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ABSTRACT 

Prenatal exposure to ethanol is now recognized as a cause of mental 

retardation, borderline intellectual development and hyperactivity in children. The purpose of 

this study was to investigate activity and attention in a group of children with FAS and its milder 

variant, fetal alcohol effect (FAE) and to compare their behavior to children with ADD and 

normal children. 

The subjects were 20 children, diagnosed as FAS or FAE ; 20 with attention 

deficit disorder (ADD), and 20 normal children, aged 5 to 12 years. Each child received a short 

form of an 1O test and three attention demanding tasks, presented via microcomputer. The 

child's parent completed three questionnaires regarding the child's activity level. 

The attention-demanding tasks were chosen to tap the areas of attention that 

Douglas (1983) has identified as deficient in ADD children. The tasks chosen were the Choice 

Reaction Time Task (CRTT), the Delay Reaction Time Task (DRTT), and a variant of the 

Continuous Performance Task (CPT). 

The children with FAS/FAE were significantly more retarded in their intellectual 

development than were either of the other groups but the parental ratings on all three 

measures suggested that both the FAS/FAE and ADD children were considered to be 

hyperactive and inattentive in comparison to the normal children. Both the FAS/FAE children 

and ADD children scored within the hyperactive range on the questionnaires. 

v 



In summary, the FAS/FAE children had difficulty with the investment, 

organization, maintenance of attention over time; with the modulation of arousal to meet 

situational demands; and with the inhibition of impulsive responses. The ADD children had 

difficulty with the investment, organization and maintenance of attention over time, and showed 

an inability to inhibit impulsive responses. Both groups of children were considered to be over-

active and impulsive by their parents. The results suggest that although children with FAS/FAE 

are significantly more retarded than are children with classical ADD, the behavior problems of 

both groups of children are similar. 
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Chapter 1 Fetal Alcohol Syndrome 

Fetal alcohol syndrome (FAS) and other alcohol related birth defects are the topics of 

this chapter. The focus will be on the behavioral manifestations of the syndrome and their 

relationship to attention deficit disorder. 

The relationship between drinking during pregnancy and problems of the infant has 

been a part of common knowledge for centuries, but it is only since 1973 that a specific pattern 

of birth defects, caused by excessive exposure to alcohol, was recognized and labeled fetal 

alcohol syndrome (Jones & Smith, 1973; Jones, Smith, Ulleland, & Streissguth, 1973). The 

diagnostic criteria for the syndrome were standardized in 1980 by the Fetal Alcohol Study 

Group of the Research Society on Alcoholism (Rosett & Weiner, 1980). Fetal alcohol 

syndrome may be diagnosed only when the patient has findings in all three areas listed below: 

1. Prenatal and/or postnatal growth retardation; weight, length and/or head 

circumference below the 10th percentile when corrected for gestational age; 

2. Central nervous system involvement; signs of neurologic abnormality, 

developmental delay, or intellectual impairment; 

3. Characteristic facial dsymorphology with at least two of the following signs; (a) 

microcephaly (b) microthalmia and/or short palpebral fissures and (c) poorly developed 

philtrium, thin upper lip, or flattening of the maxillary area. 

If findings are present in only two of the three areas and alcohol abuse during the 

pregnancy is suspected, then fetal alcohol effects (FAE) may be diagnosed. Because the 

teratogenic effects of alcohol are present during the entire pregnancy, not just the fetal period, 

and because the effects of prenatal exposure to alcohol encompass more than just FAS, the 

terms alcohol embryopathy and alcohol related birth defects (Majewski, 1981) have been 

proposed as alternatives, but are not widely accepted. 
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There is evidence from both human and animal studies that alcohol is a teratogen, and 

that it has a dose-dependent effect (Abel, 1984; Cooper, 1987). Craniofacial anomalies have 

the strongest and most direct association with the amounts of alcohol consumed (Ernhart, 

Sokol, Martier, Moron, Naidier, Ager, & Wolf, 1987). The risk for the development of the 

craniofacial anomalies associated with alcohol consumption is present from conception until 

the craniofacial structures are all formed, by the end of the first trimester of pregnancy (Ernhart 

et al., 1987). However, the risk for other anomalies to the CNS, and for growth retardation, 

remains throughout the pregnancy (Abel, 1984). The risk of full blown FAS is greatest when 

more than 3 oz of absolute alcohol per day are consumed (i.e., 6 bottles of beer or its 

equivalent in wine or spirits) but safe lower limits cannot be established, owing to the variability 

in the mother-fetus system's response to the teratogenic effects of alcohol (Ernhart et al., 1987; 

Smith 1979). The risk for physical maformations which can be diagnosed at birth appears to 

be very low for alcohol consumption during pregnancy in social amounts (Ernhart et al., 1987). 

At the opposite extreme, consumption of very large amounts of alcohol is thought to result in 

failure of the fertilized ovum to implant or in fetal deaths. In addition, many women with severe 

chronic alcoholism cease to ovulate, making pregnancy impossible (Jones, Smith, Streissguth 

& Myrianthopoulos, 1974). 

The precise mechanism by which alcohol acts as a teratogen is unknown. Both the 

direct effect of the alcohol and the effects of its metabolites, particularly acetaldehyde have 

been suggested as causative mechanisms (Abel, 1984; Abel, Randall, & Riley, 1980; Pratt, 

1980) Both alcohol and acetaldehyde in the mother's bloodstream pass the placental barrier, 

entering the fetus' circulation. The liver enzyme, alcohol-dehydrogenase, metabolizes alcohol 

to acetaldehyde and water. Until the 5th month of pregnancy when the fetal liver begins to 

produce its own alcohol-dehydrogenase, the fetus is dependent on the mother's circulation to 

metabolize the alcohol in the fetal blood stream (Hickers, 1978). Thus, during the earlier 

stages of a pregnancy, the fetal blood supply is entirely dependent upon the maternal system 
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for the metabolism of alcohol. If the maternal system is inefficient in the metabolism of alcohol, 

as is the case with severe chronic alcoholics, then the fetal blood-alcohol levels will remain 

elevated for long periods of time. 

One recent animal study (Miller, 1985) has demonstrated that prenatal exposure to 

large amounts of alcohol throughout a pregnancy affected the early stages of neuronal 

development in terms of both neuronal proliferation and migration. Specifically, the offspring of 

rats fed the equivalent of 12 drinks per day showed evidence of altered duration of the period 

in which neurons were generated and evidence of a decreased number of neurons generated. 

They also showed disruption of the distribution of of neurons and their migration within the 

cortex, when compared to of the offspring of control rats. 

Incidence 

FAS and FAE are now recognized as one of the leading causes of mental retardation 

and birth defects. In the United States, the incidence of FAS and FAE is estimated to anywhere 

from 1:57 live births to 1:900 births, depending on the population studied, and the diagnostic 

criteria for FAS OR FAE used (Clarren & Smith, 1978; May, Hymbaum, Aase, & Samet, 1980). 

Canadian incidence figures are unknown, but are assumed to be similar (Morrison & Maykut, 

1979). In a recent study of children with physical, developmental, or learning problems in 

northern British Columbia and the Yukon (Asante, 1985), 30% of the 586 children referred met 

the criteria for FAS OR FAE. In a Saskatchewan study (Habbick & Zaleski, 1980; Nanson, 

Zaleski, Habbick, & Casey, 1981) 114 children of 176 referred with suspected FAS or FAE met 

the criteria for the diagnosis. 

Sex ratios in FAS are reported to be equal (Abel, 1979; Clarren, 1980), or biased 

towards females (Qazi & Masakawa, 1976). The latter finding has been offered as evidence of 

greater wastage of male fetuses and/or greater rates of perinatal and postnatal death among 

males (Qazi & Masakawa, 1976). 
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FAS and FAE have been reported from a number of different countries including Great 

Britain (Poskitt, Hensey, & Smith, 1982), Germany (Majewski, 1981), Switzerland (Ferrier, 

Nicod, & Ferrier, 1973), Sweden (Aronson, Kyllerman, Sabel, Sandin, & Olegard, 1985; 

Kyllerman, Aronson,Sabel, Sandin, & Olegard, 1985 ), France (Kaminiski, Franc, Lebouvier, du 

Mazabrun, & Rumeau-Rougette, 1981) and Australia (Collins & Turner, 1978). Minority groups 

are overrepresented in almost all samples. In studies from western Canadian and the United 

States, the majority of identified cases are of native origin (Asante, 1981,1985; Nanson et 

al.1981) In the eastern United States, the majority are Black or Hispanic (lsobubs, Fuchs, 

Bingol, & Gromish, 1981; Sokol, Miller, & Reid, 1978). In Australia, aboriginal cases 

predominate. It is not known whether this reflects difference in the base rates of alcohol 

consumption (May et al., 1982) or differences in the metabolism of alcohol (Ewing, Rouse, & 

Pellizzari, 1975; Reed, 1978). 

Physical Findings 

In addition to the craniofacial features which are central to the diagnosis of FAS and 

FAE, a large number of other abnormalities have been reported in FAS/FAE. These include 

cardiac defects, some of which are incompatible with life (Steeg & Woolf,1979), suppression of 

the immune system (Johnson, Knight, Marmer, & Steele, 1981), renal and neural tube defects 

(Goldstein & Arulananthan, 1978), cleft palate (Majewski, 1981), and Trisomy 21 or Down 

syndrome (Bingol, Fuchs, Isobub, Kumar, Stone, & Gromisch, 1987). The severity of the 

physical findings is generally related to the child's intellectual development so that the children 

with the greatest physical problems are generally the most retarded as well (Streissguth, 

Clarren, & Jones, 1985). 

Central Nervous System Dysfunction 

Intellectual problems including mental retardation and learning disabilities are the most 

common finding in FAS and FAE (Clarren & Smith, 1978; Cooper, 1987). The average 10 

reported in FAS and FAE is within the upper half of the mildly retarded range (Little & 
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Streissguth, 1981), but the range of functioning in children with FAS and FAE is wide, and by 

no means all of the children affected are mentally retarded (Nanson et al., 1981; Majewski, 

1981). The level of intellectual functioning is thought to be relatively stable, and not amenable 

to effort to stimulate the child's intellectual development (Streissguth et at, 1985). 

