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Abstract 

The usefulness of trontal lobe (FL) dysfunction as a conceptual model for 

Attention Deficit Hyperactivity Disorder (ADHD) was investigated. 

Twenty-four ADHD and 24 normal control (Ne) children were tested using tasks 

sensitive to FL deficits in motor control and problem solving skills and 

memory tasks sensitive to temporal lobe (TL) dysfunction. ADHD children 

differed significantly from Nes on measures of FL function, but not on tests 

of TL functions. Wherever norms were available for normal children on the 

same FL tests, ADHD subjects performed like 6 ta 7 year olds, in spite of 

their mean age of 10 years and minimum age of 8 years. The differential 

performance of ADHD children on tasks sensitive ta FL and TL damage supports 

the conceptualization of ADHD deficits as analogous to fL dysfunction and 

implies that deficits are not explained by reference ta generalized 

impai rmen t • 



Résumé 

L'utlllté de la dysfonctlon des lobes frontaux (LF) en tant que modèle 

conceptuel des desordres attentlOnnels d'hyperactivité WAH) a été étudIée 

Vingt-quatre enfants DAH et un groupe témolr\ de 24 enfants normaux (EN) 

furent testés à l'aide de tâches senSIbles aux déflCl ts des LF dans les 

domaInes du controle moteur et de la résolutIOn de problèmes, aInSI qu'à 

l'aide de tâches mnémonIques relIées, elles, à la dysfonction des lobes 

t~mporaux (Ln. Les ~nfants DAH dIfférèrent de façon signIficative des EN 

quant aux mesures des fonctions des LF, malS pas quant aux mesures des 

fonctIOns des L T Là où des normes étalent disponIbles pour les enfants 

, normaux pour les mêmes tests des LF, les sUjets DAH se comportèrent 

comme des enfants de 6 ou 7 ans bIen que l'âge moyen étaIt de 10 ans, et 

l'âge m ln1mum de 8 ans. La performance différent leI le des enfants DAH aux 

tâches sensibles au dysfonctionnement des LF par rapport à celles 

sensibles au L T supporte l'hypothèse d'une analogIe entre les défIcits des 

OAH et la dysfonctlOn des LF, et implique qw ces défiCIts ne s'expliquent 

pas par une dysf oret lOn généra llsée. 
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Introduction 

Overview 

Attention Deficit Hyperactivity Disorder (ADHD), as described ln the 

Diagnostic and Statistical Manual III-Revlsed (DSM III-R; American 

Psychiatrlc Association, 1987), is a syndrome consisting prlmarily of 

deficits in attentIon, actlvlty level, and impulse control. It 15 commonly 

referred to in the literature as "hyperactlvity" and these terms 3re used 

interchangeably in the present discussion. In order to make the diagnosis 

according to the DSM III-R, at least eight of fourteen listed behaviors must 

be present. These behavlors include specific examples of restlessness, 

distractib11lty, impulsiveness, poor sustained attention, exceSSlve talking, 

poor social skills, and failure to consider consequences of behavlors. The 

prevalence of the disorder, reported to be three per~ent of school age 

children (DSM III-R, 1987), makes lt one of the most commonly occurring 

behavior problems in the pediatrie populatIon. 

For this reason, a great deal of clinical and research interest has 

been focused upon these children. Progress has been made in diagnosis 

(e.g., Barkley, 1981; DSM III-R, 1987), definition of the under1ying 

cognitive deficits (e.g., Douglas. 1983) and in the area of treatment, 

including pharmacologlcal (e.g., Barkley, 1977; Pelham, Milich & Walker, 

1986), behavioral (e.g., Lahey, 1979), and cognitive training approaches 

(e.g., Kendall & Braswell, 1985). 

1 Although a number of psychological and physiological causes have been 

proposed, the etiology of the syndrome has not been identified. Recent 
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theoretleal, empirlcal and teehnieal developments in neuropsyehology have 

led to inereaslng interest ln the neurologieal and neuropsyehologieal status 

of children wlth ADIlD. Sorne Investigators have searehed for evidence of 

general neuropsychological impairment. Others have attempted to describe 

specifIe areas of cognItive deflcit or to relate specIfie deficlts to 

neuropsychological profiles of patIents with identlfled brain damage. 

Several authors have identifled behavloral features WhlCh ADHD children 

share with adults havlng damage of the frontal lobes (Gualtieri & HICks, 

1985; Mattes, 1980; Pontlus, 1973; Stamm & Kreder, 1979). Most authors have 

focused on behavioral descflptlcns and theorlzlng based on the effects of 

stimulant medlcation. Only a few have provided experimental eVldenee of 

parallels between FL patients and ADHD ehildren (e.g., Chelune, Ferguson, 

Kaon & Dlckey, 1986; Gorenstein, Mam~ato & Sandy, ln press). AIso, many 

reviewers have pOlnted to the frontal lobe system as the probable 

neurological site of ADHD Ce.g., Mattes, 1980; Pontius, 1973). This 

position cannot be verified without direct physiological evidenee. 

Prior ta speeulating about ADHD as a manIfestation of frontal lobe 

dysfunction, it is necessary to demonstrate clearly both the accuracy and 

specificity of the analogy. This has not been done to date. In addItion, 

because of the maturational gap between frontal lobe adults and ADHD 

children, it is important to incorporate developmental Information regarding 

the sequence and rate of skill development on measures associated with 

frontal lobe functions. 

The present investigation will explore the parallels between behaviors 

associated with frontal lobe dysfunction and those associated with ADHD. 
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Three studies designed to provide evidence of an analogous relationship 

between the two elinieal disorders in major areas of cognitive functioning 

will be presented. Performance will be measured across a range of cognitive 

skills and, in order to establish the specificlty of the comparison, 

measures sensitive to both frontal and non frontal lobe functions will be 

inc1uded. 

FRONTAL LOBE SYNDROME AND ADHD = THE HYPOTHESIS 

As Kenny (1980) has observed: "The effort to identify a neurologie 

basis for ••• observed hyperactive behavior is the most pervaslve therne in the 

research literature (p. 442)." From the earliest reports of children 

presenting with the constellation of symptoms found in ADIID, an organic 

etiology has been overtIy discussed or implicitly assumed Ce.g., Still, 

1902) • 

There have been two lines of evidence connecting ADHD and brain damage. 

The first involves identification of hyperactive patterns of behavior in 

populations ~ith overt evidence of brain damage. Groups in which 

characterlstics of ADHD have been deseribed include survivors of 

eneephalitis (Ebaugh, 1923; Hohman, 1922; Strecker & Ebaugh. 1924), 

epileptic children (Ounsted, 1955) and children wlth brain tumors (Hirsch, 

Renier, Czernichow, Benvenlste & Pierre-Kahn, 1979; Knights & Hinton, 1973; 

Kun, ~1ulhern & Cnsco, 1983) or head injuries (Bol1 , 1983; Rutter, 1981). 

The behavioral and cognitive abnormalities associated with these 

disorders have been used to contend that similar abnormalities in ADHD 

children denote organic brain dysfunctlon. This argument de pends on the 

assumption that a symptom associated with a particular disorder is always 
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attributable ta that disorder. Yet, the disturbances seen in ADIID children 

may be attributable to sources other than brain damage. More importantly, 

no single, well-specified syndrome of "brain damage" has been identified. 

Effects of central nervous system (eNS) dlsruption vary greatly depending on 

the locus, type, extent and progression of the damage, as weIl as on 

characteristics of the indlvldual and the environment (Holl & Barth, 1981). 

Other authors have attempted to Ilnk ADHD and braIn damage by searching 

for bIo10gical correlates reflecting CNS vulnerabllity in ADHD chlldren 

(Dubey, 1976; McMahon, 1981; Rapoport & Ferguson, 1981; D. ~I. Ross & S. A. 

Ross, 1982; Rutter, 1982; S~hlerberl, 1979). Investlgators have studied 

genetic and familial factors (Cantwell, 1975; Morrlson & Stewart, 1971, 

1973), frequency of pre- and perinatal complications «Milllchap, 1977; 

Pasamanick & Knobloch, 1966), minor physical anomalies (\~aldrop, Bell, 

McLaughlin & Halverson, 1978; Waldrop & Goering, 1971) and 

psychophysiological abnormalities (Ferguson & Pappas, 1979; Feuerstein, Ward 

& LeBaron, 1978; Hastings & Barkley, 1978). Sorne investigators have 

attempted to isolate "harder" evidence of CNS dysfunction, Le., biochemical 

abnormalities (Coleman, 1971; S. E. Shaywltz, Cohen & B. A. Shaywitz, 1978; 

Wender, 1971), regional differences in cerebral blond flow (Lou, Henriksen & 

Bruhn, 1984) and structural abnormalities of the brain as measured VIa CAT 

scans (B. A. Shaywitz, S. E. Shaywitz, Byrne, Cohen & Rothman, 1983; 

Thompson, Ross & HorOWItz, 1980). 

Neuropsychological tests also have becn used in attempts to establish 

presumed CNS damage or dysfunction in ADHD children (Feuerstein et al., 

1978; Johnston, 1986). Many investigators have attempted to identify tests 
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which could reliably differentiate hyperactive from non-hyperactive 

children. Most researchers have used either general screening tests (i.e., 

tests for "brain damage") or single tests tapping only discreet functions 

(e.g., perceptual, visual-motor). Typically, in sp~te of the emphasis on 

differential diagnosis, comparisons are made between hyperactive and normal 

control children, without including a clinical control group. Thus, one 

cannat conclude that differences found are specifie ta ADHD. Feuerstein et 

al. (1978) concluded that stùdies using a differential diagnostic approach 

have been of questionable value, as deficits. when observed, are not 

consistent across studies and are not specific ta ADHD. 

5 

In many of these investigations, comparisons are made between "minimal 

brain dysfunction" (MED) and "brain damaged" and/or normal control groups. 

Others assess frequency of occurrence of "organic" features in hyperactives. 

However, as Rutter (1982) has pointed out, there is no general behavioral, 

psychiatrie or cognitive profile of brain damage. Hence, examination of 

global so-called "organic" features cannat result in valid distinctions. 

Similarly, the MED label has failed to identify a group of children with 

specific cognitive or behavioral characteristics. Taylor (1983) described 

MED as a "prediagnostic classificatlan" which identifies group members on 

the basis of exclusionary rather than inclusionary criteria. He argued that 

there 1s no evidence ta support an "MBD syndrome" and suggested that the 

"primary basis for the placement of such di verse disorders (as learning 

disabilities, ADHD, language disorders, motor deficiencles, etc.] into a 

common category is the shared suspicion of constitutional influences (p. 

281)." Thus, the heterogeneity of bath MBD and brain damaged groups may 
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obscure any similarities or consistent differences between them. 

More recently, researchers have speculated on relationships between the 

behavioral effects of a localized brain lesion and the behavior of ADHD 

children. An inereasing number of authors have related eharacteristies of 

ADHD children to particular behavioral and/or cognitive sequelae of damage 

to the frontal regions of the brain (Gualtieri and Hicks, 1985; Mattes, 

1980: Pontius, 1973: Stamm and Kreder, 1979). 

As yet, however, there are few direct experimental studies supporting 

this hypothesis (e.g., Chelune et al., 1986; Dykman, Ackerman & Oglesby, 

1980: Gorenstein et al., in press). This makes it difficult to be sure that 

any parallels between ADHD and the frontal lobe syndrome result from tpe 

disruption of common neural processes rather than superficial behavioral 

similarities. 

The nature of the relationship these authors attempt ta establish 

between ADHD and frontal lobe dysfullction also raises concern. 

Investigators have eonsistently described the frontal lobes as the 

neurologiea! site of ADHD (Chelune et al., 1986: Gualtier~ and Hicks, 1985: 

Mattes, 1980; Pontius, 1973; Stamm and Kreder, 1979). Anatomieal 

hypotheses, however, cannot be verified without direct physiologieal 

evidence, which is difficult to producp in a pediatrie population. It would 

be more advantageous, for clinical and theoretical purposes, to clarify the 

cognit~ve conseguences associated with a dysfunctional anatomical locus and 

to compare these characteristics to those of the chi Id with ADHD Ce.g., 

Fletcher & Taylor, 1984). 

In addition, neuropsychologica! performance of ADHD children shou!d be 
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interpreted within the context of normal development. That is, even if ADHD 

children approximate the performance of FL patients on certain tasks, does 

this pattern represent a disruption of normal developmental processes? If 

so, and this disruption is consistent with what is known about maturation of 

the frontal lobes, it would add ta the strength of the analogy. 

It is important, however, not to overinterpret findings based on 

neuropsychological assessment. Neuropsychological measures are validated by 

the performance of patients with known brain dysfunction. However, poor 

performance does not eonfirm dysfunetion of the associated area. Thus, 

speculations regarding the frontal lobes as the site of brain dysfunction in 

ADHD children are premature. In this study, neuropsychologieal tasks will 

be used only to establish whether there is sufficient evidence of parallels 

between the performance patterns of patients with FL dysfunction and ADHD ta 

merit continued investigation of the extent and meaning of the association. 

THE PRESENT INVESTIGATION 

Previous authors describing similarities between ADHD children and 

frontal lobe damaged (FL) patients have concentrated on behavioral and 

personality characteristies su ch as impulsivity, unpredictabi1ity, and lack 

of social inhibitions. A1though these comparisons could reflect on1y 

superficial simi1arities, it is interesting to note the similarity in 

personality "styles" associated with the two disorders. 

Early investigators delineated two general patterns of "frontal lobe 

personality" (Blumer & Benson, 1975; Greenblatt & Soloman, 1966; Walsh, 

1978). The first represents Blumer and Benson' s (1975) "pseudo-depressed" 

group. This type was described as showing apathy, laek of drive or 
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intrinsic motivation, an inability to plan ahead and lack of concern with 

events around them. It was associated with lesions of the dorsolateral 

convexity. 

8 

The second pattern, the "pseudo-psychopathic" group, was thought to 

consist of impulsive, disinhibited behavior and a lack of concern for others 

and was most frequently reported in association with orbital foci and 

following frontal lobotomy. Most patients, however, show sorne mixture of 

the attributes of these "pure" types. 

Luria (1966) proposed that the observed changes were not shifts in 

personality per~. He suggested that these alterations reflected a 

combinat ion of attention and concentration disturbances and an inability to 

handle complex mental sequences. For example, an inability to remain 

on-task would have been described as a lack of motivation or drive. 

Several authors have pointed to similaritles between descriptions of 

children with ADHD and those of FL patients (Gualtierl and Hicks, 1985; 

Mattes, 1980; Pontius, 1973; Stamm and Kreder, 1979). Among the diagnostic 

characteristics of ADHD children listed on the Conners' Parent Rating Scale 

(1969) are: restless, impulsive, disturbs others, demands must be met 

immediately, unpredictable. These have been said to resemble the impulsive 

and dlsinhlbited "pseudo-psychopathic" group of FL adults with orbital 

lesions. 

Elements of the "pseudo-depressed" (dorsolateral lesion) group also 

have been noted in ADHD children. They do not plan ahead and have been 

described as lacking intrinsic motivation or drive (Douglas, 1984). As 

Luria suggested for frontal lobe disorders, however, the apparent boredom 
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and lack of drive of ADHD children may reflect their inability to stay 

on-task due to attentional problems and/or the "pull" of competing, more 

salient activities. 

Experimental evidence of an association between ADHD and the FL 

syndrome has been limited. Although several investigators have admlnistered 

tests associated with frontal lobe functions to ADHD children (e.g., 

Clarkson & Hayden, 1971; Parry, 1973), only Chelune et al. (1986) and 

Gorenstein et al. (in press) have directly addressed the possible 

relationship between frontal lobe symptoms and ADHD. 

Chelune et al. (1986) compared the performance of ADHD and normal 

control children on a battery of tests which included the Peabody Picture 

Vocabulary Test, four subtests from the Kaufman Assessment Battery for 

Children (K.ABC). the Wisconsin Card Sorting Test (\.,rCST), and the 

Progressive Figures and Color Form tests from the Reitan-lndiana 

Neuropsychological Test Battery for Children. Significant differences were 

reported on the Number Recall test of the K.ABC, errors on the Color Form 

test, and three WC ST measures: total percent of correct responses, 

categories achieved, and number of perseverative errors. The authors 

concluded that these results provlde partial support for a hypothesized 

frontal lobe dysfunction underlying ADHD because the ADHD children showed "a 

relatively distinct and circumscrlbed pattern of neuropsychological deficits 

on tests presumed to measure frontal lobe functioning ... " (p.232). lt is 

difficult, however, to interpret the findings of Chelune et al. Although 

the WCST has proven consistently sensitive ta FL damage (e.g., Beaton, 1981; 

Milner, 1963), studies demonstrating the validity of the Color Form test and 
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been reported (Reynolds & Kamphaus, 1986). 
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Gorenstein et al. (in press) also have attempted to confirm a 

functional analogy between FL dysfunction and ADHD. They used six tests 

which included the Trail-Making test, Parts A and B (TM-A; TM-B) , the Stroop 

Color-Word test, the Sequential Natching Memory Test (S~~IT), the Necker Cube 

illusion, the WCST, and the Sequential Memory Test for Children. This last 

test was designed to measure proactive and retroactive interference effects 

similar to those reported by Passler, Isaac, and Hynd (1985) in normal 

children. They found significant ADHD-NC dlfferences on tIme to complete 

TM-B, WCST perseverative errors, S~ errors, and both noninterference and 

interference conditions of the Sequential Memory Test. In addition, ADHD 

children made more errors on the Stroop in both the baseline (co1or-naming) 

and distraction conditions. ADHD chi1dren a1so reported a marginally 

significant (p<.07) greater number of reversaIs of the Necker Cube. 

Gorenstein et al. concluded that these findings support a functional 

similarity between ADHD and FL dysfunction. 

Of the six measures Gorenstein et al. (in press) used, however, only 

TM-B and the WCST have shown reliable impairments in FL subjects. The 

Stroop test has yielded inconsistent resu1ts (Perret, 1974; Stuss, Benson, 

Kaplan, Weir & Della Ma1va, 1981); the Sequential Memory Test designed by 

Gorenstein et al. (ln press) has not been validated on FL patients; and the 

SMMT has been used on1y in one study with lobotomized schizophrenlc patients 

(Collier & Levy, undated, cited in Lezak, 1983). Rellabi11ty of reporting 

may be a comp1icating factor on the Necker Cube test. In additIon, 
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Gorenstein et al. did not include tests sensitive ta deficits resulting from 

dysfunction of other brain areas. Consequently, it is difficult ta 

establish whether ADHD impairments resemble a specifie pattern of FL 

dysfunction. 

The present investigation will include three studies focusing on motor 

control, problem-solving skills, and memory performance. The first two 

studies will use clinical and experimental measures which have been used to 

~emonstrate cognitive impairments in FL patients. The third study is 

intended to demonstrate that expected ADHD deficits on FL tasks cannat be 

attributed ta general failure to perform at a normal level. It will focus 

primarily on tests which have shawn memory difficulties in patients with 

temporal lobe damage, but on which FL patients typically are not ~mpaired. 

By comparing the cognit1ve performance of ADHD children in these dlfferent 

areas, the qppropriateness and specificity of the FL analogy of ADHD will be 

evaluated. 

Reviews of the literature in each of the three areas will include 

studies of normal child development in addition ta ADHD and FL research. 

The importance of these normal developmental studies is twofold: first, 

they establish whether the performance of children who have difficulty with 

"FL tests" resembles that of FL adults; and second, they help in determ1ning 

ages at which children would be expected ta have mastered these tasks; i.e., 

the rate of development of FL abilities. 

Most of the developmental evidence cited will be drawn from three 

( studies investigatlng the maturation of FL functions. Passler et al. (1985) 

and Becker, Isaac, and Hynd (1988) used a number of tests from the FL 



12 

literature to assess the developmental sequence in the emergence of FL 

functions. Chelune and Baer (1986) established developmental norms for the 

Wisconsin Card Sorting Test. AlI thre~ studies used groups of chi1dren aged 

from 6 ta 12 years and reported comparable findings in terms of ages at 

which FL tasks were mastered. Thus, two related questions regarding ADHD 

performance will be asked: ls there anything unusual about the cognitive 

development of ADHD chi1dren in these areas and, if so, does their 

performance resemble adult frontal lobe pathology? 
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Study 1: Performance of ADHD children on tests measuring motor control 

Patients with FL damage, normal young children, and children with ADHD 

demonstrate difficulties on a wide variety of tasks requiring motor control. 

These will be discussed in four subsections, exam1ning problems in slmple 

motor inhibition, inhibition of echopraxic (imitative) responses, response 

alternation, and verbal-motor dissociation. Motor deficiencies of the three 

subject groups will be compared on the same tests wherever posslbie. Tasks 

which appear to have similar behaviorai demands also will be discussed. 

Simple Motor Inhibition 

FLS. FL pat1ents are impa1red on tasks requiring inhibitory motor 

control, as demonstrated by Ivanova (1953; reported 1n Luria & Homskaya, 

1964) using a "go right-go left" test. Patients were instructed to press a 

key with their right hand in response to a red light and to respond with 

their left hand to a green light. Within two to three trials, FL patients 

began to either respond to aIl signaIs with one hand, respond alternately 

without regard to the signaIs, or respond raùdomly, aithough they still 

could repeat the instructions correctly. Ivanova found similar results wh en 

patients were instructed to respond to one color and refraln from responding 

to another ("go-no go"). Brain-damaged pat1ents without FL damage did not 

show these difficulties. 

Drewe (1975) also administered go-no go (GNG) and right-left tests to 

patients with circumscribed brain damage followlng surgery. In the GNG 

test, subjects were instructed to push a response key when a red light 

flashed and to refrain from pressing wh en a blue Iight flashed. FL patients 
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made significant1y more errors than did non-FL patients. 

In the right-1eft task, there were two keys on which subjects placed 

their right and 1eft hand. They were instructed to press the right hand key 

upon seeing a red light and to press the left key follo\ling a blue 1ight. 

Contrary to Ivanova's (1953) findings, FL damage was not associated with 

increased errors. Th~s difference may be attributable to the more 

restricted nature of the FL les ions of Drewe's subjects. Ivanova's subjects 

were hospitalized patients with extensive tumors and gunshot wounds. Thus, 

damage probably extended beyond the frontal region. 

There also are important differences between the GNG and right-1eft 

tasks. GNG tasks require either an immedlate response or the inhibition of 

a response. Thus, subjects must withhold a "prirned" movement. In the 

right-Ieft test, the primary requlrement lS to respond accordlng ta an 

arbitrary signal. SubJects must remember the meanlng of the signal and 

respond accordlngly; however, they are not "primed" by task Instructions to 

respond primarily in one direction. Bath Ivanova's and Drewe's samples 

showed disinhibition of prjmed responses, whi1e Drewe's patients did not 

show a deflcit in right-left performance. 

Guitton, Buchtel, and Douglas (1982) reported another form of motor 

disinhibition in FL patients on a task assessing the raIe of the frontal 

lobes in the control of eye movements. SubJects were required ta report a 

signal in the visual field opposite from the field in which a brief 

distractor was flashed. FL patients were less likely than non-FL patients 

or Ne subJects ta inhibit reflex-like saccadic eye movements toward the 

distractor. Again, FL patients had difficulty inhibiting a "pnmed" 
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response. 

