine are sufficient 

to reduce spontaneous 1ocomotor activity in mice, rats, cats and mon­

keys (Dasgupta & Wemer, 1955; Baruk, Launay & Berges, 1957; Bradley 

& Hance, 1957; Kaada & Bruland, 196o). Large doses have been found 

to depress both c1inging and play responses in juvenile w:i1d-bom 

chimpanzees (Mason, Fitz-Gerald & Chang-Yit, 1963). Stereotyped. be­

ha'Viour in isolation-reared chimpanzees is also reduced by chlorpro­

mazine (Fitz-Gerald, 1964). Conditioned avoidance responses are 

b1ocked und er the influence of chlorpromazine in rats, even though 

the animale are still capable of' responding to the unconditioned stim­

ulus (Courvoisier, Ducrot & Julou, 19571 McMurray & Jacques, 1959; 

Weissman, 1959). In an experiment where discriminative stimuli were 

available to the arrlmals (Ray & Marrazzi, 1961), ch1orpromazine in­

creased response 1atencies to the shock signal but had no e.f'fect on 

responses to the f'ood signal. 

The action of' chlorpromazine on the e1ectrical acti'Vity of the 

brain inc1udes increased EEG ~chronization and reduction of the acti­

T&ting responses produced by peripheral senso17 stimulation (Unna & Martin, 

1957; Kaada & Bruland, 196o) or by e1ectrical stimulation of cortical, 

intralaminar thalamic and 8Ç'gdaloid regions (Kaada & Bruland., 1960). 

EEG activation from direct reticular stimulation, on the other band, is 
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not significantly atfected br ahlorpromazine {Bradley, 1957; 1959; 

Bradley & Elites, 1957; Bradle7 & Hance, 1957,; I:Cillam, 1957; Killam 

& Killa., 1958). These tindings tend to support Bradley' s (1957) h1'­

pothesis that the specifie action of' chlorpromazine is to interfere with 

the sensor,r collateral input to the r.eti.cular formation, and not to the 

reticular nwrons themselves. According to Kaada & Bruland (1960), 

however, the site of action of' chlorpromazine in the central nervous srs­

ta still remains a matter of' conjecture. The neural substrat• of the 

"attention reflex" (EEG activation) is not sufficiently known to allow 

definit• stataents as to where this reaction is blocked br chlorpro­

mazine. 

Performance dec.rements on simple sensori-motor tasks are typi­

cally round in etudies using adult nor.mal volunteers under acute doses 

of' chlorpromazine (Delay, Pichot, Nicolas-Charles & Perse, 1959; 

Kornetsk;y, Humphries & Evarts, 1957; Kornetsk;y & Humphries, 1958; 

Primac, Mirsk;y & Rosvold, 1957; Mirsk;y, Primac & Bates, 1959; 

Schneider, 1960). TltlO tests on which decrements under chlorpromazine 

are quite consistent are the Digit S;vmbol Substitution Test '(Kornetsk;y 

~ al., 1957,; Kornetsk;y & Humphries, 1958) and the Continuous Perfor­

mance Test, a task requiring sustained and concentrated attention 

(Rosvold, Mirsk;y, Sarason, Bransome & Beek, 1956; Primac .!!?, .!!•, 1957). 

The Digit Symbol Test is also considered to require concentrated atten­

tion, in addition to good visuo-motor coordination and an element of 

learning (Wechsler, 1944). Mirsk;y & Rosvold (1960) attribute these 

results to impaired attentiveness produced through the depressant ac­

tion of chlorpromazine in the region of the mid-brain reticular forma­

tion. In support of this interpretation, Mirsk;y & Rosvold point out 

the similarity of chlorpromazine-produced decrements with those obtained 
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under sleep deprivation {Kornetsky, Mirsk;y, KUIIlen & Dorf'f', 1959)• 

Furthe:rm.ore, the EEG records of Ss und er chlorpromazine vere f'ound to 

have common f'eatures with tho se of centrence.ph&lic patients (Elkes, 1958). 

Olinical Findinss. 

An enormous body of literfture bas accum.ulated since the tiret 

English-language report on the therapeutic benetits of' chlorpromazine 

:tv'drochloride (Delay, Deniker & Harl, 1952). Thus in Bennet•s 1957 

review or etudies published in the 1952-1956 4-y-ear period, a total or 

962 references vere listed. 

Numerous reports of' the clinical ef'f'4cti veness of' chlorpromazine 

have been made on the basis of uncontrolled clinical trials, usual.l.y" 

on series of' patients belonging to wide~ different diagnostic cate­

gories. Most of' these are not studies in the proper sense of the word, 

since the,y make no concession to the basic rules of' experimental proce­

dure. Even the most elementar.y precautions against subjective bias are 

·frequent~ not tak.n. In an uncontrolled clinical trial with a mixed 

diagnostic group, Carter & Haley (1957) f'ound chlorpromazine to be par­

ticular~ effective in :tv'Peractive, :tv'perirritable mental detectives. 

Overall clinical improv•ent under chlorpromazine, involving more sub­

dued. and cooperative behaviour bas be en turt.her report.ed in emotion­

al.ly disturbed or immature :tv'Peractive patients (Freed, 1957; Fish, 

l960a, l960bJ Morris & Dozier, 1961), in hospitalized acting-out pat­

ients {Flahert.)", 1955), and in mixed groups or emotion~ disturbed 

children {Gatski, 1955; Htmt, Frank & Krush, 1956). Reports bas~ on 

uncontrolled trials, hovever, must be viewed vith considerable caution, 

since they may vell renect the enthusiaan of' the investigators or a 

"placeboid11 response {Poser, 1964) on the part of' the patients or their 

parents, rather than An)" genuine ef'f'ects of the cheadcal agent. 
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Favourable changes under chlorpromazine have tlso been reported on 

the basie of more controlled etudies. While the quality of the research 

methode used tends to be rather uneven, the following studies had at least 

minimal controle auch as a placebo group or condition. A reduced level 

of acti'rlty was reported by Bair & Herold (1955) for 10 hyperactive in-

stitutionalized defectives receiving the drug, as compared to a group 

receiving a placeboo In a larger study camparing drug and placebo 

groups for different diagnostic categories (Freedm.an, Effron & Bender, 

1955), a higher percentage of imprond cases ~ ~hlorpromazine wa.s 

found among the small samples of organic and :h7P•ractive schizophrenie 

childreno Improvement during chlorpromazine administration was also 

reported in an own-control study of 25 hyperactive em.otionallt disturbed 

children (Freed & Peifer, 1956). Fina.lly, a striking improvem.ent in 

musele control and coordination was produced for several hours a!ter in-
f 

jection in a group of severel;y spastic patients (Basmasian & Szatmari, 

1955). 

Two other investigations, howwer, have reported no clinieal im­

provem.ent. In a controlled study of hospitalized em.otionallf disturbed 

children, Lane, Buber & Smith (1958), found no signifieant differences 

in behaviou:r ratings after chlorpromazine treatment. More recentl;y, 

Garfield~!!· (Garfield, Helper, Wilcott & Muffl;y, 1962) also failed 

to dem.onstrate any superiority of chlorpromazine over placebo for the 

same type of subjectso It must be noted, however, that these negative 

resulta were obtained on mixed groups of emotionallf disturbed children, 

only a few of whom were hyperactive. 

In a general review covering the use of tranquilizers, Weatherall 

(1962) suggested that, in spite of the enthusiasm these drugs have 

generated, the.y might produce only limited therapeutic effects. 
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Grant (1962), on the other hand, in a review of the use of drugs in child 

pqchiat17, concluded that there were strong indications for the effect­

iveness of chlorpromazine in reducing excessive levels of activit,-. 

Further ..,stematic research is plainly neeessar.y before more definite 

conclusions ean be drawn. 

E.f'fects of Chlorpromazine on Leaming and Intellectual tunctioning. 

To the best ot the writer' a knowledge, only one controlled, double­

blind stud1 on the effects of chlorpromazine on learning in children has 

been published to date (Helper, Wilcott & Garfield, 196.3). Two sim­

ple lear.ning tasks were used in this stu~, an 8-item paired-associate 

task, and a lü-itc serial leaming task. Chlorprom.azine was round to 

produee a signifieant decrement on paired-associate lear.ning, espeoiall1 

on the later trialso Furthe.rmore, the decrement was reversed following 

removal of the medicationo No drug effects were found on the serial 

learning task or on the retention of either the serial or paired­

associate :material. Unfortunatel1 a mixed diagnostic grou}\,was used 

in this study, and no attempt was made to correlate the observed drug 

reactivit1 with specifie behavioural symptoms. 

One other stud1 refera to the e!tects of chlorprom.azine on leaming 

as one of the incidental tindings. In describing the behavioural im­

provement in ~eractives receiving chlorpromazine, Freed & Peifer (1956) 

mention that learning also seemed to be facilitated.. This statement, how­

ever, was: appar•ntly not based on s;rste:matic observations in an actual 

learning situation, but rather on the !act that most children received 

more favourable reports from their teachers while undergoing drug treat­

ment. Considering how much of a nuisance a ~eractive child could be 

in a classroom, it is difficult to sa1 whether these reports reflect the 

teacher 1 s relief at a child being more quiet, or the tact that a calmer 
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child would bave more opportunities tor learning. 

Wlth respect to global measures ot intellectual tunctioning, saœe 

improvement under chlorpromazine on the Wid...-Range Achievement Test was 

also reported in the Freed & Peiter (1956) etuey-. Binee the resulta 

were only brietly reterred to and the Ss eerved as their own controle, it 

is impossible to assess whether this tinding representa practiee etteeta, 

chance variation, or a reliable change due to medication. 

Some information on the effect ot ehlorpromazine on cognitive pro­

cesses is available from etudies using acute doses ot the drug on 

adult volunteers.. Drug differences were found to be negligible on 

taaksinvolving a cognitive eomponent, as opposed to simple sensori­

motor tasks (Delay, Piehot, Nicolas-Charles & Perse, 1959; Lehman & 

Csank, 1957)o When higher dosage levels were included, however, im­

pa.innent was tound on intelleetual tasks, in addition to psyehomotor 

retardation and drowsiness (Klerman & D1Maseio, 1961). 

Changes in IQ and other aspects ot cognitive tunctioning tollowing 

ehlorpromazine treatment have been measured in a series of etudies using 

either institutionalized mental detectives or hospitalized schizophrenie 

patients as Se., Because of the particular severity and complexity ot 

both these conditions, resulte of such etudiee remain diffieult to in­

terpret and contribute relatively little to an understanding ot the 

e.tfects of chlorpromazine on purely cognitive aspects of pertonnance. 

In a study which received wide attention at the time, Bair & 

Herold (1955) reported an inerease in IQ following administration of 

· chlorpromazine in the ir small sample ot extremely hyperkinetic insti­

tutionalized mental detectives. The drug and placebo groups were not 

matched for severity of symptoms in this stucy, but the drug sam.ple was 

made up ot the ten most agitated and hyperactive patients in the 
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institution. As m.entioned earlier, chlorpromasine was found to have a 

tranquilizing effect on tbese patients, ao that the;r became more coope­

rative in the test situation. There vere also indications that their 

m.uscle control and coordination, original~ quite poor, vere improved by 

the drug treatm.ent. Two subsequent studies, using more representative 

samples of detectives. (lan, 1957; Durling, Esen le Hautner, 1956) f'ail.ed 

te replicate the finding of increasea in IQ. 'l'his suggests that the 

original IQ obt'-ined on the Freed le Peif'er patienta was, in a sense, an 

underestimation of' their potential. Possib~ the effect of' the drug 

was to allow ·them to tunction at their O'Wll optimal 1evel by rem.oving the 

spurious innuence of their inabilit;y to ait still for a task, to exe­

cute movements requiring fine coordination, etc. the lack of signiti­

cant etf'ects on all the other, lesa agitated patients, atr«ng~ suggests 

that intellectual pertomance was not directl;y af'fected, 

Among the studies on schizophrenie patients, the findings regarding the 

effects of chlorpromazine on intellectual tunctioning are quite contradic­

tor;r. Improvements in IQ scores were reported in several etudies (Kovitz, 

Carter & Addison., 1955; Petrie & LeBeau, 1956; Gilgash, 1957 9 1961), 

while Abrams (1958) found that OIÙJ"' the Sim.ilarities subtest er the Wechs­

ler-Bellevue was significant~ improved. Theae reports can be· accepted 

only' with considerable reserYation, however, because of in-.clequacies in tu 
i ! . 

treatment of t~e datawhich have been discussed in detail b.t. Heilizer {l959)o 

No drug eftecis coula be demonstrated on most of the cognitive measures 

useclin a series of other etudies (Gibbs, Wilkens &: Lauterbach9 1957; 
', -. 

' Daston,~~ 1958; Gr;rgier' &: W•ters, 1958; Nikols, 1958), including an 8-1 ... 

serial learning task. (Whitehead & Thune.~~ 1958). On the Porteus maze, de­

crements under chlorprom.asine were reported by its originator (Porteus,l957; 

Porteus & Barcla;y, 1957) but no aignificant drug changes were found in 
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two other etudies {Hason-Browne & Borthwick, 1957; Grygier & Waters, 

1958). Here again, the conclusion of the Porteua etudies must be con­

sidered as only tentative because of a number of inadequacies in their 
. . 

execution (auch as aelecting the experimental and control patients from 

two different wards, adding subjects according to 111-specified and 

apparently varying criteria, and pre- and post-testing done by different 

experimentera). Finall;r, in a studJr by Vestre (1961), signiticant de-

crements were found in the retention of material leamed under chlor- · 

promazine, but acquisition waa not affected. 

In summary, the evidence on normal adult subjects is that acute 

doses of ~hlorpromazine do not affect intellectual performance, un-

less dosage is increased to the point of somnolence. Performance de­

crements were found on a paired-aasociate task, but not on seria! learn-

ing, in one studJr using a m:ixed group of seTerely" disturbed children. 

The evidence from studiea on mental defectives and schizophrenies is 

far from conclusive, but tends to suggeat the absence of drug effects 

on intelleetual functioning. 

The Present !nTestigation. 

The favourable elinieal reports on the action of ehlorpromazine 

tend to suggest that this drug may be eff~tive in redueing hyper-

activity. Other reports, however, suggest that the drug may have no 

appreciable effect on behaViour. In view of the need for further 

evidence, the present investigation was designed to assess the action 

of ehlorpromazine on a tttarget symptom" (Frey-han, 1959), hyper-

activity, in a. highly selected, homogeneous group of patients. Con­

trolled evaluations of change were made in the overall projeet on a 

number of behaviour measures and psychological test scores. Aceording to 

some clinicians (Freed & Peifer, 1956), any clinical improvement might 
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influence psychological tunctioning and drug effects such as reduced 

dist.ractibility might lead to an im.prcvemerl.t. in l ... ming ability. On 

the other band, fears have been expressed (Eisenberg, 1959; Fish, 

1960a) that tranquilization may be achieved at the cost of lowered men­

tal activity. If this were so, the use or a tranquilizing drug on 

school-aged children could have serious consequences. One of the aims 

or the present study, therefore, was to assess the effects of chlor­

promazine on the performance of hyperactive children on a concept 

leaming task. 
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CONCEPT WRNING 

Concept learning was defined by Smoke (l932)as the process of de-

veloping a s.ymbolic, but not necessarily linguistic, response, which is 
-· -· .. -

made only' to members of a p1rticular class of stimulus patterns and not 

to other stimuli. Developing the ability to distinguish exemplars 

from non-exemplars of the class one seeks to discriminate involves find-

~gthe predictive defining attributes appropriate in a given situation. 

In laborator,y investigations of concept formation the appropriate classi-

fication is an arbitrar,y one chosen as correct by the experimenter. 

Concept learning bas been distinguished from ordinar,y rote serial or 

paired-associates leaming because it does not lend itself to explana­

tions based on a single-unit theor.r of S-R associations (Kendler, 19611 

1963; Kendler & D9Amato, 1955; Kendler & Kendler, 1959, 1962; Kendler, 

Kendler & Wells, 196o). A characteristic of concept formation is'the 

leaming of a comm.on mediating response to a group ot objecta or situa­

tions (Osgood, 1953, p. 66a)o According to the mediation hypothesis, 

the extemal stimulus evokes an implicit symbolic eue in the subject. 