Behavioral Characteristics 

The behavioral manifestations of FAS and FAE vary with age. In infancy, neonates 

with FAS and FAE frequently show difficulty with state regulation (Rosett, Snyder, Sander, Lee, 

Cook, Weiner, & Gould, 1979), and have abnormal EGG's (loffe, Chilldaevia, & Chernick, 

1984). In cases of severe alcoholism in the mother, the infant may be born addicted to alcohol, 

and may experience symptoms of alcoholic withdrawal during the neonatal period, including 

seizures (Pierog, Chandavasu, & Wexler, 1979). In later infancy, children with FAS and FAE 

are described as irritable, jittery, tremulous, and difficult to feed (Pierog et al., 1979). They gain 

weight very slowly, and it is at this point that the caregiving between the alcoholic mother and 

the distressed infant frequently breaks down and the baby is placed in foster care. Older 

children with FAS and FAE continue to have social, emotional, and intellectual problems 

(Streissguth et al., 1985). Hyperactivity, attention deficits, a short attention span, and fine-motor 

dysfunction have been noted in a number of follow up studies of children with FAS and FAE 

(Aronson et al., 1985, Streissguth et al., 1985). 

Prenatal Exposure to Other Drugs 

Women who are alcoholic also are more likely to abuse other drugs such as nicotine, 

caffeine, and non-prescription drugs (Streissguth,Martin, Martin, & Barr, 1981). A number of 

studies in the 1970's (Butler& Goldstein, 1973; Denson, Nanson, & McWatters, 1975; Dunn, 

McBurney, Ingram & Hunter, 1977; Nichols & Chen, 1981) demonstrated a relationship 

between maternal smoking during pregnancy and either hyperactivity or learning problems in 

children. However all of these studies failed to control for the effects of maternal drinking 

during pregnancy. Since mothers who smoked heavily during pregnancy are also more likely 
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to have been at least social drinkers, it is possible that the effects attributed to maternal 

smoking during pregnancy may have been due to maternal alcohol consumption. In a more 

recent study (O'Connor, Brill, & Sigman, 1986), maternal alcohol consumption during 

pregnancy, but not maternal nicotine exposure, predicted infant size (height, weight, and head 

circumference) at eight months. However, smoking during pregnancy did predict birth weight. 

This suggests that the effects of maternal drinking during pregnancy are of longer duration than 

are those of maternal smoking during pregnancy. 

More Subtle Effects of Prenatal Alcohol Exposure 

In addition to the full blown syndrome of FAS and FAE, it is now recognized that 

consumption of lesser amounts of alcohol during pregnancy may compromise the later 

development of the child, even in the absence of the classical features of FAS and FAE 

(Gusella & Fried, 1985; Landesman-Dwyer, Keller & Streissguth, 1978; Landesman-Dwyer, 

Ragozin, & Little, 1981; O'Connor, Brill, & Sigman, 1986; Shaywitz, Cohen, & Shaywitz, 1980; 

Streissguth, Barr, Darby, & Martin, 1985; Streissguth, Martin, Barr, Sandman , Kirchner, & 

Darby, 1984). These studies are summarized in Table 1.1. Because the issue of milder effects 

of maternal alcohol consumption on childhood performance is related directly to the 

relationship of FAS/FAE to Attention Deficit/Hyperactivity Disorder (ADHD) and to the central 

thesis of this dissertation, these studies will be reviewed in detail. 
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Table 1.1 
Effects of Light to Moderate Drinking and Pregnancy Outcome 

--Sample Results Authors 

Landesman-Dwyer, 124 neonates 
Keller & Streissguth 
related (1978) 

maternal alcohol 
consumption was 
to abnormal behaviors 
in the neonate 

Shaywitz, Cohen & Shaywitz 87 school children 15 had history of (1980) 
maternal drinking 
during pregnancy and 
were hyperactive. 

Landesman-Dwyer, Ragozin 
& Little (1981) 

272 normal children maternal alcohol 
consumption predicted 
problems with attention 
at age 4 years 

Barr, Streissguth, Martin, 
& Herman (1984) 

453 normal infants maternal alcohol 
consumption during 
pregnancy predicted 
physical growth at 
8 months of age 

Streissguth, Martin, Barr, 
Sandman, Kirchner, & Darby, (1984) 

452 normal children maternal drinking 
during pregnancy 
predicted 
performance on a 
vigilance task 

Gusella & Fried (1985) 84 normal infants maternal drinking 
during pregnancy predicted 

8 month Bayley scores 

Streissguth, Barr, Darby, & Martin (1985) 443 normal children maternal drinking 
during pregnancy 
predicted fine motor 
skills at age 4 years 

O'Connor, Brill, & Sigman (1986) 25 normal infants maternal drinking 
during pregnancy 
predicted IQ at 
1 year of age 

Landesman-Dwyer, Keller, and Streissguth (1978) assessed the behavior of 124 

neonates grouped according to maternal alcohol consumption during pregnancy. Infants 

exposed to larger amounts of alcohol(>1 oz absolute alcohol per day or 2 drinks per day) 

showed increased eye opening, head turning to the left, body tremors, high activity levels, and 
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hand to face behavior on the Brazelton Neonatal Assessment Scale (Brazelton, 1973). 

Only one infant met the criteria for FAS or FAE. Males showed greater behavioral effects than 

did females, within the small groupings for alcohol exposure. 

Shaywitz, Cohen, and Shaywitz (1980) reviewed the records of 87 children aged 6 1/2 

to 18 years, with a history of school problems who had been seen for assessment at a learning 

disabilities clinic. Fifteen of these children were found to have a history of heavy maternal 

drinking during pregnancy. Their mean IQ was 98.2 (range 82-113). All but one were 

described as hyperactive, and six were currently being treated with stimulant medication for 

their hyperactivity. In addition, all were considered by their teachers to be distractible, to have 

a short attention span, and most were receiving some form of special education, either in a 

special class or from a resource teacher. Although several of them had one or more anomalies 

associated with FAS and FAE, none met the traditional diagnostic criteria for FAS or FAE. The 

authors concluded "Alcohol exposure in utero may be an important, preventable determinant of 

attention deficit syndromes in childhood."(p. 981). 

Landesman-Dwyer, Ragozin, & Little (1981) followed, prospectively, 272 children on 

whom data regarding maternal smoking and alcohol consumption during pregnancy were 

available. The children were all from white, upper-middle class homes in the Seattle area, and 

all had been exposed to small amounts of alcohol during pregnancy. The mean maternal 

alcohol consumption during pregnancy was one drink or 0.45 oz. of absolute alcohol per day. 

None of the children met the criteria for FAS or FAE. The children were observed at age four in 

their own homes in a variety of daily activities, such as free play and mealtimes. Their behavior 

was assessed by raters blind to the child's history. Maternal alcohol consumption during 

pregnancy, even at these low levels, was found to be a significant predictor of behavior 

associated with hyperactivity, including fidgeting during meals, periods of inattention, and a 

short attention span. Maternal alcohol consumption during pregnancy was not related to the 

quality of the home environment or to the mother's behavior during the observations. The 
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mother's rating of the child's temperament and activity level was not predicted by maternal 

alcohol consumption during pregnancy. These relationships held, even when the effects of 

maternal education and exposure to other drugs such as nicotine and caffeine during 

pregnancy were controlled in the analysis. 

In another prospective study (Streissguth, Martin, Barr, Sandman , Kirchner, & Darby, 

1984), maternal alcohol consumption during pregnancy was found to be related to 

performance decrements at age four on a vigilance task. Maternal alcohol consumption during 

pregnancy did not predict activity level during the same task. The subjects were 452 middle 

class children followed prospectively from the fifth month of pregnancy onward. Mean daily 

maternal alcohol consumption, for the mothers who did drink, was assessed at the fifth month 

of pregnancy as being 0.35 oz. of absolute alcohol per day or about 5 drinks per week. Mean 

nicotine intake of the mothers who smoked was 17 mg/day, or about 3/4 package/day. Mean 

caffeine intake was 256mg/day or about 3 1/2 cups of coffee per day. None of the mothers met 

the usual criteria for alcoholism, and none of the children were diagnosed as FAS or FAE. 

Both maternal alcohol intake and nicotine intake predicted omission and commission errors on 

the vigilance task, but only maternal alcohol intake predicted RT. Birth order, maternal 

education, maternal nutrition during pregnancy and caffeine intake during pregnancy failed to 

predict performance on the vigilance task. 

Barr, Streissguth, Martin, & Herman (1984) examined the relationship of maternal 

alcohol consumption during pregnancy and infant size and weight at 8 months of age in a 

sample of 453 infants followed prospectively from the fifth month of pregnancy onwards. Even 

after adjustment for other variables, such as caffeine and nicotine use during pregnancy, 

maternal education, and nutrition during pregnancy, maternal alcohol consumption during 

pregnancy had a negative impact on infant size (weight, height, and head circumference) at 8 

months. None of the mothers met the traditional criteria for alcoholism and none of the children 

were diagnosable as FAS or FAE. 
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Gusella and Fried (1985) examined the relationship between maternal drinking during 

pregnancy and the infant's performance on the Bayley Scales of Infant Development or BSID , 

(Bayley, 1969) in a prospective study in Ottawa involving 84 middle class mothers and their 

infants. The mean alcohol consumption prior to the pregnancy being diagnosed was 0.50 oz 

of absolute alcohol per day and was 0.21 oz per day during pregnancy. Maternal drinking 

during pregnancy even at these low levels, was associated with lower scores on the BSID 

mental scale at eight months of age. 

Streissguth, Barr, Darby, & Martin (1985) administered a fine motor task to 443 children 

whose mothers use of alcohol, nicotine, caffeine, and other drugs, demographics and nutrition 

had been assessed during pregnancy. The data were analyzed with multiple regression 

techniques, adjusting for the variables listed above. Maternal alcohol consumption during 

pregnancy was related to more errors on the task and to longer response latencies. 

O'Connor, Brill, & Sigman (1986) related alcohol consumption during pregnancy with 1 

year scores on the BSID Mental Scale, in a sample of 25 first born infants from middle class 

families. Alcohol intake before the pregnancy was diagnosed, but not alcohol intake during the 

pregnancy, predicted 1-year Bayley scores. One infant, born to a moderately heavy drinker 

(mean prepregnancy drinking, 4 drinks per day) showed signs of classical FAS. 