Normal Child Development (ND). Luria (1969) demonstrated that normal 

young children show developmenta1 changes in their ability ta inh~bit simple 

mot or actions. In one task, chi1dren aged 3 ta 3-1/2 were instructed ta 

press a baIl whenever a red light flashed and ta refrain from pressing ta a 

blue flash. These requirements are the sa me as those of the GNG task used 

with adult FL patients by Ivanova (1953). The children responded correctly 

ta the red ("go") light, but failed ta inhibit responding ta the blue (lino 

go") light. 

In a study of the deve10pment of non-verbal behaviors associated with 

FL functioning, Becker et al. (1988) tested children on two GNG tasks. In 

the first, children were instructed to press a response bar as quickly as 

possible every time they saw two stars and not ta press if on1y one star 

appeared. In the sec0:,d, they were instructed ta respond as q uickly as 

possible whenever they saw two 1dentical shapes and ta refrain from 

responding if they saw on1y one shape. Results revealed that 6 year olds 

made significantly more reponses ta the "no go" stimuli and showed more 

variable response times than any of the older groups. While 8 year olds 

consistently performed better than 6 year olds, they were inferior ta 10 and 

12 year olds in their abi1ity ta make speeded decisions, as reflected by 

their slower reaction times for correct responses. 

Kendler (1972) assessed developmental changes on a right-left task by 

teaching children to push a left response button upon viewing one visual 

pattern and a right but ton upon viewing another. The learnlng criterion was 

10 consecutive correct responses. Results revealed a significant dlfference 
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in mean number of trials to criterion between groups of children aged 5-1/2, 

7-1/2, and 10 years and university students. Kend1er did not analyze 

differences between age groups, but group means show that the 5-1/2 year 

olds required two to three times as many trials ta reach criterion (26.5) 

than did 7-1/2 year olds (11.2) or 10 year old children (8.2). University 

students required only 1.1 trials to achieve criterion. 

In summary, on bath GNG and right-Ieft tasks, children appear unable ta 

control motor performance consistently untll approximately 7 ta 8 years of 

age. Although further development of response speed and accuracy is seen 

following 8 years, 10 ta 12 year old children perform simllarly. 

ADHD. ADHD children have not been tested on the GNG or rlght-Ieft 

paradigms. Findings have been reported, however, from tasks which make 

similar demands for motor inhibition. 

Hay, Weiss, Minde, and Cohen (1978) tested hyperactlve and control 

adolescents on a task in which subJects were asked to tap only when they 

heard words containing an "5" and to refrain from tapping to non-"s" words. 

Consistent with lvanova's (1953) and Drewe's (1975) descriptions of FL 

patients, hyperactives responded slgnificantly more often than control 

children ta non-s (lino go") words. This difficulty also resembles the motor 

inhibition difficulties of 6 year old children on the GNG tasks described by 

Becker et al. (1988). lt is particularly noteworthy that the mean age of 

the hyperactive adolescents in Hoy et al.' s (1978) study was 14.7 years. 

Vigilance tasks, frequently used to assess attentlonal performance, 

also require the inhibition of inapproprlate responses. Typically, children 

are instructed ta push a response key when they see a specified stImulus or 
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stimulus sequence (e.g., "push wh en you see an X followed by an Ali) and to 

withhold responses to any other stimuli Ce.g., an X not followed by an A). 

ADHD children make more errors of both omission (falling to respond to 

correct stimuli) and commission (responding to incorrect stimuli) than do 

normal control (NC) children (Douglas & Peters, 1979; Nuechterleln, 1983; 

Q'Dougherty, Nuechterlein & Drew, 1984). Thus, as weIl as demonstrating 

attentional deflcits, the children fail to inhibit inappropriate responses. 

Sergeant and Scholten (1985b) used a high speed visual search task 

having requirements similar to those of vigilance tasks. Groups of two, 

three, or four letters were displayed on a computer screen following a 

visual eue. Children were instructed to respond as quickly as possIble if a 

target letter were present. ADHD children were consistently slower and less 

accurate than Nes. Their pattern of poor accuracy and variable reaction 

times resembled that of 6 year old chil 1ren on Becker et al.'s (1988) GNG 

tasks. 

ADHD children also make inappropriate responses on de1ayed reaction 

time (DRT) tasks in which a preliminary sIgnal warns the chi Id to prepare to 

respond to the reaction stimulus. Errors made by ADHD subJects include 

respondlng to the warning signal, making anticipatory reponses prIor to 

presentation of the reaction signal, and responding more than once to the 

reaction stimulus (Cohen & Douglas, 1972; Douglas & Peters, 1979; Firestone 

& Douglas, 1975). In this type of task, as in GNC tests, the child is 

"primed" to respond as qUlckly as possible. 

Thus, like FL patients and normal 6 year old children, ADHD chi1dren 

make a signiflcant number of errors in CNG-type tasks. Their performance is 
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highly variable and the y show similar difficulty withholding reponses 

following task-related response tlpriming". The prediction that ADHD 

children will have difficulty withholding primed responses on a GNG task 

will be tested in Study 1. 

Inhibition of Echopraxic Responses 

FLS. In simple motor inhibition tasks su ch as GNG, the subject i5 

required to respond or inhibiL responding to a simple stimulus. In more 

complex situations, the subject may be required to respond differently, or 

to inhibit respondipg, while observing the response being made by an 

examiner. Thus, the tendency to imitate is heightened and inhibition is 

more difficult. 

When asked to imitate an examiner's gestures, FL patients are able to 

comply; thus, echopraxic (imitative) actions are intact. Yet if the 

instructions require a response which conflicts with the observed gesture, 

FL patients have considerable difficulty. For example, given the 
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instruc tion: "\.Jhen l raise my fist, you raise your finger" and vice versa, 

FL patients do not comply with the verbal instruction, but respond 

echopraxically, imitating the examiner's action. A similar type of error is 

seen if FL patients are instructed to tap twice in response to one signal 

and vice versa (Luria, 1973). These errors are not related to memory, as 

patients are able to remember and repeat the original instruction~ 

In her 1975 study, Drewe also investigated the performance of FL 

patients on a task requiring the lnhibition of echopraxic responses. In the 

Incompatlble Conditional Discrimination (ICD) task, patients had two keys in 

front of them, each associated with either a small red or blue Iight. A 
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larger central light was visible above the response keys and could be 

illuminated as either red or blue. Subjects were instructed to press the 

key below the small light lncompatible with the color of the central light. 

Thus, if the central light was red, they were te press the key under the 

small blue llght; it blue, the key beneath the red light. In keeping with 

Luria's observations, subjects in the FL group made significantly more motor 

errors than did the non-FL group. That is, they had more difficulty making 

a response which conflicted with the abserved stimulus. 

The Compatible Conditional Discrimlnation (CCD) task was designed as a 

control for the lCD task. It was ldentical ta the lCD, but subjects were 

told ta press the key under the small light compatible with the central 

light. Because the CCD does not involve a response which conflicts with the 

stimulus eue, according ta Luria's (lY73) findings fL patients should not be 

impaired. Yet, FL patients made significantly more errors than non-FL 

patients. The reason for their ditficulty with the CCl) task was not 

discussed by Drewe, but one could speculate that poor CCD performance 

reflects ditficultles camplying with task instructions (cf., Verbal-Motor 

Dissociation), motor perseverative tendencies (cf., Response Alternation), 

or ditficulties with speeded decision making. 

Finally, although FL patients performed worse than non-FL subjects on 

the CCD, errars for subjects with left fL damage were even higher on the 

ICn. This result would imply greater difficulty on the lCD which also 

requires inhibition ot echopraxic responses. 

ln summary, FL patients have difficulty inhibiting imitative motar 
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responses when task demands require responses which conflict with the 

perceptual meaning of the stimulus observed. Failure to inhibit echopraxic 

responses may also be accentuated by deficits in simple motor inhibition. 

N~rmal Development. There have been several studies of developmental 

changes in the ability to inhibit echopraxic responses. Strûmmen (1972) 

noted that some 5 year old chlldren have achieved sufficient motor control 

to successfully respond or inhibit responding to a sinp,le stimulus on simple 

GNG tasks. In order to lm pose more comp1ex demands, she used a "Simon Says" 

game, in which children had to make a conflicting response or inhibit 

responding while observing the response being made. She found that children 

younger than 7 years made significantly more errors than oldFC subJects. 

.. Passler et al. (1985) used two "perceptual conflict" tasks in their 

study of the development of behaviors associated with FL functions. In a 

"nonverbal conflict" task, children were asked to tap with a wood en dowel 

two times if they heard the examiner tap once, and once if the examiner 

tapped twice. Thus, the requirements of the task are identical to those of 

the tapping task used by Luria (1973) wlth FL patients. Passler et al. 

found that 6 year olds performed significant1y worse than 8, 10 and 12 year 

olds, who did not differ from each other. These resu1ts resemble those 

found by Becker et al. (1988) with GNG tasks. 

Passler et al. (1985) also used a IIverbal conflict" test in which 

subjects were asked to point to a gray card when the examlner sald "day" and 

ta a white card when the examiner sald "night". No slgniflcant differences 

were found between the four age groups. Pass1er et al. concluded that 

children at aIl four age levels were able to adequately shi(t response sets 
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and to inhibit impulsive tendencies to "mimic" an initial stimulus. These 

results are in apparent conflict with those of the nonverbal conflict task 

and with results for FL patients. Certain properties of the task, however, 

may be responsible for these differences. 

First, perceptual disparity of signal and response was not as clear in 

Passler et al.'s (1985) verbal conflict task as it was in their nonverbal 

conflict task or in Drewe's (1975) ICD task. The ICD task requires direct 

inhibition of echopraxic responding, as both stimulus and response modes are 

visual. In the verbal conflict task, however, the stimulus was given 

verbally ("night") and the child responded visually (white card). Thus, the 

"perceptual conflict" aspect is greater in the ICD task. Second, 

experimenters may have failed to produce verbal "conflict"; the children may 

not have developed the assumed associations between gray/night and 

white/day. In fact, the association may be closer ta the arbitrary 

right/red-left/blue type of association. Although Kendler (1972) identified 

difficulties learning a right-left task in 5-1/2 year old children, Drewe 

(1975) did not find significant impairments for FL patients on this type of 

task. 

Two other non-verbal conflict tasks were administered by Becker et al. 

(1988) to 6, 8, 10, and 12 year old children. One task replicated the 

findings of Passler et al. (1985) on the auditory nonverbal conflict test 

(i.e., tapping). The other was a visual conflict task in which children 

were instructed to press a response bar twice if they saw one star and ta 

press once if they saw two stars. A significant effect of age was found on 

both tests, with some 6 year old children showing considerable difficulty 
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inhibiting echopraxic responses. No differences were found between 8, 10 

and 12 year old groups. 

Thus, where there is direct perceptual conflict between stimulus and 

response (Becker et al., 1988; Passler et al., 1985; Strommen, 1972), 

inhibition of imitative responses is not mastered until around the age of 7 

to 8 years. 

ADHD. Inhibition of echopraxic responding has not been assessed in ADHD 

ehildren. Findings on simple motor inhibition and inhibition of echopraxic 

responding tasks are very similar for both FL patients and young normal 

children. FL patlents show deficits on both types of task and ND children 

seem to master bath tasks around the age of 7 to 8 years. These results and 

the impairment of ADHD children on tasks requiring simple motor inhibition 

suggest that echopraxic response inhibit10n would likewise be impaired in 

ADHD children. This prediction will be tested in the current study using 

the CCO, ICO and conflicting motor response tasks of Luria (1973) and Drewe 

(1975). 

Response Alternation. 

FLS. Oifficulty shifting between different responses is a frequently 

mentioned feature of the behavior of patients with FL damage. Difficulties 

of this kind represent one aspect of what is commonly referred ta as a lack 

of flexibility or "perseveration". Although definitions of perseveration 

vary, reflecting the multidimensionality of the concept (Walsh, 1978), the 

foeus in this section will be on difficulty shifting ta conform with task 

demands for alternation of responses. 

Luria (1966) noted that although FL patients can complete individual 
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elements of a task correctly (e.g., draw a circle, draw a square), they have 

difficulties shifting between these elements to complete an alternating 

series Ce.g., repeatedly draw a circle-square-triangle sequence). They may 

continue to reproduce an initial element or their execution of the sequence 

may start correctly, then deteriorate into repetition of one st1mulus 

element. For example, Luria and Homskaya (1964) used e task in which 

patients were instructed ta arrange one black counter (B) followed by two 

white counters (W,W), then one B counter, etc. They described the 

performance of one patient with a left frontal lobe tumor who started the 

sequence correctly, but then began to place only W counters 

(B,W,W,B,W,W,W,W,W, ••• ). On a se~ond attempt, he continued to alternate 

colors, but not in the instructed sequence (B,W,W,B,W,B,W,W,B,W). In spite 

of these errors, the patient was able to repeat the instructions correctly, 

showing that the problem was not related to memory. 

Reitan' s Trail ~[aking Test (TIl; Reitan, 1955) is a standardized task 

from the Halstead-Reitan Neuropsychological Battery. Although sensitive ta 

cortical dysfunction in other areas, it is most sensitive to frontal lobe 

lesions (Reitan, 1955; Reitan, 1986). The TM test is a paper-pencil task 

requiring subJects ta trace a path according to a pre-identified rule. lt 

consists of two parts. In Part A, subjects are asked to connect a 

sequential number series as quickly as possible. In Part Bf they must 

alternate between numbers and letters. In Reitan's scoring system, patients 

are stopped when they make an error and errors must be corrected before 

proceeding. Scoring i8 based on time to complete the task. 

FL patients are able to successfully complete TM-A within normal time 
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limits. They have difficulty, however, following the directions on TM-B to 

shift between stimulus dimensIons. Reitan (1964) reported that patients 

with FL damage take longer than normal control or non-FL brain damaged 

subjects to complete 1~-B successfully. 

In summary, these findings demonstrate that FL patients are Impaired on 

motor tasks which require flexible alternat ion between stimulus elements. 

These deficits may involve the patIents' impulsIve, poorly controlled motor 

behaviors or their perseverative rigldity and difficulties in shifting set, 

or bath. 

Normal Development. Passler et al. (1985) tested their different age 

groups of normal children on two motor persevera tian tasks comparable to 

those used by Lurla. On the first, children were asked ta sort white (W) 

and black (B) marbles into a cylinder following the pattern B,W,W,B,W,W, 

etc. (i.e., the same pattern used by Luria and Homskaya, 1964). The second 

task required repetitive drawing of the geometric sequence: circle, square, 

triangle. Their results revealed that 6 year olds performed significantly 

worse than 8, 10, and 12 year old children, who did not differ from each 

other. 

Thus, normal children performed tasks requiring response alternat ion at 

a level consistent with their mastery of simple motor inhibition and 

inhibition of echopraxic responding. That is, only children younger than H 

years were nat able ta maintain control of alternatlng respanses. 
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ADHD. Deficits on tasks which require shifting between stimulus 

dimensions also have been shown in ADHD children. Although they have not 

been assessed on the tasks developed by Luria, they have been tested on a 

number of tasks with requirements like those of TM-A and TIl-B. 

The Progressive Figures and Color Form tests were designed as downward 

extensions of the TM task for children aged 5 to 8 years. The Progressive 

Figures Test consists of a series of geometrical forms having smaller, 

differently shaped forms within them. SubJects must move to a large-sized 

outside fIgure with the same shape as the small inside figure the y are 

leaving. Clarkson and Hayden (1971) found signlficant differences between 

l' , 

ADDH and NC groups on time taken to complete the task, but not on errors. 

Chelune et al. (1986) failed to find ADHD -- NC differences on this task. 

The Color-Form Test requires that subJects alternate between color and 

forme They must move first to a figure of the same color, then ta one of 

the same shape, as the starting figure. Clarkson and Hayden (1971) reported 

significant ADHD -- NC differences on bath time and error measures, while 

Chelune et al. (1986) found significant differences for errors only. 

Homatidis and Konstantareous (1981) tested ADHD and NC children on the 

Jumbled Numbers Came. Numbers, printed on colored backgrounds, appear in a 

random array. Children must read each number in order, then na me the color 

of the background on which the number is printed. Thus, they must alternate 

between numbers and colors. Homatidis and Konstantareous found slgnificant 

differenccs between ADHD and NC groups on both time and error measures. 

1 Finally, Clarkson and Hayden (1971) tested ADHD and NC children on the 

adult version of the TM tasks. They found differences between ADHD and NC 
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groups on time and error measures of the TM-B task, but no differences on 

TM-A. Gorenstein et al. (in press) also found ADHD-NC differences on TN-B 

time, but not on TM-A. They did not measure number of errors. Thus, 

results for ADHD and FL patients on these tasks are similar. Bath groups 

show df-ficits when required ta alternate between stimulus dimensions. In 

additic~, ADHD deficits are clearest on tests which are more demanding. 

That is, differences are less reliable on tests designed for mastery by 5 ta 

8 year olds than on the more demanding Jumbled Numbers Game and adu1t level 

TM tests. Normal children below the age of 8 years also show response 

alternatlon difficulties, although these have not been studied yet with 

TM-type tasks. This study will attempt ta replicate Clarkson and lIayden' s 

(1971) and Gorenstein et al.' s (in press) f indings of impaired TI-1-B 

performance. 

Verbal- Motor 9issociRtion -----
FLS. A "dissociation between knowing and doing" has been Identified as 

one of the earliest signs of anterior frontal lobe dysfunction (Luria, 1973) 

and as one of the most characteristic features of the frontal lobe syndrome 

(Lezak, 1983; Luria, 1973; Teuber, 1964). FL patients' "know1edge" about a 

particular task or situation does not necessarily translate into appropriate 

behavior or speech, and vice versa. They may exhibit incorrect actions 

accompanied by correct verbal comments; or they may perform appropriately, 

yet fail ta verbalize correctly about what they have done. 

Luria (1973) has described c1inlca1 examp1es of this dissociation. One 

patient was "involuntarily drawn" to press a hosplta 1 call but ton • \~hen the 

nurse responded, he was unable ta say why he had pressed it. Another 
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patient was sent to his ward to get his cigarettes. He began to do so, but 

when he met a group of patients walking in the opposite direction, he turned 

and followed them, although he could repeat the original instruction. 

A common factor underlying these situations is a lack of 

"connectedness" -- a dissociation -- between language and action. Lezak 

(1983) described this as a decreased use of "verbal eues (usually 

subvoca11zation) to direct, gU1de, or organize ••• ongoing behavior with 

resultant perseveration, fragmentation, or premature termination of a 

response (p. 66)." Individuals with intact frontal lobes typically use 

their own speech to structure behavior. For example, ind1viduals learning a 

complex motor skill may descf1be the required actions as they perform. 

In contrast~ the speech of FL patients fails to exert a controlling 

influence over their actions (Luria, 1973). Patients may repeat a command 

correctly, but respond incorrectly, or speech may imitate motor actions so 

that both verbal and motor responses are incorrect. Luria (1973) obtained 

both behavior patterns using a task requiring subjects to reproduce a 

tapping pattern (strong-weak-weak). To aid performance, subJects were asked 

to verbal1ze the pattern as they tapped. Sorne FL patients verbalized the 

pattern correctly, but tapped a continuous rhythm; others began changing 

commands ta fit their motor responding ("strong-weak-weak-weak"). Non-FL 

patients were able to use their own explicit verbal responses to regulate 

and improve motor performance. 

Homskaya (1960; reported in Luria and Homskaya, 1964) investigated 

whether deficits in motor control of the type described by Ivanova (1953) 

could be reduced by concurrent verbalization of the correct response. He 
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asked brain damaged patients to push strongly on a lever to a red light and 

weakly to a green light. They also were instructed to verbalize the correct 

response following each color presentation, prior to pushing the lever. 

Although verbalizations helped patients with lesions involving non-FL 

cortical areas to improve motor performance impaired by kinesthetic 

deficits, the performance of FL patients was not helped by the verbal 

self-commands. FL patients were able to state the appropria te response, but 

tended to give identical motor responses to both stimuli. They also showed 

no ter.dency to correct motor actions which did not match their 

verbaliza tIons. 

Drewe (1975) also studied the influence of concurrent verbalization on 

GNG, CCD and ICD motor performance. Each task was composed of 60 trials. 

In trials 21-40, patients were required to make a verbal response compatible 

with their motor action. Thus, Drewe was able to Investigate the 

relationship between verbal and motor responses. 

In the verbal trials (21-40) of the GNG test, patients were instructed 

to say "yes" as they ;:>ressed the key to a red llght and "no" while 

inhibiting responding to a blue light. As noted previously, FL patients 

made significantly more motor errors than non-FL patients. There was no 

difference in the number of verbal errors made by each group; however, the 

motor performance of the non-FL group improved cver the 60 trials, whereas 

that of the FL group did not. Bence, although speech was not disrupted by 

motor errors, FL patients were not able to use their own verballzations ta 

J improve motor responding. 

During verbal trials of the eCD and leD, patients were Instructed ta 
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verbalize the color of the light above the key the y pressed. Because the 

GGO requires only imitation of the stimulus cue, the performance of FL 

patients should not he impaired. Nevertheless, FL patients made 

significantly more errors, both motor and verbal, than d1d non-FL patients. 

The non-FL group made fewer motor errors on trials requir1ng bath a motor 

and verbal response than on trIals requiring only a motor response, while 

the FL group tended to make more motor errors on these trials. 

On the IGO, subJects in the FL group made more verbal and motor errors 

than the non-FL group. Non-FL patIents made fewer errors on trials 

requiring both a motor and verbal response than on trials requiring only a 

motor response; FL patients made a similar number of errors on the two types 

of trials. Thus, for the ICO task, motor performance of FL patIents was not 

aided by the introduction of thelr own verbal cues. 

In summary, patients with FL damage are less able ta use their own 

verbal cues ta improve or regulate their motor performance than are patients 

with damage to other cortical regions. Moreover, Drewe's (1975) findings 

suggest that simple motor performance (CCD) seems ta be "energized" (Le., 

made more impulsive) by concurrent verbalizations. 

Normal Development. Verbal-motor dIssocIation is also typical of young 

children. In his investigatIon of developmental changes in motor control, 

Luria (1959) assessed verbal regulation of motor hehavior. In the GNG task, 

children were toid to say "press" concurrent with resporlding to a red Iight 

and "don' t press" when refralning from responding to a blue light, thus 

providing a guide for their action. Three ta 3-1/2 year old children 

responded correctly ta the "go" light; however, when presented with the "no 
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go" light, they not only failed to inhibit the motor response, but pressed 

even harder. This behavior resembles the increase in motor errors made by 

FL patients when the y were requlred to verbalize on Drewe's CCD task (1975). 

Children were not able to use a verbal self-command to asslst them to 

inhibit responding to the no go slgnal until age 4 to 4-1/2. Luria 

concluded that very young children are unable to use thelr own speech to 

direct their behavior and that the action of producing speech seems to 

energize movement rather than aid lnhibition. 