This, in turn, becom.es the immediate stimulus leading to the overt 

classification or identification response. 

In simple concepts the common characteristic m~ be a directly' per-

ceptual attribute of the stimulus such as shape, si,e or colour. In 

experimenta using this type of concept the stimulus aspects to be re-

sponded to are imbedded in var,ying amounts of irrelevant informa.ti'*, 

The task requirement is therefore abs'traction in the literal sense of 

»taking out", i.e. the singling out of the relevant stimulus attributes 

from the total contigurationo Thus in HullOs (1920) classical study 

i 
1 

1 

1 

~ 
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using Chinese ideograns the subjects merely bad to learn to discrimi­

nate instances which included a particular common radical (the •concept") 

from those which did not. Where relatively simple stimuli are used, 

(e.g. Suppes & Ginsberg, 1962), the subject may respond on either a rote 

or a conceptual basis. Consider, tor example, a set of stimuli var.ying 

in colour (red and green) and in shape (oh-cles and squares). A subject 

m81' respond correctly because he is choosing exemplars of the concept 

11 red", or he may have learned a list of 4 paired-associate it.,s (red cir-

cles ·and red squares require response 1, green circles and ·green squares 

require response 2). With more complex stimuli, involving several di-

mansions and several values along each dimension, correct responding on 
\ 

the basie of rote associations becomes increasingly ditticult ( Osler & 

Kotsk;y, 1964), since the memory load imposed by the total information 

available soon beca.es overwhelming. Conceptual classification of the 

stimulus dimensions reduces problem ditticulty up to a point,. but, as the 

nüm.ber of irrelevant. dimensions is :increased,. concept formation also be­

comas more ditticult (Archer, Boume & Brown, 1955; Boume, 1957; Bourne 

& Haygood, 1959; Boume & Pendleton, 1958; Pishldn, 1960; Battig & 

Boume, 1961; Meyer & Offenbach, 1962). 

Etticiency ot concept tormation depends on t~e optimum utilization 

of information from two different sources: the stimulus displq and the 

informative feedback following a responseo In order to make proper use. 

of the stimulus information, S needs the ability to single eut dimensions. 

or attributes of the stimulus complex:, ioeo the ability tor abstr~ction. 

Some dimensions must become teporarily salient, while responses to ir­

relevant eues inherent in the B8Dle stimuli JllllSt. be inhibited. Sal.iency 

mq be achieved by meâns ·of appropriate obsemng response•. (lf.yckotr, 

1952; Kurtz, 1955; Atkinson, 1961; Wright, 1964), acquired 



-24-

distinctiveness of eues (Rossman & Goas, 1951; Spiker, 1959), or the use 

of verbal labels, if available (Spiker, 1963; Horcross & Spiker, 1957). 

Ultimate success on a task, however, depends on S•s ability to modit,y his 

responses as a tunction of task relevance, i.e. b,y taking·informative feed­

back into account. 

A theoretical analysis of discrimination and of concept learning has 

been made by a num.ber of statistical lea.rning theorists (:Estes, 1950, 1964; 

Bush & Mosteller, 1951; Restle, 1955, 1962; Bower & Trabasso, 1963). 

These theorists consider learning as a stochastic process involving two 

distinct states: a learned state in which the correct response bas a 

high probability approaching unity, and an unlearned state in which the 

correct response has only' a chance probability of occurrence. . The tran­

sition between these tw states is seen as gradual by theorists who use 

the 11linear operator model" (Estes, 1950; Bush & Mosteller, 1955; Boume 

& Restle, 1959) and as discontinuous by those using an 11absorbing Markov 

model" (Estes, 1960, 1964; Bower, 1962; Bower & Trabasso, 1963; Theios, 

1963). 

Several of these theories (Restle, 1962; Bower & Trabàsso, 1963) 

assume that the S in a concept fonnation situation ia selective:Qr attend­

ing to or sampling eues from the stimulus display and that he is testing 

bypotheses regarding the relevance of these eues to the correct solution. 

'l'his process resembles the "focus sampling" strategy (Bruner, Goodnow & 

Austin, 1956) which Ss were found to adopt when confronted with long series 

of different, complex stimuli. The advantage of the aU-or-none as 

opposed to the incrementa! model in dealing with discrimination or con­

cept learning is the allowance it makes for the availability of symbolic 

mediating processes to s. In addition, statistical theories have pro­

duced several techniques which have proved usetul in the anazy-sis of data, 
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from concept formation experimenta (Estes, 196~; Trabasso, 1963; Suppes 

& Ginsberg, 1963).. 

Consider a S in a concept formation situation who IIAkee. a response. 

br .choosing,one b1pothesis from the total set of strat .. gies or Jvpotheses 

availa'ble to hilll. If the response is correct, the as8Uilption is that S · 

continues to use the same bfpothesis. If the reaponse is iacorrect, S 

dj;scards his h;ypothesis and resam.ples at random from the total set of Iv­

potheses ayailable to him (Restle, 1962).· WheneYer S makes. an error, 

he bas -pres'UIR&bl.J" not leamed anything of releYance about the concept. 

'lhe probability of his mak:ing a correct response on the next trial is 

still at the chance level, much as it was on the first leaming trial. 

The probabilitJ of a correct response following an error is therefore 

constant throughout the learning sequence.. As soon as S cbooses the 

correct Ivpothesis, however, he should start on a criterion run of co~ 

reet responses. Leaming is thus terminated br the choice of a correct 

strategy. This means that, during precriterion trials, ~·s choiees are 

based exclusiYel.J" on two types of strategies.. First, there are wrong 

strategies which would consistently lead to c~g the wrong stimulus 

altemative, such as "animals11 instead of 11flowersn. Second, there are 

irrelevant strat-egies which mat lead to either correct or incorrect re­

sponses depen4ing on the extent to which their conceptual content ovèrlaps 

with the concèpt correct in that particular situation (e.g., 11things tàat 

àre for girls" or 11things that _grow outside11 for 11flower"). It might be 

noted incidentall.J" that a hypothesis ~ be irrelevant both because it is 

too specifie ( 11two circles sidé br side11 instead of "two shapes a.nywhère 

in the picture11 ), or because it is too general ("the smallest11 or 11the 

least" instead of just 11 two"). There is no !. priori advantage to choosing 

more general or more "abetracttt hypotheses in a concept formation task. 
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The representation of pre solution errors as a stationary, indepen­

dant binomial process includes the assupt:ton that the S 1 s mEDOI'J' of his 

past performance is seriously lilllited. In other words, S is sampling 

with replacEIIlent from the pool of hy'potheses available to Mm {Restle, 

1962). This assumption :f'inds empirical Bùpport in a series of etudies 

(HG,-land & Weiss, 19.5.3; Cahill & Hovlan<i, 1960; Boume, Goldstein & 

Link, 1964) where the maJority of errors made in concept leaming could 

be considered errors of memor;y, i.e. they vere due to hypotheses inco.m.­

PJ,tible with infol"'l&tion provided. by' stiBÎ.uli presented. on earlier learn­

ing trials. This assumption seems particularly valid where, as in the 

present study, complex stimuli are presentecl in rapid succession. In 

other situations, however (Levine, 19,6.3), the assumption of sampli.as; 

wi thout replacement may be more appropria te .• 

A·slight modification ot Restle 1 s (1962} strategy-testing model bas 

been proposed by Bower & Trabasso (1963). In this version concept learn­

ing is seen as depending on two main param.etera. The first parameter 

retlects aspects of the S'a perceptual processing of' the stimulus informa­

tion, including attention, and depends on auch variables. as the saliency 

of relevant and irrelevant. eues 1 the discriminability of values of the 

relevant stimulus diaension, instructions, p:r,etraining1 etc~ The second 

is the condi ti~nipg parameter which gonrns th.e association of particular 
~ , . . 

stimulus values to responses and depends on. variables auch as complete-

ness and iœmediaa,y of feedback information. 

Under contiDuous reinforcement (CR) the critical feedback to S is 

provided by' the non-reinforced (IR) trials, which are a signal to change 

his basie for responding. As for reintorced trials in the precriterion 

stage, they must be due to irrelevant hypotheses the concept content of 

vbich overlaps to some extent with the concept content of the correct ~pothesis. 
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B.r leading to the repetition of an irrelevant hypothesis, reintoreed trials 

thus mere]Jr retard the ultim.ate selection of the correct one. This pre­

diction was supported in a study' by Gormesano & Grant (1958) where increa-

sing the partial validity of' eues increased the number of reinforced re-

sponses to criterion, but had no ef'fect on the number of errors. 

Leami.ng under CR should be facilitated by fie:x:ibility, or the readi-

ness to discard a hypothesis atter a minimum uumber of non-reinforcements 

(ideally - one). Having discarded the wrong hypothesis, S still bas to 
., 

decide what other hypotheses to use. The availability of different by­

potheses, therefore, (or the ability to form them) should also have a faci­

litating effeet on concept learning. 

An analysis of concept leaming und er a partial reinforeanent (PR) 

schedule bas so far not been attem.pted by ~ of the statistical learning 

theorists. Under PR, errors eonsistent]Jr f'ail to produce reiilf'orcement, 

but so do one half of the correct choices under a 50% schedule. Rein­

forced responses, when due to irrelevant bypotheses, retard the finding ot 

the correct solution in the same way as nnder CR. But, in addition to this, 

non-reintôrced trials also produce ambiguous feedbaeko If the NR was due to 

an error, the response strategy should be abandoned, but if the choiee was 

based on a correct h;rpothesis, it should be repeated in spite of the NR. 

Since S has no w~ of distinguishing between these two possibilities, non­

reinforcements are of little value in helping him reach the correct solution. 

Indeed, if S 1 s perf'onned striet]Jr in accordance with the above learning 

modela, concept leaming undttr PR would be quite impossible. 

One way of avoiding this diffieulty is to info:rm S that correct re-
1 

sponses will not neeessari]Jr be rewardedo Two basic strategies potential]Jr 

leading to a correct solution now become possibleo In the first strategy 

S does not discard his h;vpothesis atter any single HR but instead continues 
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using it for an indeterminate number of trials. Eventually' he would decide, 

on a probabilistic basis, Wbether the p~ff rate is likely to indicate a 

correct or an irrelevant bypothesis on his part., Where 1 as in this study, 

S does not lmow what level of reinforcement to expect (i.e. what percentage 

of the correct responses are being reinforced), this strategr can easil,y 

lead to adopting an irrelevant bJpothesis and a correct solution may never 

be reached. 

The other possible strategy involves searching for any attributes 

that all the reinforced stimuli have in common, e.,g., "every time I got 

it (the reinforcement) it seemed to be a nower, so I decided to pick 

flowers".. The usefulness of this strategy is limited by the extremel,y 

rapid fading of the immediate visual trace (Sperling, 1960), but particu­

larly by' the limit-ations of the immediate memory span (Miller, 1956). 

Oonsidering that, in the present experiment, a series of 150 different 

stimulus pairs were used to represent each concept, some for.m of encoding of 

the visual information presented clearly would. be required in order to 

ac hi eve a correct solution.. .Among Sa using this strategy, those able to 

encode information more rapidly would be more likely to reach a solution, 

other things being equal.. Haber (1964) for exam.ple, bas shown that the 

speed of encoding is positively related to accuracy. Learning should 

also be facilitated by' the availability of verbal labels auch as "flower", 

which would facilitate encoding .. 

A difficulty in anal,yzing the PR situation simply in term.s of the pro­

cessing of informative feedback is that the occurrence of non-reinforce­

ments under PR bas been repeatedly shown to produce a primary aversive 

motivational condition, frustration (Amsel, 1958, 1962; Amsel & Prouty, 

1959; Amsel, Ernhart & Galbrecht, 1961).. While the above were all ~ 

experimenta using rats as Sa, the frustrative effects of nonreward have been 
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demonstrated as well in token-reward situations with children (Lambert, 

Lambert & Watson, 195.3; Kendler, Kendler, Pliskoff & D1Araato, 1958; 

Penne;y 1 1960; Longstreth, 1960; Bolton, 1961). According to .Amsel 

(1962), a secondar,r for.œ of frustration develops over a series of learning 

trials through a pro cess of classical condi tioning and is referred to as 

rr, or fractional anticipator.r frustration. This, in tum, is seen as 

producing two different effects which are in competition during the inter­

mediate phase of the learning sequence: activating, or drive effects, and 

inhibitor.r effects producing a partial decrease in strength of the in­

strumental response. Under PR in the straight run~ situation, these 

conflicting tendencies are resolved by the conditioning of rf to the in­

strumental approach response. This resulta in increased vigour of re­

sponding in the 1ater stages of leaming and also provides a mechanism 

for explaining the increased resistance to extinction (the •Partial Re­

inforcement Ef.fect") commo~ found following .PR training (Jenkins & 

Stanle;y, 1950; Lewis, 1960). In discrimination learning situations, 

which can be considered as a particular case of PR (l<XY,C reinforcanent 

becomes possible o~ atter the discrimination bas been mastered), differ­

entiai eues are availab1e for the elici tation of approach and avoidance 

responseso The conElict mentioned above is simp~ resolved b,y increasing 

approaeh tendencie::s to the positive stimulus and increa::sing avoidance of 

the negative stimulus. 

One of the conditions used in the present study involved conceptual 

discrimination under a PR sehedule wbich, according to Jmsel's theor,r, 

should generate a considerable amount of frustration. The discriminator.y 

eues in the stimuli used, however, were more eonceptual than perceptual in 

natureo Thus incremental conditioning of an approach response to the 

positive stimuli would be extrem.e~ difficult, if not impossible, beeause 
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of the lack of comm.on perceptual elEDents. The inhibitory effects of 

frustration would be expected to remain dominant and to produce performance 

decrements in all ss. Furthermore, since hyperactive children are consid­

ere<! to have a low frustration tolerance, this formulation ~uld predict a 

greater performance decrement in ~eractive tban in normal children. 

The ract that acquisition proceeds lesa efficiently under PR than 

under continuous reinforcement has been established in a num.ber of etudies 

(Jenkins & St~ey, 1950; Lewis, 1960). The explanation in terme of 

frustration theor.y, bowever, is not the only possible one. As outlined 

earlier, the informative feedback available at the termination of each 

trial is considerably more ambiguous under PR tban under CR. Both of the 

general strategies which make solution possible in these circumstances 

place an increased strain on S • s memor.y and concentration. Whether the 

S is testing the saœe hypothesis over a series of trials, or is tr.ying to 

discover wbat all the reinforced stimuli bad in comm.on1 attention to task­

unrelated stimuli would interfere with perfor.mance. Considering that dis­

traction is also a symptom closely associated with byperactivity, this for­

mulation would also predict relatively greater perfol"'lance decrements in 

byperacti ve Ss und er PRo 

A possible way of separating the two effects would be to include a 

condition allowing greater.opportunities for distraction, without the frus­

trating effects of a high rate of non-reinforcemento For this reason a 

so-called Delay condition was introduced in the present study', in which Ss 

received lao% reinforcement for correct responses, but the intertrial iD­

terval was doubled from 4 to 8 seconds. The argument was that, under re­

lativèly massed trials, hyperactive Ss would do reasonably weil because the 

Qonstantly changing stimulus situation would help to maintain their atten­

ti~no Under more spaced trials, however, there would be increased oppor­

tunity for these children to engage in various task-irrelevant activities, 
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and performance decrements might be ex:pected on the basie of interference. 

Performance decratnts might &lao rosult frein the torgotting or decq of 

relwant stimulus eues during the delq period (Bourne, 1957; Beurne & 

Reatle, 1959). Recent work, hewever, has revealed a currllinear relation­

ship between length of intertrial intenal and performance on cencept 

formation (Bourne, Guy, Dedd &: Just.esen, 1965). Performance was found 

to im.preve, then wersen, as the intertrial interval increased trem. 1 to 

29 seconds.. The optimum point of this relation was round te depend on 

ether factors auch as leTèl of task ditficult;y. The .functional relation­

ship between performance md intertrial interval. thus appears cenaiderably 

more complex than anticipated on the basie of the earlier etudies .. 