Taken together, the results of these studies suggest that consumption of small amounts 

of alcohol during pregnancy (i.e., social drinking) is not associated with FAS or FAE but is 

associated with lower birth weights, abnormal behavior during the neonatal period, lower 8 

month and 1 year BSID mental scores, growth retardation at age 8 months, increased 

restlessness and a short attention span at age 4 years, poorer performance on vigilance tasks 

at age 4, and fine motor dysfunction at age 4. These abnormalities are all milder than those 

seen in classical FAS or FAE but are similar. They suggest that physical growth and the 

development of the CNS is much more sensitive to the effects of maternal alcohol intake than 

are the craniofacial features, and can be adversely affected by the consumption of smaller 
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amounts of alcohol. The craniofacial features are present by the end of the first trimester of 

pregnancy, but the physical growth of the fetus, and the development of the CNS occur 

throughout the entire pregnancy. Thus the teratogenic effects of alcohol can affect these 

systems throughout the entire pregnancy. Therefore, it is not surprising that lower dosages of 

alcohol during pregnancy have real but more subtle effects on physical growth and on the 

development of the CNS. 

Relationship of FAS and FAE to Hyperactivity 

Children with FAS and FAE are frequently, but not universally described, in the 

literature as hyperactive, distractible, impulsive, and having short attention spans (Aronson et 

al., 1985; Kyllerman et al., 1985; Streissguth et al., 1985) . In addition, maternal alcohol 

consumption during pregnancy, even in social amounts, is associated with poorer performance 

at age 4 on a vigilance task (Streissguth, Martin, Barr, Sandman , Kirchner& Darby, 1984), and 

with fidgety, restless behavior (Landesman-Dwyer, Ragozin & Little, 1981). Thus children with 

FAS or FAE appear similar to the classical descriptions of hyperactive children (Loney, 1980; 

Levine & Oberklaid, 1980), although perhaps more intellectually impaired as well. In addition, 

preschool children of social drinkers appear to display behavior similar to preschoolers who go 

on to be diagnosed as ADHD. 

A second point of overlap between the behavior problems seen in both the offspring of 

social drinkers and those children diagnosed as hyperactive or attention deficit disordered is 

the presence of nonspecific biological markers. There are a number of minor anomalies of the 

face, hands and feet such as malformed ears, single palmar creases, and epicanthic folds that 

can be identified at birth and that are associated with a higher incidence of hyperactivity in 

childhood (Quinn et al., 1974; Waldrop et al., 1971; Waldrop et al., 1968). These markers are 

not specific to hyperactivity, as they are also more common in autistic and learning disabled 

children. What is of interest here is that these nonspecific markers overlap considerably with 

the craniofacial features associated with FAS and FAE. See Table 1.2. Thus it is possible that 
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some of the children with these markers, who went on to develop hyperactive behavior, had 

been exposed to alcohol prenatally. Thus prenatal alcohol exposure may be one of the final 

common pathways (Ferguson & Rapoport, 1983) which may lead to the development of 

hyperactive behavior. 

Table 1.2 
A Comparision of the Anomalies Associated with Hyperactivity and FAS. 

Anomalies Associated with Hyperactivity Anomalies Associated with FAS a 

Head Increased head circumference 
Decreased head circumference 
'electric hair 

Decreased head circumference 
abnormal hair whorls 

Eyes-----  epicanthic folds epicanthic folds 
hypertelorism short paprebral fissures 

Ears low set ears low set ears 
ear lobes adher to scalp externally rotated ears 

malformed ears 
asymmetric ears 

Mouth high arched palate cleft palate 
furrowed tongue high arched palate 

Hands incurved fifth finger incurved fifth finger 
single palmar crease abnormal palmar creases 

Feet third toe longer then second not reported 
partial syndactly of toes 
gap between 1st and 2nd toe 

Note: Adapted from Quinn & Rapoport, 19747Clarren, 1980, & Majewski,1981. 
___ 

a Anomalies involving the nose, chin, cardiovascular and other systems are also reported in 
FAS but not in Hyperactivity. 

Finally, a number of studies of the families of hyperactive children have shown higher 

rates of alcoholism, antisocial personality, and hysteria than occurs in the normal population 

(Morrison & Stewart, 1971; Cantwell, 1972). Hyperactivity is more common in adopted children 

(Cantwell, 1975) and is more common amongst the biological parents of hyperactive children 

who have been adopted, than it is amongst the adoptive parents of hyperactive children 

(Cantwell, 1975). Although these data are frequently used to argue in favour of a genetic 

predisposition towards hyperactivity (Taylor, 1986), they also leave open the possibility that 
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alcoholism (which is also thought to have a genetic component and is associated with high 

rates of family breakdown and adoptive placement of children) may be a mediating variable in 

some of the cases of genetic hyperactivity. 

Given these linkages between FAS and FAE and ADHD, it is surprising that in a recent 

review of the etiology of hyperactivity (Taylor,1986), prenatal exposure to alcohol as a possible 

etiologic factor is not discussed, although many other areas such as lead exposure and diets 

(Feingold, 1975) are reviewed . Three possible reasons for this oversight come to mind. First. 

the association of prenatal exposure to alcohol and more subtle effects on behaviour and 

learning are not well known nor are they universally accepted. Second, there may be a 

misconception that all children with FAS or FAE are severely retarded and hopeless, and 

therefore are unlike children with ADHD. Third, Taylor is a British researcher and there has 

been relatively little interest in Britain in the topic of FAS (Poskitt et al., 1982). In addition, 

British researchers tend to view hyperactivity as a behaviour problem, and are much more 

likely to give precedence to the role of social and family factors in the etiology of the disorder 

(Sandberg, 1985; Thorley, 1986). 

Summary 

Fetal alcohol syndrome is now recognized as a common cause of mental retardation 

and other developmental disorders. One of the more common behavioral manifestations of 

FAS and FAE, even in mildly affected children, is hyperactivity and problems with attention 

(Streissguth et al., 1985). In addition to the full blown syndrome which is primarily associated 

with alcoholism of the mother during the pregnancy (+6 drinks per day, Ernhart et al., 1987), 

there is increasing evidence that social drinking during pregnancy can lead to more subtle 

effects on the growth and development of the child. These effects are similar to others found in 

hyperactive children, suggesting that prenatal exposure to alcohol may be one way in which 

some children are predisposed to hyperactivity. 
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The present study is an attempt to bridge the gap between the studies of the attention 

in the offspring of social drinkers and the clinical observations that children with FAS are 

hyperactive. In this study, children with FAS or FAE diagnosed by the usual criteria were 

assessed in terms of attention, using the model of attention deficit disorders proposed by 

Douglas (1983). Their performance was compared to that of other hyperactive children, who 

were not FAS and to normal children. 



Chapter 2 Hyperactivity 

The purpose of this chapter is to review the literature on hyperactivity as an introduction 

to the methodology used in this study. 

Hyperactivity is one of the most common behavior problems in children, estimated to 

affect from 1% to 20% of all school children (Barkley, 1980). Males are more commonly 

affected than females, with estimates of sex ratios of 5:1 to 9:1, depending on the criteria used 

(APA,1980; Barkley, 1980; Ross & Ross, 1982). In spite of the frequency of the disorder (or 

possibly because of it) little agreement exists over the diagnostic criteria, etiology, or treatment 

of the disorder. Some authors (e.g., Wender, 1971, 1978 ) consider hyperactivity to be a 

distinct disorder and, stressing its supposedly organic etiology, have termed it minimal brain 

dysfunction. At the other extreme are authors who have questioned the existence of 

hyperactivity (e.g., Keith, 1974; Schrag & Divoky, 1975), arguing that if a problem exists, it is 

with adults' nonacceptance of the normal activity levels of children. A less extreme position is 

that of Rutter and other British clinicians (Rutter, 1983; Taylor, 1983, 1986; Thorley, 1984) who 

have argued that, while children who are diagnosed as hyperactive are clearly different from 

normal children, the current research base does not support the separation of hyperactivity 

from other childhood disorders. 

Confusion arises, in part, because of the variety of terms that have been used to label 

the disorder and its symptoms, and because different meanings have been assigned to these 

terms. In general a symptom is defined as change or special condition of the body or mind, 

whereas a syndrome is usually defined as a distinct, clinical picture or group of related 

symptoms of unknown etiology (Neale & Oltmanns, 1980). The term disorder is sometimes 

used synonymously with the term syndrome but it also is used to suggest a more cohesive 

condition that has either a common etiology, common biological marker or common response 

to treatment. 

15 
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The term hyperactivity is frequently used to label a syndrome or cluster of symptoms, 

consisting of excessive motor activity, inattention, distractibility and impulsivity. Other terms 

used to refer to the same syndrome include minimal brain dysfunction, minimal brain damage 

(MBD), hyperkinesis, attention deficit disorder(ADD) and attention deficit/hyperactivity disorder 

(ADHD). The terms minimal brain dysfunction and minimal brain damage additionally imply a 

common etiology, namely that of defects in the brain. 

However, the term hyperactivity is also used to label the symptom of excess motor 

activity, that is usually considered to be one component of the syndrome. Children diagnosed 

as having hyperactivity, the syndrome may not show hyperactivity as a symptom, although they 

may be inattentive, distractible or impulsive. Although the term hyperactivity is more accurate 

when used to refer to the symptom than to the syndrome, its vernacular use in referring to the 

syndrome is well entrenched. In order to minimize confusion in this study, the term 

hyperactivity will be used to refer to the syndrome, following popular usage, and the term over-

activity will be used to refer to hyperactivity as a symptom. 

The following literature review is intended to illustrate two opposing views of 

hyperactivity. The first of these points of view is that hyperactivity exists as a distinct syndrome, 

although it may co-exist with other disorders in a given child. Adherents of this position 

consider inattention to be the core of the disorder, and have suggested that the other aspects of 

syndrome are the consequent of the central defect in attention. The opposing view holds that 

hyperactivity is a symptom, common to a number of childhood disorders whose existence as a 

separate disorder has not yet been proven. Some resolution to these two opposing views is 

provided by the model of a final common pathway, by which a number of different pathological 

processes can act upon the central nervous system, to produce similar behavioral effects. 

There is emerging evidence that children exposed to alcohol prenatally have problems with 

inattention and over-activity. If hyperactivity is a heterogeneous disorder, common to a number 

of childhood disorders, then it is reasonable to hypothesize that children exposed to alcohol 
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prenatally will have attention problems, that are similar to those of other hyperactive children. 