Meichenbaum and Goodman (1969a) studied verbal reguiation using a 

finger tapping task. Kindergarten and first grade children were required to 

finger tap while verbalizing either "faster" or "slower", aloud or covertly 

(i.e., using lip movements only). They reported that the motor performance 

of kindergarten children approximated that of the first graders when 

verbalizations were overt, but that covert self-InstructIons had Iittie 

effect on tapping speed. In first grade children, in contrast, 

self-instructions appeared more effectIve wh en covert than overt. 

Meichenbaum and Goodman concluded that the semantic meanIngfulness of 

self-verbalizations, whether overt or covert, is important in controlling 

motor behavior of first graders: in the case of kinderRarten children, only 

overt self-vocalization had this effect. Thus, younger children (5-1/2 ta 6 

years) performed better when uSlng overt self-Instructions and were more 

affected than older children (6-1/2 to 7 years) by the absence of spoken 

self-instructions. 

These studies are consIstent with the hypothesis that verballzations 

contribute directly to the control of motor behavlors. Meacham (lY7ij) also 
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investigated verbal guidance of behavior. Unlike prior studies in which 

children were instructed to speak and then act, Meacham avoided suggesting 

specifie timing of verbal and motor responses. Children from 3-1/2, 4-1/2, 

and 5-1/2 year old groups were assigned ta either verbal self-instruction or 

non-verbal conditions. They were told to ride a tricycle by complying with 

the examiner's commands. Children in the verbal conditlon were ta Id ta 

repe3t these commands. Reaction times of bath motor and verbal responses 

were recorded aiong with number of motor errors. 

Meacham reported that mean reactian times for verbal activlty were 

consistently slower than reaction times for mator responses for 20 of the 24 

children in the verbal condition. Corrections of motor responses were 

significantly more likely to occur if there were a verbal response following 

the initial, incorrect movement. Hence, children's verbal responses 

followed their initial motor responses, but preceeded corrections of those 

responses. Meacham did not analyze differences between age groups, but it 

appears from his reported results that children aged 3-1/2 to 5-1/2 years 

did not show strong differences between verbal and nonverbal conditions, a 

finding that is consistent with previous studles. In additlon, older 

children were more likely to correct an inappropriate motor response 

following their correct repetition of the examiner's command, thus 

reflecting their ablilty to use the semantic meaning of the verbalization. 

In summary, compatibility of verbal and motor reponses in children 

appears to show a developmental gradient. Preschool chlldren appear unable 

to use their own verbalizations to gUlde or inhibit m0tor responses and 

concurrent verbal actlvity sometimes seems to "release" mator inhibition. 
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From 5 to 6 years, children begin to make use of overt verbal eues to 

improve motor performance. By the ages of 7 to 8, children are able to 

produce and use covert self-verbalization effectively. 
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Thus, children aged 5 to 6 years are able to apply overt 

self-instructions to maintaln or correct their motor performance. ln 

conditions in which overt verbalizations do not occur, ho~ever, 5 ta 6 year 

olds and FL patients perform ln a slmilar manner on mator control tasks. 

ADHD. Many educators, parents, and researchers have noted dlscrepancies 

between the verbal knowledge of ADHD children and thelr motor actIons 

(BarkIey, 1981; Douglas, 1983; Kronick, 1986; Thiffault, 1982). Thlf[ault 

(1982) provided a clinlcal example which strongly resembles those glven for 

FL patIents (Luria, 1973). He described a Olne year old ADflD dllld who wns 

asked to ride his bl.cycle ta the store to buy a few l tems. lie returned much 

later without the items or hlS bicycle, having been dlstracted by other 

events aiong the way. Although he could repeat what he WdS suppo&ed ta do, 

he failed ta carry through on thlS lnformatlon. Douglas (1983) formulated 

this discrepancy as one of whether ADHD children "can't, don't, or won't" 

perform ln accordance with their knowledge and Skll1s. 

The effect of verbal control over mator actlons has not yet been 

assessed in ADIID chlldren. ~Ielchenbaum and Goodman (19b'1b) tested 

cognitively "Impulsive" (deflned by fast-108ccurate performance on the Mf-Tf) 

and "reflectlve" (Le., slow-accurate performance) ')-1/2 ta 6 year old 

kindergarten chlldren on the flnger-tapplng test used ln thelr (1'1690) study 

with normal klndergarten and first grade chlldren. They also used il CNe 

task (squeeze-don't squeeze) derlved from Lurla's task. "Impulslve" 
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chi1dren share important characteristics with ADHD chi1dren (e.g •• Juliana. 

1974; Messer, 1976). Meichenbaum and Goodman (1969b) found that bath 

impulsive and reflective subjects were able to use their own verbalizations 

("faster" or "slower") to control their tapping speed, as were ND children 

of the same age. On the GNG task, hawever, only 40% of the impulsive 

children met a criterian of 90% correct respanding, whlle 85% of the 

reflective children met this criterian. Meichenbaum and Goodman concluded 

that the impulsive children were less able than reflective children to use 

self-verbalization to control motor responses. 

There is same indirect evidence that ADHD children experience 

difficulty using verbal information ta organize motar responding. Stevens, 

Stover, and Backus (1970) studied the ability of ADHD children ta modify 

finger tapping speed. ADHD and normal control children were tested un der 

three conditions. First, a baseline level was established by asking 

children to tap as quickly as possible. Then. the y were given ongoing 

verbal encouragement to "tap faster". In the final condl.tion, they were 

told they would receive one cent for each tap over the number achieved at 

baseline level. Results showed that, whereas the tasellne performance of 

ADHD children was slightly faster than that of the contraIs, in bath the 

verbal and monetary reinforcement conditions the control children tapped 

significantly faster. The failure of the ADHD group ta increase tapping 

speed in conJunction with verbal instructions and encouragement ta do sa, i5 

consistent with an inability ta madulate behavior in accord with verbal 

information. 

Similarly, on the visual search task described previously (cf., Simple 



- -

34 

Motor Inhibition), ~ergeant and Scholten (1985a) included instructions 

emphasizing speed plus accuracy, speed only, or accuracy only. Althollgh 

control children were able ta use the directions to al ter thclr pertorrnillicc 

appropriately, ADHl) children were note Thus, tor eXé1rnple, in the speer! ollly 

condition, control children showed the expected loss in accuracy balanced by 

a gain in speed. ADHD children made more errors, but dld not increase their 

speed. 

Glven that ADHD children demonstrate ditficulties using verbal 

information to organize their motor actions and that Meichenbaum and Goodman 

(IY69b) have shawn that cognitively impulsive children are less able to use 

their Own verbalizations to control motor responses, AUHD children would be 
" 

predicted to demonstrate discrepancies between verbal and motar respanses 

similar ta those of FL patients and children younger than 5 ta 6 years. 

lhis prediction will be tested in Study 1. 

Plan for Study 1. Patients with FL damage show impaired motor control 

in each of four areas including simple mator inhibition, inhibition of 

echopraxic responses, response alternation, and verbal-motor compatibility. 

Normal developmental studies have shawn that children develop consistent 

motor control on these types ot tasks around the ages of b ta 7 years. 

Children with ADHD have not been tested directly on most ot the tasks used 

in studies of FL and ND subjects. Nevertheless, their pertormance on tasks 

on which the y have been tested and on tasks having similar response 

requirements supports the hypothesis that the pertormance of ADHD children 
". 
• on motor control tasks will resemble that of adult FL patients and chjldren 



younger than 8 years of age. This hypothesis will be tested in Study 1 by 

using tasks from each of the areas reviewed. In arder to ensure that aIl 

subjects shou1d be able ta perform these tasks successfully, no children 

younger than 8 years will be selected. 

Tasks used to Investigate Motor Control Functions ~ Study l 

Go-No Go test (GNG)...!.. The GNG test requires rapid discrimination of IIgo" 

(S+) and "no go" (S-) signaIs. The subject must not only respond ta the S+, 

but must inhibit bath anticipatory motor responses and responses to the S-. 

No perceptual disparity or opportunity for echoprax~c responding i5 

invo1ved. Ivanova (1953) and Drewe (1975) have reported that FL patients 

are unable to suppress responding ta the S-, but show no response deficits 

to the presentation of an S+. Luria (1959) and Becker et al. (1988) 

demonstrated that children younger than 8 years show difficu1ty inhibiting 

responses to a no-go stimulus. ADHD children show dlfficulties inhibiting 

responses on tasks with similar requirements and are predicted ta be 

impaired on this GNG task. 

Luria 1 S Test of Conflictlng ~10tor Responding (C~[). The CH test requires 

that the subject perform motor responses opposite to those modeled. 

Subjects must inhibit echopraxic movements. Luria (1973) found that when FL 

patients are asked to perform conflicting motor movements, they tend to 

respond echopraxically, imitating the model in spite of their ability to 

retain and repeat task lnstructions correctly. Strommen (1972), Passler et 

al. (1986), and Becker et al. (1988) reported that children younger than 7 

f ta 8 years were unable ta consistently inhibit echopraxic responding. ADHD 

chlldren have not been tested on tasks of this type. Given their difficulty 



controlling simple motor inhibition, it is predicted that they will show 

impaired performance on the CM task. 
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Compatible and Incompatible Conditional Discrimination (CCD; ICD). The 

CCD and lCD tasks require consistency of verbal/motor response pairs. In 

the case of the ICD test, responses are in confl1ct wlth the "perceptual 

meaning" of the stimulus and thus require the inhibition of verbal or motor 

imitative responses. Using these two tests, Drewe (1975) experimentally 

verified sorne of Luria's (1973) clinical observations. Patients with FL 

damage failed to respond as accurately as nonFL patients on both the CCO and 

ICO tasks and, on the lCD, were unable to consistently avoid naming and 

pointing to the response option which was of the same color as the stimulus 

eue. Six to 12 year old normal ehildren did not show defIcits on a verbal 

conflict task (Passler et al., 1986). lt was not clear, however, to what 

extent the task required Inhibition of echopraxic responses. As predlcted 

for the CM task, ADHD children should show difficulties inhibitIng 

echopraxic errors on the ICO. They may demonstrate problems on the CCO as 

weIl, given the impaired performance of FL patients on this task (Drewe, 

1975). 

Trai1-~!aking Test = Forms il and .ê. (nl-A i nl-B). Reitan' s TM test 

(Reitan, 1955) requires sustalned attention, visuospatial seünnIng abIlity 

and motor and sequencing skiiis (BoIl, 1981). Part B also requIres that the 

subject (a) direct behavior according to a plan and remember and f0110w that 

plan; Cb) maintain and integrate two simultaneous series, whIle (c) 

switching flexibly between the two different stimulus sets (13011, 1981). FI. 

patients are impaired on tasks involvlng response a1ternation (Luria, 1966; 
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Luria and Homskaya, 1964). Reitan (1955; 1986) has shawn that patients with 

FL damage take significantly more time than nonFL patients and normal 

controls ta complete TIl-B. Passler et al. (1985) found that 6 year ald 

children were unable ta maintain control of alternating respanses at the 

same level of accuracy as 8 to 12 year alds. ADHD children perform like FL 

patients and children younger than 8 years on camplex response alternation 

tasks (Clarkson & Hayden, 1971; Gorenstein et al., in press; Homatidis & 

Kanstantarteous, 1981). In the present investigation, ADHD children are 

predicted to resemble FL patients by taking significantly more time to 

complete T}!-B. Errors will a1so be recorded in order ta allaw comparison 

with the findings of Clarksan and Hayden (1971). 

Method 

Subjects 

The samples included 24 ADHD chi1dren (21 males, 3 females) and 24 

matched normal control children (21 males, 3 females). Children younger 

than 8 years were excluded. lnformed consent was obtained fram aIl children 

and their parents; children were free ta end participation at any time. 

Means and standard deviations for the ADHD and NC groups on age, lQ, 

Conner's Teacher Rating Sca1e (TRS) and Parent Rating Scale (PRS) variables 

are shown in Table 1. T-tests shawed no significant differences between the 

ADHD and Ne groups in age or lQ. As expected, the ADHD children received 

significantly worse ratings than the NC children on the TRS, t(46)=18.20, 

p<.OOOl, and PRS, t(46)=13.21, p<.0001. 
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Insert Table 1 about here 

Selection Criteria and Procedures 

ADHD subJects. Each ADHD child had been referred to the Hyperactivity 

Clinic at the Hontreal Children's Hospital for attentlonal and impulsivity 

problems. To be included in the study, a chi Id had to meet the DSM III-R 

diagnost1c criteria for ADHD and receive ratings of 1.5 or greater on the 

Hyperactivity Index of both the Revised Conner's Parent and Teacher Rating 

Scales (PRS; TRS; Goyette, Conners, and Ulrich, 1978). Interviews with the 

mothers established that the children's problems were chronic and pervasive. 

In addition, the symptoms could not be attributed ta demonstrated brain 

damage, epilepsy, psychosis or anxiety. Subject's IQ's had to be above 80 

as measured by the Peabody Picture Vocabulary Test. Nine of the children 

were receiving stimulant medication. Their parents agreed not to administer 

the morning dosage the day of testing. This "wash-out" period of 20 ta 24 

hours was considered adequate as the half-life of methylphenidate in 

children is only 2 to 7 hours (Gualtieri et al., 1982). 

Normal controls (NC). Teachers of the ADIID subJects were asked ta 

select the next child on the class list who matched the AmlD child in sex, 

age (with1n six months) and IQ, but did not show behavioral difficulties. 

Parents of each potential control child were contacted by telephone and a 

short interview was carried out to verify that the chi Id dld not show 

attention or impulse control problems and dld not have a history of 
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Table 1 

Demographie Charaeteristies of the ADHD and Ne 

Subject Groups 

(Means and Standard Deviations) 

Group TRS PRS 

eN) (MONTHS) 

ADHD 123.54 96.42 2.27· 2.12* 

(24) (18.82)+ (10.93) ( .40) ( .43) 

NC 123.71 96.88 .30 .56 

(24) (18.48) (11.57) (.35) (.39 ) 

+ Standard deviations are in brackets 

• p(.0001 

TRS: Teacher Rating Scale 

PRS: Parent Rating Scale 

f 
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emotional difficulties, brain damage, epilepsy or psychosis. None of the 

children were taking psychotropic medication. Scores on both the PRS and 

TRS had to be below 1.5 on the Hyperactivity Index of the scale for 

inclusion in the NC group. 

General Procedure 

Subjects were tested individually in their schools in a single session 

lasting approximately one hour. Tests were adminlstered in one of three 

orders and included tests which will be discussed in Study 2. Orders were 

randomly determined with the restriction that tests involving similar 

materials did not immediately follow one another. In addition, order of 

administration of the ICD and CCD tasks was counterbalanced. 

Test Materials and Administration 

Go-No Go ~ (GNG). The GNG task requires rapid discnmination of "go" 

(S+) and "no go" (S-) signals. Stimuli included fort y cards with pictures 

of an apple (S+; 20 cards) or ice cream cone (S-; 20 cards). SubJects were 

required to press a response key as quickly as possible when presented wlth 

the S+, but to refrain from pressing in response to the S-. Cards were 

presented in a predetermined random sequence at the rate of one card per 

second. Total testing time was approximately three minutes. Depression of 

the response key to the S- and failure to respond to the S+ were scored 

separately as errors. However, because S+ errors were rare and occurred 

equally in the two groups (6 errors in each group), they were not included 

in the analyses. 
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Luria' s Test of Conflicting ~Iotor Responding (CM). This test was 

adapted from a test in the Luria-Christensen battery used to investigate 

verbal regulation of the motor act (Christensen, 1975). Subjects were given 

a gestural signal and were required ta respond with an alternate movement. 

Subjects were told: "If l show you my finger, you show me your fist. If l 

show you my fist, you show me your finger." Each of the two gestures was 

presented 40 times in a predetermined random sequence at a rate of one 

gesture per second. Total testing time was approxirnately 2 minutes. 

Echopraxic errors were recorded. Reliability testing of the scoring 

procedure was accomplished by having a second trained examiner 

simultaneously score 80% of the children's performances. Kappa correlations 

of the two scorer's protocols showed scorer reliability of .68. 

Compatible and Incompatlble Conditional Discrirnlnatlon (CCD; ICD). 

These two tasks requlre verbal and motor responses ta colored cards. 

Subjects were asked to name and pOlnt ta a response card which was either 

the same color (CCD) or a different color (ICD) than the stimulus cardo In 

aIl cases, subJects were required to name the co1or of the card to WhlCh 

they pOlnted. In bath tasks subjects were presented with a predetermined 

random sequence of 20 cards presented at a rate of one card per second. 

Order of administration of the two tasks was counterbalanced. Testing time 

for the two tasks was about four minutes. Verbal and motor errors were 

scored. Inter-rater reliabi1ity for the scoring method was determined as 

described for CM scorlng and showed reliabilities ranging from .66 to .68 

for ICD errors and .66 to .81 for CCD errors. Reliabillties are 

underestimates due to the large number of performances with no errors. 
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Reitan's Trail-Making Test == Forms ! and ~ (TM-Ai TM-B). Reitan's TH 

test (1955; 1986) is composed of two parts. The flrst, 1}1-A, requires the 

subject to connect randomly placed, consecutively numbered clrcles as 

quickly as possible. Part B Involves connecting numbered and lettered 

circles by alternating between the ordered number and alphabetical let ter 

sequences as quickly as possible. Form A was always administered first. 

Subjects completed a short sample sequence, errors were corrected and, once 

the examiner was satisfled that the instructions were through1y understood, 

the test proper was given. Subjects were urged to work as quickly as 

possible. Errors were pointed out immediately and the subJect was asked to 

continue from the last correct response without eraslng the error. Time 

taken to complete the sequence correctly and number of errors were recorded. 

Testing time was approximately five minutes. 

Results 

T-tests and analyses of variance were used to Rssess group differences. 

Results of evaluation of statisticai assumptions led ta transformatIon of 

sorne variables to reduce skewness in their distributions, reduce the number 

and effect of outliers and improve homogeneity of variance. A square root 

transformation was used on the number of errors on the Trail-Making A and H 

tests, aIl ICD and CCD variables, and the GNG task. Response times for 

Trail-making A and B were submltted to a log transformation. In cnses where 

significant heterogenelty of variance still eXlsted, as determined by 

Levene's test (1960), separate variance estimates were used. 

Means and standard deviations of the raw scores of the tWQ groups al 
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children on each of the measures are presented in 'l'able 2. 

Insert 'l'able 2 about here 

Go-No Go task. At-test performed on the number ot errors showed that 

ADHD chi1dren made a s1gnificant1y greater number of errors than did the Ne 

children, t(46)=2.75, p<.Ol. 

Conflicting Motor Response Test. l'-tests were pertormed on the number 

ot errors for the two groups. ADHD children made significant1y more errors 

than the Ne group, t(4b)=4.J4, p<.UU01. 

Compatible Conditional Discrimination 'l'est. 2 (subject group) x 2 

(arder of CCD/leD administration) ANUVAs were computed for the number of 

verbal and motor errors. ADHD children made more verbal errars than did NC 

children, 1'(1,44) = 4.11), p<.05. No other effect of subject group was 

signiticant. Both groups ot children made more motar errors when the CCD 

task was presented priar ta the leV task, 1"0,44) = 5.90, p<. 02. No 

signit1cant interactions between these tactors were found. 

Incompatible Conditional Discrimination Test. 2 (subject group) x 2 

(arder of administration) ANUVAs were computed for the number of verbal and 

motor errors. 

'l'he main effect ot arder ot administration was significant in aIl 

analyses. Significantly more verbal anà motar errors were made by bath 

groups when the CCD task preceded administration of the lCD (verbal errars: 

1"(1,44) = 15.4H, p<.0003; matar errors: F(1,44) =18.45, p<.OOOl). 

The number ot verbal errors showed a signiticant effect for subject 
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Table 2 

Means and Standard Deviations ot ALJlID and Ne 

Children on Measures of Motor Control 

ADIID NC tiF P 

Go-No Go Test 
Errors--- 3.46 1.58 2.75 <.01 

*(3.08) (1. 28) 

Conflicting Motor 
Response Test:. 

Errors 4.83 2.04 4.34 <'0001 
(2.60) (1. 78) 

Compatible Conditional Discrimination Test 
Verbal Errors .54 .25 4.11.) <.05 

(.59 ) ( .44) 

1 Motor Errors .42 .33 .42 n.s. 
(.58) ( .48) 

Incompatible Conditional Discrimination Test 
Verbal Errors 2.04 l.~ 8.54 <.006 

(1. 60) ( .95) 

Motor Errors 1.71 .92 8.86 <.005 
(1.37) ( .93) 

Trail-Making Tests 
A: Time (seconds) 50.58 51.96 .002 n.s. 

(13.81) (l8.97) 
Errors .63 .21 2.11 <.05 

( .88) (.41) 
1): Time (~econds) 153.42 111. 25 2.47 <.02 

(70.30) (43.55) 
:Errors 2.42 .50 2.41 <.03 

(3.99) (872) 

• standard deviations are in brackets 

1 
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group, f(1,44) = 8.54, p<.OOb. AUHU children made more verbal errors th an 

did NC children, regardless ot test order. 

ln comparison to NC children, AUHD children made significantly more 

motor errors, f(I,44) = 8.86, p<.005. No significant interactions of 

~ubject Group x Test Order were found. 

Trail-Making Âi. Trail-Making ~ 'l'-tests were computed tor time taken 

for completion and number ot errors made on each task for the two subject 

groups. 

44 

ADHD children made signiticantly more errors on the TM-A task than did 

the Nes, t(46) = 2.11, p<.OS. No difterences were found for time taken, 

t(46) = .002, p>.05. 

The AUHD group made more errnrs on 'l'M-B, t(46) = 2.41, p<.03, and took 

longer ta complete the task, t(46) = ~.47, p<.02. 

Discussion 

'l'his study was designed ta investigate motor control abilities in ADHD 

and Ne children. It was predicted that the performance of AUHD chi1dren 

would be significantly impaired compared to Nes and would resemble findings 

for FL patients and NU children younger than 8 years, in spite of their age 

range trom 8 to 12 years. 

As predicted, ADHD children were impaired relative to Nes in aIl four 

areas ot mator control assessed. They were significantly less able to 

inhibit simple motor actions and echopraxic responses, to alternate 

responses quickly and correctIy, or to use overt verbal self-eues te guide 

motar responses consistently. These results are consistent with those of 

studies testing ADHD children on similar tasks Ce.g., Hay et al., 1978; 
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Homatidis & Konstantareous, 1981; ~tevens et al., lQ7U) and provide dIrect 

evidence of parallels between the pertormance ot AD!iD chi Idrpn Ilnd 1'1, 

patients. 

The performance ot the ADHU group resembled thnt ot FL pntients ,mcl 

children younger than ~ years in several respects. l'irst, like bath 

reference groups, AUHU children showed ditficulty inhibitlng motor 

responses, including the withholding of echapraxic responses, as requirect on 

the CM and lCU tests. Like l'L patients and normal 6 ta 7 year olds, AIJIID 

children responded impulsively when primed to react quickly and imitated the 

stimulus observed even when instructed not to do sa. 