Because the literature suggeata that hyperactive children have diffi­

cult;y with abstract, particularly num.ber, concepts, tw different types 

of stimuli were used in the present study'. The one set consisted of 

faudliar concept categories ( "nowera" and "birds11
) whieh previeua re­

aearch had show.n to be within the capabilitiea of children to solve 

(Oaler &: Fivltl,-19b1). The ether set invelved num.ber concepts, which are 

aaid to be particularly difficult tor hyperactive child.ren (Burke, 1960; 

Clcents &: Petera, 1962) and have been reported to be generally more 

difficult fer bot}\ ehildren and adult Sa (Osler, 1962; Heidbreder, 

Benale;y &: l"fl"', 1948), presum.ably becauso the;r are more 11abstraet" than 

ordinary "objectn concepts. 

Final.ly, as a cerollary te the main aima of this study, a reversa! 

phase W&S included following learning of each COnCept o One reaaon for ob­

taining reveriiai data was the canon beliet aong cliniciana that hyperacti Te 

Sa mq have generalized perseverative tendencies in apite of, er in ad~tion 

te, their marked distractibilit;y (Bradle;r, 1955; Eiaenberg, 1957; Clemente 

& Petera, 1962).. The reversa! scores were also of possible interest ae a 
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test tor the presence of' the PRE (partial reinforcement eff'ect) in a 

concept learning situation. Reversal scores have been used as aeaeures 

of' extinction by' seTeral authors (Wike, 19.5.'3; Grosslight, Hall & Scott, 

19.54). The second hypothesis to be tested therefore, was whether or not 

reTersal takes longer f'ollowing leaming under partial than learning under 

continnous reinf'orcement. 



-33-

METHOD 

Subjects 

A total of 65 children diagnosed ·as "hyperactive" and 99 normal chil­

dren, all from the Montreal area, participated in this studT. 

A. Clinical sample. 'l'he 65 Ss included in the clinicaJ. group bad 

been referred to the Department of PB7chiatq of the MontreaJ. Children •s 

Hospital, and were selected by" two staff p.,..chiatrists on the basis of 

criteria designed to make the sample as hamogeneous as possible. Al­

though the hyperldnetic syndrome includes a num.ber of different sym.p­

tams, a chronically excessive level of activit:y appears to be the cen­

tral, and most important one. For a child to be selected, therefore, 

h;yperactivit;y had to be the major presenting s;ymptom. In addition, the 

hyperactirlt:y had to be chronic (present since early childhood) 1 sus­

tained (present tbroughout most of the dq), and reported by" both the 

parents and the school. In order to minimize the effects of major con­

foÜnding factors, only children from 6 to 12 :years of age and of at least 

dull nomal intelligence were studied. The mean age for the sample wà.s 

8.6, with a standard deviation ot 1.5. The mean IQ was 103.8 on the 

Wechsler Intelligence Scale for Ch11dren (WISO), with a range of 83 to 

127. Ali but three of the c1inical subjects were bo:ys. Ss diagnosed 

as ps:ychotic or prim.arily neurotic were exc1uded from the sample. 

Since evidence of brain damage is present in seme hyperactive children 

and absent in others, Ss with definite indications of brain damage or epi~ 

leps:y were also excluded from the sample, with the aim. of turther increas­

ing the homogeneit:y of the group studied. 'l'he Ss were receiving neither 

drugs nor PS70hotherapy at the time of original assesl!llllent, and were living 
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at home vith at least one parent. The onlJ' treatment the;r received d.ur­

Snl~the:covee.otthe study was the administration of either drug or place­

bo. 

B. Normal saaple. The control Ss vere stud.ents from schools in the 

cit7 of Montreal and neighbouring auburban cODIIIlunities, who had. their par­

ents • pel'lldssion to participa te and were screened. by' the class teacher or 

scbool principal on the basie of the tollowing criteria: a) academie 

performance and estim.ated. intelligence level about average; b) normal 

progress in school, i.e. no record of failed grades; c) no indications 

or lmown histoey of behaviou.ral problem.s or emotional disturbance. 

The Vocabular,y subtest of the Wechsler Intelligence Scala tor 

Children was administered to the normal Sa, and they were chosen to match 

appropriate experimental subgroups of the hyperactive sam.ple as close~ 

as possible on both chronological age (CA) and Vocabular7 scores. The 

normal children ranged in age from 6 to 12 7ears inclusive, with a mean 

ot 8.9 and a standard deviation of 1.7. Their grade placement ranged 

tram kindergarten to Grade 6, as was the case tor the hyperactive Ss. 

Their mean scaled. score on the WISC Vocabular,y subtest was 12.0, with a 

standard deviation of 2.2. The mean Vocabulaey score tor ali hyper­

active Ss was 11.3, with a standard deviation of 2.8. The difference 

between the two overall sanples was not significant on a two-tailed test 

(t-..1.80, dt:l57). Separate means and standard deviations for age and 

Vocabular,y scores are presented in Appendix A tor all experimental sub­

groups. 
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.lpparatus 

The apparatus, shown in Fig.l, was designed and constructed in the 

Bio-Pbysical Division of the Department of Medicine, Johns Hopkins School 

of Medicine. It consiste of a J 2xJ 2x18-inch grey metal cabinet of which 

a 12xl2-inch panel faces the S. Centered in the upper half of this panel 

a rear-projection plexi-glass screen allows for the presentation of two 

contiguous 2 .3/4 inch square stimulus pictures. A response ke,y is 

located just below each stimulus picture. The marble rewards for 

correct responses are released through a 1 ca2 opening at the lower 

left-hand comer. The marbles are caught on the left-hand aide of a 

plastic tra1 attacbed b1 binges to the base of the front panel. The 

rE!IIl&inder of the trq consista of 10 grooves capable of holding a 

total of lOO marbles. 

The cabinet bouses a slightlr modified Bausch & Lamb Model 655 slide 

projector connected to a number of electrical rela1s and mechanical coœ­

ponents. Four main tunctions are performed h1 this deviee: 

a) stimuli are projected on the screen and remain there until the 

subject responds; 

b) a marble reinforcement is dispensed immediatelr following a 

correct response. The reinforcement mechanism can be adjusted to 

operate on either a continuous or a partial 1:1 fixed ratio schedule; 

c) immediatelr following S 1s response, and simultaneouslr with 

marble delivery where appropriate1 the shutter of the projector is 

closed and the screen grows dark; 

d) the next stimulus in the series is presented after a speci­

fied interval, which can be varied. 
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Fig. 1. Apparatus 
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Slide tra.ys bearing the stimuli are introduced and removed through 

an opening in the front panel. Operation of the appa.ratus is controlled 

b;r means of three push-buttons and a crank-knob located on the right-hand 

panel. In addition, an inconspicuous remote-control block with silent 

switches can be set for either partial or continuous reinforcement, or 

reversal of rein.forcement contingencies. 

Stimuli 

Four different concept problems developed by Dr. Sonia Osler were 

used1 which vere similar to concepts used b;r ber in previous etudies 

{Osler & Fivel, 1961; Osler & Weiss, 1962). Each concept was repre­

sented by a set of 150 unduplicated pairs of stimuli, mounted on 2x.2 

inch transparent slides. One manber o.f eaeb pair was the positive 

stimulus, i.e. it represented an exemplar of the concept, the other was 

negative and consisted of a non-exaaplar of the concep~. Le.ft-right 

position of the positive and negative stimuli was controlled .for each 

series of 150, b;r the use of semi-random seri•e avoiding runa of more 

than 4. 

Two different classes of stimuli were used: naturalistic pictures 

and geometrie figures. Each pair of concepts representing these two 

classes of stimuli bad been round in pilot etudies to be of appro:x:i­

aatel.J" equal difficult;r (Osler, 1962). 

1. Jaturalistic pictures. Flower and .:2!!:!! were the two naturalis­

tic concepts. On each slide a coloured picture of either a flower or a 

bird, constituting an exemplar of the concept, was paired with the pic­

ture of an object not belonging to the concept category. The two pic­

tures in each pair were matched relativel;y closel;y for total area, colour 
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com.bination and brightiness. Different exem.p1ars of the same concept, 

however, differed widelf in ter.ms of shape, eolour and total area. Ex­

amples of stimulus pairs for thé flower and bird concepts are shown in 

Fig s. 2 and 3 respectivelf. As pointed out by' Osler & Trautman {1961) 1 

such stimuli have the advantage of involving a very- large number of 

irrelevant dimensions without beeoming excessively complex or unfamiliar. 

While variations in the stimulus dimensions are random rather than syste­

matie, eom.plications of unequal familiarity or availability of verbal 

labels, which might tend to favour older and more intelligent Ss ( Osler 

& Five1, 1961) 1 are avoided. 

2. Geometrie figures. The two problems involving geanetrie fig­

ures represented the sane concept, the number tw, by' means of two 

different types of exemplars. 

The first, or black shapes, prob1em. involved black geometrie 

figures of apprèximatel7 the smne aize, distributed in a 5x5 grid over 

the stimulus area. The figures varied in number (from 1 to 5) and in 

shape ( cirele, square, triangle, cross and star). Shape and position 

were irrelevant dimensions, being varied entirely at random. Onlf the 

number dimension was relevant, and two figures, regardless of their shape 

or position, alw~s constituted the positive stimulus. The negative 

stimuli in this set consisted of a random assortment of either one, three, 

tour or five black shapes. An exam.ple of the stimuli making up this con­

cept ean be seen in Fig. 4a. 

The second, or coloured dots, problan consisted of cireular dots of 

equal aize, also distributed over the stimulus space in a random manner. 

The dots varied in eolour (red, yellow, blue, green and orange), but 
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Fig. 2. Sample stimulus pairs from the 

"flower" series . 
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Fig. 3. Sample stimulus pairs from the 

11bird11 series. 
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Fig. 4a. Sample stimulus pair from the 

"two black shapes" series • 

• • • • 

Fig. 4b. Sample stimulus pair from the 

"two coloured dots" series. 
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colour was an irrelevant dimension, being deter.mined at randam. The 

dots also varied in number from one to five, the number dimension being 

the only one relevant. The positive stimuli in this series consisted of 

two dots, regardless of colour or position. .An exam.ple of the stimuli 

making up this concept can be seen in Fig.4b. 

Procedure 

Each S was tested individually in four separate sessions. The 

instructions given below were repeated at the beginning of each test 

session, the section in square brackets being omitted for Ss in the con­

tinuous reinforcement subgroups. The aim of these instructions was to 

reduce, so far as possible, the differential effects of intelligence on 

the concept learning tasks, in order to maximize the possibility of de­

tecting ~ conceptual deficits peculiar to nyperactive Ss. The basic 

instructions were modeled on the s pecific instructions used by Osler & 

-.Weiss (1962) which resulted in the elimination of the effects of intelli-

gence. Furthermore, in view of the finding that older and more intelli­

gent Ss are more affected by a partial reinforcement schedule (Osler & 

Shapiro, 1964), additional instructions were given to Ss in the Partial 

groups?in an attanpt to reduce the effect of these two variables. 

Instructions: 

"This is a game we are going to play. Li sten carefully and 
I will tell you how to pl., it. · Here are two pictures, and 
here are two handles, one under each picture. In this gaœe 
you will always have to choose a picture. Now, first of all, 
alwqs make sure that you look at the pictures. Then, pick 
one of them and press the handle undemeath it. If you pick 
the correct picture, you will get a marble, like this (demon­
strate). If you push the handle under the incorrect picture, 
like this (demonstrate), you will not get a marble. Now here 
(third example), suppose you decide to choose this picture 
(point to it). Go ahead and push the handle. See how you get 
a marble? Pick up the marble and put it in one of these 
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grooves here. We will save it there until the end of the 
gae when we will count up how JUil)" marbles you have won 
altogether. 

The idea of this gaœe is for you to get as ~ marbles as 
possible, as o.rten as you can. If you look at the pic­
tures very carefull.1', you will find that there is some­
thing in these pictures like an idea which will tell you 
which one to choose in order to get a marble as often as 
possible. 

(Reem.ber, there are two kinds of pictures in this game, 
correct and incorrect ones. The correct pictures are 
the only ones that ever give you marbles, but - they 
don 1t bave to give you a marble every single time. 
The incorrect pictures never give you ~ marbles at all. 
So, in order to win the game, you w.:tll want to find out 
which are the correct pictures, the ones that ever give 
you any marbles, and choose them all the time.) 

Now we will start the real game. What are you going 
to do first? (If §. does not sq: ''look at the pic­
tures•, add:) If you look careful.ly and see which 
pictures give you the marbles, you w.:tll be able to win 
the game. At the beginning you .may have to guess, but 
try and figure out which are the correct pictures as you 
go along.• 

The hyperactive Ss were tested by appointment at the Montreal 

Children1 s Hospital. The control Ss were tested in their respective 

schools during regular school hours. Additional instructions were 

therefore necessary for the control §.!, to the effect that the task they 

were about to perform was not a school test and was in no way related to 

their regular school prograœme. 

Ss were tested until the.y reached a criterion of 10 consecutive 

correct respons es or for a maxim:mn of 300 trials (at which point each 

of the stimulus pairs would have been presented twice, since th:ere were 

onl.1' 150 different pairs of stimuli for each problem). If a S bad not 

reached the acquisition criterion by 150 trials, he was asked the 

following questions: 
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"Do ;rou have any idea at this point which are the cor:.ct picturee? 

••• How have ;rou been going about choosing the pictures?. • • Bow did ;rou 

lalow which picture to choose each time?" 

Depending on the ch1ld1 e answr, either the full instructions or 

only the second paragraph were repeated. If the child had not reached 

acquisition criterion by' 22; trials, the above procedure Wàs repeated 

once more. 

Whmever a S reached the acquisition criterion in lees tha.n .300 

trials, he was i.mm.ediateq awitched. to a second, reversal stage of 

lear.ning. On the t.irst trial following the acquisition criterion run 
c 

of responsea, the reinforc•ent contingenciea were reversed by' means ot 

the ailent remote-control awitch, without any break in the procedure or 

~visible manipulation on E'• parto For example, if aS bad been 

leaming the tlower concept and proceeded to choose the picture con­

taining a tlower 10 times on a row, on the eleventh trial he would no 

longer get a marble for chooaing a tlower because the stimulus wbich was 

~ a flower would now be reinforced. Testing was continued until a 

reveraal criterion of 10 consecutive correct responaee had been reached, 

or tor a maximum of .300 trials since the beginning of testing (appro.xi­

Jn&tel.7 one hour of testing). All Sa, including the Partial groups, re-

~ived continuoua reinforcem.ent during rever1al learning. 

At the end of each test session (i.e. when S had reached reveraal 

criterion or when .300 trials had bem completed) S was told. that he had. 

won the gae, the number of marbles won was counted. (Se had to retum the 
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marbles to the fpparatus), and each child was praised for his tine perfor­

mance. Each S vas then asked the tollowing question, and the subsequent 

ones if' l'lecessitated by his answer: 

"How did ;rou go about winning all tho se mar bles?. • • How did ;rou lmow 

wbich picture to pick each time?... Do 10u have an1 idea what the correct 

pictures looked like?". 

Final.l7, if' the S did not spontaneously manif'est his awareness of' the 

difference between the acquisition and reversal stages in the procedure, 

he was asked: "Was this rule you used the same throughctut the gam.e, or 

vere there different rules at different times?•. 

Design 

The study' vas executed in two phàses, aimed at answering two dif'f'er-

ent sets of' questions. In the. f'irst, or preteat phase, a comparison vas 

made of' the concept learning of' byperactive and normal children under two 

schedules of' reintorcanent and two different intertrial intervals. The 

second, or retelt phase, vas designed to assess the ef'fects of chronic ad-

ainistration of' chlorpromazine hydrochloride, as compared to an inert 

plac.ebo, on the concept leaming of h1Peractive children. 

1. Pretest phase. The basic design of the study' was a 2:x;3x2 fac­

to rial with replication on the third variable. 'l'he two t1PIS of Ss, 

hfperacti•es and normal controls, were randomly assigned to either of' 

tb:tee treatment conditions, Continuous, Partial or Dela1, the only re­

strictions being that age and average IQ be kept comparable am.ong the 

groups. 'l'he descriptive statistics for the different experimental sub-. 

groups are presented. in Appendix A. '!'-tests com.paring tne means of lv'-

peractive and normal Ss showed tbat none of' the dif'f'erencesin age vere 

statistically significant. Comparisons of' mean Vocabular.y scores gave 

' ' ' 
.... 