However, if Attention-Deficit/ Hyperactivity Disorder is a distinct syndrome, then it does not 

follow that alcohol-exposed children will have similar types of problems with attention. This 

study was intended to assess the extent to which the attention defects in alcohol-exposed 

children are similar to the attention defects in other hyperactive children. 

The Diagnosis of Hyperactivity 

DSM III Classification 

In the third edition of the American Psychiatric Association's Diagnostic and Statistical 

Manual, DSM III (American Psychiatric Association, 1980), the syndrome previously called 

hyperkinesis in the second edition was re-labelled as Attention Deficit Disorder (ADD). The 

latter term had been proposed by Douglas (Douglas & Peters, 1979; Douglas, 1980a), as it is 

her belief that the attention problems are central to hyperactivity, and that the motor and 

impulsive components of the disorder are the consequence of the more basic defects in 

attention. The diagnostic criteria for ADD in DSM 111 (APA, 1980) reflect this view of the 

syndrome. The diagnostic features are broken down into three components labeled 

hyperactivity, inattention, and impulsivity. 

Under the criteria given in DSM 111 (APA, 1980), the diagnosis of ADD is indicated if 

three symptoms of inattention and three symptoms of impulsivity are present. The diagnosis of 

Attention Deficit Disorder with Hyperactivity (ADD-H) is indicated if two hyperactive symptoms 

are present, as well as inattention and impulsivity. A third diagnostic category, Attention Deficit 

Disorder with Hyperactivity, Residual state is reserved for those individuals whose hyperactive 

symptoms have decreased with age but who retain other aspects of the disorder. This 

category can be used with adults as well as children (APA, p. 42). 

The concept of a residual state that persists into adult life has developed as a 

consequence of a number of follow-up studies of hyperactive children into adolescence, and 

adulthood that have shown that while the excess motor activity decreased as the hyperactive 
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child matures, the problems of attention and impulsivity persist into adult life (Hechtman, Weiss, 

& Perlman, 1984; Hechtman, Weiss, Perlman, Hopkins, & Werner, 1981; Huessy, Marshall, & 

Gendron, 1972; Weiss, Minde, Werry, & Sykes, 1971). This view contrasts with earlier clinical 

reports (e.g., Laufer, Denhoff, & Solomons,1957) that the syndrome was outgrown in 

adolescence. 

DSM -11I-R Classification 

In the Revised Edition of the DSM III, DSM-III-R (APA, 1987), the diagnostic criteria for 

hyperactivity were substantially revised. The disorder was re-named Attention 

Deficit/Hyperactivity Disorder (ADHD) and placed within a category of disruptive behavior 

disorders. The diagnosis of ADHD may be made when eight of the following criteria have 

been present for at least six months, starting before the age of seven: 

1. Often fidgets with hands or feet or squirms in seat (in adolescents may be limited to 

feelings of restlessness). 

2. Has difficulty remaining seated when required to do so. 

3. Is easily distracted by extraneous stimuli. 

4. Has difficulty awaiting turn in games or group situations. 

5. Often blurts out answers to questions before they have been completed. 

6. Has difficulty following through on instructions from others (not due to oppositional 

behavior or failure of comprehension), e.g., fails to finish chores. 

7. Has difficulty sustaining attention in tasks or play activities 

8. Often shifts from one uncompleted activity to another. 

9. Has difficulty playing quietly. 

10. Often talks excessively. 

11. Often interrupts or intrudes on others, e.g., butts into other children's games. 

12. Often does not seem to listen to being said to him or her. 
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13. Often looses things necessary for tasks or activities at school or at home (e.g., toys, 

pencils, books, assignments). 

14. Often engages in physically dangerous activities without considering the possible 

consequences (not for the purpose of thrill-seeking), e.g., runs into street without 

looking (APA, 1987). 

The items are arranged in descending order of discriminatory power in field trials. In 

addition, mental age is also used as a qualifing variable. Each symptom must be considerably 

more frequent than that of most people of the same mental age (APA, 1987, p. 56). This 

qualifier limits the diagnosis of concurrent ADHD and mental retardation. It excludes behavior 

that is a response to the inappropriate demands for sustained attention and activity level when 

a mentally retarded child is required to behave in chronological age appropriate ways. 

In addition, DSM-III-R provides a means of classifying the severity of the disorder, 

based on the number of symptoms present and the degree to which the symptoms disrupt the 

child's functioning at home and at school. 

In reviewing the differences between the criteria for ADD-H in DSM III and ADHD in 

DSM-III-R, the number of symptoms relating to activity level has been reduced from five to two 

but these two activity level symptoms are the most discriminating of the 14 possible symptoms. 

For the sake of clarity in this review, the symptom of excess motor activity will be 

referred to as over-activity and the term hyperactivity will be used to refer to the syndrome of 

over-activity, impulsivity, distractibility,and inattention. The term ADHD will be used to refer to 

current work based on DSM-III-R criteria only, whereas the terms ADD and ADD-H will be used 

to refer to the disorder as defined by the DSM III criteria only. 

Conduct and Oppositional Disorders 

Two other conditions that were subsumed under the hyperkinesis label in DSM II were 

classified as separate disorders in DSM III and DSM 111-R. These are conduct disorders and 

oppositional disorders. The separation of hyperactivity and conduct disorders reflects the 
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diagnostic groupings used in the International Classification of Diseases, ICD-9 (WHO, 1978) 

that is commonly used in Britain and Western Europe. DSM III subdivides conduct disorders 

into four subgroups based on combinations of socialized and under-socialized , aggressive 

and nonaggressive types. 

The separation of conduct disorders and ADHD is in part based on the work of Loney 

and her associates who have demonstrated differences in the two disorders in terms of 

demographic and familial antecedents, and eventual outcome (Loney, 1980; Loney, 

Langhorne, & Paternite, 1978; Loney, Kramer, & Milich, 1981; Milich, Loney,& Landau, 1981). 

In these studies, children referred to a child psychiatry clinic were classified as pure 

hyperactives, pure aggressives, and hyperactive aggressives. Purely aggressive children 

correspond to children who meet DSM III criteria for conduct disorder and hyperactive-

aggressive children would meet the criteria for both conduct disorders and hyperactivity. Not 

surprisingly, the prognosis is poorest for the hyperactive-aggressive group. 

The oppositional disorder category was new to DSM III and has not yet been 

frequently used in the literature. The criteria include a mild form in which only two of the 

following are required: (a) violation of minor rules, (b) temper tantrums, (c) argumentativeness, 

(d) provocative behavior, and (e) stubbornness. Ferguson and Rapoport (1983) point out that 

because the criteria for attention deficit disorder are more restrictive than were the criteria for 

hyperkinesis in DSM 11, the oppositional disorder designation may be over-used to diagnose 

problems in otherwise normal children as was hyperkinesis in DSM 11. In DSM-III-R, this 

disorder is renamed Oppositional Defiant Disorder and the symptom list has been expanded 

and revised to include more items dealing with defiant behavior. 

Mental Retardation and Learning Disabilities 

Two other childhood conditions that overlap with hyperactivity, particularly as defined 

by DSM 111 and DSM-III-R (APA, 1980;1987) criteria, are learning disabilities and mental 

retardation. Under DSM 111 (APA, 1980) diagnostic criteria for ADD and ADD-H, both 
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learning disabilities and mental retardation can be diagnosed concurrently with ADD or ADD-

H . The incidence of ADD and ADD-H is thought to be higher in these populations than in the 

normal population of children. In DSM-III-R, the diagnosis of ADHD is limited to behavior that is 

inappropriate to the child's developmental level. This limits the extent to which mentally 

retarded children can receive a concurrent diagnosis of ADHD. 

The diagnostic criteria for mental retardation in DSM 111 and DSM-III-R (APA, 1980; 

1987) are straight forward and follow the criteria previously established by the American 

Association on Mental Deficiency (Grossman, 1973) namely: "Significantly sub-average 

general intellectual functioning existing concurrently with deficits in adaptive behavior, and 

manifested during the developmental period" (p.11, 1980). 

Thus the diagnosis of mental retardation in DSM 111 and DSM-III-R (APA, 1980; 1987) 

is based on the results of assessment of the individual's intellectual and adaptive skills, and 

their history without reference to etiology, or to other behavior problems that may also be 

apparent. Most authors in the area of mental retardation (e.g., Robinson & Robinson, 1977) 

note a higher incidence of behavior disorders including hyperactivity in the mentally retarded 

than in the normal population. What is less clear, however, is whether the hyperactive 

behavior of the mentally retarded child is the same as the behavior of a child with normal 

intelligence diagnosed as ADD. The caveat that the behavior must be excessive, relative to the 

child's developmental level in the diagnostic criteria for ADHD DSM-III-R (APA, 1987) is an 

attempt to clarify this issue. 

Considerably less agreement exists over a commonly accepted definition of learning 

disabilities than is the case for mental retardation. It is commonly accepted that the core of the 

disability is a discrepancy between the child's abilities and academic performance, particularly 

in the basic areas of reading, spelling, and mathematics. Less agreement exists over the 

possible subtypes of learning disabilities (Hiscock & Kinsbourne, 1982; Rourke & Strang, 

1983) and over the issue of whether other intellectual problems such as mental retardation can 
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co-exist with learning disabilities. For example, Satz and Sparrow (1970) define a learning 

disability as the failure "to acquire normal reading proficiency despite conventional instruction, 

sociocultural opportunity, average intelligence, and freedom from gross sensory,emotional, or 

neurological handicap" (p.17). This contrasts however with the differential diagnosis of 

developmental reading and arithmetic disorders in DSM 111 and DSM-III-R (APA, 1980; 1987) 

which states that these disorders can co-exist with mild mental retardation 1if the discrepancy 

between the child's intellectual abilities and achievement is significant. Thus under DSM 111 

and DSM-III-R (APA, 1980; 1987) criteria, an individual can have both mental retardation and a 

specific reading or arithmetic disability, whereas using the World Federation of Neurology 

criteria (Satz & Sparrow, 1970) a mentally retarded child cannot also have a learning disability. 