Second, ADHD--NC difterences on TM-il resemble findings of ~eitan (l9~6) 

r 
l' .for FL patients and ot Gorenstein et al. (in press) and Clarkson and lIayden 

(1971) for hyperactl.ves, Le., they showed significantly illOre prob:!.ems than 

Nes in shilting between response dimensions. However, contrary to the 

findings ot Gorenstein et al. and Clarkson and Hayden, AUHD children in the 

current study made signitlcantly more errors on 1'M-A as weIl, although they 

were able ta complete the task as quickly as NCs. Since the directions for 

both lM tasks emphasized speed, their ditficulty witholding primed motor 

actions may have been heightened. Thus, rather thon repre~enting problems 

in sequencing or scanning per se, their pertormance probably resulted trom 

impulsl. ve actions. Investigators working wi th FI. pii tients have not reported 

error scores. However, the pattern of signiflcant ditferences on time 

scores on TM-H, and nonsignificant difterences on rM-A, resembles findings 

1 
from studies with l'L patients. 

Like }<'L patients in Urewe' s (llJ75) study, ADIID children made more 
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verbal errors than their control group on the CCD test. Their verbal errors 

may be attributable to ditficulty witholding primed responses under the 

fast-paced requirements o~' the task. Hecker et al. 0<)88) reported that 6 

and 8 year old children were less able than 10 and 12 year olds ta make 

speeded decisions on GNG tasks as reflected by slower reaction times. 

Because the CCV was experimenter-paced, children experiencing ditficulty 

could not slow down. A speed-accuracy trade-off would be expected for 

children unable to process stimuli and decide on required responses 

efficiently. Consequently, AD HU children seemed less efficient in making 

speeded decisions and in witholding task-primed responses until a decision 

could be made. Thus, the performance of 8 to 12 year old ADHD children 

resembled the level ot attainment o~ ~ ta 8 year olds in these skills and 

their verbal impairment on the CCU seems related ta response inhibiLion 

difficulties. 

It is interesting that, although ADHD children made significantly more 

verbal errors on the CCD, they did not make significantly more motor errors 

than NC children. This discrepancy implies that, at least on sorne trials, 

ADHD children were making mismatched motar and verbal responses. It is 

likely that the children may have been able to glve a correct motor response 

by visually matching stimulus to response alternative. When required to 

generate the verbal response, however, they were more likely to make an 

impulsive vocalization, as noted abave. This Interpretation would point to 

a lack ot "semantic meaningfulness" (Meichenbaum & Goodman, 1969a) ot their 

verbal responses. Although it has been reported that 5-1/2 to 6 year old 

children are able ta use overt self-instructions ta control or correct 
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behavior (Meacham, 1978), FL patients have demonstrated difficu]ty using 

self-instructions eftectively (Urewe, 1<)75; Homskaya, 1<)60). Verbnl 3nd 

motor errors were intrequent in both AOI!IJ and Ne groups and LI more extcnsl ve 

study ot verbal-motor dissociation in AUHU chilrlren would he necessnry ta 

contirm that the discrepancy represents a true dissociAtIon. A detailcd 

study, such as that of Meacham (1<)78), ai the use of language by AUHU 

children, particularly as it relates ta control of motJr behavior, wauld be 

helpful in clarifying the relationship oi verbal and motar behavior. 
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Study 2: Performance of ADHD children on tests measuring problem-solving 

ski Ils 

48 

Patients with FL damage, normal young children and ADHD children also 

have been found to show deficlencies in a variety of skills required for 

efficient problem solving. The discussion of problem solving skills and 

performance will be subdlvided lnto five areas. The first three sections 

will describe typical difficulties shown by FL and ADHD groups on 

trial-and-error learning, organizatl0n of task stimuli, and organization and 

planning of responses. Although normal developmental differences in these 

three areas have been studled, these studies have not included tasks used 

with FL patients. Parallels between all three groups will be descrlbed in 

the discussion of concept discovery strategies ln the fourth section. The 

Wisconsin Card Sorting Test, which has been consistently associated with FL 

deficits and which requires the use of aIl the mentioned skills, will be 

discussed separarely. 

Trial-and-Error Learning 

FLS. In order ta perform trial-and-error learning tasks adequately, 

subjects must be able to appreciate errors and utilize error information to 

achieve a correct response, while observing task rules. FL patients show 

impairments in the use of error feedback as weIl as in complylng with task 

rules. 

Petrides (1987) constructed two condltional associatlve learning tasks 

ta investigate the ability of FL patients to regulate their behavior by 

external signaIs and instructions. His tasks included both a spatlal and a 

non-spatial version. Subjects were required to learn a serles of 
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associations between six stimulus-eues and their six corresponding responses 

by a trial-and-error procedure. Petrides found that patients with FL 

lesions had significantly higher error scores than non-FL patIents on both 

conditional associative tasks. 

The failure of FL patients ta use errors ta modlfy or control their 

performance does not seem ta reflect failure to recognize errors. Konow and 

Pribram (1970) described a woman with left FL damage who was able to 

reliably identify errors made by herself and others on tasks involving 

comp1ex seriaI commands. Desp1te intact error recognition, she failed to 

use this knowledge. This description is consistent with Prlbram's ear1ier 

(1960) demonstration in primates that error recognition is dependent on 

posterior cortex, whereas error "utility" i8 disturbed following 

frontolirnbic lesions. 

Milner (1964) described a distinctive lack of compliance with test 

instructions by FL patients on a stylus maze test. ThIS task requ1res 

learning the correct path across an array of nailhedds WhlCh act as viSIble 

"stepping-stones". Every t1me a response departs from the correct path, an 

error counter clicks loudly. These clIcks provlde feedback by which 

subJects should be able to learn the correct path. Rules for the task 

include: when the counter ClICks, subJects must go bock to the preceeding 

nailhead; they must not go back and retrace the correct path; and they must 

not make diagonal movements across the maze. Non-FL patIents were able to 

avoid rule-breaklng, but FL patients were slgnIficdntly more likely to break 

rules. Patients with FL leslons appeared to slmpllfy the problem by trylng 

to complete the task as quickly as pOSSIble without attencllng ta the one 
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approved route. Thus, although FL patients understood and could repeat the 

rules, they failed to comply with them. 

The sa me response style is evident in the performance of FL patients on 

the Porteus Maze test (Walsh, 1978). Patients with FL damage frequently 

entered the same incorrect alley repeatedly, often concurrently stating that 

the choice was incorrect. Bence, although they seemed aware of their 

errors, they were unable to use this knowledge to modify their actions. 

In summary, patients with FL damage show impaired performance on 

trial-and-error tasks. The deficit is related both to difficulties in 

complying with task instructions and inabi1ity to use information from 

recognized errors to modify behavior. This pattern may stem from previously 

described problems with response flexibility and verbal-motor compatibility. 

ADHD. ADHD subjects also show deficits in using response feedback 

during trial-and-error learning. Pigatt and Douglas (1987) tested ADHD and 

nonADHD groups on PetrIdes' (1987) spatial conditional associative learning 

task. Consistent wIth the performance of FL patients, Pigott and Douglas 

reported that ADHD children were significantly poorer than nonADHD children 

at trial-and-error learning of associations between six stimulus cues 

(lights) and six corresponding responses (key presses). Thus, both FL and 

ADHD groups appear ta have difficulty using this type of environmental 

information. 

Like FL patients, ADHD children also make qualitative, "rule breaking", 

errors on the Porteus ~~ze test (Conners & Eisenberg, 1963; Conners & 

f 
RothschIld, 1968; Parry, 1973). They eut corners, cross over llnes, and 

lift the pencil in spite of directIons not to do 50. 
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Ihus, bath tL and ADHD subjects fail ta demonstrate efticient lcnrnlng 

using trial-and-error. Both groups fail ta comply consistently wlth task 

instructions and seem lmpalred il1 the use of. rcspollse teedh.\ck to correct or 

modity performance. 

Stimulus Organization 

FLS. Patients with l'L damage have shawn detlclts on a number of tasks 

which require categorization and organization ot stimuli. ~tuss et al. 

(lY83) tested leucotomized patients (i.e., patlents with orbitotrontGl 

lesions) on a "Visual-Verbal Test of Conceptual Thinking". The test 

involved grouping three out ot tour obJects and identifYlng the grouping 

principles. Although no difterences in number of correct groupings were 

tound between leucotomlzed and normal control subJects, there was 3 

signiflcant difference in ability ta identify grouping strategies. FL 

patients often grouped items appropriately but tailed to glve the correct 

reason. lt is not clear whether these patients were unable to verbnllze the 

basis for their decision, or whether the y failed to formulate 3 deliberate 

strategy and simply grouped three items "automatlcally" on the reiatively 

easy task. 

Incisa della Rochetta (lY86) dld tlnd lmpairment in l'L patIents on a 

picture categorizatl0n task when sorting demands were Increused. Pntients 

were required ta sort thirty-six pictures into discrete categories of their 

own choice. Patients wlth FL damage showed a tendency ta produce incomplete 

categorizations, i.e., they were more likely than nan-fL patients to tail to 

include aIl the pictures in the categories farmed. Incisa hypothesized that 

1 this tendency resulted from a failure to consider the entire set of items 
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prior to forming categories and during sorting. Hence, by the end of the 

sorting time allowed, FL subjects were left with items which did not fit 

easily into any of the categories they had chosen. 
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The inefficient visual search behavior of FL patients also reveals 

failure to consider aIl of the available information prlor to acting. Luria 

(1973) tested patients' ability to deduce the thematic content of picture3. 

In order to perform weIl, subjects had to scan the pictorial information, 

compare informational fragments, form an hypothesis regarding the theme, and 

then test the hypothesis by comparison with picture content. Luria reported 

that, although the task was adequately performed by nonFL brain-damaged 

subJects, patients with FL damage tended to note one particular detall and 

then extrapolate directly from this detail to the meaning of the picture as 

a whole without verifying the hypothesis. 

Luria (1973) also reported results of eye movement recordings during 

examination of thematic pictures. The eye movements of normal subjects 

showed scanning of the entire picture during a free observation period, 

whereas those of FL patients tended to return repeatedly to a [ew details. 

Similarly, normal subJects changed the direction and style of their visual 

scanning in response to specifie questions about a picture; FL patIents 

falled to adapt their scanning to answer different questions. They scanned 

randomly or returned to spontaneously noted details. 

Miller (1983) also reported an inability of FL patients to use 

available information efficiently. She assessed FL and temporal lobe (TL) 

damaged patIents and normal control subjects on visual and verbal tasks ln 

which target items had to be guessed on the basis of partial informatIon. 
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Up ta three clues were given for each visual or verbal ltem. Clues were 

constructed 50 that the target items could be deduced by successively 

integrating the information from aIl three clues. Miller reported that FL 

patients consistently tended to neglect available information. One of the 

verbal tasks required subjects ta identify a ward meeting three definltions. 

Left TL and aIl FL patients were more likely ta guess words without 

verifying that they satisfied aIl the clues. On the visual task, as weIl, 

FL patients failed ta use aIl the informatlon inherent ln the clues more 

often than normal control or left TL patients. 

Thus, patients with FL damage demonstrate difficulty categorizlng and 

organizing stimulus materials. They fail to effectlvely scan aIl avallable 

information and to apply aIl information presented prior to respondlng. 

This behavior is consistent with previously described deficlts ln response 

lnhibition and would support the notion that problems of control secn in 

motor responses also appear in cognitive performance. 

ADHD. Children with ADHD also fail ta process and organize stimulus 

materials efficlently. Further, as ln FL patients, the performance 

difficulties of AllilD children become more severe when the number of elements 

to be processed increases. 

For example, Iloy, Weiss, Mlnde, and Cohen (1978) adminlstered a 

multiple-choice test of ward knowledge ta ADIID and normal control children. 

They reported that ADHD ch!ldren performed as weIl as con trois when two 

alternatives were glven, but performed less accurately whpn glven flve 

alternatlves. They suggested that this pattern was the result of the 

failure of AmlD chlldren to consider AlI the alternatIves prior to maklng 
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their decision. 

Similar results were reported by Rovet (1980) using a version of the 

Matching Familiar Figures Test (NFFT) with impulsive and reflective 

children. The ~WFT is a matching test in which subjects must identify which 

stimulus from a set of SlX is identical to the target. Many researchers 

have reported impaired performance by ADHD children on the MFFT (Campbell, 

Douglas & Morgenstern, 1971; Cohen, Weiss & Minde, 1972; Juliano, 1974). 

Rovet altered the test 50 that a varying number of response alternatives 

were available. He reported that, a1though both groups made more errors as 

the number of alternatives increased, the increase was more marked for 

impulsive children. In addition, impulsives did not increase their 

latencles to the first response as the number of alternatives increased, 

suggesting that they did not scan aIl the alternatlves or at least did not 

process the available information effectively. 

Studies of scanning behavior of impulsive children also show less 

efficlent visual search strategies. Impulsives look 1ess often at the 

target stimulus and each alternative and make fewer comparlsons between the 

target and alternatives (Drake, 1970; Siegelman, 1969). They also use fewer 

strategles such as comparing the target with one alternative at a time and 

searching distinctive features systematically. 

ADHD chlldren also are impaired relative to normal control chlldren on 

the Embedded Figures Test, in which subjects must conduct an organized 

search for the correct figure embedded in a visual array. ADHD chlldren 

tend to respond to superficially similar stimulus attributes rather than 

making an exhaustive search and verifying their choice against the model 
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provided (Campbell et al., 19ï1; Cohen et al., 1972). Thpse results 

resemble the inefficie~lt visual search of FL patients on thematic plctures 

reported by Luria (1973). 
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Thus, ADHD children, 1ike FL patients, tend to respond prior to 

organizing and exhaustively searching avai1able stimuli. As noted for fL 

patients, these cognitive difficulties are likely to be related to response 

inhibition deficits. The failure to use available stlmulus lnformatlon 

effectively also is probably one aspect of poor organlzatlon and planning of 

responses, discussed in the next section. 

Response Organlzation 

FLS. FL patlents typically fail to plan and organlze response 

strategies. One example of thlS impaument that already has been described 

is their poor performance on maze tasks (Milner, 1964; Walsh, 1978). 

Lhermltte, Derousne, and SIgnoret (1972) demonstrated slmilor deflclts on 

the Rey-Osterrelth Complex Figure and black deslgn tests. On both tasks, 

patIents were asked to copy a model, elther drawlng d dupllcate or uSlng 

blocks to copy a geometnc desIgn. Although researchers have excluded the 

frontal lobes as the cause of constructlonal deflcl ts per se (flp.Cilen t 1 lm 1), 

patients with FL damage showed performance disturbances ln Lheruntte et 

al. '5 study. On both tasks, they tended to SklP prel1rnlnary eX,lmlnatlon ut 

the deslgn and focused on sallent details to the exc1uslOn of otller design 

aspects. If, however, an external organlzatlon was Imposed on the stlmulus 

design (e.g., outlining each block on the model or presenting the components 

of the Complex Figure sequentlally), the performance of FI. patIents 

Improved, suggestlng that thelr difficultles were related to 1allure tn plan 



56 

response strategies. 

Petrides and Milner (1982) investigated the ability of FL patients to 

organize and monitor their own responses. They presented subjects with 

stacks of cards, each picturing a set of 6, 8, 10, or 12 stimuli in a 

regular array. For eaeh stack, the array, number of stimuli, and specifie 

items remained the same, but the relative positions of the items varied 

randomly. Subjects were required ta go through the staek, touehing only one 

item on eaeh card, without repeating any item. Bence, the subJect initlated 

and determined the response sequence. Four stimulus sets were used: 

concrete and abstract words and abstract and representationa1 drawings. 

Compared to non-FL patients and normal control subJects, FL patients were 

signifieantly impaired, particularly on the non-verbal stimulus sets. 

Whereas only left FL patients were impalred on the two verbal tasks, bath 

left and right FL groups were impaired on the two non-verbal sets. ~ormal 

subjects attempted to impose an organization for the longer sequences Ce.g., 

always touching the suit case after the train). This strategie and 

meaningful grouping of items was less apparent ln the FL groups. Thus, FL 

patients appeared less able to organize and monitor their own responses. 

ADHD. Hamlett, Pel1egrlni, and Conners (1987) tested ADHD and normal 

control ehildren on a task which required the sorting and reeal1 of twenty 

stimulus cards. Chilè~en were eneouraged ta sort the cards "in a way that 

would help them remember". Following free recall, children were asked to 

expIa in tu a younger child how ta play the game in a way that would make lt 

easy to remember aIl the cards. I~mlett et al. reported no significant 

difference in the time required for ADHD and control chi1dren to sort the 
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cards and only a slightly greater number of items recalled by control 

children. Analysis of the instructions they gave for younger children, 

however, revealed that ADHD children received significantly lower scores on 

task organization, strategy production and communlcative effectiveness. 

That is, they were significantly less likely than COhtlOls ta verbalize the 

spontaneous generation and use of strategies on a task requiring 

self-imposed structure. 

ADHD children have not been tested on tasks which dlrectly meaSure 

their abllity to plan and monitor respanses, such as Petrldes and Nilner's 

(1982) self-ordered pointing task. As previously discussed, however, on 

other tasks ADHD children demonstrate the rule-breaking, lmpulsive 

performance typica1 of FL patients and fail ta arganize and pldn responscs 

prior to acting. Like FL patients, they a1so show Improvement when tasks 

are organized for them and when their performance is organlzed by sequentlal 

steps (Douglas, 1980). The Petrides and Mi1ner (1982) task wlil be used ln 

the present study to assess impaired organizatlonal and self-monltorlng 

abilities dlrectly. 

Concept Discovery 

FLS. Patlents with FL damage a1so have difflcultlcs wlth concept 

discovery and matrix search tasks. Cicerone, Lazar , and Shapiro (19H3) used 

a concept discovery task to study the use of hypotheses and cognltive 

strategies ln FL patients. SubJects were glven a serles of two-choice 

visual discrlminatl0n problems consistlng of stimuli varylng on four 

dimensions. They were instructed to point to one stimulus on each trial and 

to use the examiner' s feedback ("nght"-"wrong") to discover which stimulus 
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dÜ!1ension was "correct". FL patients produced fewer "appropriate" 

hypotheses (l.e., hypotheses consistent with aIl prior feedback) than did 

non-FL patients. They also produced fewer appropriate hypotheses after 

negative than positive outcome trials. 
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Poppen, Pribram, and Robinson (1965) reported impalfments of FL 

(lobotomy) patlents on a matfix search task. SubJects viewed a display 

consistlng of sixteen w~ndows ln a 4x4 arrangement. Initiail/, wIndows 

displayed six different sy~bols, which varied posItion randomly among the 

sixteen windows. SubJects were required to identlfy the "correct" symbol by 

pr~~slng the wlndow dlsplaying it. After five consecutIve correct 

responses, a different symbol became "correct". After five of the SIX 

symbols had served as the correct stimulus, ~ seventh symbol was added and 

immediately became the correct stl~ulus. After SIX out of the seven symbols 

had been used, an eighth was added. The cy~le repeated until patients had 

identified aIl possible correct symbols or until they exceeded the time 

limit. "Search" errors "ere defined as repe t ' Clon of a re::;ponse to an 

incorrect symbol prior to locatlng the cor ",ct symbol. A "post-sear.::h" 

error was a response to an Incorrect sy' ,01 after the patient had identified 

the correct symbol for that program. 

The most striking finding wa that only half of the FL group as 

compared with over 77 percent of non-lobotomized schizophrenic con troIs 

completed aIl twenty trials. During task performance, when a new symbol 

became avaliable, FL patIents chose It correctly, but falled to stay wlth lt 

to criterion. Unless a new symbol was presented, patIents With FL damage 

had more diff1culty both locating and persevering w1th a correct symbol. 
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Thus, the impairments of FL patients on matrü; search and cognitive 

discovery tasks reflect difficulties in organizing stimuli, planning 

response strategies, and using response fe~dback to modify or maintain 

behavior. 

--

~ormal Development. Research on develo(Jmental changes in the concept 

discovery behavior of normal chLldren has been concerned with how children 

attempt ta solve matrix problerns and whether they can leaen ta improve the 

efficiency of their performance. Investigators have found conslstent 

developmrntal changes in the style and efficlency of strategies used by 

children. 
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Mosher and Hornsby (1966) studied strategies used by children playing 

the game of "Twenty Questions". They described two types of questions 

children used ..... hen required to find a "correct" picture from a larger matrix 

of pictures. Ilypothesis-scanning (HS) questions test a specifie hypothesis 

which is unrelated to previous questions (e.g., ls it the car?; ls it the 

dog?). Constraint-seeking (CS) questions eliminate more than one 

alternative (e.g., ls it a tool?; 15 it red?). Because CS questions "focus 

in" on the solution, they result in more efficient problem-solving than the 

random guesses of HS questions. Mosher and Hornsby reported that children 

shift from HS to CS quest10ns between the ages of six ta eleven years. 

Eimas (IQ70) further investigated the development of CS strategies 

using a "Twenty Questions" procedure. He tested four groups of childr€'n, 

aged 7-1/2, 9-1/2, 11-1/2, and 13-1/2. Children trled to discover the single 

cell designated "correct" by the experimenter, uSlng as tew questions as 

posslble. Eimas reported that the two oldest groups ot children performed 
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significantly better than the younger children. The youngest children (age 

7-1/2) did little better than predicted by a HS guessing strategy. 

Eimas (1970) a1so found a progressive increase in the number of 

"categorica1" questions used. These questions included a class of abjects 

(e.g., Is it a red one?) or involved at least two cells of the matrix (e.g •• 

Is it a number between 2 and 6?). Use of categorIca1 questIons, however, 

did not begin to increase significantly until after 9-1/2 years of age. 

Children did not use "focusing" questions (Le., el1minating half the 

possibilities) until 9-1/2 to 11-1/2 years and still used them only 

minimally by 13-1/2 years. 

Eimas (1970) hypothesized three stages in the development of 

questioning strategIes. The first (7-1/2 years) is characterized primarily 

by a guessing strategy, i.e., the HS questIons of Mosher and Hornsby (1966). 

The second level (9-1/2 to 11-1/2 years) is one in which categorical 

questions occur with increasing frequency. The third 1evel (11-1/2 to 

13-1/2 years) is marked by a high Incidence of categorlcal questions and, 

under simple to moderate levels of task complexity, the appearance of 

focusing strategies. 

Kagan et al. (1979) reported that even when six year old chIldren know 

information relevant for prob1em solutions, they may fail to use that 

Information when needed. In one experiment, children were required to 

remember whether each in a series of dolls was rlght side up or upside down. 

When the arrangement was random, six year olds performed almost as weIl as 

eight year olds. If the dolls were organlzed in an a1ternating pattern, 

eight year old children were able ta recognize and use the pattern to 
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remember a longer series. Although most of the six year olds understood the 

rule "alterna te" , they failed to apply that rule and performed at the same 

level as previously. Kagan et al. concluded that children reach maximal 

performance on tasks requiring efficient control processes around nlne to 

ten years of age, with the greatest improvement between seven to nlne years. 

ln summary, Kagan et al. (1979) placed developwental improvement in 

problem-solving Skliis to the period of seven to ten years of age. Mosher 

and Hornsby (1966) trace the development from HS to CS question styles to 

roughly the same age range. Eimas (1970) divided the development of CS 

questions Into three periods. Seven year olds use predominantly a guessing 

strategy, with the shi ft to categorical questIons not occuring unt11 nine to 

eleven years. Optimal efficiency through the use of focusing questions does 

not appear until Il to 13 years. 