. ·: ... ; ~,._., ....... 

. ~ .... 
d' 
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nonsigniticant resulta tor all but the Del~ subgroups, wbere the difference 

between the normal and hyperactive Ss was significant at the 5:C level ( t-2.32, 

* dt-39). 

Ss in the Continuous groups recei ved loo,C reintorcement tor correct re­

sponses in a two-choice discrimination situation, with a 4 second intertrial 
_., 

(post-reintorcaent) interval... The Partial groups received 50% reintorce­

ment on a tixed ratio schedule (onlT ever,y second correct re&Ponse was re-

intorced, - again on a 4 second intertrial interval). Ss in the Del~ 

greups were on a continuons reinforcement schedule, but bad an intertrial 

interval of 8 seconds. All Ss under all conditions leamed the same t110 

concept problfllls in the same order: "fiowers•, followed b:r "two black 

shapes". 

2. Retest phase. As soon as the initial assessm.ent was com.pleted, b:yper­

acti ves from the Continuous and Partial groupa were assigned to a •medi­

cation" condition b:r means of a double-blind procedure. (Data were also 

obtained for the byperactive Del~ group but were not used because of the 

small num.ber of Ss in the drug and placebo subgroups). Approximately' 

hal! the Ss recei ved chlorpromazine h7drochloride and half a placebo 

identical in appearance. (25 mg tablets were used). Medication was ad.­

ministèred on an outpatient basis and dosage levels were indirlduall.y ad.­

justed according to the clinical judgment of the two staff ps:rchiatrists. 

The procedure used in drug administration was thus the same · as typical.J.y 

used in clinical practioe. A ma.xim.um dosage of 6 tablets daily' (150 mg) 

was imposed. The dosage range was from 37 to 150 mg dail.y for the 

* 'rhis failure in matching the Dela:r greups would make comparisons 
questionable if a significant relationship existed between Vocabular,y 
scores and performance on the taac• :waed in the study. As can be seen 
from Appendix 0, however, the re was ·no evidence of auch a relationship 
for either the hyperactive or the normal Del~ groups. 
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chlerpremasine grè»up, vith a meen ot lp6 mg daily, and tram 75 to 150 

mg d~ for the placebo group, with a mean of 140 mg dail1'. Medica-

tion vas continued tor a mi nimua of aix veeks or un til the clinical etfects 

vere considered b;y the psycbiatrists to have becom.e atabilised. 'the Ss 

vere then retested vhile still receiving medication at the prescribed in-

d.irldual dosage level. As a check on whether or not patients bad been 

takiag their medication, a ,urine sam.ple was taken at the time of re­

testing. This vas exam:tned (b;r a laborator,y technician) tor the pre-

sence of phenothiazine according to the m.ethod of Forrest, Fgrrest &t 

Mason (1961). Tt;e use.f.Ulness or this test proved limited, hovever, 

b;y the occasional occurrence of talse negatives, a difficulty others 

have noted (Gold, Griffith &t Huntsman, 1962). !he :pormal Ss were re-

tested atter an equivalent lapse of time. Al1 Ss received the SIIJle 

two problsa.s in the sam.e order, lt'bims•, tollowed b;r •two coloured 

A table giving the mean time intervals separating the administra­

tion or the different concept problems in each subgroup is presented 

in Appendix B • 

.3. Additional control samples. In the design described above, 

practice ettects, or ettects due to order ot presentation, are con-

tounded w.i. th possible differences in the di.fticulty level ot the two 

,problem.s aqministered. Counterbalancing at the prebls. level, however, 

vas not attempted at the outset, since this would have necessitateci a 

number or ad.ditional matched cella and only a limited num,ber or hype~ 

active Ss were available. Preliminary .analysis of th.e original data 

revealed signiticant differences en the problem variable along with an 

interaction showing these to be m5)st pronounced unde:r continuous 
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reinforcement. To check whether the observed differences were due to 

the order of presentation, differences in problem diff'icult;r, or both, 

the problems were given in a counterbalanced order to additional sam­

ples of 22 normal and 10 hyperactive Ss. These Ss received contin­

uous reinforcement with a 4 second intertrial interval, thus bringing 

to 4 the maber of subg:rou.pa tested under these conditions: 

lst conce~ 2nd ccmcm 

Normal Ss Flower 'l'wo ahapes 
Original samples 

Jtrperactive Ss Flower fwo shapes 

Normal Sa Two shapes Flow er 
Additional samples 

Hyperactive Ss Tw shapes Flower 

Wbile these control s•ples were not introduced until later in 

the stuey, care was taken to select the additional Ss in the sam.e 

manner and from the sam.e sources as in the original experiment • 
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WULTS 

PART I: PRE!'EST O<IIPARISOBS 

A. Oriterion Measures 

Three response measures were used to compare the overàll leaming per­

formance of ~ractive and normal Se under the various experiaental condi­

tions: a) naber of trials, b) naber of errors, and c) naber of rein­

forcements to a c~terion ot 10 consecutive correct responses or a maxi­

ma of 300 trials. Ss not having reached criterion within the ma.xim.um 

number of trials were assigned an arbitrary score of 300 on the trials mea­

sure. The distribution of solvers (Ss reaching criterion) and non-solvers 

for each experimental subgroup is given in Table 1, and can be seen to de­

pend on both treatment condition and snbject classification. The propor­

tion of non-solvers was significantl:y higher among the hyperactive than 

among the normal children (27% vs. 9%, ~ • 14.55, dt = l, p (.001). 

Furthermore, combining both types of Ss, there were increasing numbers of 

solvers in the Partial, Delay and Continuous subgroups (65%, SQ.l, 97%, 

r: 17.62, dt: 2, p(.OOl). 

The use of 300 as an arbitrar.r score for the non-solvers has the 

etfect of underestimating their perfonnance decrement. Consequentl:y po­

tèntial differences between experimental subgroups will be underestimated 

in proportion to the number of non-solvers in a given group. Because of 

the high proportion of non-sol vers among by"peracti ve Ss und er partial rein­

forcement, com.parisoris involving this partieular subgroup will yield con­

servative estimates of the group differences. 

Correlations with age and IQ estimate. · Product-moment correlation 

coefficients of the trials to criterion aeasure with chronological age and 
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WISC Vocabul&rT score.s are firesented in .A.ppeMiix -C. Significant negative 

corr"elations with age {older Sa requ1ring !Rer trials to learn) WC~~re round 

for the .Normal Continuous and B;rperacti ve Partial and Delq groups on the 

first. concept. :on the second concept, only the Normal Order Control and 

Delay- subgroups showed a s;gnificant negative correlation between trials and 

age. 

None of the correlations of Vocabulary scores with trials to criterion 

were significant for the first concept. On the second concept the corre­

lation of number of trials vith Vocabulary was significant .for only the 

Normal and B;rperacti ve Order Control subgroups (vi th the brighter Ss per­

.forming signiticantly better on this concept, "flower', preceded by "tw 

shapes•). 

:tt should be noted that the general lack of signi.ficant correlatione 

vith Vocabulàr,y scores t~ds to confira the effeotiveness of the detailed 

instructions in eliminating the differentia! ef.fects of intelligence op 

the concept learning scores. Chronological age was much more likely to 

affect level ot performance. 

St~e ·1. Basic . ex;eeriment. Heans and standard deviations tor the 

trials, errors and rein.forcements measures are presented in Table 2. In-

spection of the data suggested that the assumption of homogeneity of vari-

ance might not be tenable for these data, since there was a tendency .for 

partial reinforcem.ent to increase the varianceo Furthermore, \lai at~~ 

deviations _tended to approach the means iD. order of magnitude, ~o~-.rlT 

for the error measure. This is a fairly typical .finding in concept torm.a­

tion experimenta (Trabasso, 1962) and also agrees with Restle•s (1962) formili. 

.. _ ,..a,~_ ·_-· _- .,~_ '' i't;_'I.I. __ •• >JO_',._,~_~.--M~63;~:;M~~~~(f'M't'#rrtifti.i:.iJ1·- a learnin task. 
vif~~~ ~~·: ~~:,~ ·~:f. . 4'-l~ .~~.·~·.fiW~~ ~ " g 

Fmax tests (Winer, 1962) were used to canpare the variances and the size of 

the ratios obt~ed indicated that the variances were indeed not ho.mogeneous. 
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A square root transformation was conseqaentlY appli~ to the data and re­

sulted. in a significant reduct.~-on in the heteropneit;y of variance (p) .05 

for every J'max ratio considered). 

The transformed data were anal.yled according to a fixed factor model 

anaJJsis of variance (2 x 3 x 2 tactorial design with repeated measurements 

on the last factor), with an 1U1Wigbted11eans correction for lUlequal cell 

freq'\J,encies (Win er, 1962, pp.337, 342). Summaries of the separate ana.ly-

ses for th~ trials, errors and reinforcem.ents measures are presented in 

Table 3. To illustrate the interactions of the 3 n.riables, a graphi-

cal presentation of means of the transformed. scores appears in Appendix D. 

As the resulta in Table 3 indicate, trials and errors are closeJ.T equivalent 

as response measures and therefore will be e:um1 ned together, lea"f'ing a 

consideration of the reintorcements until later. 

On both the trials and errors measures, th' main effect for subject 

classification was significant at the .5% level. While the Ss x treatments 

interaction was not significant in these analYSflf, it can be seen from 

Appendix D that the overall Ss difference is dur in a large measure to the 

notably poor performance of the b7Peractive Ss ~der Partial reinforcement. 

Specifie normal-hJ'peractive comparisons, theref~re, were made separately' for 

each treatm.ent level, collaps~g data across PI'9blss. The resulta showed 

that the b7Peractive children did significant]J' more poor]J' than normal Ss 

* lUlder partial reinforcement (F • 3.65, df = 1,126, p(.05). The differ-

ence between the two types of' Ss was not signif'icant lUlder continuous re­

inf'orcement, i.e. either in the Continuous (F : 0.09, dt = 1,126) or in the 

Delay condition (F = 2.80, df' = 1,126). 

The main ef'fect for experimental treatm.ent was sig;nificant well beyond 

th• l$ level of confidence in the trials and errors data. Specifie compari­

so~s bet~~ the different levels, collapsing the data across problems, 

t The F Yalues shown in brackets are all f'or the trials measure. 
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ahowed that Ss receiving 1~ reinforcement for col"!"ect resJionses perform.ed 

at a signit.icantly higher level than those receiving partial reinforcement 

(F = 45.87, df = 11126~'for Continuons vs. Partial; F = 13.42, df • 1,126 
t 

for Delay vs. Partial, p(.p~, in both cases). Concept learning under PR 

thus appears considerably more di.fficult for all Ss. It is particularly 

difficult,- however, for the hyperactive Ss who are signif'icantly worse than 

the control Ss under this condition. 

No changes in the per'form.ance of normal children vere produced by 

usi.Îlg an increased intertrial interval (Continuous vs. Delay comparison, 

F = 0.02 for the first problem and F • 0.006 on the second problem). 

SimilarilJ, there were no signi.ficant differences between the Continuous 

and the Del~ groups for the hyperactive Ss. There was a trend for poorer 

performance on the first problem for the hyperactive Delay group, but this 

trend did not reach,statistical significance (F: 1.57 for the first problem 

and F = 0.63 for the second). 

The overall difference between the two problems (i.e. the two different 

test sessions) was signi.ficant at the 5% level of confidence on the trials 

and errors measures~ As can be seen from the cell m.eans shown in Appentix 

D, there was a m.arked :improvem.ent in performance from the first to the second 

problem for hyperactive Ss in the Continuous and Delay groups, and.aslighttrehdin 

the sam.e direction for hyperactive Ss in the Partial group. Such diff'eNJnces 

between the first and second problem were not evident for any of the normal 

subgroups, a fact renected in the signit.icant Ss x Problems interaction term. 

The main effect for problems and the Ss x Problems interaction were the 

only significant terms in the analysis of reinforcement scores {both at the 

5% level). The overall difference between the two problaas was not signifi-

cant for the normal Ss. The hyperactive Ss, on the other hand, received a 

* The F values shown in brackets are all for the trials m.easure. 
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signiticant]1' SlllaJ.f'r num.ber of reinf'orcements while learning the second 

concept than wbile learning the first one (in other words, the,r learned 

the second concept siglû..ticant]1' more quickJ.7). Inspecti~ of the cell 

means (Appendix D) suggest!J that this im.prov-.ent is particularq marked in 

the Continuous and Delay conditions, but this trend. (the triple inter­

action) did not reach st&iiJl;ical significance. 

The main eftects for treatments and for subject classification were 

nonsigniticant in the analysis ot reinforcement scores. This means that 

the average num.ber of reintorc•ents recei ved was essential.l1' the same tor 

all Ss, regardless of diagnostic categor,y, reinforcaaent scheclule, or 

intertrial interval. Since the relative proportions of solvers and non­

solvers varied aong the different experimeatal subgroups ( see Table 1), 

it appears that, given the aam.e average n'WII.ber of reintorcements, Ss mq 

or mq not reach a criterion level of performance, depending on other 

factors. Thus o~ the 3 response measures used, trials and errors were 

sensitive to subgroup differences, but reinforcements was not. Since 

trials is actual]1' a composite measure (consisting of eJ"rors + reinforce­

ments under CR), it is basicall1' the number of errors that retlects the 

relative leaming speeds of different experimental subgroups. 

Stage 2. Order control data. While significant problem differences 

were round on all three response measures in the original experim.ent, the,r 

are difficult to inteJ"Pret 'because of the confounding of practice effects 

(due to order of presentation) with the affects of problem difficulty. 

Counterbalancing for order of presentation was achieved at the continuous 

treatment leval b,y testing two additional Continuons groups ( 110rder Control11 

groups) Who received the two pretest problems in a reversed order. The 

data or the original and the •order control• samples vere then combined 

into a Latin square design for parposes of anal.Tsis. Separate ana.J.ysee 
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were done for normal and h;rperactive Ss, with corrections for unequal sample 

size being Jll8de in each case. There were 26 Ss in the original Normal 

Continuous group and 22 Ss in the Order Control sample (mean ages and Vocabu­

lary scores for both the normal and hy'peractive children are shawn in !ppen­

di:x A). Only 10 additional Sa' could be obtained for the a,yperactive Order 

Control sample, and their ages ranged from 7 to 9 years. For this reason 

only' the 7, 8, and 9-year old Ss of the original Byperactive Continuous 

group (a total of l3 Ss) were included in this analysis. 

Because of the close equivalence of trials and errors as response 

measures round in the previous section, only trials to criterion will be. 

used in these analy'ses. Mean trials to criterion as a f\mction of the 

concept leamed and or4• of presentation are presented in Table 4 for the 

normal and for the h;rperactive Ss. Surrmaries of the Latin square ana..qses 

tor both types of Ss are shown in Table 5. 

The differences between tbe two separate samples were nonaignilicant 

for both the normal and the ey-peractive Ss (F = 0.44 and 1.1;, respectivel;r, 

p ).05 in both cases), indicating tbat the original and the order control 

samples are quite comparable. This was to be expected, since the Ss were 

selected in the same manner from the same sources, althoùgh at different 

times during the course of the study. 

For the notwtal samples, the resulta showed signiticant ef.fects due to 

both type of concept l'f'obl• and order of presentation (both at the 5- level 

of confidence). The normal Sa thus show a signif'icant iœp~vement (posi­

tive transfer) in their performance on the second problem. The nature of 

the specifie problems involved, however, also has a signiticant effect, 

since the •two• eoncept appears to be :more difficult than the •tlower• con­

cept. It might be noted that for the original Continuous group the :mean 

nu:mber of trials was quite similar on both of the pretest problems 



-55-. 

( tfl. 6 vs. 89.1 trials). Since in this case the nover concept was given 

tirst, tollowed by the two shapes concept, it would se• that 8lf3' leam.ing­

to-1.-rn ettects resulting tram solving the tirst problem were obscured on 

the second J*,'"GblE. because ot the greater d.itticulty ot the two shapes con­

cept tor the normal Sa. 