The old concept of minimal brain dysfunction that included mild mental retardation, 

learning disabilities, attention deficit disorder, and conduct disorders has fallen into disfavor 

because of its lack of specificity (Rie & Rie, 1980), but the diagnostic confusion that has 

followed its demise makes one almost nostalgic for the simplicity of its diagnostic logic - 

namely, if a child shows deviant behavior it must originate in the brain, therefore the child must 

be brain-damaged and if there are no obvious signs, or historical antecedents to the brain 

damage then it must be minimal damage. The lack of agreement by various researchers as to 

the types of children included under the category of hyperactivity (or learning disabilities, or 

minimal brain dysfunction) has led to studies that have used very different types of children and 

has produced a series of results that are difficult to interpret. 

1. Only mildly retarded children are considered for inclusion in the diagnosis of 
learning disabilities as more severely retarded children are thought to be incapable of 
learning formal academic skills. 
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Hyperactivity as a Distinct Syndrome 

Hyperactivity as Attention Deficit Disorder 

One of the major proponents of the concept of hyperactivity as a distinct syndrome is 

Virginia Douglas. It is her contention that the attention problems of these children are the core 

of their disorder and, that the excessive motor activity and impulsivity stem from the problems 

with attention. In order to highlight the importance of the attention defects, she proposed that 

the syndrome be re-labeled Attention Deficit Disorder (Douglas, 1980a), a proposal that was 

incorporated into DSM III and revised in the DSM 111-R. Douglas's contention, that attention 

deficits are central in hyperactivity, is based on a series of studies that have documented the 

nature of the attention problems in children (Connors, 1975; Douglas, 1972, 1980b, 1983; 

Douglas & Peters, 1979; Peters 1977; Swanson & Kinsbourne, 1979). All of these studies 

have used rigid, exclusionary criteria for subject selection to create a homogeneous sample. 

For example, in all of the McGill studies, Douglas and her associates have restricted their 

samples to males between the ages of 6 and 12 years (except for follow-up studies), with IQ's 

of at least 80 and have screened out children from disrupted or economically deprived families. 

Only boys who have been hyperactive for a year or more, beginning before the age of 6, and 

who are hyperactive in most situations are accepted. Those boys whose hyperactive 

symptoms only developed after experiencing school failure are also rejected, as these children 

are thought to be experiencing a secondary reaction to their academic difficulties (Douglas, 

1983). Control subjects in the McGill studies have been normal school children. 

Douglas (1983) also differentiates between children with learning disabilities, and 

those with attention deficit disorder, based on the etiology of their problems, while 

acknowledging that the observed behavior of both groups of children may be remarkably 

similar, particularly in the classroom environment where problems with attention and learning 

ability are most noticeable. She hypothesizes that in the case of the learning disabled 

children, the primary defect lies in a specific learning disability, such as receptive language or 
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processing of visual symbols, that leads to failure experiences for the child. This in turn causes 

the child to avoid those experiences in which failure has been experienced previously. This 

avoidance results in restless, impulsive, distractible behavior, and poor concentration; in other 

words behavior that looks remarkably similar to the behavior patterns characteristic of the child 

with an attention deficit disorder. In the case of both attention deficit disorder and learning 

disabilities, the inappropriate behavior is incompatible with the development of the higher 

order cognitive schemata and metacognitive processes that are needed for complex academic 

tasks and other mature, self-regulating behaviors. 

The research that has delineated the nature of the attention problems in hyperactive 

children, has not been guided by any single model of attention, but rather has followed a task 

analysis strategy. Douglas (1983) has described this process as follows: 

Firstly, tasks thought to assess particular aspects of attention are 

administered to hyperactive and control subjects. Second, the 

effects of a variety of conditions and manipulations on 

performance are investigated to clarify the nature of the 

hyperactive children's deficits further (p.285). 

A wide variety of tasks ranging from very simple reaction time measures to 

complex learning tasks has been found to discriminate between hyperactive and control 

subjects. These tasks are more fully reviewed in the chapter on assessment of hyperactive 

children. There are, however, a number of other tasks on which the performance of 

hyperactive and normal children do not differ, including a number of studies of distractibility 

and reaction time tasks in which the child is instructed to attend, at the beginning of each trial. 

Douglas has analyzed the specific requirements common to the tasks on which hyperactives 

perform poorly, and compared these requirements to the requirements of the tasks that these 

children do not find difficult. She has based her model of attention defects on this analysis. By 
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this process, she has been able to identify four processes that are deficient in hyperactive 

children, that she asserts account for their difficulties on a wide range of tasks. These four 

defects that constitute Douglas's model2 are: 

1. The investment, organization, and maintenance of attention and effort. 

2. The inhibition of impulsive responding; 

3. The modulation of arousal levels to meet situational demands 

4. An unusually strong inclination to seek immediate reinforcement. 

(Douglas,1983, p. 280). 

Attention and Effort 

The behavior and performance of hyperactive children in a wide variety of settings from 

classrooms to laboratory tasks suggests that that they have difficulty in focusing their attention 

to the task at hand. Their responses to attention demanding tasks is often erratic when 

compared to that of normal children, suggesting rapidly fluctuating levels of attention within the 

time needed to complete a task. Their performance is usually better in tasks that they pace 

themselves than in tasks with a fixed rate of presentation (Ain, 1980; Douglas, 1983). On dull, 

repetitive tasks such as vigilance studies, their performance falls off at a faster rate than does 

the performance of normal children (Douglas, 1980b), and they engage in more motor activity 

(Barkley, 1977). It has been suggested that the excess motor activity that hyperactive children 

engage in, during dull tasks, is a way in which these children create the level of stimulation 

they appear to need (Douglas & Peters, 1979). For this reason, their activity levels often 

increase in conditions of minimal stimulation. Thus, efforts to reduce hyperactivity by reducing 

2. The term model is used here to describe the basic defects described by Douglas 
(1983), following Lachman's (1960) definition of models in psychology and is intended 
to suggest that these four basic defects constitute a separately organized system to 
conceptualize attention deficit disorder. This use of the term model does not imply a 
structural relationship amongst the components of the model, but rather their 
collective use as a new way of comceptualizing attention deficit disorder as four 
interrelated defects. 
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environmental stimulation are often counter-productive, as the hyperactive child compensates 

for the lack of environmental stimulation by increasing motor activity to make up the difference 

in sensory input. 

Impulsive Responding 

In addition to having difficulties with attention, the performance of hyperactive children 

is characterized by impulsive responses. On vigilance tasks, hyperactive children make more 

commission errors, that is they respond when the target stimulus is not present (Brown & 

Wynne; 1984; Sykes, Douglas, & Morgenstern, 1973). On tasks requiring a perceptual or 

logical search, they respond before considering all the alternatives and consequently make 

many errors (Brown & Wynne,1984; Douglas, 1983). 

Modulation of Arousal 

A number of authors (Dalby, Kinsbourne, Swanson, & Sokol, 1977; Satterfield & 

Satterfield, 1974; Swanson & Kinsbourne, 1976) have argued that hyperactive children are 

under-aroused in their normal state and that stimulant medication is effective because it brings 

their arousal levels up to normal levels. Douglas, however, argues that hyperactive children do 

not appear under aroused in all situations, and that at times their behavior appears over-

aroused, as it is silly and inappropriate. As a result, she has suggested that hyperactive children 

have difficulty maintaining arousal levels that are congruent with the task at hand. On vigilance 

and other relatively dull tasks, they may have difficulty maintaining the level of arousal needed to 

complete the task correctly. However, in conditions where their abilities are challenged, they 

may respond by becoming over-aroused. For example, under conditions of positive 

reinforcement, increased arousal may be inferred from an increased rate of impulsive responses 

The Effects of Reinforcers 

Finally, Douglas (1983) has argued that reinforcers, especially positive ones have an 

exaggerated hold on the behavior of hyperactive children. In a number of studies (Douglas, 

1980a; Douglas & Parry, 1983; Douglas & Peters, 1979) continuous, positive reinforcement 
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has been shown to enhance the performance of hyperactive children but intermittent, positive 

reinforcement impairs their performance, whereas in normal control subjects both rates of 

reinforcement enhance performance. Douglas (1983) has likened this pattern of responses to 

a particular pattern of response deficits in psychopaths and, in animals with surgically induced 

septal lesions (Schmauk, 1970). In the latter, there is an inability to delay gratification and a 

willingness to accept small, immediate rewards rather than waiting for larger, delayed rewards. 

Diagnosis by Drug Response 

A somewhat different model of hyperactivity has guided the research strategies of 

Kinsbourne and his associates (Dalby et al., 1977; Swanson, Kinsbourne, Roberts, & Zucher, 

1978; Swanson & Kinsbourne, 1976; Swanson, Sandman, Deutsch, & Baren, 1983). It is 

Kinsbourne's contention that purely hyperactive children are under-aroused, and consequently 

respond positively to stimulant medication. Since only about 70% of clinically diagnosed 

hyperactive children respond favourably to stimulants (Cantwell, 1977), Kinsbourne has 

argued that only those children who respond favourably to stimulants should be considered as 

hyperactive. He considered children diagnosed as hyperactive who do not respond to 

stimulants to be mis-diagnosed, or to be hyperactive as a consequence of emotional factors 

(Swanson, Barlow, & Kinsbourne,1981). 

For example, Swanson and Kinsbourne (1979) selected their subjects from 

children referred to a learning clinic and excluded (apparently, on the basis of clinical 

judgement) children with selective learning failures, neurological handicaps, impoverished 

social circumstances, a poor emotional climate in the family, or psychiatric disorders. However 

a unique procedure for establishing control subjects was used, based on the view that only 

Ritalin-responsive subjects are pure hyperactives. Instead of using normal children as controls, 

these studies have split their clinical sample on the basis of their response to Ritalin on 

complex-learning tasks. Experimental subjects are those whose learning performance was 

enhanced by Ritalin and their controls are those whose learning performance was unchanged 
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or impaired by Ritalin. This procedure for identifying control subjects is significantly different 

from that of Douglas or other authors who have used normal school children as controls. 

The method of using response to Ritalin as a diagnostic criterion is unique to 

Kinsbourne's work, as most other researchers in the area of the pharmacological treatment of 

hyperactivity (e.g., Delong, 1979;Duloan, 1986) note that a substantial minority of hyperactive 

children fail to respond positively to Ritalin. This approach represents one way of using 

response to treatment as a biological marker for hyperactivity. By defining a positive response 

to Ritalin as the primary diagnostic feature of hyperactivity, Kinsbourne is attempting to define a 

disorder based on a biological marker rather than using a cluster of symptoms to define a 

syndrome. 