ADHD. Dykman, Ackerman, and Oglesby (1979) tested ADHD children on a 

test resembling the one used by Poppen et al. (1965) with FL patIents. The 

test required that children find the symbol which would result in 

reinforcement. Initially, children were required to choose one of two 

possible symbols, to a criterion of five correct cholces. The stimulus 

field was gradually increased to twelve symbols. Therefore, as in Poppen et 

al. 's task, a "search" strategy was needed to discover the "correct" symbol, 

while an "after-search" strategy determined behavior after the correct 

symbol was iùontified. Althougll performance measures were recorded somewhat 

differently from Poppen et al., certain comparlsons are of interest. 

Fort y percent (8/20) of the ADIID children indicated that they were so 

tired of the "game" that they wanted to qui t eady, compared to one normal 
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control and one learning-disabled child. In addition, as the complexity and 

length of the task lncreased, the ADHD children had longer latencies on 

criterion than search trlals. ADHD children also made a greater number of 

extraneous responses than the other two groups. Dykman et a1.(1979) relate 

this pattern to Pribram' s (1971) description of FL patients' "lack of 

tolerance for a problelfi". lt is comparable to the findings of Poppen et al. 

in which fifty percent of the FL patients failed ta complete the task. 

Dykman et al. report that ADHD children seemed as able as normal contraIs to 

locate the correct symbols, but they did not make consistent use of this 

information. Thus, like lobotomized FL patients, ADHD childre~ showed 

considerable difficulty maintaining correct responses and their search and 

post-search errors were augmented by increasing task length and complexity. 

Tant (1978) tested ADHD and normal control children uSlng a Rule 

Learning task resembling the concept identi ~:ation test used by Cicerone et 

al. (1983). The children were presented with plctures varying on four 

dimensions and were required to discover the rules detprmining which 

stimulus dimension was "correct", ADHD children used signiflcant1y 1ess 

efficient strategles and failed to use prior feedback consistently. 

Freibergs and Douglas (1969) and Douglas and Parry (1982) falled to 

find signlficant ADHD--normal control differences on an eaSler concept 

identification task. As in the tasks of Cicerone et al. (1983) and Tant 

(1978), children were given a serles of two-chOlce visual dlscrimination 

problems. On this version, however, stimuli varied on only two dimensions. 

1 When continuous reinforcement was used, ADHD chlldren did not dlffer from 

normal controls. Cons 1 stent wlth the results of Dykman et al. (1979) and 
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Cicerone et al. (1983), Freibergs and Douglas (1969) reported that ADHD 

children used a larger number of irrelevent hypotheses. The authors 

associated this finding with the failure of hyperactives to use task-related 

feedback consistently and efficiently. 

Tant and Douglas (1982) found that ADHD children also used less 

efficient questioning strategies on a Matrix Search task of the type used by 

Mosher and Hornsby (1966) and Eimas (1970). ~ollowing administration of the 

child-generated "Twenty Questions" portion of the task, a recognitlon task 

was given in ~hich children ind1cated which of two experimenter-generated 

questions was "better" to solve the matrix. Dependent variables lOcluded a 

measure of average number of pictures eliminated per question and the 

frequency of four different question types. Question types were defined in 

a fashjon resembling that of Eimas (1970). "Ideal" CS questions were the 

same as Eimas' focusing strategy, i.e., questions ellm1nat1ng half the 

available alternatives. "Cood" CS questions were equivalent to categorical 

quest10ns which grouped at least two items. "One-item" questions were 

equ1valent to Eimas' (1970) guessing strategy and Mosher and Hornsby's 

(1966) hypothesls seeking questions. "Non-informative" questions were 

lrrelevant to the task or repeated previously acquired information. 

Tant and Douglas (1982) reported that ADHD children were less efficient 

questioners than the normal control ch1ldren, i.e., they eliminated 

significantly fewer items per quest10n. In addition, the hyperactive group 

asked significantly fewer ideal CS quest10ns and more one-item questions. 

Thus, ADHD ch1ldren tended ta guess about individual items as d1d the 7-1/2 

year old children ln Eimas' (1970) study. 



1 

« 

In a post-test interview, Tant and Douglas (1982) found that 

hyperactives were less likely than control subjects ta verbalize aIl 

relevant dimens10ns by which matrix items could be classified. 
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Nevertheless, 19 out of 21 hyperactives identified stimulus dimensions Wh1Ch 

they had not used in formulating their questions. Hyperactives also 

recognized s1gnificantly fewer good questions than did normal controls. 

Thus, ADHD children seemed to approach this type of task in a more immature 

fashion than normal controis. Like the 6 year olds in Kagan et al.'s (1979) 

study, they were capable of recogniz1ng dimensions, but did not seem to 

consider stimuli "categorically" and therefore did not take advantage of 

that information. Like FL subjects, the y typically fa11ed to conduct an 

exhaustive perceptual analysis of the stimulus matrix. Finally, the y failed 

to use aIl the information ava11able to them. Even when they knew the 

concept and recogn1zed it in the display, they did not consistently apply 

thlS knowledge to achieve successful performance. This behavior also 

resembles the performance of ADHD children on the matrix search test of 

Dykman et al. (1979). 

In summary, both ADHD and FL groups show difficulties performing 

efficiently on concept discovery tasks. Both groups have problems 

categorizlng stimuli and using prior knowledge to guide questioning 

strategies. Impairments are greater when stimulus and task complexity are 

increased. As on motor tasks, ADHD children tend to perform like younger 

normal children. This tendency is apparent especially in the results of 

Tant and Douglas (1982) where normal control chlldren with a mean age of 

9-1/2 used age-appropriate categorical and focusing strategIes (Eimas, 



1 
65 

1970). ADHD children, in contrast, were more likely ta use the HS, guessing 

strategy typical of children about 7 years ot age, in spite of their mean 

age of over 9-1/2 years. The failure of ADHD children to recognize and 

apply categorica! information also suggests that they were functioning at a 

level typical of six to se ven year old children (Kagan et al., 1979). 

Wisconsin Card Sorting Test 

The Wisconsin Card Sorting Test (WeSf) has consistently been associated 

with deficits following FL damage. For successfu] performance, it requires 

integration of a wide variety of cognitive skills on which FL patients have 

been shown to be impaired, including inspection of stImulus attrlbutes, 

planning of response strategies, rule compliance, utilization of performance 

feedback, inhibition of impulsive responding, alternat ion between response 

categories, concept discovery, and coordinatIon of verbal and motor 

information. Interestingly, adult FL patients, children with FL damage, 

ADHD children, and normally developlng children have aIl been tested on this 

task. 

FLS. The WCST test requires subjects to sort cards categorically by 

color, form, or number. The examiner provides feedback for each card 

placement, indicating whether the sort is correct or not, but gives no 

information regardlng possible categorIes or category shifts. No correction 

of errors is allowed and the correct sorting category shlfts without 

warning. Thus, the subJect must use verbal feedback from the examIner ln 

order to discover the correct sorting category and to know when to shift 

from this category. 

Patients having lesions of dorsolateral frontal cortex typlcally 
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complete fewer categories and make significantly more perseverative errors 

than other subjects, i.e., they persist in making responses which would have 

been correct for the previous category (Drewe, 1974; Milner, 1963, 1964; 

Robinson, Heaton, Lahman & Stilson, 1980). In addition, sorne FL patients 

will spontaneausly verbalize that "it has ta be the colar, the farm, or the 

number," but da not change their response pattern ta confarm ta that 

knowledge. 

Stuss, Benson, Kaplan, Weir, Naeser, Lieberman, and Ferrill (1983) have 

described a different type of deficit on the WCST by leucotomized patlents 

(i.e., patients wlth leslons involving the orbitofrontal cortex). Stuss et 

al. presented the first set of 64 cards following Milner's (1963) 

description. They then explained the idea of sorting ta the three criteria 

and gave examples. Their purpose was to ensure that any deficits would not 

be attributable ta lack of knowledge of the three criteria or the concept of 

sorting. The second set of 64 cards then was adminlstered. No differences 

between the FL patients and normal controls were found for the first 64 

cards. For the second 64 cards, normal controls completed signiflcantly 

more categories and made significantly more correct responses. The FL 

patients produced approximately the same number of correct responses in bath 

halves, but decreased the number of categories attained in the second half. 

That is, FL patients did not persevere in a category long enough to achleve 

the criterion level, shifting after three to five consecutlve responses. 

Cavazutti, Fischer, Welch, Belli, and Winston (1983) reported WeST 

f results for seventeen chl1dren with FL damage following surgery for tumor 

removal. They were tested an average of ten years following surgery and at 
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a mean age of 15.4 years. This age is weIl above chat shawn ta be critical 

for WeST performance (Chelune & Baer, 1986). Seventy percent of these 

subjects failed ta complete more than four categories. In contrast, only 6% 

of children with the same type of tumor treated without surgery failed ta 

complete four categories. Perseveration scores of the FL group a1so were 

significantly h~gher than those of the control children and approximated 

norms for 6 ta 8 year olds established by Chelune and Baer (1986). Thus, 

bath adults and children with FL damage show deficits on the WeST. In 

addition, scores of the FL children were s~milar ta those of FL adults on 

categories achieved and number ot perseverative errors. 

Normal Development. Chelune and Baer (1~8b) constructed developmental 

norms for the WeST. They reported that children younger than 7 years 

performed at a level comparable ta fL adults, bath in number of categories 

achieved and number of perseverative errors. Performance Improved 

dramatically from age 6 ta 7, but children did not achieve normal adult 

levels until age 10. These results are consistent with those reported for 

normal children tested on the concept discovery tasks dlscussed prevIously. 

Chelune and Baer (1986) also measured tailures ta maintaln set, i.e., 

shift~ng away from a correct category prior ta reaching criterion. Although 

children approached normal adult levels by 10 years, they did not match them 

until age 12. Thus, there seem ta be three developmental stages comparable 

to those described for mastery of concept dlscovery tasks. During the 

f~rst, 6 ta 7 year old chlldren perform llke adults wlth FL dysfunction, 

showing persevera tian and difficulties generating problem solvlng 

strategies. The authors ~nterpret th~s findlng as an indicatIon that the 



1 

'. 

68 

frontal lobes are not functionally mature at age 6. During the second stage 

(7 ta 10 years), children perform better than FL patients, but not at the 

level of normal adults, suggesting that the frontal lobes are beginning ta 

become operational, but are not yet functionally mature. During the third 

stage (10 t~ 12 years), children are able to perform the WCST as efficiently 

as adults. They are able ta formulate strategies, shift sets, and test 

hypotheses. 

ADHD. ADHD ehildren also show performance deficits on the WeST. Both 

Parry (1973) and Chelune et al. (1986) reported that ADHD ehildren achieved 

signifieantly fewer categories and made significantly more perseveratlve 

errors than normal control ehildren. Gorenstein et al. (ln press) also 

found that ADHD children made signifieantly more perseveratlve errors, but 

not nonperseverative errors, than NCs. In contrast to the other studies 

cited, however, Gorenstein et al. did not find ADHD-NC dlfferences on number 

of categories. 

ADHD ehlldren appear ta have difficulties on the \.JCST similar to those 

of FL patients with dorsolateral lesions (Milner, 1963, 1964). The pattern 

ot performance and the error levels reported for ADHD children resemble 

those of FL patients Ce.g., Drewe, 1974), chlldren with FL damage (Cavazzuti 

et al., 1983), and ehlldren younger than age 10 (Chelune and Baer, 1986). 

Thus, the WCST reveals oerformanee similarities between adults who have lost 

frontal lobe funetlons, ehildren who have not yet developed these funetlons, 

ehildren havIng damage to the neurological substrate underlying the 

development of frontal lobe funetions, and ADIID children. 
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Plan for Study ~ FL patients have difficulty using error feedback to 

modify performance, show rule-breaking errors, fail ta search for and use 

available information prior ta responding or ta plan response strategies. 

They do not perform weIl on concept discovery tasks or on the WeST. 

Young children (7 ta 9 years) perform inefficiently on concept 

formation and WeST tasks. Efficient es questions are not used reliably 

until approximately 10 years and adult levels ot performance on the weST are 

not reached until the same age. Like FL adults, young children may not 

utilize information they "know". In contrast ta motor control skills, where 

children show consistent performance by approxlmately 6 ta 7 years, 

cognitive problem-solving skil1s seem ta show major development between the 

ages of 10 to 12. 

ADHD children generally show deflcits on these tasks simllar to those 

of FL patients. In addition, consistent with their tendency ta perform at 

the 6 ta 7 year level on motor control tasks, ADHD children seem ta resemble 

6 ta 8 year olrls on WeST and concept discovery tests in spite of sample mean 

ages of 9 ta 10 years. These deficits are prabably attributable ta 

inhibitory difficulties and thelr impaired performance on trial-and-error 

learning and stimulus organization skliis. Response organlzatlon deficits 

were hypothesized to parallel those of FL patients, but Am ID samples have 

not been directly tested on this type of task. The present investigation 

will attempt ta provide evidence of response organization deficlts as 

measured by Petrides and Milner (19M2) and ta replicate previous findlngs of 

impaired performance on the WeST. 
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Tasks Used ~ Investigate Problem-Solving Skills in Study l 

Wisconsin Card Sorting Test (WCST). The \.JCST is a sorting task which is 

thought to be sensitive to: difflculties in formulating and testing 

hypotheses (Bond & Buchtel, 1984; Drewe, 1974; Milner, 1963); cognitive 

flexibility and the use of feedback to modify behavior (Milner, 1963); and 

the ability to maintain cognltlve set (Parsons, 1975). Weinberger, Berman, 

and Zec (1986), using regional cerebral flow measur.es, have demonstrated 

localized activation of the frontal cortex, especially in the dorsolateral 

region, during \~CST performance. 

Self-ürdered Pointing Task (SOP). The SOP task (Petrides & ~li1ner, 

1982) requires response organlzatlon and planning, including the ability to 

(a) initiate a sequence of responses; (b) monitor previous responses w~thin 

a trial; (c) discriminate responses made in prior trials, and (d) plan 

future responses. Attention and short-term memory skills must also he 

intact. Because aIl FL subjects were impaired on the nonverbal tasks, 

subjects in the current study were administered either the representational 

or abstract design sequences. 

~lethod 

Sub;ects 

The samples studied included aIl the children tested in Study l (24 

ADHD children and 24 matched normal control children). Statistical 

comparlsons of descriptive data were presented in Table 1. 

1 
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General Procedure 

Subjects were tested indivldually in the same session and under the 

same conditlons as in Study 1. 

Test Materials and Admlnlstration 
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Wisconsin Card Sortlng Test (WeST). The standard method of 

administratlon was used (Ileaton, 1981). Four stimulus cards, differing in 

color, form and number were placed in front ot the subJect: one red 

triangle, two green stars, three yellow crosses and four blue circles. A 

pack of 128 response cards, varying along the same d1menslons oi color, form 

and number as the stimulus cards, were presented to the subJect one at a 

time. Subjects were asked ta place cach response card below the stimulus 

card with which they thought it belonged and were told that the examiner 

would indicate whether the choice was "right" or "wrong". SubJects were 

required to discover and sort to a single category. After ten consecutive 

correct color responses, the sorting principle would shift without warning. 

Categories shifted from color to form to number, then again to color, form 

and finally to number. Subjects co,tinued sortlng untll the six possible 

categories were achieved or until aIl 128 cards were placed. Total testing 

time was approxlmately 15 to 20 mlnutes. 

Five measures of performance were recorded: (1) number of categories 

achleved (0-6); (2) "extra correct" responses: number of cards correctly 

sorted, but not a part of the ten consecutlve correct responses; (3) 

perseverative errors: responses WhlCh would have been correct for the 

previous category; (4) nonperseverative errors: any lncorrect placement not 

of a perseverative nature; and (5) unique errors: those not matchlng the 
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card with which they were paired in either color, foem or number. 

errors were also included as nonperseverative errors. 

These 

Self-Ordered POlnting Task (SOP). Subjects were presented with stacks 

72 

of 21.5 x 28 cm pages disp1aYlng matrlces of 6, 8, 10, or 12 

representational pictures or abstract designs. The same pictures were used 

in each matrix set, but their relative pOSItIons varied randomly and no 

picture appeared in more than one set. Three trIals were given for each set 

of stimuli beglnning with the 6 item set and progressing to the 12 item set. 

Subjects were instructed ta touch each picture in a set by touching one 

picture on each page. Pictures could be touched ln any order, but each 

picture cou1d be touched only once. Thus, subJects were flee to initiate 

and organize their own response sequences as they moved through the pages in 

a set. The only restriction involved repeated pOInting to the same spatial 

location. Although this may be an efficient strategy, it does not require 

the monitoring and organizatlon ot responses which the task was ùesigned to 

measure. Subjects were told in the initial directions that thlS strategy 

was not acceptable ard any subsequent attempt ta use It resulted in a 

repetitl0n of the rule and a request that the child choose another plcture. 

These responses were recorded and scored as "rule breaks". 

The child was told that accuracy was the primary task requirement. If 

a subject hurrled or seemed not ta be focusing on the test items, the 

examiner redlrected attention to the test stimuli and repeated the 

instructIon ta "choose a dlfferent picture every tlme". The examiner turneô 

the pages at a rate of approxlmate1y three to five seconds per page to slow 

the speed of ~mpulsive, nonattending subJects. SubJects were not pressed to 
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perform at a rate faster than appeared comfortable. Testing time was 

approximately 15 minutes over aIl four sequence lengths. Errors and rule 

breaks were recorded. 

Results 
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T-tests and analyses of variance were used ta assess group differences. 

Results of evaluation ot statistical assumptions led to transformation of 

sorne variables te reduce skewness in their distributions, reduce the number 

and eftect at outllers and improve homogeneity of varIance. A square ~oot 

transformation was used on aIl WeST variables. In cases where signiflcant 

h~terogenelty of v3~lance still existed, as determined by Levene's test 

(1960), separate varIance estlmates ~ere used. 

Means and standard deviations of the raw scores of the two groups of 

children on each measure are presented in Table 3. 

Insert Tûbl~ 3 about here 

\~isconsln Card Sorting Task . .!- T-tests comparing the 1:WO subJect groups 

were computed for: number of categories achieved, extra correct sorts, 

perseveratlve errors, ~onperseveratlve errors and unique errors. Compared 

ta the Ne group, ADHD ch.1.ldr-en sorted ta signiflcantly fewer categories, 

t(46) = 3.40, p<.OOL, and made significantly more perseverative errors, 

t(46) ~ 3.04, p<.004, a~d nonperseveratlve errors, t(46) = 2.80, p<.007. 

Significant differencps were not found for number of unique errors, t(46) = 

1.28, p>.OS, or for extra correct responses, t(46) = 1.72, p>.OS. 
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Table 3 

Means and Standard Deviations of ADHD and Ne 

Children on Tests Measuring Problem-solving Skills 

ADHD NC tiF p 

Wisconsin Card Sorting Test 

Categories Achieved 3.79 5.14 3.40 <.002 
(1. 73) ( 1.06) 

Extra Correct Responses 27.42 20.42 1.72 n.s. 
(13.71) (14.88) 

Perseverative Errors 27.21 17.17 3.04 < .004 
(11.57) (lI. 23) 

Nonperseverative Errors 23.71 13.29 2.80 < .007 
(15.02) (10.16) 

., 
Unique Errors 9.42 5.79 1.28 iJ n.s. 

~. (11.36) (7.88) 

Self Ordered Painting Test 

Representational: 

Errors (summed across trials) 14.73 9.31 5.08 <.05 
(7.80) (4.55) 

Rule Breaks 1.18 .15 2.68 <.03 
( 1.33) (.38) 

Abstract: 

Errors 26.25 24.15 .33 n.s. 
(7.17) (10.0) 

Rule Breaks 1.67 .46 1.68 n. s. 
(2.57) ( .66) 

~ standard deviations are in brackets 

f 



Self-Ordered Painting test: ~epresentational Designs. A 2 (subJect 

group) x 4 (sequence length) ANOVA with repeated measures on the second 

factor was performed for the number of errors ~n each sequence. 

The number of errors comm~tted d1ffered slgnif1cantly across the four 

sequence lengths, F(3, 66) = 19.96, p<.0001, i.e., number of errors 

increased with increas1ng sequence length. 
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There was a slgn1ficant ma1n effect of group on error scores, F(l,22) = 

5.08, p<.05, with ADHD children making more errors than the Ne group. There 

were no significant interact10ns between diagnosis and sequence Iength. 

At-test computed for the number of rule breaks committed during the 

en tire task showed that ADHD children made significantly more rule breaks 

than did the Ne group, t(22) = 2.68, p<.03. 

Self-Ordered Painting test: Abstract Des1gns. A 2 (diagnost1c group) x 

4 (~equence length) ANOVA w1th repeated measures on the second factor was 

computed for the number of errors ln each ~equence length. A sign1ficant 

effect of sequence length was found, F(3,69) = 26.93, p<.OOOl, reflect1ng 

the effect of the increasing number of designs on the difficulty levei of 

the task. There was no significant effect of group, F(l,23) =.33, p>.ü5, or 

interaction of group and sequence length, F(3,6Y) =2.61, p>.OS. At-test 

for the number of rule breaks did not show any signif1cant d1fferences 

between the two diagnostic group" t(23) = 1.6~, p>.05. 
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Discussion 

This study investigated problem-solving skills in AUHD and Ne children 

by testlng response organlzatlon skills and performance on the Wlsconsin 

Card Sort~ng Test. It was predicted that AUHD children would show 

signltlcantly more lte~ repetitlons on the ~OP and would be more likely to 

break task rules. It was expected that pertormances on the WC~T would 

repllcate prevlous flndlngs oi impalred performance ai ADHU chlldren 

compared ta Nes. ln add1tion, performance ai the ADHD chlldren with a rnean 

age ot 10.3 years was predicted to resemble that of normal chlldren younger 

than lU years, as reilected by the norms establlshed by Chelune and Baer 

(1~8b). 

Results on the WCST replicated, ln part, previous iindings by Parry 

(1~73), Chelune et al. (lY8b), and Gorenstein et al. (in press). ADHD 

chidren ln aIl four studies made slgniiicantly more perseverative er:urs. 

The present study also replicated the ADHD-NC differences found by Parry and 

Che lune et al. on number ot categories completed, although Gorenstein et al. 

dld not find slgnificant difterences on this variable. Interestingly, the 

levels of performance on these variables closely resembled one another in 

aIl ot the studlèS, wlth the exception of number of categories achleved in 

the study ot Gorensteln et al. 

[n contrast to the tlndings 01 Gorenstein et al. (ln press) and Parry 

(1973), however, ADHD children in this study also made significant1y more 

nonperseverative errors. (Chelune et al. did not report nonperseverative 

errors.) Although thlS type ai error was not reported by Mllner (1Yb3) or 

Robinson et al. (lY80), Drewe (1~74) found that FL patients made 
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signlficantly more of both nonperseverative and perseverative errors. Thus, 

the pattern found in the present study is consistent wlth Drewe's findings 

with a FL sample. 