In the IvPeractive data, on the other band, the differences due to 

order ot presentation werè highly signiticant (p <.Ol), but there vere no 

signiticant differences due· to the type ot concept (F =r 0.24). Thus 

under continuous reintorcement, b1'Peracti ve Sa show a large am.ount ot posi­

tive transter from. the tirst to the second concept, and this ettect is in 

no wa7 dependent on the particular concepts involved • 

.3. Reversal data. The reversal scores consisted ot the number ot 

trials to reversal criterion or a maximum ot 150 reversal trials. In a 

concept tor.mation situation only Ss who have reached the acquisition cri­

terl.on can be meaningtu.J.l.7 placed on a reversal. schedule. As was seen in 

the previous sections, there vere s.ystsatic differences in the number ot 

Sa reaching acquisition criterion anong the various exper.baental subgroups. 

As a result, reversal scores were available tor more normal than hyper­

active Ss and tor more Ss under continuous than under partial reintorcflll.ent. 

Similarily, the num.ber ot reversal scores available for slow lea.rners who . 

did reach criterion was llmited by the restriction ot a maximum ot .300< trials 

per session, (a S requiring 220 trials to learn the concept, tor example, 

would obtain a reversal score only it he reached the new criterion within 

80 trials). 
;· 

A turther complication in the analysis of reversal data arises because 

of the possibility ot a tunctional relationship between acquisition and re­

versal trials. While direct evidence on reversal measures is not available, 

several etudies (Lewis & Duncan, 195~; 1958) have shown that, the larger the 
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number or acquisition, trials, the 111aller the numbtr or trials to extinction. 

Similaril.y, in two etudies l5y Capaldi {1957, 1958), there was rast~r extinc­

tion following the larger ~umber or acquisition trials. Since 8,fSte.matic 

differences in acquisition scores vere round in the previous sections, 

correlations or the acquisition and reversal trials were calculated separate­

~ for the two pretest problem.s { using only Ss for whom both scores were 
i ' 

availJqle on each problem). These correlation coefficients are presented 
:· 

in Appeq,:ii.x E, where i t can be seen that 3 out or the 6 subgroups showed 

a signiticant positive correlation between the number of acquisition and 

reversal trials on the first concept, and a fourth group showed a trend in 

the same direction. On the second concept, however, only the order con­

trol groups showed a signiticant correlation. 

On the basis of these considerations onlf reversal data from Ss 
1 

closely matched (! 10 trials) on acquisition trials to criterion were used 

in the statistical analysis. Since correlations between acquisition 

scores on the tiret and second concepts were quite low for the normal Ss 

{ see Appendix E), matching across all six experimental groups was done 

separately for each concept. 42 matched Ss were available for the flower 

concept, and 30 tor the two shapes concept. Two separate two-~ anal.y'ses 

ot variance were done, comparing t.he t.wo types of Ss, normal and hyper-

active, and three treatment groups, Continuous, Partial and Delay. 

Surmnaries or these analyses are presented in Tables 6aand 6b. The resulta 

show that, w.lth number of acquisition trials controlled, there were no 

differences in reversal scores between the normal and the hyperactive Ss. 

According to these data, the clinical Ss had no difficulty in switching 

their responses upon reversal or the reinforcement contingencies. The 

main effect for treatments was also nonsigniticant, indicating that there vas 

no PRE {partial reintorcement effect). Ss Who leamed a concept Wlder PR 
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did not require more trials on reversal, so long as the;.r were matched on 

number ot acquisition trials. Since this study was not basic~ designed 

to study reversal, however, and be cause ot the small number ot matched Ss 

available, these timings must be considered with detinite reservations. 

B. Learning Curves and Response Sequence Anal.yses~ 

In addition to the criterion measures presented in the previous sec­

tion, the response sequence data were ana.J.yzed in several ditterent w~s. 

These analTses were aimed at uncovering s.ystematic ditterences in trial­

to-trial pattems ot responding that might provide additional information 

about the concept formation process in normal and hyperactive children. 

Onlf the pretest data ot the original saœples were examined in this 

manner. 

1. Group Leaming curves. Group learning curves vere tirst obtained 

in the traditional manner, that is, by summing the errors made by all Ss in 

a block ot trials, and dividing by the total number ot trials in that block 

(i.e. dividing b.Y number ot trials in block x total number ot Ss in group). 

The resulting curves are shown tor the various experimental subgroups in 

Figs. 5 to 10, where they are identitied by the caption •aU subjects•. 

As can be seen !rom the figures, these curves appear to be negatively 

accelerated tunctions, a type of tunction frequent~ obtained in plotting 

leaming data (Hull, 1943, p.ll6; Osgood, 1953, pp.329-330). In other 

words, they present the picture of a more or lesa gradual decrea.se in errors 

over successive blocks of trials. In order to test the statistical signi­

ticance ot this decrease, the error data were cambined over blocks ot lOO 

trials. Blocks ot trials were then used as the third variable in a 3-way 

analysis · ot variance involving agai.n the two classes ot Ss, normal and 

hyperactive, and the 3 treatment groups as the other two variables. Sepa­

rate analyses, based on the same model as in the previous section, were made 
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for each of the t'WO pretest problems. Because t~e assumption of homoge­

neity of variances was not satisfied b.y these data, a log :d-1 transforma-

tion of the scores was used in the calculations. Summaries of the two 

separa te analyses are presented in ',rable 7. Mean errors ( transfonned scores) 

as a tunction of blocks of 100 trials were plotted for all subgroups and are 

show.n in Fig.l3 in order to facilitate camparison between groups. 

The decrease in errors over blocks of trials was highly significant 

on both concepts, but it was not uniform for a1l subgroups, as indicated by 

the significant interaction terme. Thus, on the flower concept, the re-

duction in errors o*tlr trials was significantly greater for the normal then 

for the bJperactive Ss. In addition, the decrease in errors over blocks 

was most pronounced for Ss in the Continuous groups and least obvious for 

' the Partial groups, with the Delay groups being inter.mediate between the 

other two (Blocks x Treatments interaction significant at the 5% level). 

As can be seen from these resulte, the group differences revealed b.y 

analyzing the change in errors over trd.als are essentially the same as those 

obtained from analyses of criterion scores. Both types of measures show 

that there are significant differences in the efficiency with which the 

different subgroups reach a criterion level of performance, whether this 

efficiency be expressed as a smaller number of trials or errors to cri-

terion, or a smaller proportion of errors be~g committed by the group at 

each stage of the learning session. The reasons for this similarity lie 

in the manner in which the points on these curves are calculàte4...,<., , Since 
- .~·A '·' 

the num.ber of errors made in a block or trials was divided throughou~; ;br the 

total num.ber of S's; successive points on these curves represent a composite 

of Ss no longer making errors (i.e. Ss in the post-criterion stage) and those 

still engaged in learning the concept (i.e. Ss in the pre-criterion stage). 
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Where, as in the present experiment, .different Ss reach criterion at arrr t:ime 

throughout the tes~ session, the ordinar,y group learning curve becomes merelf 

a piètorial representation of' the relative eff'iciency with which groups mas­

ter a :problemo Strictl;y speaking, therefore, the all 11Ss11 •curies, in ·i'igs~; to 

lO.llould more properl;y be labeled curves of group performance, rather tha:n 

c~és of' learning • 

.A .f.Urther dif'ficulty ri th average curves obtained in this manner is 

that they need not have the same ·shape as their indi vidual components 

(Merrell, 1931). Indeed it can be shawn that for. the negativelf accel­

erated f'unction, the component curves could not be tunctions of the same 

nature (Sidm.an, 1952). Consequentlf these group performance curves can 

give no indication of the shape of the lea111ing tunction for individual Ss, 

and cannot be expected to reveal differences in precriterion performance 

that might help to account for observed differences in learning efficiency 

àilong the different groups. 

2. Precriterion curves. When errors as a tunction of blocks of 

trials vere plotted. for individual Ss, the resulting curves in no vay re­

sembled the group curves presented above. Examples of individu&! lea.rning 

curves for 4 different Sa are given in Appendix G. Regardless of the num­

ber of trials necessary for learning, no gradual improvem.ent in performance 

could be observed. This stronglf suggests that learning the concepts was 

not accomplished by a gradua! strengthening of associations between relevant 

aspects of the stimulus complex and the overt choice response. The propor­

tion of errors over successive blocks of trials seemed to fluctuate randomlf 

around the chance level, and the shift to a criterion level of performance 

was always sudden, occurring within a single block of trials. The shape 

of the individual learning curvea was thus consistent with •ill-or-none" 

descriptions of the learning process. Similar resulta have been found in 
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a number of etudiee {Suppes &. Ginsberg, 1962; Trabasso, 1963; Trabaa.se &. 

Bower, 1964 a, 1964b). 

In order to m.ake group c•parisona, sroup leanûng curves retlecting 

the characteristics of the indi'l'idual curTea se.ecl desirable. Such 

curves can be obt~ed by' plotting data frem the precri terion sequence 

only 1 i.e. from the sequence of correçt and inconect responses made b.T S 

prior to his l•at error (:Estes, 1964; Trabasso, 196.3). For eacb block 

of trials the 1\llJilber of errors, ._ed. owr Ss, was dirlded b.T the number 

of precriterion:t;.rial.J, rather than the total nlmlber of trials, as. for the. 

"all Ss" curves. TM.s has the adTIBt.ge et harlng only Sa who are s~ill 

actiTel.7 1-earn.ing·repre~wd on-the ~. ····fhese-are· the apper -curves 
. - ' .. 

sho1fll in Figs.; to 10, where the;y are idtmtified by' the caption "precriterien 

Ss". lt Jtuat be noted. that the nuâber of Sa in the precriterion stage de­

c~eases -~ l:mn' trials for most. groups (as can be seen from. the slope 

of the "all Sa• curves shown in the saœe figures). As a result, the number 

of Sa repres~ted by' each point on the pr,criterion curves decreases acccor-

dingly. In ordèr to eliminate extremes in the disproportionali ty thus in-' 

treduced, the ·precriterion curves shown in the figures were truncated at 

the peint where the number of Ss drepped to ;. 

a) 'l'esta !&!: sta1tionaritz. As can be seen in tite .f1gures9 the 

precriteri:cm cumS'- •es tu remain earsenttal.ly parallel to the x-axis 
·~ . 

throughout their course, with the exception of apparentl7 :>~ up-ud-

dow.n fluctuations. A statistical technique for testing the stationarity 

of auch curves has been ~eveloped (Suppes &. Ginsberg, 196.3) and was 

applied to the present data. Chi-equare values vere calcuJ.a.ted fol' eaah 

curve by using the proportion of errors in 1n7 block or trials as the ob­

sel'Ted value, the over-all mean tor the whole curte as the e:x:peeteci 

value9 then 8U11111ing., th_. ov.-Jslocks.· ;lk':r~r ~~~!~~~,,., 
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by tpe decreasing number of Ss would affect the statistic. Blocks of trials 

were combined, therefore, for analysis wnenever the total number of trials 

in a block was less than 1/3 of the number of trials in the first block. 

For curves stationacy around their olm. mean, the chi-square obtained in 

this manner would be small and statistical.ly nonsignificant. A large chi-

square value, on the other hand, would mean that a num.ber of the points on 

the curve deviate (in either direction) .from the over-all mean value. 

The chi-square values obtained from the present data are presented in Table 8, 

under the heading "chi-square around own mean". These resulta show that 

most of the cwrves considered are stationary around their own mean. In 

other words they are essentially' parallel to the x-axis throughout their 

course. For three or the curves, however, significant chi-squares were ob-

tained. These were the curves representing the performance of the hyper-

active Continuous group on the "Flower" concept and the normal Partial group 

on both the "flower and "two shapes" concepts. Judging from the shape of 

~~e curves iQ Figs. 6 and 9, this does not represent a systematic change 

over trials for any of these three curves, but rather a consigerable amount 

of fluctuation in the proportion of errors. 

b) Chi-squares around chance level. While the Suppes & Ginsberg 

technique provides a test o~ the stationarity o~ curves over trials, it 

does not necessarily indicate performance at a randam, or chance level. 
1 

Consider, for example, the curves for the NC gro~p on the "two shapes• con-

cept (Fig.5) and for the HP group on the "flower" concept (Fig.lO). The 

chi-square values were nonsignificant for both these curves (see Table 8), 

indicating _stationarity. Yet an examination of these curves with respect 

to the chance level shows that the majority of the points for one of the 

curves {HP "flower", Fig.lO) lie above the chance level, whereas the con­

verse is true for the other curve. {The probability of making an error on 
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the basis of chance &lone : .S in a two-choice sit};lation). In order to 

ass•ss the significance of.such differences, a different set of chi-square 

stat1Btics were calculated, this time substituting • 5 for the group mean as 

the ~ected proportion of errors in each block of trials. The resulta 

are aga.in shown in Table 8, under the hea.ding "chi-square around chance 

level". 

According to the se analyses, a nwnber of the curves deviate from a 

chance level of random performance to a highly significant degree (1% level 

of confidence). Examination of the mean proportion of errors for each 

group (Table 8), as well as inspection of the curves indicate three dif­

ferent patterns of deviation. First, the proportion of errors may be 

consistently am.&ller than chance e:x:.pectation. This appears to be the 

case for the Normal Continuous group on ~he second concept, and for the 

Normal Partial group on both concepts. Second, the proportion of errors 

over blocks of trials may be consistently larger than would be expected on 

a random basis, as in the case of the HYPeractive Partial group on the 

first concept. Finall.y, in the case of the Hyperactive Continuous group 

on the first concept, the significant chi-square seems to reflect the ex­

cessive magnitude of the up-and-down fluctuation over blocks of trials. 

c) Nonrein:torcement. data :tor Part.ia1 subgroups. '.rhe anal.Jrses report.ed 

above were all based on error data, an error being aQT choice on a non­

exemplar of a concept. Under continuous reinforcement an error is equi­

valent to a nonreinforcement and a correct response to a reinforcement. 

In the PR condition, however, 5~ of the correct responses were not re­

inforced. A number of the nonreinforcements thus stood for correct re­

sponses, indistinguishable from the errors on a feedback basis. As a re­

ault, data obtained under partial reinforcement can be dichotomized in two 

different w~s, correct versus incorrect and reinforced versus non­

reinforced responses. 
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Sinde the chi-square technique used in the previous sections was devel­

oped on data obt.ained under continuous re:iJnforcement 1 and there is no 

precedent for extending this analfsis to a PR situation, the reasons 

for choosing the correct-incorrect dichotQm1 will be considered brieflr. 

The màin aim in plotting learning cl,lrYes is to examine any changes 

in the frequency of correct responses OVer tri.àls. Wbenever the S h4S 

leamed the correct concept, he will indicate this b;y choosing onl1' 

«D~aplars of that particular concept \categoey, regardless of the rate 

of reinforceent prorlded. The correct-incorrect dichotom;y is thus 

the most m.eaningfu.l one to use under PR, in spite of theoretical con-
·, 

siderations wbich would attach a prime importance to the occurrence of 

a non-reinforcement (Atkinson, 1956; Bower, 1961; Estes, 1964}. Fur-
'i ' 

thermore;, it is evident that the number of non-reinforcements received 

b;y a S under PR is prim.aril1' a function of the num.ber of errora that he 

m.akea in any block of trials. To this is ad.ded a constant fraction 

(one half) ., of his correct choices which are also not reinforced. 