It is also Kinsbourne (Swanson & Kinsbourne,1976) who has demonstrated state-

dependent learning in hyperactive children. State-dependent learning is defined as a situation 

in which recall of material previously learned under conditions of drug administration is 

different, when the recall conditions vary from drug to control states. Specifically, Kinsbourne 

and Swanson have demonstrated that hyperactive children who respond positively to Ritalin 

also have better recall of material, learned while medicated under medicated recall conditions 

than under placebo recall conditions. Stimulants are usually prescribed for ingestion at 

breakfast and midday, so as to maximize the effect in the classroom, so that any state-

dependent learning effect would have its greatest effect in the classroom. The task that 

Kinsbourne and Swanson (1976) used was a complex paired-associates one involving both 

visual stimuli (photographs of animals) and verbal associates (city names). 

Other researchers (e.g., Aman & Sprague, 1974; Weingartner, Langer, Grice, and 

Rapaport, 1982) have failed to replicate this finding. However, the latter studies have used 

different learning tasks, suggesting that the state-dependent learning effect may be limited to 

the type of learning task that was used. For example, Aman and Sprague (1974) used a short-

term memory task, a verbal paired-associated learning task, and a mazes tasks whereas 
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Weingartner et al. (1982) used a verbal recognition memory task and a verbal serial learning 

task. One other study that did replicate the state dependent learning tasks (Fisher, 1978) used 

a visual classification task. Taken together, this suggests that the state-dependent learning 

effect may be limited to tasks that contain a visual processing component. 

Factor Analytic Studies of Hyperactivity 

A number of factor-analytic studies, both of normal children and of children referred to 

psychiatric clinics, have provided support to the view of hyperactivity as a distinct syndrome 

(Achenbach & Edelbrock, 1978; Lacher & Gdowsk, 1979; Lahey, Stempniak, Robinson, & 

Tyroler, 1978; Lahey, Green, & Forehand, 1980; Wirt, Kilinedinst, & Seat, 1977). These studies 

have used scores from parent or teacher rating scales of children's behavior as the basis for 

the factor analyses. In these studies, hyperactivity has emerged as a separate factor distinct 

from learning disabilities and conduct disorders. Some resolution to the disagreement, 

regarding the separation of conduct disorders from hyperactivity, is provided by Achenbach 

and Edelbrock's concept of broad and narrow band syndromes. In their study, two broad band 

syndromes of over-controlled and under-controlled children emerged and, within the under-

controlled syndrome, narrow bands labeled hyperactivity and conduct disorders were 

identified. This suggests that at a macro-level of analysis children may be identified as having 

problems relating to control of behavior, while at a micro-level of analysis, children with under-

controlled behavior may be differentiated into those with hyperactivity and those with conduct 

disorders. In a more recent study (Achenbach, 1980) hyperactivity has been identified as a 

narrow band syndrome for boys aged 6 to 16, and for girls aged 6 to 11, within a broad band of 

externalizing syndromes. 

Hyperactivity as a Heterogeneous Disorder 

The concept of hyperactivity as a distinct syndrome is not shared by all researchers in 

the area of child psychopathology. British researchers, notably Rutter (1983), conceptualize 
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hyperactivity as a behavior problem that is common in children with mental retardation and 

other forms of neuropathology but is rarer in otherwise normal children. 

Many children, who would be diagnosed as hyperactive in North America, would be 

considered to have a conduct disorder, if they were to be evaluated in the United Kingdom, 

using the ICD-9 diagnostic criteria (Glow, 1980; Taylor, 1983). Cultural differences in 

diagnostic practices are not limited to hyperactivity, as other researchers have documented 

significant differences between British and American psychiatrists in the rates at which the 

diagnoses of schizophrenia and affective disorders were made for the same sample of patients 

(Cooper, Kendell, Gurland, Sharpe, Copeland, & Simon, 1972). 

Perhaps because hyperactivity is seen as a more heterogeneous disorder, British 

researchers have used less rigid exclusionary criteria in their studies of hyperactive children. 

For example, in a study on the effects of methylphenidate on behavior, children were accepted 

if they had been referred to a child psychiatry or child guidance unit for "antisocial, disruptive, 

or over-active behavior" (Taylor, 1983, p.352). Boys with lQ's over 50 were accepted so that 

this sample included children who would have been excluded from North American studies of 

hyperactivity. Using DSM III criteria, 22 of the 33 boys were judged to be hyperactive. However 

using the ICD-9 criteria, 22 were diagnosed as having a conduct disorder, six were diagnosed 

as hyperkinetic and four were diagnosed as adjustment reactions or emotional disorders. 

Rutter (1983) has criticized the concept of hyperactivity as a unique diagnostic entity on 

the basis of three types of evidence. First, hyperactivity is diagnosed 50 times more frequently 

in North America than it is in in the United Kingdom, although there is little evidence to suggest 

that children from Britain are significantly different from Canadian and American children. 

Second, in epidemological studies from both continents, parents and teachers report 

inattentativeness and over-activity in one sixth to one half of all children surveyed (Barkley, 

1980; Schacher, Rutter, & Smith, 1981; Trites, 1979). It is difficult to conceptualize of a 

behavior that affects up to half of all school children as being a distinctive psychiatric syndrome. 
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syndrome. It appears that North American clinicians are diagnosing hyperactivity in children 

considered by their parents or teachers to be inattentive or over-active, whereas British 

clinicians are not as likely to consider these children as abnormal, or to view their behavior as a 

conduct disorder. Finally, Rutter (1983) has reviewed a number of studies of normal school 

children, that have shown low rates of agreement between parents' and teachers' reports of 

hyperactivity, in both continents (Campbell, Schleifer, & Weiss, 1978; Goyette , Connors, & 

Ulrich, 1978; Gittelman, 1981; Langhorne, Loney, Paternite, & Bechtold, 1976; Sandberg, 

Wieselberg, & Schaeffer, 1980). For example, Sandberg (1981) reported that correlations 

between parents' and teachers' versions of the widely used Connors scales, varied from .18 to 

.36 with a mean of .26. Similarly, in the Isle of Wight study, 16% of the children surveyed were 

considered to be hyperactive by either parents or teachers, but only 2% were considered 

hyperactive by both parents and teachers (Schachar et al., 1981). Rutter points out three 

possible reasons why the inter-rater reliabilities are so low: 

1. It may be that the scales are inherently unreliable. 

2. Parents and teachers have different perceptions of hyperactivity, or 

3. Some children may only be hyperactive in some situations. 

Situational versus Pervasive Hyperactivity 

Some authors (e.g. Schleifer, Weiss, Cohen, Elman, Cvejic, & Kruger, 1975; Campbell, 

Schaeffer, Weiss, & Perlman, 1977; Campbell, Endman, & Bernfeld, 1977; Schachar et 

al.,1981) have distinguished between children who are hyperactive across a wide variety of 

situations (pervasively hyperactive), and those whose hyperactivity is limited to some situations 

(situationally hyperactive). Children who are pervasively hyperactive are considered to have 

more cognitive impairments and behavioral disturbances, and to have a poorer prognosis than 

are situationally hyperactive children (Rutter, 1983). This concept of situationally hyperactive 

children is not accepted in DSM 111 (APA, 1980) criteria, because the criteria state that 

hyperactive children are rarely hyperactive in all situations, and that in cases of disagreement, 
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the teacher's rating of hyperactivity in the classroom are to be given greatest weight in making 

the diagnosis. This is of concern, as in some surveys, teachers have identified up to 30% of all 

pupils as being over-active or having a short attention span (Werry & Quay, 1971). Thus 

children whose hyperactivity may be unique to one time-limited environment (the classroom of 

a specific teacher) may be diagnosed as hyperactive under DSM 111 (APA, 1980) criteria. 

The same child would be unlikely to be considered as hyperactive under the ICD-9 criteria or to 

be treated with medication by a clinician following these criteria. 

It is important to note that some of the studies that have demonstrated low rates of inter 

rater reliability, in the evaluation of hyperactivity, have been based on epidemological data, 

collected on samples of children in the general population rather than on samples of children 

referred for treatment of hyperactive behavior. It is possible that inter-rater reliabilities might be 

considerably higher in clinical samples. Nevertheless, the diagnosis of hyperactivity itself, may 

cause parents' and teachers' perceptions of the child to merge so that higher reliabilities, in 

clinical samples could reflect the impact of the diagnosis rather than greater homogeneity in 

the children. 

The Course of Hyperactivity. 

Rutter (1983) has argued that if hyperactivity is to be a meaningful scientific concept, it 

must be distinctive in terms of its etiology, course, response to treatment, or some variable 

other than the symptoms that define it. It is tautalogous to argue that the presence of 

hyperactivity differentiates hyperactivity as a syndrome. Rutter has concluded that given the 

available evidence for a distinctive syndrome, the Scottish court verdict of not proven is most 

appropriate at present. 

Following this line of reasoning, Thorley (1984) reviewed the data from the follow-up 

studies of hyperactive children to see if the disorder can be validated on the basis of having a 

distinctive course. He concluded that the present research base did not provide such 

evidence. The studies reviewed were plagued with a number of methodological problems 
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including different lengths of the follow-up contact, small sample sizes, failure to specify 

selection criteria, and the failure to use psychiatric controls. Thorley (1984) has argued that if 

hyperactivity exists as a distinct syndrome, then its course should be different from that of other 

psychopathological disorders of childhood and not just from that of normal children. The use of 

psychiatric controls rather than normal controls is considered necessary to demonstrate that 

hyperactivity exists as a syndrome, that can be distinguished from other psychiatric disorders 

arising in childhood. Differences in the course of hyperactive and normal children's 

development, by themselves, cannot validate the existence of hyperactivity as distinct 

psychiatric disorder. The majority of follow-up studies of hyperactive children have been 

conducted at McGill University by Weiss and her associates (Minde et al., 1972; Weiss, 1983; 

Weiss, Hechtman, Perlman, Hopkins, & Weaver, 1979; Weiss, Minde, Werry, Douglas, & 

Nemath, 1971). These studies were specifically faulted for the use of normal as opposed to 

psychiatric controls. 

Two Views of Hyperactivity. 

In summary, there appear to be two major ways in which hyperactivity is 

conceptualized. Some authors consider hyperactivity to be a distinct, relatively homogeneous 

syndrome that can be differentiated from learning disabilities, emotional problems, and other 

childhood disorders. Other authors consider hyperactivity to be heterogeneous disorder, that 

is common to a number of pathological conditions in childhood including mental retardation, 

conduct disorders, and learning disabilities. Proponents of the latter view, (e.g., Ferguson & 

Rapoport, 1983; Loney, 1980; Ross & Ross, 1982) have called for more research in which 

subgroups of hyperactive children are identified. 