Performance of ADHD children in the present study was comparable to the 

performance levels of FL children and adults (Cavazzuti et al., 1983; Drewe, 

1974; Milner, 1963). Also, as predlcted, the performance of ADHD children 

whose mean age was approximately 10 years was at the 1evel of norms for 6 to 

7 year old children reported by Chelune and Baer (1986). '[he performance of 

the 10 year old NC chlldren ln the present study closely matched that of the 

10 year old group in Chelune and Baer's study. 

The fallure of ADHD children ta complpte as many categories as the NC 

children and thelr significantly hlgher number of perseverative and 

nonperseverative errors supports the hypothesls that AWID ch11dren, llke FL 

patients and 6 to 7 year old chlldren, are impalred in the formulatlon and 

testing of hypotheses and in using feedhack ta modify thelr behavlor. TI11S 

lS consistent wlth thelr dlfflcu1tles on other problem-solving tasks, as 

described prevlously (e.g., Dykman et al., 1979; Tant, 1978). 

Chelune et al. (1986) reported that ADHD children dId not show 

signIflcant group differences from NC chi1dren in fallure ta malntaln set. 

The comparable measure used here, Extra Correct Responses, a1so falled ta 

show significant group dlfterences. These res~lts support the conclusIon 

that ADHD chIldren dld not leave a successful sortlng strategy prematurely 

once they had maue several consecutive correct responses. 

Finally, the lack of significant differences between ADllD anu NC groups 

on Unique errors suggests that most ADHD children understood the nature of 
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the task and were sufficiently aware of the relevant dimensions to use them 

as sorting strategies. This resemb1es the pattern described by Kagan et al. 

( 1979) for 6 year olds and by Tant and Douglas (1982) for ADHD children: 

children may be aware of stimulus d~mensions without using that information 

to solve problem situat~ons. 

Results tram the two SOP tests were less clear. ADHU--~L differences 

were found for the Representat~onal Designs (RD) task and supparted the 

predict~on that AUHU children would show s~gnlt1cantly more diff1culty than 

NCs argan1z~ng and monitorlng their responses. On the Abstract Des1gns (AD) 

test, however, the ADlID group d1d not appear ta have more d~fficulty than 

NCs. 

Representational stimuli are usual1y less dlfficult than abstract 

designs, as they can be processed verba11y ~n add~tion ta nonverbal1y. That 

ADHD children d1d not show poorer performance on the AD test 1S ln apparent 

contrad1ct10n ta flnd1ngs that FL 1mpairments are greater ln sltuatlons that 

are more cognltively demandlng. A comparison of the performance of ADIID <lOci 

Ne groups on both SOP t~sts w~th the mean error scores of FL and Ne groups 

reported by PetrIdes and M11ner (1982) may he1p expla~n this d1screpancy. 

On the eaSler RD task, normal adults made approx1mate1y 2.5 errors across 

aIl four 11st 1engths, whl1e FL pat1ents made between 7 and 10 errors. 

While Ne chl1dren in the present study macle 9.3 errors, resembl1n~ the 

scores of FL patients, ADHD ch~lclren had a menn score of 14.7 errars. Thus, 

they had more diff1culty than e~ther Ne chlldren or FL pat1ents. On the 

more difficult AD task, although normal adults had a mean error score of 

approximately 9, the FL groups scored fram 15 to 19 errors. Bath groups of 
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children in this study exceeded the FL error scores, making approximately 24 

to 26 errors. 

This pattern suggests that 8 to 12 year old children have not yet 

developed the skiiis nece5sary for aduit-ievei mastery of the SOP task. Ne 

chlidren evidently had acqulred sufficlent self-organlzatlon skiiis ta 

perform the RD test signlficantly better th3:1 ADHD chlldren, but nelther 

group was able ta perform weIl on the more dlfflcult, nonverbal AD test. A 

developmental study of chlldren's performance on the SÜP task would help 

clarlfy the slgnificance of the apparent lmpalrment of ~DHD chiidren on the 

RD test. 

Finally, a significant difference in number of rule breaks was found on 

the RD task. The tendency of ADHD children ta attempt to point ta on1y one 

matrlx positlon, thereby slmplifying task demands, IS conslstent with 

performance of ADIID children on the Porteus rlaze test Ce.g., Parry, 1973) 

and the performance of FL patIents on sty1us maze and Porteus :'laze tests 

(e.g., ~hlner, 1964; Walsh, 1978). Hence, on tasks Whlch Ne children were 

able ta perform, they did not break task rules as frequent1y as ADIID 

chlldren. Although the ADHD group aiso broke task rules more often than NI. 

children on the AD test, the dlfference falled to reach slgnificance. Thus, 

rule breaks may occur as a cons'~quence of fallure to master task demnnds, 

rather thun representiog u noncornpIlant "performance style" ~ se. This 

suggestIon is consistent with a clinlcal descrIptIon by Cralne (1082) of a 

FL palient who demonstrated increased impulslvlty wlth more complex 

treatment tasks. 

In summary, ADIID chllrlren demonstrated significant impairments compared 

1 
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to Ne children in the areas of problem-solvlng Skllls assessed: formulatIon 

and testing of hypotheses; use of feedback to modify and guide responding; 

self-organlzatl0n of respondlng and adherence to task demands. Although the 

predIctIon of response organlzation deflclts and the occurrence of 

rule-breaklng was not supported by the AD task, It was suggested that the 

difficulty level of the test may have precluded ADHD--NC dlfferences. The 

performance of the ADliD group, especlally on the \~C::,T, replicated theu 

previously reported dlfflcultles on slmllar tests and resembled the 

performance of FL chlldren and adults. ln addltlon, as found ln Study 1, 

although the mean age of the ADHD chlldren was 10.3 years, theu leve l of 

task mastery matched that of ND chlldren younger than 8 years. 
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Study 3: Performance of ADHD children on tests measuring memory skills 

Research ln ta the memory capabilities of FL patlents and ADHD children 

has produced mixed findings. Basic memory processes seem to be largely 

intact in bath ADHD and PL subJects. ln both groupb, however, deficlts do 

appear which seem to be related to a fallure to process 3Dd retrieve 

informatlon ln an actlve, effICient manner. Indeed, in 50 far as memory i5 

a complex, self-ordered aetlvlty, disturbanees of motor InhIbItIon and 

problem-solvlng Skllls sueh as plannlng and organlzatlon are llkely ta 

produce sorne degree of mnestlC Impalrment (LurIa, lY73). 

Three aspects of memory performance of ADIID and FL groups will be 

discussed: Impact of Inereaslng processlng demands: depth of Inform~tlon 

processing; and sensltlvity to stImulus characterlstlcs. Where the same 

tasks have been used wlth normal children, results w1l1 be Included ln the 

dlScusslon. 

Increased processlng demands 

FLS. Although FL patients demonstrate impairments in encoding and 

retrieval on memory tasks, these deficits jo not appear ta Involve lmpaired 

primary memory processes. Chen [, ~lIshkln, and l'eu ber (1 9(2) obt,:nned 

conslstently negatlve results when PL dnd nonfL braln-damaged patIents and 

normal controls wece compared on dIgIt recall, immedlate and delaye(j recall 

of geomelrlC forms and memory for positIon. 

A numbp.r of flndlngs demonstrate that I-'L patients show ImpDirments on 

mE:mory tasks with Increased processln~ demands. Barblzet (llJ7() reported 

that ~L subJects performed at normal levels on tasks requiring sImple 
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registration and recall of visua1 and verbal material. tet performance was 

impaired when subJects were requlred to remember and use several facts 

slmultaneously. 

Lurla (1~6b) demonstrated that recognition of previously vlewed 

pictures was lntact ln FL patlents. Yet when task complexlty was lncreased 

by lncreaslng the number of recognitlon alternatlves, deflclts appeared ln 

the form of perseveratlons or lntruslons of lrrelevant, prevlously formed 

assoclatlons (i.e., proactlve lnterference). When patlents were reçJired to 

repeat a slngle serles of four or flve words or dlglts, lnltlal repetltlons 

were correct. If a dlfferent serles or a dlfferent order of the same serles 

was presented, however, FL subJects showed proactlve lntruslon errors. 

FL patlents also show retroactive lnterference effects. Stuss et al. 

(1982) found that leucotomy patlents performed as ,Iell as normal subJects on 

10gical memory and palred associates tests from the Wechsler Memory SCRle. 

Yet presentatlon of an lnterference task prlor to recall of consonant 

trlgrams resu1ted ln signlilcant lmpairment of FL subJects. 

Thus, FL ~ubJects show difflcultles malntainlng lnformation in the face 

of lnterference or lncreased task-related lnformatlon. T~e impalred use of 

memory Skliis by FL patlents is el1clted by the presence of extra material, 

whether task-related or irrelevant, which produces an lncrease in proCesslng 

demands. 
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Normal Development. Passler et al. (1985) tested the memory performance 

of children using verbal and nonverbal proactive and retroactive inhibition 

tasks. In the proactlve inhibition tasks, children were asked to lmltate 

either two 3-word lists or two series of taps and then to repeat the second 

stimulus serLes. The authors reported that 6 and 8 year old children were 

significantly less able than 10 and 12 year olds to inhibit proactlve 

interference. Eight year olds performed signlficantly better than 6 year 

olds only on the nonverbal task. 

In the verbal and nonverbal retroactive inhibition tasks t children 

again were required to imitate two 3-word lists and two tapping sequences. 

This time they were required to complete both series and then repeat the 

flrst series. Therefore, in order to do weil, they had to ignore the 

second, more recent, series. Six year old chlldren were significantly worse 

than the older groups at inhibiting verbal and nonverbal retroactive 

Interference. The performance of 8 and la year olds dld not dlffer 

signlficantly on either task. Although 10 year olds performed as well as 12 

year old children on the verbal task, the 12 year olds performed 

signlficantly better than aIl other groups on the nonverbal task. 

Overall, ~D chlldren show a developmental Increase ln thelr abillty to 

inhlblt proactive and retroactive Interference. SIX year old chlldren show 

consistent difficultles on both verbal and nonverbal forms of pronctive and 

retroactive inhibitIon recall tasks. With the exception of the verbal 

proactive inhibition task, 8 and la year olds perform at an equivalent 

l 
Ievel. Twelve year old chlldrell consistently outperform dll other groups. 

The critlcal ages se en in this developmental sequence are the same as those 
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reported for the concept discovery and WCST developmental stages discussed 

previously. 

ADHD. Like fL adults, ADHD chlldren generally are not Impaired on tasks 

requiring prlmary memory processes. ln a comprehensive examlnatlon of 

memory skilis in AVHD and normal control chlldren, tienezra (lg80; Benezra & 

Douglas, 1988) falled to dlscover differences in recall of digits forward or 

backward, letters forward or ordered alphabetically, consonant trlgrams, a 

12 word llst, palred associates for meanlngfuJly related ward paIrs, black 

series forward or backward, recurring figures, or dot position recall. 

Douglas and Peters (1979) reported no deficlt ln picture recall of ADliD 

children, wlth or without dlstracting stlmull. O'Neill (in preparatlon; 

O'Neill & Douglas, ln preparation) tested story recall (based on Brown & 

Smiley, 1977) in ADHD and control children and found no signiflcant 

difference ln number of story units recalled or their level of importance. 

Children wlth ADHD do show eVldence of memory impairment when task 

requirements are more strlngent. Although performance of ADI/D chl1dren did 

not differ slgniflcantly from normal controls on a 12 word llst (Benezra & 

Douglas, 1988), Douglas and Peters (1979) reported slgnificant impairment of 

recall of a 34 ward list and O'Neill and Douglas (ln preparation) found 

significant normal-ADIID differences on a 24 word llst. Slmllar1y, Spring, 

Yellin, and Greenberg (1976) reported impaired recall of Digit Span by ADIID 

children when an extended form of the tasK was used. 

Ceci and Tishman (1984) found that ADHD chlldren recalled central and 

task irrelevant Information as weIl as or better than normal controls on 

simple tasks. Yet when task demands were increased by decreasing the 
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meaningfulness of the stimuli or by using a taster presentation speed, the 

ADHD group recognized signitlcantly tewer central target stimuli than normal 

control children. 

Douglas and Benezra (ln preparation) reported that AuHU children showed 

detlclts in recall ot arbltrary palred assoclates, but pertormed at the 

level ot a normal control group when the word assoclations were meaningful. 

The authors used these findings and interviews about the childrens' memory 

strategies to argue that the ADHD group made less use of elaborative 

mnemonic strategIes. Hy analyzing the types of errors made by subjects, 

they tound that the youngest ADHD children (ages 7 to ~) made more intrusion 

errors (I.e., words from other pairs in t~e lists) than control &ubjects of 

the same age. The tinding ot interterence trom earlier lists resembles the 

verbal proactlve inhibition deficits described for FL patients. 

Gorenstein et al. (in press) used a memory task with AUHD and normal 

control children which involves both proactive and retroactive interterence. 

ln the Sequential Memory fask for Children, subJects viewed two cartoons for 

2 seconds each, separated by a 5 second delay. Atter another 5 second delay 

period, children were asked to identity the cartoons trom a selection of 

four choices in the same order as presented. ln a control version, both 

cartoons were vlewed simultaneously tor 4 seconds, then identitied trom a 

selection of four following a 5 second delay. Ihis version was constucted 

ta minimize interference effects, but otherwlse maintain task ditficulty. 

Gorenstein et al. reported that ADHU children were significantly impaired on 

the interference version. This is consistent with findings of 

susceptibility to interterence of FL patients and children younger than 8 
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1 
years. In addition, although not explained by Gorenstein et al., is the 

finding that ADHD children were also impaired on the control condition. 

This finding may be associated with decreased efficiency of stimulus 

processing, as will be discussed in the next section. 

Depth of processing 

FLS. FL patients fail to actively use complex mnemonic strategles to 

assist stimulus encoding and retrieval. They do not use aids which are 

presented or actively produce their own, hence the potential interference of 

irrelevant information is helghtened. For example, in list-learning 

experiments providlng mnemonlC strategies (e.g., l=bun, 2=shoe ••• ), nonFL 

brain-damaged patlents perform normally. FL patients not only fa11 to use 

the associative technlques provided, but the strategie assoclates themselves 

may appear as lrrelevant responses (Stuss & Benson, 1984). 

Luria (1973) suggested that FL patients rely on "passlve imprinting" of 

externa1 information. Lurla (1966) studied the memory performance of FL 

patients uSlng a superspan learning task requlring recall of a long series 

of words. Non-braln damaged subJects gradually increased the number of 

words they learned by directing thelr attention to previously missed words. 

FL patients recalled a few words easily, but failed ta increase the total 

number of words learned and recalled different words on consecutive trials. 

Hence, the learning curve of the FL patients tended to be flatter than that 

of the contraIs. Luria suggested that, a1though passive registration of 

materia1 was intact, FL patients show a deficit in the active control of 

learning and retrieval. 

1 Lezak (1983) described the use of the Sequential Matching Memory Task 
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(SMMT) by Collier and Levy to measure allocation of attention over time. 

The task consists of decks cf cards bearing one of two distinctive symbols 

(e.g., a plus vs a minus sign) and presented sequentially. Subjects are 

given a 20-card practice trial in which they must recall the symbol on ~he 

card before the previous ca rd (i.e., the card once removed). In the 

standard administration, there are three 35-card tri~ls requiring the 

suhject te remember the card twice removed. Thus, subjects must generate 

and use a strategy whieh allows them ta traek the three cards shawn prior to 

the one currently observed. Because the reference point is continually 

Ahifting, the strategy requires perceptual and response flexibility. In an 

unpublished study, Collier and Levy reported differences between epileptic 

and lobotomized patients and a control group of unoperated schizophrenies. 

W.lereas the schizophrenie control group averaged 9+ errors per 35-card 

trial, the FL (lobotomized) group averaged 16+ errors. Thus, FL patients 

were either unable te generate a strategy for recalling sequential stimuli, 

or ta apply a strategy in a flexiblé manner, or bath. 

ADHD. The use of strategies ta improve performance on memory tasks also 

seems to be impaired in ADHD children. Kinsbourne (1977) reported the use 

of a pictoria1 paired associate tnsk in which chjldren were required to 

memorize pairings of ammals and "zoos". ADHD children demonstrated a 

flatter learning curve than a normal control group. Although the 

significance of this finding was not discussed by Kinsbourne (1977), it 

resembles the performance of FL patients on Luria's (1966) superspan 

1earning task • 

The failure ot ADHD children ta effectively utilize sophisticated 
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mnemonic strategies also is illustrated in studies comparing depth of 

processing of ADHD and normal children. Douglas and Benezra (in preparation) 

used a recognition task for recall of paired associates. Children were 

offered four choices which included the correct association, a semantic 

synonym, an acoustically related word and an unrelated word. They found 

that, compared to control children, ADHD children made significantly more 

errors which involved acoustically related words. 

Weingartner et al. (1980) reported a similar finding in an 

investi5ation of depth of processing in ADHD children. They found that, in 

a free recall condition, ADHD children were less likely than normal controls 

to recall semalitically related words. There were no differences in recall 

of acoustically related words. ln addition, the ADHD group used less 

clustering of related words and, when a clustering strategy was used, they 

were more likely to cl us ter words that were acoustically related than ones 

that were semantically related. Based on these results, Weingartner et al. 

proposed that ADHD ~hildren process material more superficially producing 

"less well-organized, meaningful (and perhaps strong) trace events in 

memory" which are "less likely to be stored in ••• permanent memory ••• and may 

be more susceptible to post-processing L retroactive J interference" (p .36). 

The preference of ADHD children (mean age of 10 years; Weingartner et 

al., 1980) for acoustic processing of material resembles the preference of 

young children (6-7 years) for non-semantic, especially acousttc, encoding 

in memory tasks. Older children (10-11 years) consistently encode and 

retrieve material semantically, as do adults (Craik & Lockhart, 1972; Geis & 

Hall, 1976, 1978; Heiss, Robinson & Hastie, 1977). 
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In a study provid~ng further support for the hypothesis of superficial 

processing by ADHD children, Lufi and Cohen (1985) administered a variation 

of the Wechsler Coding subtest to ADHD anù educationally disabled (ED) 

children. After the standard administration, the examiner covered the 

number-symbol key and asked the child to draw the symbols. The performance 

of the ADHD children was significantly inferior to that of the ED group. 

Also, scores of the ED children correlated significantly with Verbal WISC-R 

subtests, whereas scores of the ADHD group correlated with Performance 

subtests. Lufi and Cohen suggested that the control children had assigned 

verbal meaning to the symbols, whHe the ADHD chHdren faHed to "translate" 

them from geometric shapes. It May be concluded that the ADHD children 

processed the symbols more superficially. 

Ain (1980) used evidence from memory tasks to argue that ADHD children 

process stimuli less efficientIy. She administered subject-paced viewing 

tasks followed by an unannounced recognition task. ADHD children were less 

accurate than normal controls in recognizing previously viewed stimuli even 

though both groups viewed the pi ct ures for the same period of time. In a 

second study, ADHD children required more study time iq order to equal the 

accuracy of normal con troIs in matching pictures during an announced 

recognition test. Thus, like FL patients, ADHD children seem to fail to 

process information in a strategie, effortful fashion. 

Gorenstein et al. (in press) found ADHD--normal control differences on 

the SMMT (Lezak, 1983). They did not report how Many 35 ca rd trials were 

given and a simpler version was used in which cards twice removed from the 

current card were to be recalled. Hence, it is difficult to compare their 
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results directly with those for FL patients. Nevertheless, ADHD children 

made an average of 13.8 erro~s compared to 10.0 for normal control children. 

These results are similar to those of Collier and Levy. Thus, bath ADHD and 

FL groups have shown impaired recall on tasks requiring the use of memory 

strategies. 

Sensitivity ta Stimulus Characteristics 

FLS. FL patients are impaired on a number of memory tasks that involve 

sensitivity to various aspects of stimulus material, even when the tasks do 

not appear to require the strategie, effortful processing discussed above. 

For example, Milner (1982; Milner & Petrides, 1984) has described work by 

Corsi demonstrating impaired temporal ordering of recent events by FL 

patients. In these recency-discrimination ("recency") tasks, subjects 

viewed a long, rapidly presented series of cards, each of which showed two 

stimulus items. On approximately every other card, a question mark appeared 

between two random items as a cue ta the subject to indicate which item had 

been seen more recently. Thus, unlike the SMMT, the subject was unable to 

rehearse items. Generally, both items had been viewed before, but 

occasionally one of the stimuli was neWi in the latter case, the card 

assessed stimulus recognition rather than recency. Patients with FL damage 

were able to discriminate normally between stimuli presented earlier and new 

stimuli. In judging the relative recency of items, however, the FL patients 

showed significant impairments compared to temporal lobe damaged (TL) 

patients and non-brain damaged controls. Patié~ts with TL damage were 

somewhat impaired on tests of recognition, but showed no difficulties with 

recency. 
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Smith and Milner (1988) reported deficits of FL patients on a frequency 

sensitivity task. Subjects viewed a series of abstract designs in which 

individual designs appeared a varying number of times. After viewing the 

entire series, subjects estimated the number of times each design had 

appeared. Thus, as in Corsils recency tasks, patients had ta monitor 

stimuli over time. New designs were included in the post-viewing test list 

as a measure of recognition accuracy. As in Corsi's tasks, patients with FL 

damage were impaired on accuracy of frequency estimation, but showed no 

difficulty on recognition of new items. lu comparison, patients witb right 

TL damage made a significant number of recognition errors, but were as 

accurate as normal control subjects on frequency ~stimation. 

In contrast, FL patients were Dot impaired on a task assessing memory 

for spatial location. Sensitivity ta frequency and recency requires 

monitoring of stimuli over time. In contrast, spatial location recall 

requires reference to a "spatial map" derived from a single experience. 

Smith and Milner (1981, 1984) tested FL, TL, and normal control subjects on 

incidental recall of abjects and their spatial location. Toys were 

presented in a random array and subjects were asked ta estimate the price of 

the real objecte Following price estimates, subjects were given an 

unannounced object-reeall test and were then asked ta replace the toys in 

exactly the same position they had occupied during the pricing task. None 

of the subject groups showed difficulty in immediate object reeall. 

Although patients with right TL damage showed impaired reeall of abject 

location, FL patients did not differ significantly from normal controls. 

However, patients with right FL lesions did make significantly more 
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extreme price estimates than normal control or TL groups. This finding is 

consistent with the results on a cognitive estimation task reported by 

Shallice and Evans (1978). They found that FL patients gave more bizarre 

estimates than TL patients to questions requiring reasoning based on general 

knowledge but for which no obvious strategy is available (e. g., "How fast do 

race horses gallop?"). Bath Shallice and Evans and Smith and Milner (1984) 

interpreted estimation deficits as a specifie instance of difficulties in 

forming and using problem-solving strategies. 

Thus, FL patients seem to process or recall less information regarding 

stimulus attributes when information must be monitored across time. 