Thus 
Pnr = p• + l/2 ( 1 - p•) 

where Pnr is the propbrtion of nonreinforc-.ents per block of .. trials 

and Pe is the proportion of errors. The relationship to the chance 

lèvel is therefore the same for non-reinforcement and for error eurves, 
. . . 

as can be aeen by compari~ the corresponding chi-square values in 

Tables 8 and 9. Thus the non-reinforcementa ,curve for, the hyperactive 

Ss on, the tlowe,r concept is still signifieantl;y above the .n.w chinee 
. . ,-,.-,...,, . 

ievéi ( .75), and the corresponding c~ve for the normal S,;s is, stÙl. be-

low the chance level. The only change in the non-reinfonœnent data is 

with respect to stationarity, the up-and-do~ fluctuations in the curves 

becoming more attenuated.. This is simpl1' because the sam.e deviations 
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(fluctuations in error) are now assessed at each point within a larger 

proportion ( errors plus nonreinforced correct responses) of the total 

number of observations. 

d) Hean proportions of errors. The mean proportion!~' ;Of .. ·.ft'J'O'rs 

to correct responses per block'of'lO trials, which were used in the 

tests for stationarity, are shawn in Table S. Comparing the columns 

for normal and hy'peractive Ss~ the mean proportion of errors can be seen 

to be consistentl.y higher tor the hy'peractive samples. This would 

have 'been expected only for the hy'peracti ve Partial group, for whom 

the mean number of errors to criterion was significantly higher. The 

difference also holds, however, for the Continuous and Dela, groups 

who were not significantly different on the criterion measures. In­

deed, for the Continuous groups on the "tw shapes" concept, the mean 

number of errors to criterion was twice as large as i;.hat!.:~o:f! the:nortaal: sample, 

(see Table 2), although, as was sèen earlier, this difference was not 

statistically significant. In short, it would appear that the byper-

active Ss produced a higher proportion of errors per block of trials 

regardless of the length of the precriterion sequence (i.e. speed in 

reaching criterion) .. 

Fina.lljr, compa'ring the : two concepts learned by each experiiltental sub­

group, it can be seen in Table S that, for the hyperactive Ss, the mean 

proportion of errors was consistently lower on the second concept. 

For the normal Sa, a reduction in the proportion or errors occurs in the 

Continuous and Delay groups, but the Partial group shows an increase. 
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PART II: RETEST DA'tA 

1. Chlorpromazine-Plac,ebo Comparison. 
s 

All ~ractive Ss were retested while on medication, but oniT the 

data from the Continuous 1nd Partial groupa will be conaidered in this 

section. The Delay Sa were not included beeauae the n'Wilber of Sa 

available in the separate drug and placebo subgroups was too àall tor 

reliable comparison. As for the Order Control ample, they recei "nd 

a different kind of medication, being uaed tor another atudy. •On 

drug11 ntest data were available for 19 or the original 20 Sa in the 

Continuous group and 18 or the original 20 Sa in the Partial group. 

or the 3 cases for whom retest data were not obtained, one was due to 

the child'a retusa1 to undergo more testing, the other two to the 

parents' not returning for retest aasessment. In the continuous re-

infoi'DIIImt subgroup, 10 Sa bad received the drug and 9 the pla~ebo. 

In the Partial reinforcement subgroup, both drug and placebo categories 

contained 9 Sa each. Mean ages, I.Q' a and Voca.bul1.17 scores for these 

aubgroupa are given in Appendix A. T-teats comparing the drug and 

placebo samples on tbese three measures indicated that they were not 

aignificantlf different. 

ill Sa nceived the same two retest probl•a in the aae or4er, 

•bird•, followed b,y •two coloured dots". !be sequence in whicb the 

various concepts were administered throughout the stuc:IT can QaiJ SUDl-

marized as followa: 

.. 
Prete at B. et est .. 

lat. session 
ll 

2nd. session 
lB 

lat.2feaaion 2nd.~ession 

Flower Two shapea Bi rd Two dota 
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It 'Will be rsacbered that the "fiower11 and "bird" concepts used. 

the aae type of stimuli and bad been :found of approxim.ately equal 

di:f:ficult7. The number concepts involved. a different type of atiœuli 

and were also conaidered to be equivalent. In order to illuatrate·the· 

di~ction and magnitude of test-reteat changea, mean difference acores 

for each type of problem. (lA - 2A; lB - 2B) are preaented in Table 10 

as a joint tunction of drug tréatment and rein:forcement schedule. For 

purpoaes of campariaon the ~ivalent preteat data, aeparated. into drug 

and placebo aubgroupa, are alao included in this table. Statiatical 

treatment of the data, however, was done by means of the analyaia of 

covariance, aince the analfsia ot difference acores tenda to be leas 

precise and reliable (Nash, 1960). Each criterion measure (reteat 

score on a concept) was paired with a aeparate covariate measure (pra­

test score on the equivalent concept). Because adjustments were re­

quired by the repeated meaeurea teature of the experimental design, 

aeparate c&lculationa were m.àde for the Continuoua and. Partial euh­

groupa in order to simplity the analyses. The resu.lts for thé hyper­

active Continuons and Partial groupa are summarized in Table 11. The 

drug-placebo compariaon vas nonaignificant in both cases, indicating 

that chlorpromazine bad no s.ystematic e:ffect on the learning of the 

retest concepts. The differences due to type of concept problem 

were &lao not aigni:ficant in theae analyses. 

2. Trans:fer Effecta, Reteat Compariaona. 

Because of the absence of a7atematic effecta due to medication, 

the reteat data of the chlorpramazine and placebo subgroupa were co.m­

bined at each level of reinforc•ent, gi ving now a aample of 19 hyper­

active Sa under continuoua, and 18 Sa under partial reinforcem.ent. These 

combined data were then uaed for a comparison of reteat performance for 
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th• hyperactive and normal Sa. Type of concept problem was the other 

n.riable, and separate analyses were done for Sa under continuons and 

those under partial reinforcement. 

The normal Sa were retested &fter a period of 6 to 8 weeks without, 

of course, any intervening treatment. This time interv&l. was chosen to 

match the estimated time it would take for the drug effects to become 

stabilized in the hyperactive Sa. In practice, how.ver, a delar was 

introduced in the retesting of the clinic&l Sa due to the procedure or 

testing by individual appointments. The average time interv&l.s be­

tween all test sessions are given in AJPendix E and show that the test­

retest interval was an average of two weeks longer for th• byperact~ve 

Ss. ij~cause of the possibility of bias due to these differences, cor­

relation coefficients were calculated between the test-retest difference 

scores and the time interval in days for ail four experimental euh­

groups. The resulta, presented in Appendix F, show that there was no 

systematic relationship between the length of the time interval and the 

magnitude of test-retest change. Any bias due to the differences in 

the test-retest intervals is therefore highly unlikely. 

The data were analyzed by means of analyses of covariance in the 

eame manner as in the previous section. Retest scores on the two 

types of concepts constituted the criterion measures, with the equi­

valent pretest scores serving as covariates. The resulte of the 

separate analyses for Se under CR and under PR are show.n in Table 12. 

In both analyses there were no significant differences due to probl.m 

ttpe for either normal or hyperactive Ss. The differences in retest 

performance betw~en normal and hyperactive Ss were not significant under 

continuous reinforcement. Under partial reinforcement, however, the 

difference between normal and hyperactive Ss was significant at the l% 
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level ot confidence. Even with pretest differences controlled tor, 

the hyperactive children still did signiticant~ more poor~ t~ the 

control Se under PR. Indeed, the magnitude of the difference had in­

c~eased (F significant at the l$ level, inetead of the 5% level in the 

pretest phase). This was due '\;o the tact that the perfol".~Qance of the 

control Ss improved significant~ on the retest sessions, wbile the 

hyperactive Ss in the Partial group showed no eytdent improve.ment 

over their pretest performance. 
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Supary of Resulta 

l. In a standard concept formation situation, i.e. given con­

tinuoua reintorcment with &4 sêèOndintertrial mtepal, hi'Per&Ctive 

children can reach a criterion level of performance as efficientlf 

as normal control Sa. While both groups reached criterion equallf 

quickly, differences in the shapes of their leaming curves suggest 

possible differences between the groups during the pre-solution 

phase. 

2. Under continuoua reintorcement1 th• nyperactive Sa show 

positive tranafer effects from the tiret to the second problem which 

are independent of the n~rture of the particular concepts involved. 

Transfer effects in the normal Sa, however, depend on both the nature 

ot the problems and the order of their presentation. 

3. Doubling the intertrial interval from 4 to 8 seconda bad no 

etfect on the performance of «ither hyperactive or normal Ss. 

4. Leaming under a 5e>:' partial reinforcement schedule ia more 

dif'ficult for both normal and ll,;y'peractive Sa. The nyperactive Se, 

however, perform significantlf more poorlf than the normal control 

Se in this condition. Indeed, on the tiret problm, 65% of the 

hyperactive Sa t"ailed to reach a solution within 300 learning trials. 

Precriterion learning curves show the hyperactive Sa to perform at a 

random level on the second problem IDd to make conaiatentlf more errors 

on the first probl• than would be expected by chance. The normal 

Sa perf'ormed at a better than chance level even in the precriterion 

stages of both pretest problema. 

;. Thexoe.weJ!'• no s;ystem.atiç chan.ge-.4.p,;jobe,proportion of errors 
•/tl, . .,. .• .''•. t • ' . . (; ·' . 

over precriterion trials for any of the groupso 
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B. Dnut resulta and reteat com.j?ariaopa. 

1. The b.vperactive Sa varied eon•iderab~ in the •ount and 

direction of teat-reteat change. . Ho s.yete.atiç differences could be 

tound, however, between the h;rperactive Sa treated with chlorpromazine 

and those who receiV.d an inert placebo. Chlorprom.azine thua bad no 

etfect on concept learning in the. present experiment. 

21 There were no significant differences in retest perfor-mance 

between the hyperactive and normal Sa under continuous reintorcanent. 

Under p&l!tial reintorcement, however, the ~ractive Ss still ahowed 

highly significant decrements as compared to the normal Sa. 
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TABLE 1 

NUMBER OF SUBJECTS Pm GROUP WHO REACHED CRITERION PERFŒMANCE 

Treatment 
Subjects groups Concepts Sol vers Non-sol vers Total 

.• 

Flower 26 0 26 
Continuous ' 

Two shapes 25 1 26 

Flower 22 3 25 
Normal Partial 

Two shapes 20 5 25 

Flower 25 1 26 
Delay 

Two shapes 23 3 26 
1 

Flower 19 1 20 
Continuous 

Two sbapes 20 0 20 

Hyper- Flower 7 13 20 

active 
Partial 

Two shapes 10 10 20 -

Flow er 11 4 15 
Delay 

Two shapes 13 2 15 
-
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TABLE 2 

PRETEST DATA 

HEANS AND STANDARD DEVIATIONS FŒ TRIALS, ERRŒS AND REINFŒCEMENTS 

TO CRITJ!2ION œ. MAilMUM OF .300 TRIALS 

Treatment Problem 1 Problem 2 
Subjects groups (Flower) ( Two shapes) 

Mean SD Mean SD 

Continuous Trials 87.6 61.8 Trials 89.1 7.3.2 
N26 Errors .37.6 29.5 Errors .35.0 3.3.9 

Rein!. 50.0 .34.5 Reinf. 54.5 41.1 

Mean SD Mean SD 

Normal Partial Trials 162.6 86.1 Trials 154.5 100.9 
N 25 Errors 68.8 42.0 Errors 68.8 54.8 

Rein!. 47.9 26.0 Reinf. 48 • .3 25.5 

Mean SD Mean SD 

Delay Trials 98.0 92 .. 0 Trials 95.4 98.,0 
N 26 Errors 44.0 46.2 Errors 40.9 49.3 

Reinf. 5.3.9 46.9 Reinf. 54.5 50.4 

Mean SD Mean SD 
Continuous Trials 122.3 87.7 Trials 47.4 37.7 

N 20 Errors 57.4 45.2 Errors 17.6 20 • .3 
Reinf. 64.7 43.7 Reinf. 26.9 15.0 

Mean SD Mean SD 

Partial Trials 221.4 113.7 Trials 201.9 110.2 
Hyper- N 20 Errors 116.2 69.5 Errors 100.3 62.1 
active Reinf. 53.0 25.0 Reinf. 51.3 27.3 

' Mean SD Mean SD 

Delq Trials 169.3 122.2 Trials 104.7 102.8 
N 15 Errors 85.9 74.5 .Errors 47.0 56 • .3 

Rein!. 8.3.5 56.1 Reinf. 57.7 48.6 
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Source 

Between SubJects 
Ss classification (S) 
Treatm.ents {T) 
S x-T 
Error between 

Witb:in SubJects 
Prob1ems {P) 
SxP 
TxP 
SxTxP-
ErrGr witb:in 

* P<: .05 
tt P< .01 

.. 

... ·. 

TABLE 3 
. . 

ANA.Il'SES OF V ARIJ.NCE OF 'l'Hl TIIŒE · PRE'1'EST CRI'J.'l!RIOB ~ 
{SQUARE ROO'l TRAISFORHATIOIS f 

!RIAiS ·BRBŒS 

dt 1fS F MS p 
. ~ .:. ' . 

'. 

130 

363.86 4.24* 320.99 i 1 5.72 .·· 
2 1687.28 19.67** 1044.81 18.61** 
2 1.42.04 1.66 92.75 1.65 

125 85.78 56.14 

1.31 
1 5.35.38 ** 9.7s!* s.~ 375.93 
1 .324.35 5. 200.79 5.2l 
2 43.46 0.71" .34.02 0.88 
2 87.92 1.44 41.16 1.07 

125 61.27 .38.54 
. . . ' . 

~ ' 

e 

RmFŒCi1CEITS 

MS ·F· 
' ··"' ·.~' 

20.79 0.71 
40.46 1 • .37 
47.45 1.61 

1 

\f 
29.48 

* 113.27 4.7~ 
132.61 5.5 
24.72 1.0.3 
.35.94 1.49 
24.ll 
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TABLE 4 

MEAN 'l'RIALS TO CRITmiON FOR ŒIGINAL AND 

œDER CONTROL GROUPS UNDER CONTINUOUS REINFORCl!MDT 

Original Continuous Group Order Control Group 

Subjects 16 Pro blEID. 2nd ProblEID. lst ProblEID. ~ Problem 

Flower 'l'wo shapes Two: shapes Flover 

ltfper- 1.34..4 51.7 99.4 36.4 
active N==-13 H=13 N-10 N=10 

Normal f!/7.6 89.1 113.9 42.4 
N=26 N-26 N==-22 N-22 
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TABLE 5 

SUMMARIES OF LATIN SQUARE ANAI.l'SES 
ORIGINAL AND œn:m. CONTROL GROUPS UNDliR 

CONTINUOUS REINFORCD!ENT 

A. NORMAL SUBJECi'S 

Source d..t MS 

Groups 1 2,.395.0 
Error within groups 46 5,475.6 

Prob1an t;ype 1 .31,.357.8 
Order or presentation 1 28,817.9 
Error within 46 5,265~5 

B. HIP:m.ACTIVE SUBJECTS 

Source 

Groups 
Error wi thin groups 

Prob1an t;ype 
Order or presentation 
Error within 

* P < .o5 
ti P< .01 

.. 

df MS 

1 7,143.7 
21 6,208.7 

1 1,095.9 
1 59,987.2 

21 4,645 • .3 

.. F 

0.44 

5.96* 
5.47* 

F 
. ~. 

1.15 

0.24 
12.91** 
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TABLE 6 

SUMMARIES OF 'J.WQ-WAY ANAUSES OF VARIAICE 

OF REVERSAL SCORES FOR SUBJECTS 
HATCHED ON ACQUISITION MALS. 