Although the categorization of this disorder as Attention Deficit Disorder in DSM III 

(APA, 1980) and as ADHD in DSM-III-R (APA, 1987) appears to reflect the homogeneous 

syndrome conceptualization of hyperactivity, other aspects of DSM Ill's description of ADD 

appear to support the opposite view of the disorder. DSM III (1980) states that " specific 
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developmental disorders are common... 5% of cases ... are associated with a diagnosable 

neurological disorder" (p.42). In addition, school failures, conduct disorders, and antisocial 

personality disorders are considered major complications while mild to moderate mental 

retardation, epilepsy, some forms of cerebral palsy, and other neurological disorders are 

considered predisposing factors. The suggestion that ADD can and frequently does co-exist 

with other childhood disorders appears to support the view of hyperactivity as a symptom 

common to many conditions rather than a discrete syndrome. 

The question then arises of the similarity between ADD, ADHD and hyperactivity. Are 

these just different names for the same disorder, or does each reflect a somewhat different 

process? Do children with other disorders have the same attention problems as do purely 

hyperactive children? If they do have the same attention problems, can it be assumed that their 

hyperactive and impulsive symptoms are the consequence of the attention problems? 

The concept that attention problems are the primary disability in ADD and ADHD is 

based on research with restricted samples of pure hyperactive children, free from the disorders 

that DSM III suggests are common complications or predisposing factors. Thus, it is not clear 

that children with other neurological problems including mental retardation do have the same 

types of attention problems as do other purely hyperactive children, nor is it clear that such 

problems are the cause of their hyperactivity. 

The re-labeling of the syndrome as ADD in DSM Ill (1980) and as ADHD (APA, 1987) 

is more than a semantic difference, as it implies that attention is central to the genesis of the 

syndrome. While this assumption is very likely valid for the restricted samples on which the 

research has been based, it is less clear that this view can be generalized to all children who 

meet the criteria for ADD or for ADHD. 

The Model of a Final Common Pathway. 

The re-labeling of hyperactivity as ADD or ADHD implies that the disorder is relatively 

homogeneous. This view of hyperactivity is not accepted by all authors. For example, 
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Ferguson and Rapoport (1981, 1983) have reviewed the biological evidence for the distinctive 

psychiatric syndrome concept of hyperactivity, and have found it to be inconclusive. They point 

out that there are a number of biological measures that correlate with the diagnosis of 

hyperactivity, including the presence of minor, physical anomalies and response to stimulant 

medication. However these markers are nonspecific and of low sensitivity. Therefore, they do 

not validate the concept of hyperactivity as a syndrome. Ferguson and Rapoport (1981,1983) 

consider hyperactivity to be a heterogeneous disorder, that can occur as a consequence of a 

number of different etiological processes. They suggest that there may be a final common 

pathway of biological disturbance (e.g., catecholamine-depletion or receptor-hyposensitivity) 

that can arise as a consequent of different processes during the prenatal, perinatal, and 

postnatal periods that accounts for the similarity of symptoms in children diagnosed as 

hyperactive. Alternatively, they point out that further research may lead to the conclusion that 

hyperactivity is not a unitary disorder in terms of its etiology or biological processes. 

A similar model has proven useful in depression research. Akiskal and McKinney 

(1975) proposed that depressive symptoms were the behavioral manifestation of a final 

common pathway at the neurotransmitter level. A number of genetic, physical, social, and 

emotional factors acting alone or in combination can cause depression by disrupting this 

system. Depressions of different etiology can have unique peripheral symptoms, in addition to 

the common core of depressive symptomatology. This model has proven useful in integrating 

the data on a number of possible etiologic processes hypothesized to cause depression, and 

in differentiating subgroups of depressive patients based on etiology or treatment response. It 

is now recognized that depression can result as a consequence of a number of different 

processes, and that differences in peripheral symptoms (e.g., sleep disturbances) can help to 

identify the etiology of the depression and can assist in planning treatment (Depue & Munroe, 

1979). One of the ways in which subgroups of depressive patients have been identified has 

been by the investigation of patients, whose depression was assumed to have a common 
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etiology, such as those with a clear family history of depression, for whom genetic factors were 

assumed to be contributory. 

A similar model may prove useful for hyperactivity. It may be possible to identify 

subgroups of hyperactive children based on etiology and then to specify the exact nature of 

their motor, attention, and impulsive symptoms. It may be that children whose hyperactivity is of 

a common origin will present with similar features and will lead to a clearer understanding of 

hyperactivity in general. 

This approach is somewhat different from the use of exclusionary criteria. When 

exclusionary criteria are used, there is an attempt to create homogeneous groups by excluding 

subjects whose hyperactivity is presumed to be the result of emotional disturbances, or in the 

case of retarded subjects, decreased cognitive capacities. The remaining subjects are then 

considered to be pure hyperactives by the absence of other explanations for their hyperactivity. 

Nevertheless, the absence of emotional problems and mental retardation in these subjects 

does not insure that a common etiologic process can be used to account for their hyperactivity. 

It is equally reasonable to assume that a number of etiologic processes can cause 

hyperactivity, and that within a sample of pure hyperactive children, a number of etiologically-

different subgroups are represented. 

Prenatal Exposure to Alcohol 

One etiologic process that is associated with hyperactivity is prenatal exposure to 

alcohol. There is emerging evidence that prenatal exposure to alcohol, even in small amounts, 

is associated with hyperactivity. Using the model of a final common pathway, proposed by 

Ferguson and Rapoport (1983), prenatal exposure to alcohol can be hypothesized to be one 

way in which a final common pathway (presumably in the CNS) is reached. This may explain 

why the presence of minor facial anomalies at birth predict hyperactivity at age 3 (Waldrop et 

al., 1978) and why there is an association between parental alcoholism and hyperactivity. It 

may also explain why hyperactivity is more common in adopted children (Cantwell, 1975), as 
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women who use or abuse alcohol during pregnancy may be more likely to surrender their baby 

for adoption or to loose the child through abuse and neglect. Since 70% of all Canadian 

women of child bearing age drink some alcohol (Leon,1977; Smart & Goodstadt, 1977), it is 

possible that prenatal exposure to alcohol is a factor in the etiology of hyperactivity, in a 

substantial proportion of all hyperactive children. 

Prenatal exposure to small amounts of alcohol is thought to cause subtle problems in 

attention in otherwise normal preschoolers and in large amounts is associated with CNS 

dysfunction. One of the behavioral symptoms in FAS children thought to represent evidence of 

the impairment in the CNS is hyperactivity. What is not known is the nature of the behavior in 

these children that leads to their being labeled as hyperactive. Do these children have the 

same defects in attention and impulse control that have been documented in pure hyperactive 

children? It is possible that these children are more active during physical examinations and 

intelligence testing because of their cognitive impairments and are therefore judged to be 

hyperactive. However, this does not necessarily mean that they also will show attention deficits 

when the tasks required of them are within their ability levels. 

This study was intended to explore the nature of the hyperactivity and attention 

problems in children previously diagnosed as FAS/FAE, using Douglas's model of attention 

defects. 



Chapter 3 Models of Attention 

Before considering the ways that hyperactivity has been assessed, it is useful to review 

the theories on which these assessment techniques are based. This chapter is intended to 

review the major models of attention, and the experimental paradigms which are associated 

with each model. 

The Concept of Attention 

Attention as a concept has had a checkered career in experimental psychology. The 

study of attention was central to the early introspectionists such as Titchener. However, the 

later schools of psychology such as gestaltism, behaviorism and psychoanalysis had little room 

for attention as a concept. In the 1950's, with the rise of cognitive psychology, attention again 

became an important concept within experimental psychology. Earlier, behavioral models 

based on animal learning did not allow for spontaneity or autonomy in the organism. Learning 

theories such as Hull's model of the learning process, did not include internal states such as 

attention because these theories were focussed on observable behavior and its antecedents 

and not on those states within the black box between stimulus and response. However, as 

paradigms which allowed the respondent to determine the significance of stimuli came into 

use, simple S-R models were inadequate because behavior could no longer be predicted from 

the attributes of the stimulus alone. The term attention came to be used to label those cognitive 

processes which determined the significance of stimuli (Kahneman, 1973). 

Another historical force which reawakened interest in attention was the Second World 

War. During this war, the role of sustained attention became critical in military settings where 

radar operators and other personnel were required to monitor displays for critical information. 

The limits of human performance in tasks of this type became crucial to the military effort. With 

the rapid development of computers after the war, the problems associated with sustained 

attention and with human-machine interfaces have supported a sub-area within the study of 

attention. 

38 
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In 1890 William James wrote 

Everyone knows what attention is. ... It is the taking possession 

by the mind, in clear and vivid form, one out of what seem 

several simultaneously possible objects or trains of thought. 

Focalization, concentration of consciousness are of its essence. 

It implies withdrawal from some things in order to deal effectively 

with others. (p. 403-404). 

While James is correct in this description of the vernacular use of the term, attention 

has come to have a variety of meanings within experimental psychology. Moray (1969) 

described attention as a "word with many, varied meanings applicable to a wide range of 

phenomena" (p.5) and went on to list six different meanings for the term within experimental 

psychology, including mental concentration, vigilance, selective attention, search, activation, 

set, and analysis by synthesis. Posner and Boies (1971) proposed three interrelated aspects of 

attention: 

1. Alertness or the ability to maintain optimal sensitivity to external stimuli. 

2. Selection or the ability to concentrate awareness upon one source of 

information over another. 

3. Limited processing capacity, a term which refers to the difficulty which people 

have in processing two tasks simultaneously. 

Later, Posner (1978) said that "attention is not a single concept but the name of a 

complex field of study" (p. 441). 

Perhaps, the most enduring division within this complex field of attention has been 

between studies of selective and sustained attention. This division is based more on historical 

forces than on theoretical differences. Studies of selective attention have developed in 
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response to problems which arise from the application of information processing models to 

human thought processes. Research in sustained attention began as highly applied research 

in human factors studies and then came to be adopted for more general usage within 

experimental psychology. Research on selective attention has been concerned with the 

problems of how attention comes to be focussed on a specific target and how attention is 

divided amongst multiple targets. Sustained attention research has been concerned with the 

problems of how attention is maintained over time, particularly when the task is dull or 

repetitive. 