Accordingly, they are impaired on temporal and frequency sensitivity, but no 

nat show difficulty recalling spatial location. Estimation of stimulus 

attributes (e.g., speed, size) is also impaired and has been linked to the 

typical impairments of FL patients in problem-solving. 

Normal Development. Norma1ly developi~g children have been tested on 

temporal and frequency tasks similar to those used with FL patients. Becker 

et al. (1988) investigated the normal development of temporal sensitivity 

using a test resembling that of Corsi (Milner, 1982). Ninety visual 

abstract designs were presented consecutively. When "test" pictures were 

presented showing two previously viewed designs and one nove1 design, 

children were required to select the design seen most recently. Thus, as in 

the recency task of Corsi, recency and recognition errors could be recorded. 

The task used by Becker et al., however, differed from Corsi's version in 

that recognition errors could be made on every tLial. 

Becker et al. (1988) reported that 6 year old children made 



{ 

c 

92 

significantly fewer correct choices and chose novel designs significantly 

more often than 8 year olds, who were significantly less accurate and chose 

mor~ novel designs than 10 and 12 year olds. Ten and 12 year old ch~ldren 

did not differ from each other. The authors concluded that childrcn's 

performance did not level out unttl 10 to 12 years. They noted the 

difficulty in determining whether the younger children had greater 

difficulty remembering temporal sequences per se, or were attracted to the 

novelty of new designs more often than older children. Both patterns are 

typical of patients with FL damage (Milner, 1982; Poppen et al., 1965). 

Thus, as in the use of problem-solving strategies, patients with FL damage 

perform at the level of 6 to 8 year old children. 

ADHD. Little work has been done on the performance of ADHD children on 

tasks measuring sensitivity to stimulus characteristics. Ackerman, Anhalt, 

Holcomb, and Dykman (1986) tested ADHD, reading-disabled and normal control 

groups of children on frequency sensitivity and temporal sensitivity tasks. 

The frequency of occurrence task was a simpler version of the test used by 

Smith and Milner (1988). In Smith and Milner's test, designs were repeated 

up to nine times; in th~ version used by Ackerlli~n et al. the maximum number 

of repetitions was four. The temporal sensitivity task was substantially 

different from the one designed by Corsi (Milner, 1982) and used by Becker 

et al. (1988). Children were asked to name drawings shawn in two decks of 

cards presented sequentially. After naming, the decks were shuff1ed 

together and the children were required ta re-sort the cards into Decks 1 

and 2. Following other tasks, the children were given a deck of cards 

containing cards from Decks 1 and 2 in addition to new cards and were asked 
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to create two new decks: one consisting of previously seen cards and the 

other of new cards. 
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Ackerman et al. (1986) did Ilot find significant differences between 

ADHD children and other groups on either of these tasks. However, in an 

analysis of outlying scorers, eight of the worst nine performers were ADHD 

children. Based on this finding, they suggested that although temporal and 

frequency sensitivity Judgements per se may be intact, the precision of 

these judgments is less accurate in sorne ADHD children. The finding of 

greater variability within the ADHD sample is consistent with the greater 

variability of FL patients in making cognitive estimates (Shallice & Evans, 

1978; Smith & Milner, 1~84). lt is possible that more demanding versions of 

these tasks, or versions closer to those used with FL patients, would have 

elicited significant differences between Ne and ADHD children. 

ADHD children have not been assessed on spatial location or cognitive 

estimation tasks such as those used by Smith and Milner (1984). The present 

study will attempt to establish whether the dissociation between location 

recall and estimation performances appears in AVHD children as it do es in FL 

patients. 

Plan for Study 1.:.. FL patients show impaired performance on memory 

tasks when task complexity and processing demands are increased. These 

deficits probably are related to their failure to generate and use mnemonic 

problem-solving strategies and their difficulty monitoring information over 

time. FL patients perform much like children aged b to 8 years when tested 

on comparable tests. ADHD children show a pattern resembling that of FL 
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patients and 6 to 8 year old children. They have more difficulty when task 

demands are increased and appear to process material more superficially. 

The present investigation will attempt to confirm that ADHD children can 

perform as weIl as Ne children on relatively simple memory tests. It is 

predicted that they will show the dissociation between adequate recall of 

spatial location and impaired priee estimation shawn by FL patients on the 

Spatial Location task (Smith and Milner, 1984). In addition, it is expected 

that they will perform poorly on the SMMT, thus replicating the findings of 

Gorenstein et al. (in press). 

Tasks used ta Investigate Memory Performance in Study l. 

Wechsler Memory Scale: Logical Memory (LM). T.le LM subtest of the 

Wechsler Memory Scale (WMS) tests recall of verbal ideas from two meaningful 

prose paragraphs. Reed, Jagust, and Budinger (1987), using regiona1 

cerebral blood flow measures, showed that performance of the LM test is 

related to activation of temporo-parietal cortex. 

In clinical testing of patients with localized brain damage, those with 

dysfunction ot the temporal lobe are most 1ikely to show impairment on 

verbal memory tasks, including the WMS:LM subtest (e.g., Glowinski, 1973; 

Milner, 1972), especially following delays. FL patients typically have not 

shown significant impairments in the WMS:LM test (Delaney, Rosen, Mattson & 

Novelly, 1980). Thus, ADHD children are not expected to have significant 

difficulties on this task. 

WMS: Paired Associate Learning (PA). The PA subtest of the WMS requires 

that the subJect learn ten ward pairs: six are meaningful, "easy" 

associations Ce.g., baby - cries); four are nonmeaningful, "hard" 
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associations (e.g., cabtage - pen). The list i8 read three times with a 

memory trial following each reading. Recall of the pairs after a delay 

period is measured by a sin~le memory trial. 
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The PA subtest measures a subject's ability to learn and retain new 

information (Brandt & Butters, 1986). The use of hard and easy pairs tests 

retention ot previously well-Iearned associations and cf new, unfamiliar 

associations. 

The PA, like the LM subtest, reveals memory deficits in patients with 

TL dysfunction (Walsh, 1978). Vargha-Khadem (1987) demonstrated that 

children with left 'fL lobectomy were significantly impaired compared to Ne 

children. Stuss et al. (1982) reported that leucotomized patients performed 

as weIl as normal controls on WMS subtests. Based on this distinction 

between the performance of FL and TL patients, ADHD children are not 

expected to show significant difficulties. 

WMS: Digit Span (DS). The DS subtest of the WMS includes two tasks: 

Digits Forward (DS-F) and Digits Backward (DS-B). Bath consist of five pairs 

of from 3 ta 9 random number sequences read aloud by the examiner at a rate 

of one digit per second. 

DS-F has been described as measuring efficiency of attention rather 

than "memory" per se (Spitz, 1972). Stromgren (1977) described it as 

requiring "simple, readily accessible material which can be reproduced 

almost automatically ••• ". DS-B requires that subjects hold digits in memory 

while simultaneously reversing their arder (Weinberg, Diller, Gerstman & 

Schulman, 1972). TL and parietal lobe brain-damaged subjects May show digit 

span impairments. FL patients typically are not impaired on simple digit 
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recall tasks like the WMS:DS. ADHD children are expected ta perform as weIl 

as Nes on this task. 

Seguential Matehing Memory Test (SMMT). The SMMT requires generation 

of a response strategy, memory of a (temporal) sequential stimulus ordering, 

sustained attention and the ability ta ignore the interfering effects of 

salient stimuli, and perceptual and response flexibility (Lezak, 1983). 

Collier and Levy (from Lezak, lY83) have shown frontal lobotomy patients to 

be impaired on this test. Gorenstein et al. (in press) found significant 

ADHD--NC differences on a version of the SMMT. It is predicted that the se 

ADHD--NC differences will be replicated. 

Recall of Spatial Location Task (Location). On a test assessing the 

incidental recall of abjects and their spatial location, Smith and Milner 

(1981, 1984) reported that patients with right TL damage show impaired 

recall of abject location. Both left and right TL groups were impaired in 

delayed recall of objects, although immediate abject recall was not 

impaired. FL subjects were accurate in bath recall of abjects and their 

spatial location compared ta Ne and TL groups, but gave significantly more 

extreme priee estimations. It is predicted that ADHD children will show a 

similar dissociation by performing adequately on immediate abject and 

location recall, but will give significantly more extreme price estimates. 
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Method 

Subjects 

This study was carried out subsequent to the first two studies. Fort y 

families agreed to continued participation. There were twenty-two (19 male, 

3 female) children in the ADHD group and eighteen (16 male, 2 fema1e) in the 

normal control (Ne) group. Demographie daLa and behavlora1 ratings are 

presented in Table 4. Statistical analyses showed no significant 

differences between the two groups on age, IQ or seXe hs evpected, Parent 

Rating Scale and Teacher Rating Scale scores were significant1y higher for 

the ADHD children (TRS: t(38) = 314.77, p < .0001; PRS: t(38) = 116.42, P < 

.0001) • 

Insert Table 4 about here 

Procedure 

Subjects were tested individual1y in a single session lasting 

approximately 45 minutes. The children were tested in their school during 

an ordinary school day. Tests were arlministered in one standard order. 

Test Materials and Administration 

Wechs1er Memory Scale. The Paired Associate Learning (PA), Digit Span 

(DS) and Logica1 Memory (LM) subtests were administered according to the 

standardized instructions. In addition, thirty minute delayed reca11 was 

obtained for the LM and PA subtests following administration of the SMMT and 

Location tasks. 

Seguential Matching Memory Test (SMMT). The task was simplified from 
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Table 4 

Group 

ADHD 

(N=22) 

Ne 

(N=18) 

Demographie Characteristics of the ADHD and Ne Subject Groups 

(Means and Standard Deviations) 

Age 

(Months) 

119.10 

(20.59) 

119.53 

(19.18) 

94.10 

(10.76) 

95.13 

(9.29) 

TRS 

2.32· 

(.37 ) 

.28 

( .33) 

PRS 

2.16· 

( .38) 

.71 

( .45) 

Standard deviations are in parentheses 

rQ: Peabody Picture Vocabulary Test 

TRS: Teacher Rating Scale Hyperactivity Index score 

PRS: Parent Rating Scale Hyperactivity Index score 

* p <.0001 

97a 
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the version described by Lezak (1983) in order to make it more appropriate 

for use with ~hildren. Children were given two trials of 35 cards showing 

pictures of ei ther an ice cream cane or an apple. These were administered 

in a predetermined random sequence at a rate of approximately one card every 

four seconds. Subjects were required ta recall the card seen two cards 

previous ta the one currently viewed. Children were first given a praetice 

session in which they were asked ta recall the card seen just before the 

current one ta a criterion of six consecutive correct answers; then the y 

were asked to na me the card seen two previously, continuing to the same 

criterion. Total testing time was approximately 10-15 miIlUtes. Number of 

errors in each of the two 35 ca rd trials was recorded. 

Recall of Spatial Location Task (Location). Sixteen small, easily 

recognizable toys were placed on a sixt Y cm square sheet of heavy brown 

paper. For eaeh subjeet the toys were placed in different random positions. 

The children were told that this was a game in which the y were to tell 

the examiner the average price of the real life objects the toys 

represented. The "average" price was explained as being "not a very 

expensive one and not one that's very cheap, but somewhere in the middle." 

They were warned not to touch the toys, but to point to each using a small 

paintbrush. They were to point to eaeh toy in any order, name it and then 

estimate its priee. Ten seconds were allowed between naming and pricing. 

Three practice items were given during which tne children were free to ask 

questions. When it was clear that they understood the instructions, they 

were shown the array of sixteen items and asked to name and tell the priee 

of each. They were then asked ta turn their back to the array and it was 
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covered. 

A test of object recall was given immediately following pricing. 

Children were asked to name as many of the toys as they could remember 

within one minute. After a short delay of five minutes (administration of 

DS task), a sheet of blank paper of the same dimensions as the original was 

placed in front of the children along with the sixteen items. They were 

asked to place aIl the toys in the same location and orientation in which 

they had seen them when giving their prices. Exactness of placement was 

emphasized and a maximum of two minutes was allowed. 

SC0res on object recall, location recall and price estimation were 

computed. The object recall score reflected the number of objects correctly 

named within one minute. Location recall was assessed by measuring the mean 

displacement of the abjects in centimeters from their original positions in 

the array. Priee estimation errors were defined as extreme estimates 

greater than ± two standard deviations from the me an of the normal control 

group (Smith & Milner, 1981, 1984). 

Results 

Means and standard deviations of the performance of the two groups on 

each measure are presented in Table S. 

Insert Table 5 about here 

WMS: Logical Memory (LM). T-tests were computed for Immediate recall of 

the two stories (A and B). No significant differences were found between 

the diagnostic groups, LM:A t(38)=.24, p>.OSj LM:B t(38)=.52, p>.OS. 
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Table 5 

Means and Standard Deviations of ADHD and Ne Children 

on Measures of Memory Performance 

ADHD NC tiF p 

WMS1: Logical Memory Story A 
Immediate Recal1: 7.43 2 7.17 .24 n.s. 

(3.35) (3.31) 
Delayed Recall: 6.11 5.67 .36 n.s. 

(2.76) (2.49) 
WMS: Logical Memory Story B 

Immediate Recall: 7.30 6.78 .52 n.s. 
(3.19) (3.10) 

Delayed Recall: 6.48 6.33 .17 n.s. 
(3.50) (3.35) 

WMS: Paired Associates 
Immediate Recal1: 15.09 15.92 .91 n.s. 

(2.81) (2.88) 
Delayed Recall: 8.95 9.67 3.74 <'06 

<l' 0.29) (.97) 
<"Ii: 

WMS: Composite Delayed Recall: 15.23 15.67 .36 n.s. 
(2.89) (2.70) 

WMS:Digit Span: Forward 5.41 5.33 .20 n.s. 
(1.10) f.l.33) 

Backward 4.18 3.83 1.28 n.s. 
( .80) ( .92) 

Sequential Matching Memory Task: 
Errors 11.91 10.24 2.82 n.s. 

(4.18) (3.48) 
Location Recall Task 

No. of Objects Recalled: 8.77 9.67 1.51 n.s. 
(1.50) (2.25) 

Mean Object Displacement: 5.92 5.38 1.00 n.s. 
(in cm) ( .58) (.70) 

Mean Estimation Errors: 3.42 .83 4.15 <.001 

~ ~.~: Wechsler Memory Scale 
Standard Deviations appear in brackets 

o.s.: nat significant 

'. ~'-
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WMS: Paired Associate Learning. A t-test for Immediate recall of the 

paired-associate word lists was performed for the two diagnostic groups. No 

significant difference was found, t(38)=.91, p>.OS. 

WMS: Digit Span (DS). T-tests were computed for the mean number of 

digits recalled forward and backward. No differences on either measure were 

found between the ADHD and Ne groups (DS-F:t(38)=.20, p>.05; DS-B: 

t(38)=1.28, p>.05). 

WMS: Delayed Recall of LM and PA. T-tests were computed for recall of 

the LM stories and associate-learning lists following the 30 minute delay. 

There were no significant differences between the groups for either 

dependent variable. However, there was a trend on the delayed recall of PA, 

F(l,38)= 3.74, p <.06. This trend reflects the somewhat higher recall of 

the Ne group (Ne mean = 9.67; ADHD mean = 8.95). Separate analysis of 

"easy" and "hard" word pairs revealed no significant differences between 

ADHD and Ne children. 

Overall delayed verbal recall was assessed using a combined measure 

based on the delayed-recall scores of the LM and PA subtests (Milner, 1975). 

This composite score is the sum of the mean number of items correctly 

recalled from the two LM stories plus the number of correct word 

associations. Again, no significant difference between ADHD and Ne children 

was found, t(38) = .36, p>.05. 

Seguential Matching Memory Task. A 2 (subject groups) x 2 (trials) 

ANOVA with repeated measures on the second factor did not indicate a 

significant difference in number of errors between the two subject groups, 

F(1,34)=2.82, p>.05. Number of errors did not change significantly between 
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the two 35-card trials, F(1,34)=2.10, p>.05, nor was there a significant 

interaction between diagnostic group and trial, F(1,34)=.Ol, p>.05. 
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Location Recall Task. T-tests were computed for the mean displacement 

in cm and the number of abjects recalled by each diagnostic group. 

The number of objects recalled immediately after viewing the array did 

not differ significantly between the two subj~ct groups, t(38)=1.51, p>.OS. 

There was also no significant difference in the average distance of abjects 

replaced as closely as possible ta their positions in the original array, 

t(38)=1.00, p>.05. 

The method of Smith and Milner (1981, 1984) was used ta assess 

differences in priee estimation. A eut-off point was set at + twa standard 

deviations from the mean of the priee estimates given by the normal control 

children for each abject. Any estimate that fell outside this range was 

considered an error. Twenty children in the ADHL group made a total of 74 

errors. A total of fifteen errors were made by seven NC children. Chi 

square analyses indicated significant differences bath in the number of 

subjects making errors (X 2 =4.68, p<.05) and in the number of errors made 

by each group (X2 =45.43, p<.001). At-test also yielded significant 

differences between the groups in the mean number of errors made, t=4.15, 

p<.OOI. 
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Discussion 

This study investigated memory performance in ADHD and NC children. It 

was predicted that ADHD children would not demonstrate significant 

difficulties on the relatively simple tests of the WMS (LM, AL, DS). ln 

contrast, on the SMMT, a test thought to require the generation and use of 

an effective mnemonic strategy, they were expected to be significantly less 

accurate than Nes. On the Location Recall task, a measure of sensitivity to 

stimulus characteristics and cognitive estimation, it was predicted that 

ADHD children would show a dissociation between recall performance and 

accuracy of priee estimation. That is, it was expected that, like FL 

patients, they would not have difficulty recalling objects or their 

locations, but would produce extreme estimations of their priees. 

As predicted, the performance of ADHD children did not differ 

significantly from NCs on any of the WMS recall measures. Ne children 

tended to do better on delayed recall of PA word pairs, although the 

difference did not reach significance. No differences were found on 

performance of hard vs easy pairs. Both groups of children performed weIl 

on this task: Ne children missed an average of 1ess than one pair out of 

the ten possible; ADHD children missed just over one pair. Thus, it appears 

unlikely that ADHD ehildren were demonstrating meaningfu1 difficulties in 

reca11 on this simple test. These results are consistent with those in 

studies previously described in which AVHD subjects were able to perform at 

Ne levels on tests which did not require the use of comp1ex mnemonic 

strategies (Benezra & Douglas, 1988; Douglas & Peters, 1979). 

The SMMT was inc1uded to represent tests requiring the use of a 
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deliberate strategy. Contrary to predictions and the findings of Gorenstein 

et al. (in press), ADHD children were not impaired relative to NCs. The 

SMMT used in this study, however, was a simplified version of the one 

described by Lezak (1983). This was done in order to ensure that the 

difficulty level would be suitable for children. Instead of naming the card 

three prior to the observed card, children were required ta recall the card 

two prior. This test condition was identical to the practice condition used 

by Collier and Levy and described by Lezak (1983). FL subjects did not show 

performance difficulties in the lO-card practice trial. In addition, only 

two 35-card trials were used, rather than three as used by Collier and Levy. 

Thus, the lack of significant ADHD--NC differences may indicate that the 

task was not sufficiently demanding ta require complex strategies. 

As noted previously, Gorenstein et al. (in press) did not specify how 

many trials were given in their version. Although they used the same recall 

criteria as in the present study, their statistics (i.e., use of t test) 

imply that only a single trial was administered. The mean errors per trial, 

sample sizes, and standard deviations are similar in both ADHD studies. 

ADHD children in this study made an average of 11.9 errors compared to 13.8 

errors in the results of Gorenstein et al. NC chi1dren made an average of 

10.2 vs 10.0 errors, respectively. Thus, the leveis of performance were 

similar in both investigations. The statistical evaluation of the repeated 

trials in the current study may account, in part, for the apparent 

"difference" in findings. Use of a more demanding version of the SMMT, such 

as that used by Collier and Levy, may clarify whether these ADHD--NC 

differences are meaningful. 
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Fina11y, as predicted, ADHD children showed the dissociation between 

reea11 performance and priee estimation seen in FL patients (Smith & Milner, 

1981, 1984). Accuracy of their recall of objects and object location did 

not differ from that of Nes. Their pricing of objects, in contrast, was 

significantly more extreme. It is interesting to compare the mean number of 

extreme estimates made by ADHD and Ne children to those of right FL (RF) and 

Ne adu1ts (Smith & Milner, 1984). RF patients made an average of 3.7 

extreme priee estimates eompared to 3.4 for the ADHD children in the current 

study. Ne adu1ts made .6 extreme estimates corupared to .8 for the Ne 

children in the present study. Thus, the performance of ADHD chi1dren 

resembled that of FL subjects on the Location Reea11 task both in their 

pattern of performance and the number of extreme estimates the y made. 

ln summary. the pattern of results obtained supports the hypothesis 

that, 1ike FL patients, ADHD children do not have primary memory 

difficulties. In so far as estimation tasks represent special instances of 

conceptualizing and planning response strategies, the se results are 

consistent with the findings of Studies 1 and 2 and with previously reported 

performance deficits of ADHD chi1dren. 
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General Discussion and Conclusions 

The purpose of the three studies reported in this dissertation was to 

explore, w:thin a developmental context, the relationship between 

impairments associated with FL dysfunction and those associated with ADHD. 

The studies provided evidence of similar patterns of impairment and intact 

functioning in ADHD children and FL patients in three major areas of 

cognitive functioning: motor control, problem-solving skills, and memory 

performance. Wherever norms were available for normal children on similar 

tests of FL functions, ADHD subjects performed like 6 to 7 year olds, in 

spite of their mean age of approximately 10 years and minimum age of 8 

years. 

In Study 1, ADHD children were significantly less likely than controls 

to inhibit motor actions, including echopraxic responses on the GNG, CM, and 

ICD tasks. They also had difficulty alternating responses quickly and 

accurately on TM-B. This was interpreted as a vulnerability to response 

priming, which produced failures to inhibit motor responses when primed to 

react quickly. In addition, they showed a tendency to exhibit dissr~iation 

of verbal and motor responses on the CCD task. It was suggested in the 

discussion of this finding that the verbal responses of ADHD children may 

lack "semantic meaningfulness" (Meichenbaum & Goodman, 1969a) and thus would 

be more vulnerable to disruption by priming. 

In Study 2, ADHD children made significantly more perseverative and 

nonperseverative errors and completed fewer categories than Nes on the WeST. 

This pattern was interpreted as evidence of a broad-based impairment in 
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formulating and testing hypotheses and using feedback provided by the 

examiner to modify and güide responding. Although ADHD children discovered 

all of the stimulus dimensions on the WeST, they did not use this 

categorical information during problem-solving as efficiently as Nes. 

ADHD children also had greater difficulty organizing and directing 

their responses and adhering to task constraints on the SOP task. They 

performed significantly worse than the Ne group on the SOP-Representational 

Designs task and were significantly more Iikely to break task rules. This 

difference was not seen on the Abstract Designs version, which was more 

difficult and was associated with increases in rule breaks for both groups. 

This association raises the possibility that the "noncompliant" 

ru1e-breaking of ADHD children is related to problems in mastering 

environmentai demands. 