A. F10W.ER CONCEPT 

Source dt MS 
.,.. i ·~: ..... " ·~.1 

Ss classification 1 ll6.67 
Treatments 2 1202.36 

; 

Interaction 2 1457.31 

Witbiil.cells 36 1762.07 

B. 'NO SWES CONCEPT 

·source dt MS 

Ss classification 1 6394.80 

Treatments 2 1256.23 

Interaction 2 1988.10 

Within cella 24 2608.02'' 

F 

0.07 
o.68 
0.83 

F 

2.45 

0.48 

0.76 
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TABLE 7 

ANALY.'SES OF V ARI.ANCE OF LOO ERR OR SCORES 
OVER BLOCKS OF 100 TRIAI.S 

A. FIRST CONCEPT - FLOWm. 

Source df MS 

Between subjects 1.31 
S classification ( S) 1 9.16 
Reinf. Conditions (R) 2 6.89 
SxR 2 0.26 
Error between 126 0.77 

Witbin subJects 264 
Trial B1ocks ( B) 2 .32.08 
SxB 2 o.8J 
RxB 4 0.56 
SxRxB 4 0 .. .35 
Error within 252 0.17 

B. SECOND CONCEPT - TWO SHAPES 

Source df MS 

Between subjects l31 
S classification (S) 1 0.16 
Reinf. Conditions (R) 2 12.28 
SxR 2 2.00 
Error between 126 0.71 

Within sub.1ects 264 
Trial B1ocks (B) 2 .30 • .32 
SxB 2 0 • .32 
RxB 4 0.44 
SxRxB 4 0.12 
Error within 252 0.16 

F 

11.91** 
8.96** 
0 • .34 

** 191.55** 
4.96* 
.3 • .36 
2.ll 

F 

0.23 
17.22** 
2.80 

'195.04** 
2.06 
2.81 
0.76 
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Treatment 
Groups 

Continuous 

Partial 

Delay 

* P<•05 
ti P<•Ol 

Collcepts 

Flowers 

Two 
shapes 

Flowers 

Two 
shapes 

Flowers 

Two 
shape a 

e 

TABLE 8 

CHI SQUARE TESTS FOR ST.ATIONARITI OF PRECRITERION ERROR . CURVES 

NORIUL SUBJECTS HX'PERA.CTIVE SUBJECTS 

··Mean . Chi-square Chi-square Mean Chi-square Chi-square 
.proportion d.f aro'ilnd 

... 

around proportion d.f aroUnd a round 
errors own mean chance level errors own mean chance level 

' ** ** 0.484 13 17.1 18.2 0.512 19 45.8 . 47.3 

0.436 15 22.9 53.2** 0.471 7 10.1 12.6 

0.448 23 37.3* 78.7ü 0.560 29 38.4 96.6** 

** ** 0.472 24 62.9 73.8 0.505 29 25.1 25.5 

0.497 17 23.4 23.5 0.545 28 16.4 36.2 

0.472 19 25.0 32.5 0.489 20 . 14.7 15.4 

i 

.!:, 
f 
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TABLE 9 

CHI-sQUARE TESTS FOR STATIOIARITY OF 
PRECRITERION NOJIUINFŒCP.MKNT CURYIS 

- PARTIAL REINFORCI!HENT SUBGaOUPS OI1Z 

. -. ~ "-·- -- -
Mean: Chi-square 

Concepts dt proportion around 
· nonreint.ts · own. mean . 

F1ower 23 0.718 14.0 

TWo 24 0 •. 728 25.7 Shape a 

F1ower 29 0.772 13.0 

Two 29 0.744 12.6 
Shape a 

·-

Chi-square 
&round 

chance 1e't'e1 

36.1* 

36.5* 

* 43.7 

13.4 



TIST-BET.IST C<Jœ.A.RISOIS FOR . THE TlUAlS TO CRITERIOI MEASURI 

A. HYPERACTIVE SUBJEC%8 

Reintorce- Naturalistic Concepts Bumb~ Concepts 
ment 
Condition Medication Preteat Reteat Ditt. Pretest Ret est Ditt. 

Coatinuoue 
Drug 101.2 27.5 +7.3.7 .36. 7 56.0 -20.7 

Placebo 1.35.4 42.8 +92.6 46.2 17.6 +28.6 

Partial Drug 2>.3.1 176.4 +26.7 22.3.8 175 • .3 +48.5 

Placebo 207.0 184.2 +22.8 172.7 189.5 -16.1 

B. NOBMAL SUBJECTS 

Reintorce- Naturaliatic Concepts Jlumber Concepts 
ment 
Condition Prete at Reteat Diff. Prete at Ret est Dift. 

Continuoue 87.6 21.7 ~5.9 89.1 43.8 +45 • .3 

Partial 162.6 75.8 -1-86.8 154.5 126 • .3 +28.2 
' 
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TABLE 11 

ANALYSES OF COVARIANCE FOR 

DRUG EFFECTS IN THE H!PERACTIVE SUBJECTS, WITH 

- SQUARE ROOT TlWISFOBMATION OF THE DATA. 

A. CONTINUOUS REIIFŒCJ!MUT GROUP 

Sourc• of variation ss df MS 

' 

Groups, Drug vs Place be 59.18 1 59.18 

Ss Within. groupi 280.94 16 17.56 
f 

., 

----· 
Prob1• Typ• 2.19 1 2.19 

Groupa x Prob1em.a 94.22 1 94.22 

R•sidual 497.91 16 31.12 

B. PARTIAL B.EINFŒCl!DNT GROUP 

"' 

Spurce ot variation ss df MS 
·.· h 

Groupa, prug vs P1ac•bo 34.27 1 34.27 
.... 

Sa Within groups 1886.43 15 125.76 

b 
Prob1em Type 0.51 1 0.51 

Groupa x Prob1aa 0.35 1 0.35 
Reaidual 1127.38 15 75.16 

F 

. ,, 

3.37 

·-' """' ... ~~~·;>-

0.07 

3.03 

F 

0.2:/ 

.. ' 

0.01 

o.oo 
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TABLE 12 

.ANALISFS OF COVARIANCE CCI!PARIBG 

RETEST SCORES FOR .IOBMAL Am> H!PERACTIVE 

.SUBJECTS, WITH SQUARE ROOT TRANSFORMATION OF THE DATA. 

A. Sa tJNDER CONTIWOUS REINFORCmmrl 

Source of variation ss dt MS F 

Groupa 
(Normal vs afperactive) 17~89 1 17.89 0.99 

·s.,· Within ·groups 762.77 42 18.16 

""""'·~ , .... ~.-~ .. '""'··-o--= 

Probl• T)rpe 83.09 1 83.09 3.14 
Groupa x Probl•• 14.67 1 14.67 0 .. 55 

Residual lll2.4l 42 26.49 
~·· ,.._ ... .. 

., ..... 

B. Ss UNDER PARTIAL REINFORCJ!'MENT 
_._ .... 

''Soûrce · ol vari,àtion ss dt MS .. - F 0 

Groups 
Ü. 

(Bonnal vs afperactive 66.3.68 1 663.68 8.00 
Ss within groups 3317.83 40 82.95 

,,._._ .. -. 

-
.•. 

Probl• Type 161.85 1 161.85 2.22 

Groups x Probl•• 131.10 1 131.10 1.80 

Residu&! 2915.42 .40 72.89 
·--d . 

** p(.Ol 
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NORMAL SUBJECTS 

CONTINUOUS GROUP 

m~:+-----~~~~--~----~--------------------------
1&1· 
1&.. 
0 
z 
0 
i= 
O::tn 

2"' 

PRE-CRITERION SUBJECTS 

A. FLOW ER CONCEPT 

i ALL SUBJECTS----' 
A. 

8 
do~------r-------~------~----~~------~------~ 

5 10 1 !S 20 25 0 

5 

BLOCICS OF T!N TRIALS 

10 15 20 
BLOCICS OF TEN TRIALS 

Fig • .5. Group learning curves tor normal 

subjects in the Continuous condition. 

25 30 
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HYPERACTIVE SUBJECTS 

CONTINUOUS GROUP 

A. FLOWER CONCEPT 

ALL SUBJECTS 

§0~----~~----~.0------~.-------2~0------~~----~ 
ILOCICS OF TEN TRIALS 

ffi~+--r~~~------------~-------------------------
~ PRE -CRI TERI ON SUBJECTS 

z 
0 
i= 
ft() 
o· 
~ 
Q. 

B. TWO SHAPES CON·CEPT 

,---ALL SUBJECTS 

§OL-------~----~10~~~~15~~--~20-------2~5-------~~ 
BLOCICS OF TEN TRIALS 

F:Lg.6. Group learning curYes for b;yperactive 

subjeets in the Continuous condition. 
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NORMAL SUBJECTS 