The findings on memory tasks in Study 3 confirmed previously reported 

findings (Benezra & Douglas, 1988; Douglas & Benezra, in preparation; 

Douglas & Peters, 1979) that ADHD children are able to perform as weIl as 

Nes on simple, direct memory tasks. Normal memory performance was 

demonstrated in both verbal and visuospatial dimensions. On the more 

complex priee estimation component of the Location Recall test, however, 

ADHD children made significantly more extreme estimatcs. Thus, where the 

task required recall, organization and judgement regarding information 

derived from daily experience, ADHD children were less able to construct a 

problem-solving strategy, to retrieve relevant information, to verify 

estimates against prior experience, or sorne combinat ion of the three. Smith 

and Milner (1984) reported similar difficulties on this task for FL 
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patients. Shallice and Evans (1978) also described extreme cognitive 

estimations by FL patients. This result is consistent with the difficulty 

of ADHD children on other tasks requiring the construction and 

implementation of complex, deliberate strategies Ce.g., Tant & Douglas, 

1982). 

Results for the SMMT were inconclusive. ADHD children did not 

demonstrate significantly impaired performance on this version of the SMMT. 

This result may be related to level of task difficulty, as the version used 

was easier than that used by Collier and Levy (Lezak, 1983). Slight changes 

in task demands have been shown ta affect the performance of ADHD children 

(Douglas, 1988). Gorenstein et al. (in press), however, did report 

significant differences on a version similar to the one used in the present 

study. Although means and standard deviations were similar in both studies, 

differences in statistical analyses led ta differing conclusions. Further 

investigation of ADHD performance on the SMMT is necessary to clarify these 

findings. 

Conclusions 

The first conclusion drawn from these three studies is that frontal 

lobe dysfunction provides a useful functional ana10gy to describe the 

performance characteristics of ADHD children. This conclusion is based on 

the finding that ADHD children were consistently impaired on tests assessing 

frontal lobe functions. 

Secondly, the performance of ADHD children on these tests was 

developmentally anornolous. This is based on their differences from matched 

NCs as weIl as the finding that, in spite of their mean age of about 10 
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years, ADHD children tended to perform like 6 to 8 year old normal children. 

Studies of normal children show that performance of these tests demonstrates 

a developmental gradient. Normal children younger than 8 years make many 

more errors than older children and use simpler strategies. Their 

performances resemble those of adult FL patients on the same tasks. 

The third conclusion is that this anomoly appears to be relatively 

specifie to frontal lobe processes. ADHD children showed the same pattern 

of difficulties and intact functions reported by other investigators for FL 

patients on tests sensitive to frontal lobe and temporal lobe functioning. 

They were impaired on tests measuring frontal lobe functions, but did not 

differ from normal control chi1dren on tests sensitive to temporal lobe 

function. The Location test provides a particularly good example of this 

dissociation. ADHD children, like Smith and Milner's (1984) FL patients, 

made extreme estimates of the priees of stimulus objects. Neither ADHD 

children in the curLent study nor FL patients in the Smith and Milner study 

showed impaired immediate recall of objects or their spatial locations. In 

contrast, Smith and Milner (1984) reported that TL patients showed impaired 

recall on both measures, but did not have difficulty making realistic 

estimations. 

Thus, comparison of the performance of ADHD chi1dren and FL patients on 

the neuropsycho1ogical measures used in the present study establishes the 

descriptive accuracy of frontal lobe dysfunction as an analogy for ADHD. 

Raving established the appropriateness and specificity of the analogy, it 

may be possible ta apply know1edge about the frontal lobes to contribute to 

an understanding of ADHD. 
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Earlier ADHD--FL Studies 

Previous investigators who have attempted to apply information about 

frontal lobe dysfunction ta ADHD children have tended ta focus on specific 

impairments described in the literature on the performance of FL patients. 

Sorne authors have stressed the ADHD chi1d's 1ack of behaviora1 inhibition or 

"lack of tolerance for a problem" as the key deficit associated with FL 

dysfunction (Chelune et al., 1986; Dykman et al., 1979; Mattes, 1980). 

Although these researchers have not c1early defined "inhibition" and 

"problem to1erance", they believe that a lack of inhibition can explain the 

children's impulsiveness, decreased focused attention, and distractibility. 

Consequent1y, they conclude that an inhibitory deficit is a sufficient 

explanation of their impairments. 

Although laek of inhibition appears to be a major componpnt of the 

impairments shawn by ADHD children on several tasks in the present study, 

including the GNG, CM, ICD, and CCD tasks, it does not seem sufficient ta 

exp1ain the chi1dren's deficits completely. Inhibitory deficits do not 

appear to explain fully the extreme priee estimations made by the children, 

their pattern of errors on the WeST, or their inconsistent mastery of 

response alternation tasks. 

For example, in the present study, ADHD children made significantly 

more errors and took significantly longer ta complete TM-B than NCs. Yet, 

as demonstrated in prior studies, they did not show consistent difficulties 

on response alternation tasks designed for mastery by 5 ta 8 year olds such 

as the Progressive Figures and Color Form tests (Clarkson & Hayden, 1971; 

Che1une et al., 1986). That is, impulsive difficulties of ADHD children are 
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more clearly elicited by more complex and demanding tasks. Thus, the 

differential occurrence of inhibitory failures on various alternation tasks 

seems related to increasing levels of task complexity. 

In addition, the quality of responses made by ADHD children is not 

always consistent with simple inhibitory difficulties. InformaI 

observations during the priee estimation component of the Location task 

revealed that ADHD children often seemed to be carefully considering prices 

before giving an estimate. This style does not seem to reflect an j.mpulsive 

blurting of the first price that cornes to mind. Instead, it points to a 

failure to be able to integrate relevant information, as discussed 

previously. 

Similarly, on the WCST, ADHD children in this study did not seem to be 

making purely impulsive responses. They were able to sort cards to relevant 

stimulus dimensions, as implied by the failuré to find significant ADHD--NC 

differences on Unique errors. In the study of CI'elune et al. (1986), once 

ADHD children had identified the sorting principle, they maintained 

categories as weIl as normal controIs, as measured by number of failures to 

maintain set. In fact, NCs tended to shift prematurely more often than ADHD 

children, although the difference was not significant and frequency of 

occurrence was low in both groups (Ne: 1.83; ADHD: 1.17). Thus, although 

ADHD children have more difficulty with this task as reflected in their 

signiîicantly greater numbers of perseverative and nonperseverative errors 

and fewer categories achieved, they did not respond in ways that suggest 

purely inhibitory difficulties. Instead, the occurrence of inhibitory 

failures seems, in part, to be related ta problem solving difficulties and 
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task complexity and is not independent of task contexte 

The results of Dykman et al. (1979) also point to problems beyond 

response inhibition difficulties. As described earlier, Dykman et al. used 

a matrix search task. ADHD children made an increasingly greater number of 

errors than Nes as task complexity increased. These results support the 

suggestion that inhibitory difficulties increaRe as cognitive demands 

increase. Thus, lack of inhibition appears to interact with problem solving 

difficulties. 

Gorenstein et al. (in press; Gorenstein & Newman, 1980) have attributed 

attention and impulse control deficits in ADHD children to "susceptibility 

ta disruption by a competing response." They define "competing responses" 

as those which are "artificially compelled or naturally prepotent" when 

presented with stimuli which have high saI; l''nce for the c~i1d. Gorenstein 

et al. conclude that the deficits they found in their ADHD sample on tasks 

sensitive ta frontal lobe abilities support this Interpretation. They point 

especially to greater perseverative e':rors on the WCST, more errors on the 

SMMT, and longer time scores on the TM-B and Stroop Color-Word distraction 

conditions. 

However, this theory does not account for the significant ADHD--NC 

differences Gorenstein et al. obtained on the baseline conditions of both 

the Stroop task and the Sequential Memory Test for Children. The baseline 

Stroop condition required only that the child name the color presented. 

Thus, the salient response was the correct one and slow response times 

represent difficulty quickly identifying the colors presented. This type of 

difficulty is not c1early explained by an hypothesis of "competing" or 
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"prepotent" responses as no competing response was present and the naturally 

prepotent response was correct. Also, although Gorenstein et al. did not 

obtain ADHD--NC differences on nonperseverative errors on the WSCT, ADHD 

children in the present Study 2 did make significantly more of these errors. 

FL patients also make more perseverative and nonperseverative errors than 

NCs (e.g., Drewe, 1975). High error rates on these measures point to 

difficulties in the problem-solving aspect of the WCST rather than simple 

responding to one prepotent stimulus dimension. 

The hypothesis of competing responses also does not account for sorne of 

the other ADHD--NC differences found in the three studies of the present 

report. Prepotent competing responses were not involved in the CCD, TM-A, 

and priee edtimation tasks. Yet, ADHD children made more errors on eaeh of 

these. ADHD children made more verbal errors on the CCD although the 

correct response was the most salient and the y often were making 

simultaneous correct motor responses. This type of error is consistent with 

a lack of "semantic meaningfulness" as discussed in Study 1 in regard ta CCD 

verbal errors and points to "higher order" cognitive impairment. In TM-A, 

there is no clear "prepotent response". TM-A presented only a single, 

typically overlearned, number sequence, yet ADHD children made mû-e errors. 

The price estimation measure is a complex problem-solving task which does 

not present clearly defined prepotent or competing response alternatives. 

Thus, although failure to inhibit responses to salient stimuli is almost 

certainly one aspect of ADHD impairment, it is not sufficient to explain 

their performance characteristics. 

The hypotheses of inhibitory deficits and heightened responsiveness to 
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salient stimuli are certainly important components of the performance of 

ADHD children. Neither provides a sufficient explanation by itself, 

however. ADHD children demonstrate difficulties in the areas of 

problem-solving, effective use of feedback, generation and use of 

strategi~s, etc. When presented with a complex task, inhibitory deficits 

seem to be heightened and ADHD children make more responses to stimuli of 

greater salience such as novel cues (e.g., Dykman et al, 1979), or to 

perceptually identical stimuli such as in the ICD in the present 

investigation. Thus, these hypotheses may represent partial explanations or 

aspects of a wider mechanism. 

Perspectives from the FL literature 

Stuss and Benson (1986) note that early in the study of the frontal 

lobes, there was considerable controversy as to whether the y had any unique 

function. In arder to demonstrate that the frontal lobes did play an 

important role in brain functioning, researchers focused on specifie 

impairments shown by patients with FL damage, su ch as lack of motor 

inhibition and impulsivity (e.g., Bianchi, 1895), perseveration and 

cognitive rigidity (e.g., Rylander, 1939), and attentional deficits (e.g., 

Ferrier, 1886). In spite of this emphasis on specifie deficits, 

investigators hypothesized that these performance characteristics 

represented part of a larger, more pervasive problem. 

The neuroanatomical significance of the frontal lobes p1ayed a part in 

the development of these theories. Frontal cortex is a final end-point for 

visual, auditory and somesthetic sensory systems. Direct sensation from 

primary sensory areas is projected to secondary association areas where 
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higher-order perceptual analysis occurs. These secondary areas project to 

the frontal region. By this means, the frontal lobes receive information 

from the external environment after it has been analyzed and processed by 

modality-specific and inter-modal association regions (Nauta, 1971). 

Neural connections also project to the frontal lobes from thalamic and 

limbic areas, including the amygdala and hippocampus. By these connections, 

the frontal lobes receive information regarding relevant memories and 

internaI states such as affect and motivation and their somatic 

concommitants (Nauta, 1971, 1973). 

(Nauta, 1973) In addition to receiving internaI and external 

information from cortical and subcortical regions, the frontal lobes have 

efferent connectlons to various sensory, motor and subcortical areas. 'fhese 

efferent pathways are believed to play an important role in the monitoring 

and modulation of cortical sensory and motor areas and 1imbic functions 

(e.g., Nauta, 1971). Nauta (1971) described the FL syndrome as a 

"consequence of 10ss of a sensory-effector organization invo1ved in 

mechanisms of both perceptual processing and behavioral programming (p. 

181)." 

It is important to note that it is not just the monitoring of current 

environmental information which is critical to task performance. Via 

connections with the amygdala, hippocampus, and other lirnbic nuclei, the 

frontal lobes also are able to integrate relevant prinr 1earning and 

motivational/affective states with current conditions. This is an important 

e1ement of prob1em solving, responsiveness to reinforcement, response 

consistency, and other functions typically impaired in FL patients. 
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Many terms have been used to label this integrative failure in FL 

patients, including: control, integration, and regulation; planning; 

organization; goal setting; self-regulation; self-monitoring; problem 

solving; and anticipation (e.g., Fuster, 1985; Luria, 1973; Nauta, 1971; 

Stuss & Benson, 1986). These terms refer to higher-level cognitive or 

"executive" skills. Theories of FL functions attempt to explain the impact 

of the breakdown of these skills. 

Nauta (1971) focused directly on the anatomica! connections and 

discussed their implications for behavioral anticipation and and foresight. 

Fuster (1985) also emphasized aspects of the temporal integration of 

behavior which enhances the achievement of goals. He specified three 

aspects, including anticipation, or the use of past experience to prepare 

for anticipated goal-oriented events; provisional memory, or the holding of 

information until the goal is reached; and the inhibitory control of 

interference. 

Shallice (1982) referred to the frontal lobe system as a "Supervisory 

Attentional System" (SAS) which organizes nonroutine goal achievement. When 

it is damaged, skills such as planning, handling novel situations, and 

flexible accommodation to new situations are impaired. Routine, overlearned 

tasks, on the other hand, still can be performed efficiently. Shallice 

points to perseveration and distractibility or impulsivity as consequences 

of the SAS failure. Pribram (1973) also described difficulties associated 

with FL dysfunction as due to inappropriate or absent behavioral schedules 

or routines. The FL dysfunction is hypothesized to interfere with 

structuring of context-dependent behaviors. Thus, organization and planning 
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of behavior within a situationa1 context is impaired. 

Luria (lY66; 1~73) emphasized the importance of the tronta1 lobes in 

the integration ot information trom other areas ot the brain. Like Nauta, 

he viewed the trontal area as a tinal cornmon pathway which collected 

information necessary for self-regulation of behaviora1 and affective 

states. 

Stuss and eenson (lY86) believe that deficits in executive ski11s 

reflect a breakdown ot the hierarchica1ly higher component of 

"se1f-awareness". Thus, although each theorist has emphasized somewhat 

different aspects and used difterent labels, each posits sorne form ot 

impairment ot a "higher-order" comp1ex cognitive function. This type of 

broader, more comprehensive exp1anation unifies the various performance 

deficits ot r'L patients. It is useful in giving an overview of the types of 

deficits to be expected and in conceptualizing treatment approaches. 

In addition to postulating a unified basis to the pertormance 

characteristjcs ot FL patients, researchers have begun to identity specifie 

anatomical loci in the FLs and to relate them to particular deficits. For 

examp1e, animal studies have provided evidence that the planning and 

monitoring ot response sequences, such as in the SOP task, is disrupted by 

lesions in the m~d-lateral frontal cortex (Petrides, 1988). Performance of 

the conditional associative tasks described ear1ier, which involve 

trial-and-error learning, is disrupted by lesions in the posterior lateral 

frontal cortex (Petrides, lY82). Bachevalier and Mishkin (1986) 

demonstrated that bilatera1 lesions of posterior ventromedial trontal cortex 

disrupted recognition memory performance, while les ions in the dorso1ateral 



areas did not. Hence, when discrete lesions can be made, these "trontal 

lobe" skills can be dissociated anatomically. 

Petrides (1989) suggested that specialized processing oreus in the 

lateral trontal lobes play a part in the general frontRI lobe role of 

organizing complex behavior. for example, monitoring a series of actions 

and recalling the order ot occurrence of specifie events are aspects of 

developing and executing plans. Orbital FL tunction seems more related to 

the limbothalamic memory system. 

Thus, even though the frontal lobes have been identitied as playing an 

important raIe in the organizational aspects of complex behavior, animal 

studies provide evidence ot separate frontal lobe subsystems which act as 

"specialized functional modules" (Petrides, 1(89). Although FL dystunction 

in humans 15 rarely discrete enough to reproduce the se findings, it 15 

important ta mdjntain an awareness ot the separateness ot the functions and 

ot which tunctions are being measured by specifie tasks. 

ImDlications for ADHD -----
As an initial application ot the PL analogy, it may be theoretically 

and clinically useiul ta consider ADHD as an impairment of higher-order 

cognitive processing. From this perspective, deficits such as attention, 

impulse control problems and failure to inhibit responses ta salient stimuli 

would be consequences ot diff~culty integrating information in arder to 

plan, set goals, monitor progress, anticipate outcomes, etc. 

Along this line, Douglas (1983, 1985) has brought together a number of 

the performance defic~ts ot ADHD children ~y proposing a generalized defect 
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performance, while les ions in the dorsolateral areas did not. Hence, when 

discrete lesions can be made, these "frontal lobe" skil1s can be dissociated 

anatomically. 

Petrides (1989) suggested that specialized processing areas in the 

lateral frontal lobes play a part in the general frontal lobe role of 

organizing complex behavior. For example, monitoring a series of actions 

and recalling the order of occurrence of specific events are aspects of 

developing and executing plans. Orbital FL function seems more re1ated to 

the limbothalamic memory system. 

Thus, even though the frontal lobes have been identified as p1aying an 

important role in the organizational aspects of complex behavior, animal 

studies provide evidence of separate frontal lobe subsystems which act as 

"specialized functional modules" (Petrides, 1989). Although FL dysfunction 

in humans is rarely discrete enough to reproduce these findings, it is 

important to maintain an awareness of the separateness of the functions and 

of which functions are being measured by specific tasks. 

Implications for ADHD 

As an initial application of the FL ana10gy, it may be theoretically 

and clinically useful to consider ADHD as an impairment of higher-order 

cognitive processing. From this perspective, deficits su ch as attention, 

impulse control problems and failure to inhibit responses to salient stimuli 

would be consequences of difficulty integrating information in order to 

plan, set goals, monitor progress, anticipate outcomes, etc. 

Along this line, Douglas (1983, 1985) has brought together a number of 

the performance deficits of ADHD children by proposing a generalized defect 



l' 118 

in "self-regulatory control". This self-regulatory deficit is exhibited in 

attentional, inhibitory, arousal, and reinforcement abnormalities. Thus, 

Douglas explicitly emphasizes the interdependence of the dysfunctions and 

suggests an underlying, broader deficit in higher-order cognitive processes. 

Reference to the FL analogy demonstrated in the three studies presented here 

would support this conceptualization. 

It may also be important to consider the functional differences in 

frontal lobe "subsystems". Gorenstein et al. (in press) have suggested that 

the impairments of ADHD children may not follow FL functional divisions 

because their "FL dysfunction" is likely to be diffuse. Nevertheless, 

deficits which are anatomically associated presumably have sorne common 

underlying cognitive factor which differentiates them from other, 

dissociable, deficits. Identifying which tasks ADHD children have trouble 

with and relating the resulting pattern to the functional FL divisions may 

clarify the underlying cognitive impairment(s). For example, ADHD children 

typically do not show difficulties on recognition memory tasks associated 

with ventromedial frontal cortex (e.g., Benezra & Douglas, 1988). Ln 

contrast, they do show impairments on tasks such as the WeST, conditional 

association learning, and SOP which are associated with Iateral frontal 

regions. This dissociation, if replicated and extended by further research, 

would support the general conceptualization of AVHD as a problem in 

integrating, planning, and organizing. 

In addition, just as "FL dysfunction" increasingly appears to represent 

a collection of functional subsets of patients with specifie types of 

higher-order organizational deficits, "AVHD" may include distinct subsets of 
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children. These subsets may include those for whom the FL analogy 

represents a "good fit" versus those for whom it is note Alternatively, a 

number of subsets of children impaired in different aspects of FL function 

may emerge. 

The developmental aspects of FL maturation also are relevant. Although 

little 1s known about the relationship between structural and functional 

brain development, neurophysiological flndings and theories are largely 

consistent with the developmental neuropsychological findings of Becker et 

al. (1988) and Passler et al. (1985). Both neuroanatomical and behavioral 

developmental positions posit that maximal development of the frontal lobes 

occurs from 8 years up to 12 years. 

Hence, development ot the frontal lobes 15 associated with increasing 

efficiency of information gathering from many brain areas and the modulation 

of their activities. Although the efficiency of this integrative capacity 

develops across a wide age range, large gains are seen in chidren between 

ages 8 and 12. Based on the findings of the present studies, ADHD children 

with a me an age of 10 years appear to have failed to develop this capacity 

to the same degree as their age-matched Nes, or as would be predicted from 

the normal developmental studies reviewed earlier. 

Thus, longitudinal and cross-sectional studies of ADHD children should 

be undertaken to investigate the rate and extent of development of FL 

skills. It would be important clinically to know whether these children 

eventually develop normal levels of abilities associated with FL 

functioning, whether they consistently lag behind by up to 3 to 4 years as 

did the group in the present study, or whether the level of functioning 
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displayed in these studies is the highest point achieved. Chelune et al. 

(1986) reported that their ADHD children made appropriate maturational gains 

on the WeST, hut at a level approximately two years behind their age-matched 

cohorts. They suggested that this pattern supports the view of AVHD as a 

maturational lag, but stress the need for developmental studies across a 

wide age range and to determine whether ADHD children ever achieve normal 

adult levels of performance on the WeST. 

Finally, investigation of the accuracy of the analogy with FL 

dysfunction leads naturally to questions regarding whether deficits of ADHD 

children on FL tasks are a consequence of actual FL dysfunction. To 

establish this, it will be necessary to undertake further studies to 

investigate actual differences in FL functioning of well-defined groups of 

ADHD children using physiologieal measures such as positron emission 

tomography (e.g., (Buchsbaum et al., 1Y82; Roland, 1984), regional cerebral 

blood flow (e.g., Weinberger, Berman & Zee, 1986), or brain eleetrical 

activity mapping (e.g., Duffy, Denckla, Bartels & Sandini, 1980; Dutfy, 

Denckla, Bartels, Sandini & Kiessling, 1980). 
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Statement of Original Contribution 

ADHD children were tested on an array of measures in the areas of motor 

control and problem solving shown by prior investigators to be sensitive to 

frontal lobe dysfunction. The impairment of ADHD children on these tasks 

was used to support the hypothesis that their deficits resemble those shown 

by adults with FL dysfunction. Further, by comparing their performance 

levels with those reported in developmental studies and with the performance 

of matched normal control children, it was shown that their mastery of the 

tasks lagged behind their age-mates by up to 3 to 4 years. 

In contrast to earlier studies, ADHD children also were tested on 

measures associated with impaired performance by patients with temporal 

lobe, but not frontal lobe, dysfunction. Using these tasks, their deficits 

were demonstrated ta be limited to tasks associated with frontal lobe 

functioning, and not the result of a global inability ta perform weIl on any 

task administered. 

By demonstrating a relatively specific pattern of strengths and 

weaknesses which resembles that shown by FL patients, the specificity as 

weIl as the accuracy ot the analogy received initial confirmation. 

Demonstration that the analogy of frontal lobe dysfunction is a "good fit" 

to the cognitive and behavioral performance of ADHD children allows the 

heuristic application of information about frontal lobe functioning to the 

understanding and treatment of ADHD. 
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