~ 
DELAY GROUP 

• Cil: 
0 
Cil: 
Cil: 
~~~~ 
Il.' 
0 

z 
0 

A. FLOWER CONCEPT PRE-CRITERION -; 
f~ 

SUBJECTS 

i ALL SUBJ ECTS A. 

8. 
00 5 10 15 20 25 30 

BLOCKS Of' TEH TRIALS 

B. TWO SHAPES CONCEPT 

ALL SUBJECTS 

§~----~------~------~------~----~--------0 10 15 20 25 30 
BLOCICS Of TEN TRIALS 

Pig. 7. Group leaming curvea tor normal 

aubjecta in the Del~ condition. 
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HYPERACTIVE SUBJECTS 

DELAY GROUP 

A. FLOWER CONCEPT 
ALL SUBJECTS 

g~------~------~------~------~------.-------~ 
0 10 16 20 26 30 

BLOCkS OF TEN TRIALS 

B. TWO SHAPES CONCEPT 

ALL SU BJ ECTS 

8. 
00~------~------~------~------~------~------~ 

10 15 20 25 30 
BLOCkS Of TEN TRI ALI 

Fig.8. Group leaming curves tor hyperactive 

subjects in the De~ condition. 
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NORMAL SUBJECTS 

PARTIAL GROUP 

ii:+---~~~~----------------------~~----...... 
..... 
0 
z 
0 

~ 
2 
f A. FLOW ER CONCEPT 

8 do~------~------~------~------~------~------~ 
5 10 15 20 25 30 

BLOCKS Of TEN TRIALS 

\J.-__:..P..:...:R:.=.E- CR 1 TER ION 
SUBJECTS 

B. TWO SHAPES CONCEPT 
~ ALL SUBJECTS 

00~------Sr-------TQ------~------~------~------~ 
1 15 20 25 30 
BLOCKI OF TEN TRIALS 

Fig. 9. Group leaming curves for normal 

subjects in the Partial condition. 



i 

-88-

HYPERACTIVE SUBJECTS 

PARTIAL GROUP 

PRE·CRITERION 
SUBJECTS 

a: 
w~~.+---~~~~~~~~--~----------------~--~----

11.. 
0 

z ALL SUBJECTS -------.. 
0 
t=. 
a: 
2"f 
f A. FLOWER CONCEPT 

8~----~----~------~----~------~-----r 
00 

.. ., 
""= 

0 
0: 
0 

~~ 
W· 

~ 
z 
0 
t= 
2~ 
i 
Q. 

8 
oo 

5 

5 

10 15 20 
BLOCKS OF TEN TRIALS 

B. TWO SHAPES CONCEPT 

10 15 20 
BLOCKS OF TEH TRIALS 

Fig.lO. Group learning curves for ~eractive 
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DISCUSSION 

Cenaidering tirat the drug resulta et the present atu~, the 

chronic administration of chlorprem.uine h7drechloride waa found te 

have no damenatrable eftect en the cencept learning ot byperactive 

children.. Th••• tindinga do net support the h7Petheaia th&t chlorpre­

mazine therapy might im.prove lea.rnin.g b;r red.ucing diatractibillty in 

h7Peractive patienta. On the ether band, neither ia there ~ indicatien 

that the tranquillzing action of chlorpromazine ia achieved at the coat 

et impaired learning abillty. 

The present resulta are not in Ctlll.plete agr•tm.ent with those of the 

H•lper, Wilcott & Garfield (1963) atud71 where chlorpremazine waa found 

to have ne effect en a aerial learning taak1 but pred.uced a decraent on 

the later trials ef a pairè-aaaociate taak., It must be rtm•berè1 

however, that in the Helper !i ,!! .. atud7 a severely disturbed9 hoapita­

lizè eanple ef Sa vu uaed1 includ.ing ps,ychetic cases. The taak waa 

alH di.t'terent, conaiating of the repeatè presentation of the aam.e 8 

stimuli tor which namea bad te be learned., Meat importantly 1 the maxi­

mum daily dosage waa three times as high as in the present study' (lt-50 
. 

V8o 150 mg dail;y).. The impairm.ent obaerved1 which the au thora e:xplained 

as a progressive losa et ability te attend te novel at1muli1 might well 

be due te the higher dosage level. 

The abaenêe .;~- drug •tf'.Cts en the concept learning taak is consis­

tent with the general tindings of' the ever-all project of which the pre­

sent atudy as a part., A. tetal ot -80 di.t'fel'lm~aeaaurea, including 

p8,1chiatric ratinga, centrelled behavioural ebservations, and a wide 

renge et standard paycholegical test acores vere analy'zed in this inves­

tigation (Deuglaa, Werry & Weiss, 1965) .. · Signiticant im.prevcents Ùnder 
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cblorprcazilie vero tound. en cl.inical ratings ot hyperactirlty and. over-

all evaluatitn et change in the child.. This was eupported. by a signi.ti­

cant red.uctien in +.he ••unt •t und.iecip~ed. claee-reem. actirlty 1 as 

rated. in contrc~>lltd ebservatione. No d.itterencee nre t•und1 hevever, 

in cllnical rat.ings et diàtractibility, aggreasirlty or excitabillt71 or 

en anr ot the measurea et intellectual or ps,ych~ter tunctioning. 

'l'he. actien et cblorprom.azine in aall te moderato dosage thus · •••• te 

be contined. te the level et m.oter actirltr, leaving learning abilltr 

and ether percholegical tunctiene unchanged.. These reeults1 ebtained. 

atter cbronic administration over appreximatel1 a two-m.nth period.1 are 

in essential agr•••nt with the tindings en normal adult Se under acute 

d.•••• (Delay- ~ al.; 1959; t.ehm.an & Csank, 1957). 

· Betere turning to a cempariaon er cencept leaming in hyperactive 

and nermal children, eem.e general commenta about t.be cencept leaming 

preceaa are in order. Concept learning haa been d.ietinguiahed. trem r.te 

learning, largezy becauae ot the dit:f'ieultr et expla:itling it b7 meana et 

claaeical 8-R learning theor.r. This ditticulty is illuatratod in the 

present data vhere ne indications could be tound ( either in the normal 

or the tv"Peractive Sa) ot incrtmental changes in the tendency to cheeae 

exemplars et the correct concepto On the centl"&r.r1 thore was conaistmt 

evidence that this tJP• et concept leaming is a discontinuoua precessg 

fitting all-er-nene modela et learning. A prebable explanatien ter this 

is that 1 in the present situation, Sa vere not f'orming concepts in t~e 

true sense et •cqu.irtrig new conceptions auch ae "twoneae" ·· er 11bird". 

EYen the ye'IJJlgest Sa, being 6 reara old, would have had eutticient oppor­

tunit7 te •cq.~re a. wrk:ing'c.tllactien-uf-81ICh-'basic"concepta enthe ~· 
. ' 

et théir .everr-ciay experiences. The taak et j;.fte s· in the present a:perl;._ 
'. 

ment was mainl1 one et aelecti.J:!g the correct ( io eo task-relevant) concept 
,·. 
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tr.m the tetal repertoire ot concepts availablo te biB., Lear.ning in this 

situation appeared te be audd.en, possibl.T because it did. net involvo the 

eat.abliehm.ent et new connoctiens in the norTOus s.rst• but the selective 
... 

reintorc•ent ot connoctiens already' capable ot :tunctioning (Hobb1 1949). 

Tho ad.vantage ot an all-er-none .-del is that it proTides a usetul basis 

tGr maJ.Tsing this type ot selectien J>NCOsl. How nll auch a mede! might 

d.escribe tho earl.T leaming by' mana et which baaic concept• ("cell •••-­

bliea", Hebb, 1949) aro acquired. ia another issue, and one be,yondthe 

1cepe et the present theaie., 

A major aim et the present a:per:lment waa t. ebtain objective erld.enco 

with respect t. the concept learning abilit;r ot hyperactive childron., It 

has beon auggostod in tho clinical litoratur• that h;yperactives wuld have 

ditticulty in :tunctiening at a conceptual lovol becauso ot inadequate 

stimulus procossing capabilitiea ot their central nervous syst• (Burks9 

196o; Cl•ents & Poters, 1962)., The resulta ot this exporiment indicato 

that b,yperacti ve Sa ma;r or may net shn' decrements on a concept loarning 

tuk, depeding cm spocitic variables., 

Turning tiret te tho portermance et the exporim.ctal subgroups recei­

rlng centinuous reintorc•ent, no signiticant differences were round in 

this study' botwoen the hyperactive and the normal Ss on the criterion 

measuros., Portomance in a concept learning situation : dopéilds ,·· 

en twe main t;ypos or variable•, tho•• portaining te tho precossing or 

stimulus information, and thoao renocting the abilit;r to modit.f behaviour 

on the basie of toodback information., Th• tact that the hyperactive Ss 

undor CR ahowed ne impairment in thoir ability to diacovor the correct 

concepts indicates that they ~e no :tundaœontal deficit in the ability 

te abstract tho relevant information trom. complu:, aultid.imonsional 
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atimuli. SimilarilJ, th-.y do net appe~ to be deficient in their ability 

to ahitt from one hypotheeis to another on the baeis of information f'eed­

back. Additional evidence that hyperactiYe Ss do net ••~ te lack flexi­

bili'tq in responding to complex stimuli is previded by the finding that 

the reversal acores were not signif'icantly different for hyperactive and 

.t'or normal Ss. This finding is of particular interest becauae the clini­

cal literature frequentl:y" describea hyperactive children as ahowing a 

tendency toward perseveratien. 

The experimental situation, it must be noted, had. many features 

which would be expeeted to f'acilitàte learning. The novelty of' the 

special apparatua seèmed to have a particular attraction for children. 

The mechanical noises accom.panying the presentation of' each st.imulus 

probably helped to arouse interest apd f'ocus attention by signalling the 

appearance of' the ne.xt stimulus. The use of' a large number of attractive, 

colourf'ul picturea would f'urther ••rv• to reduce boredom... Finally, the 

children were tested individually, in a samll roam providing little dis­

tractien. Most important, howeyer, appeared to be the tact that children 

in the Continuous and Delay groups reoeived immediate, consiatent and 

tangible reinf'orcement for every correct reaponse made. 

Altheugh the hyperacti Te Sa und er CR perf'ormed as well as the normal 

Ss on global criterion measures, it should be noted that ~ses of the 

learning curves revealed some differences in the precriterion data. First, 

there were differences in the shapes of the learning curves. The pre­

criterion curve for hJperactive Ss on the f'irst concept under CR showed 

highly significant fluctuations around the chance level. It is possible 

that this reflecta fluctuations in attention from task-relevant to task­

irrelevant stimuli. Second, the mean proportion of errors was slightl:y" 
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but cenai~entq higher ter the hyperactive than ter the ne:r.mal Sa. 

A higher preporticm et errera during learning haa been Mid te indicate 

a large number et irrelevant hypetheaea in a S 1 a reaponae repertoire~ 

{Reatl~, ·19~). 'l'here ia thua a auggeatien in the precriterion data that 

the hyperactive Sa may be deficient in the abilit7 te contine their 

attentiea te apecitic aspects et the stimulus aituation·(Atkin .. n, 19~1). 

Mere genera111' 1 the;,y mç- have ditticult7, en the tiret test aeaaien, in 

adepting the set te examine the stimuli caretu.J.l1' (Vinogradeva, 1959) • 

~bis auggeatien ia tupported b,y atriking and consistent differences 

in the test behaviour et the clinical and centrol Sa. Recorda vere kept 

et the Sa' beba'Yieur and verbalizatiena during the test aesaiena. Thes• 

shewed. that about 75% er the hyperactive Sa vere highl.J' excited and epent 

a considerable ~mount er ttme engaging in task-i:rrelevant activitieso 

This included asking countlesa questions •ut the apparatua, procedure 

and stimuli, centinual haadHng et varieua part• er the apparatua, dee-

· marblea. Nene et the nemal _Sa aaked me:re than three questions in a 

session, and nene attempted te manipulate the apparatua, except as in­

structedo 

Distractibilit7 is ene et the s.,ymptems included in clinical descrip­

tions et the hyperactive syndrome along with hypersensitivit7, lov frus­

tration tolerance, etc. All er these sy.mptems, which veri found to ac:~ 

P1:n7 hyperactivit7 in a censiderable proportion er the Sa used in this 

study" {Wer17, ·weiss & Deuglu, 1964), ceuld be considered as representing 

ene :f'undllil.ental dirricult,., a chrenic level er excessive areusal. This 

meana that the hJperactive cbild wauld tend tohave abnorm~ lev res~se 

threshelda and,' at bmg'introduced. ~int.e a nonl :.aituâtieil, wuld respond 
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indiecr:iminately to a wide range ef stimuli (Hebb, 1955). On each lear-

ning trial under CR, however, differentia! reinforcament ie given fer 

task-rel.rant responeee. With 1~ reinforcament for correct responeee, 

the h;rperacti ve child apparently learna very quick.ly the task-orienting 

sets that he ma,- net have bad at the eut set, as evidenced by' the aigni­

ficant improveœent trem the ~iret to the second test session. 

The most important tinding ef the present. investigation ie that 

cencept learning ia significantly more difficult fer b7Peractive than for 

normal children under a partial reinforcament achedule., Decrementa under 

PR vere round on beth criterien 1nd precriterion meaaures in the preteat 

sessions, and were even more marked on the two retest capcepts. Frem 

the peint of rlew of information feedback, lese information is trana­

mitted b,- any one trial under a PR than under a CR scheidule, because of 

the ambiguit,- of non-reinforced trials under PR. In these circum.stances 

the en!,- strategy that can produce a correct solution invvlves reœembering 

the stimuli wbich vere previeuelf reinforced, and maintaining a hJpethesis 

in spite ef nen-reinforced trials. Judging from the preaent resulta, 

nearlf hall the hyperactive sample failed te develop the appropriate 

atrategr, even ~er a total of tour different test ses~iens. Tw8 diffe­

rent explanations, D atressing cognitive.; the ·ether motivatienal va­

riables might account tor this tinding. 

Because the time interval separating successive reinforced responses 

is greater under PR than under CR, decrsnents under PR might be due 

either to a more rapidly fading manoey trace or to interference t.r.n 

intervening stimuli.. Ir either of theae were major factors, how-

ever, seme decrements w.uld aleo have been expected tor b7Peractive 

Sa in the Dela,- eubgreup.. While theN waa a alight trend in 

this direction, it did net reach statiatieal 
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signiticance. Anether passible basia t•r poor performance under PR weuld 

be a higher than average senaitiTity t• the truatrative ettects et non­

revard. Accerding te Amsel• s formulation, the prima.ry trustratien reac­

tion lead.a till the developnent et tw different cem.ponents. The inhibi­

tery component wuld be expected te lead. te a rapid abandoning et q­

bypotheais that led to nen-reintorc•ent, unless the S vas able te keep 

in mind the instructions which explicitlr atated that correct reaponaea 

wuld net aJ:waya be reintorcedo Diacarding bypotheaea at the tirat nen­

reinterccent weuld make learning impossible under PRo In addition» 

frustration ia celîlaidered aa haTing an activating, er drive cempenento 

Thua the already high leTel et arousal ot the hyperactive Sa wuld be 

turther raiaed und er PRo In the learnias \Uk. uaed in. .. thia atud.y, thia 

excessive lnel ot arouaal wuld be ~a:pectèd to'deèrèase the likelihoed 

et taak-relevant discriminations, by intertering with the eue .tunctien 

et stimuli (Hebb, 1955)o 

The frustration eypetheais recei ves support .from both apontaneeua 

and elicited. verbalizationa in the test situation. These verbalizatiens 

auggested that the hyperactive Sa were attempting to restructure the ai-

tuation in auch a way as to minimize its trustratin aspectao One r..., 

action was te ignore the instructions, wbich stated that there was an 

"idea" in the picturea which wuld help in cheoaing the correct enes. 

SeTeral hypeJractive children atated, in apite et repeated instructions 

,,. 

to the centrary, that there waa!!!. rule er "idea" and that the taak waa 

aim.ply a game ot chanceo Othera wuld say that the rulea "changed all 

the time11 , again denying the pGasibility et a rational aolutiono A tew 

ether hyperactive Sa (but none or the normal Sa) teek the position that 

they already had. the correct answer, altheuch the instructiens stated 
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that B wuld interm thea when th-.r bad "wn the game". Thue one sft"en­

y-ear old hyperactiTe was jllDlping up and dewn and shouting that he was 

deing "better than any-ene in the whele world" when, in tact, he was 

getting lesa tban the 25% rate et reintorcaaent to be expected en a chance 

basia. These reactiens res.able "deni&l", ene ot the "defense mech~s" 

uaed in att•pting to cepe with frustration, and tound te be particularl:y 

frequent in younger and in m&ladjusted. children (Douglas, 1965). 

The tinding that PR produces such marked decrements in hyperactiTe 

children suggests the importance et training programs which w.uld be 

specitic'all:y geared te eTercoming this deticiency. This might be achie­

Ted b,y care.tul manipulatien et reintercement schedules, starting with 

10<:>% reintercement at the beginning et training, and introducing lewer 

rates et rein:forcement very graduallJ'. 

In conclusion, the :tindings et the present study argue againat the 

uistence et &n7 specifie cenceptu&l deficit in hyperactiTe children e:r 

at leaat dull ner.mal intelligence. Signiticant and persistent decr.aents 

were round under partial reintorcement, but could be interpreted as re­

preeenting motiyational or attention&! ditficulties, rather than detecta 

of an intellectual or cognitive nature. 
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'rhe" perferm.ance et 65 bn>eractiTe and 99 normal children waa cempared 

en a ames et cencept leamin& taaka under three different experimental 

conditions. Reintercwnent achedule waa tound te be the majer variable 

ditterentiatina between the performance of nermal and hJperactiTe ~" 

j ecta. Under centinueua reintercwnent there were ne aigniticant diffe­

rence• between the hyperactive and the normal aaœplea en criterion mea­

aurel et leamina. Increaaing the intertrial interTal fra 4 te 8 secs. 

under èentinueua reintercement had ne aigniticant ettect en the per­

tel"'lance et either the nerm.al or :tv"PeractiTe groups. lltheugh cencept 

leamina under partial reintorc•ent waa mere dit ti cult tor all aubj ecta, 

the ~vPeractive childreu shewd aignitica:ntlT greater pertermance decre­

menta in this cendi tien. The se tindings de not auppert the a.ssumptien 

tha.t hyperactiTe children have deticite et a conceptual nature; th-.y 

' 1'1118•-' inatead tha.t the ebael"'f'ed decr-..nta mç- be explained. en the 

ba.eis et attentienal er meti va.tional variables. 

A aecend aim et thia atucST was to a:udne the ettectiJ et a tranqui­

liraing drus, chlerpr•a.raine, en the leaming abilitr et hyperactive 

childrc. Be aignitioant difference• were feund between Sa reoeiVin& 

the aotiYe agent and theae receiving a placebe. 
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APPENDIX A 

DESCRIPtiVE S'l'J.'liS'J.'ICS OB EXPBRIIIEIIT.AL SUBmOUPS 

1. HIPERAC'l'IVE SUBJECTS 

No.of k~~ WISC Voc&bul&rf Hem 

** 
". 

Subgroup Ss Mean SD Meu 

Omtinuouis Pretest Ss 20 - 8.34 1~53 12.3 
' . .,,, Post-test '"" ... 

Original Drug Ss 10 8.27 1.47 13.3 

samp1e Post-test . 
Placebo Ss 9 . 8.56 1.70 

. ' 

Pretest Ss 20 8.87 1 .. 66 

Post-test 
9 9.31 1.43 Partial Drug Ss 

Post-test 
· Placebo Sa 9 8.79 1.92 

Delq (Pretest) 15 8.54 1.90 

Continuous, Add.i tional 
10 8.67 0.83 control sample 

2. BOBitAL SUBJICTS 

"' No.;of A§• 
' 

Subgroup Ss Mean 

Continuous, 
Original sample 26 8.72 

-· 

Partial- 25 9.17 

Delay··· 26 8.95 

Continuous, Additional 
22 8.79 èoritrol sample 

:1. p (.05 in hyperactive - normal comparison 
:tt Avai.lable o~ for hyperactive Ss ... 

ll • .3 

ll.1 

12.1 

10.4 

* 10.7 

10.8 

SD 

1.59 

1.72 

1.71 

1.80 

SD I.Qjo 

3.3 107.9 
-" ·~ .... -, ~-.> ~ •'•-

2.5 no.,; 

4.0 107.1 

2.9 l.04.4 .~ 

2.4· . J.Q0.8 

.3.4 l08.4 

2 • .3 100.7 

2 • .3 98.9 

WISC Vocabular;y ... 

Mean ,. SD 
"'. 

12.5 2.3 

u.6 2.0 

* 12.2 1.8 

11.9 2.6 



. - ._, 

TEST SISSIOIS FOR EACH EXP.ERIMEITAL SUIŒOUP 

M~ time interval. in dqa 

Pretest Ret est Teat-Reteat Teat-.aëtest 
Treatment lst to 2nd lst to 2nd lst ~d 

Subjects Condition session session concept concept 

Continuoua 6o9 4ol 53.4 50.6 

Continuous 
()rd er 3.0 - - -

Norul. coiû.J!ol 

Partial 6.8 4ol 53;0 . 50.3 
..--.~- --~· ,_-_ ....... "" 

Delay 4.0 - - -
"-

Continuous 6.6 3o2 66.4 62~5 
,,_ .. 

Coritfrtùous 
... .. ·•'" -~· - -., . '"" ....... .. 

Ordër 2.0 - - -~er- Control 
act:l'nr"'" 

Partial ;.o 4.8 68.8 68.1 

Delq 3.0 - - -



Subjects 

Normal 

H';rperactive 

* P <.or; 
ti ··p <-o.Ql 

APPÉBDIX C 

CORRELATIONS OF TRIALS TO CRITER.IOI 
WITH WISe. ··vocABULARY SCCUS !JW . . 

WITH AGE {PRE'l'.ES'l' ACQUISI+J:OB DATA) 

.. 1 

Correlation Coetticianta 

Vocabular.y Score Age with 
with 

Treatmea.t lst 2nd 
' 1~ 2nd 

Condition Concept Concept Concept. Ccmcept 

Continuous 
* 1 = 26 o04 .0.3 -.42 -.ll 

Contin.Order 
-.7.P. -.r;o* Control .0.3 -.14 

li= 22 

Partial 
N : 25 - • .32 .or; .1.3 -.06 

Delq 

** • = 26 .01 ol3 - • .33 .... r;r; 
.· 

Continuons 
N = 20 -.16 -.24 -.19 -·o6 

Contin. Ord.ex * Control -.02 -.70 -.21 -.54 
N: 10 

Partial 
N = 20 .2.3 o25 * -.54 .01 

Delq 
it.f· 

N: 15 -.20 .16 -.64 -.41 
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PROBLEM 2 

B.ERRORS 
PROBLEM 1 PROBLI!M 2 

O. REINFORCEMENTS 
Zo PROILIM 1 PROILIM 2 

C.ell mean• !rom analy••• o.t variance (Table .3) o! the .3 criterion 
measurea (square root trana!ol"JJlàtion). Lin•• connect ••an• o.t 

each subgroup on the 2 different preteat probl .. a. 



APPENDU E 

Cœ.REI.ATIOBS .. OF ACQUISITION A1D 
REVEBS.AL SCOB$8 ON THE '1'RIJlB TO CRI'lBRIOI ~' 
PRmS'f DATA. (U • FIRST CONCEPT, lB: 21m CONCEPt') 

. .... -

Product~oment Correlation C~etticienta 

Acq. lA Acq. lB Acq. U Rev. lA 
Treat.aent with with with with 

Sul1ject8 Condition Rev. lA Rev. lB Acq. lB Rev. lB 

... 

Continuoua 
* N : 26 .49 .37 -.14 .06 

Contin. 
.98** .98** Control .18 .35 

Normal N • 22 
-~"- ··~···· ···~··~· 

Partial 
•• 25 .17 .(f'f -.12 .35 
Delay 
N: 26 -.02 .15 .17 .02 
., 

Corttinuoua 
N: 20 .26 -.06 .35 .17 

Contin. * Control ol4 .90 -.04 .6; 
Jtrperactive • = 10 

Partial * N: 20 .40 .05 .50 -.06 

Delay 
.66** N : 15 .30 .39 .07 



A.PPENDIX F 

CORRELATIONS OF TEST-RBT.IST 
DIFFERENCE SCORES {TRIALS TO CRITEIUOB) 
~H TEST-RETEST TIME INTERVAL Dl DAIS 

lA-2! lB-2B 
Treatment with with 

Subjects Condition Tl T2 

Continuous 
N = 26 .15 ... 19 

Normal 

Partial 
N·: 25 .... 18 - • .32 

Continu oua 
N·: 19 -.0.3 - .• .31 

Hyperactive 

Partial 

N = 18 .22 -.15 

' 

. '" 
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