Paradigms from both selective and sustained attention have been used to assess 

attention in hyperactive children. Although these paradigms define attention operationally in 

very different ways, researchers within the area of attention deficit disorders have often 

borrowed tasks from experimental psychology without considering how the tasks chosen help 

to define the nature of the defects found (see Douglas & Peters, 1979). In the following review, 

each of these two areas within attention will be considered separately. The specific paradigms 

which have dominated the field will be reviewed, then the most common experimental tasks 

associated with each area will be presented along with the evidence for developmental 

processes in the performance of these tasks. 

Paradigms of Selective Attention 

Selective Attention 

The first modern model of selective attention was proposed by Broadbent in 1958. 

This model was primarily concerned with the problem of how inputs are selected. The classic 

example associated with this model is that of the cocktail party (Cherry, 1953) in which the 

listener only attends to one of several possible audible conversations. Broadbent proposed 

that because only one input is attended to and thereby becomes meaningful, there must be 

some bottle-neck in the human information processing system beyond which only certain 

inputs are processed. In Broadbent's model, this bottle-neck occurred early in the sequence of 
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information processing, prior to perceptual analysis. The model postulates that a filtering 

mechanism sorts the incoming material on the basis of physical characteristics such as position 

of the speaker or voice quality. Only those inputs which share the properties that define the 

channel or message are passed on for further analysis. Thus, processing of inputs is parallel 

up to the filter, and occurs sequentially after the filter. 

In keeping with this view of attention, early models of hyperactivity (or minimal brain 

dysfunction as it was more frequently called during this era) proposed that hyperactive children 

had defective filter mechanisms, which prevented them from excluding stimuli that normal 

children were able to filter out before reaching conscious awareness. For example, Strauss & 

Lehtinen (1947) wrote that because of brain injury, hyperactive children were "abnormally 

responsive to the stimuli of his environment, reacting unselectively, passively, and without 

conscious intent"(p.129). 

This model of defective filtering mechanisms led to an educational intervention for 

hyperactive children known as stimulus reduced learning environments. This intervention 

called for hyperactive children to be taught in stark classrooms with the fewest possible 

distractions. Individual carrels for children were popular as a way of reducing extraneous 

stimulation. Although the efficacy of these interventions in enhancing academic achievement 

has not been demonstrated (Cruickshank, Benetzen, Ratzeburg, & Tanhuser, 1961; Rost & 

Charles, 1967; Shores & Haubrich, 1969; Sommerville, Jacobsen, Warnberg, & Young, 1974; 

Sommerville, Warnbeg & Bost, 1973), the intuitive appeal of this idea remains strong. 

Watching a hyperactive child in a classroom as he3 interrupts and disrupts the other children, 

while not completing the tasks assigned to him, gives the impression that if placed in a quieter, 

less stimulating environment, the child would settle and work. In reality, the reverse is true. 

3. Although the author recognizes and supports the use of nonsexist language, most 
hyperactive children are male and the effort to use other variants of she and he are 

awkward. 



42 

There is considerable evidence that as environmental stimulation is decreased, hyperactive 

children increase their activity levels to provide themselves with an optimum level of stimulation 

(Switzky & Haywood, 1973; Zentall & Zentall, 1976). Thus, placing a hyperactive child in a 

study carrel is likely to result in increasing fidgeting and time off task. 

Treisman's Model 

Broadbent's filter model fails to explain another common experience at cocktail parties, 

namely, how one can become aware of one's name being mentioned in a conversation other 

than the conversation to which one is attending. A modification of Broadbent's theory was 

proposed by Treisman (1960) to account for this and other phenomena not easily explained by 

the existing theory. She suggested that each incoming message activates dictionary units in 

memory. These units each have a preset threshold which must be surpassed for perception to 

occur. The threshold for one's name is always low, which allows it to be perceived readily 

whereas other units may be set at higher thresholds by the demands of the situation. Thus, 

non-attended messages are not ignored, they are just not attenuated. 

Deutsch and Deutsch (1963) proposed an alternative model to that of Broadbent and 

Treisman in which they suggested that perception and discrimination were independent of 

attention. They suggested that the transition from parallel to sequential processing does not 

occur until a response is selected. In a modification of this theory by Norman (1969), it was 

suggested that the effects attributed to differences in the way inputs are perceived in the 

Broadbent /Treisman model are due to to differences in the importance which they are given by 

the subject at any point in time. These two models are compared graphically below in Figure 

3.1: 
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Two models of attention adapted from Kahneman (1973) 

Stimulus 1 

Stimulus 2 

Stimulus 1 

Stimulus 2 

 > 
 > 

(Broadbent) 

 > 
 > 

(Duetsch ) 

Sensory 

registration 

and storage 

Sensory 
registration 

and storage 

> 
> 

Perceptual 

Analysis 

Perceptual 

Analysis 

Response 

Selection 

Response 

Selection 

Figure 3.1 Two Models of Attention 

Another theory of selective attention, similar to Treisman's, is embedded in Neisser's 

(1966) concept of analysis by synthesis. In Neisser's model, there are two stages to 

information processing, pre-attentive and attentive. Perception is a constructive process which 

is guided by attention. Unattended material simply does not receive this analysis. It also 

suggests that pre-attentive processes may operate with different rules than do attentive 

processes. One major criticism of Neisser's model is that focal attention is associated with 

awareness. This is not always the case as many complex psychomotor skills can occur without 

conscious awareness (Kahneman, 1973). 

All of these models of attention have employed a filtering paradigm. Kahneman and 

Treisman (1984) have defined the essential characteristics of this paradigm as being the 

simultaneous presentation of relevant and irrelevant stimuli which differ in terms of physical 

properties (e.g., sound frequency) and the requirement of a relatively complex response which 

is determined by the stimuli. Tasks associated with this paradigm include auditory shadowing, 

dichotic listening, and partial report techniques. 



In a shadowing task, the subject is required to repeat orally a stream of speech 

presented to one ear and, at the same time, process information presented in the other ear. In 

a dichotic listening task, two sets of stimuli are presented via earphones, one to each ear, and 

the subjects task is to respond in some way to both sets of stimuli, or to respond to one and to 

ignore the other. Broadbent (1959) has argued that auditory tasks are to be preferred to visual 

ones, as they are not encumbered with the problems of orientation movements which plague 

visual tasks. Most visual tasks use tachistoscopic presentation to avoid this problem but at the 

cost of being contrived and lacking ecological validity. 

Dichotic listening tasks have been used with hyperactive children (Hiscock, 

Kinsbourne, Caplan, & Swanson, 1979; Loiselle, Stamm, Maitinsky, & Whipple, 1980), and 

have been found not to discriminate between the performance of normal and hyperactive 

subjects. This suggests that hyperactive children do not have a defect in selective attention, at 

least as defined by a filtering paradigm. 

One visual task, which is usually associated with the bottle-neck models of attention, is 

the partial report technique of Sperling (1960). This task was originally developed to assess 

the duration of short term visual memory, subsequently labeled iconic memory (Neisser, 1966). 

In this task the subject views an array of stimuli by tachistoscope. Typically two rows of four 

letters each are used. After this exposure a cue, such as a tone, directs the subject to report the 

letters in one of the two lines. Performance on this task is compared to recall of the total 

display. The typical finding is that subjects can recall more of the stimuli in either row in the 

partial report condition than in the whole report condition, suggesting that iconic memory stores 

are larger than short term memory capacity (Sperling, 1984). 

A different approach to attention from any of these bottle-neck models was put forth by 

Kahneman (1973). This model of attention is an attempt to integrate both the selective and 

intensive aspects of attention within a single theory. Central to Kahneman's model is the 

concept of capacity. Human information processing is assumed to be have a finite limit on the 
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capacity available for processing information. Demands on this capacity must then be 

evaluated, and then decisions must be made about the allocation of the processing resources 

within the system, just as energy is allocated with a physical system. In earlier filter models, 

concurrent activities were assumed to be difficult because they called for incompatible 

operations to be done at the same time, whereas in a capacity model, concurrent tasks are 

difficult because they both access a common pool of resources. This model lends itself to the 

use of a dual task paradigm, as it assumes that some central processing capacity is required 

for all tasks.This model can best be assessed by studies which measure the differences 

between tasks performed in isolation from their performance when performed in combination 

with another task. 

A wide variety of experimental tasks can be combined to create a dual task experiment 

with the major limit being on the response capabilities of the subject. Combined tasks may vary 

along a number of dimensions such as the type of input (usually auditory or visual), the 

processing requirements of each task, and the type of responses required. Both tasks may be 

similar or they may vary along one or more of these dimensions. Kinsbourne and his 

associates (Kinsbourne & Hicks, 1978; Hiscock & Kinsbourne 1980; Kinsbourne & Cook, 1971) 

have used a dual task paradigm that typically combines a verbal task (either reading or 

speaking) with a manual task (dowel rod balancing or finger tapping). This dual task paradigm 

has been used with children as young as three years (Kinsbourne & Hiscock, 1977). The 

results are similar to those using dichotic listening in that young children can be shown to be 

capable of performing dual tasks such as reciting nursery rhymes while finger tapping but that 

the younger children find the dual task situation more difficult (as evidences by higher error 

rates) than do older children. 

Iconic memory tasks and tasks other than dichotic listening have not been used 

extensively with hyperactive children, possibly because they require fairly sophisticated 

equipment or are time consuming to administer. Another type of task that owes its theoretical 
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base to defective filter models of attention, and that is frequently used with hyperactive children, 

is some measure of distractibility. It is hypothesized that because hyperactive children are 

defective at filtering out extraneous environmental stimuli, their attention is distracted by events, 

that a normal child would filter before the event was registered at a conscious level. There are 

a variety of measures of distractibility that have been used with hyperactive and normal 

children, including the Stroop Colour Word Test (Stroop, 1935), various measures of incidental 

learning, and the comparison of the performance of hyperactive and normal children under a 

range of environmental distractions such as flashing lights and white noise. The results of this 

paradigm were reviewed by Douglas (1983), who concluded that there was no evidence to 

suggest that hyperactive children were more distracted by these stimuli than were other 

children. 

The Role of Motivation and Effort 

In the performance of a single task, it is assumed that performance increases 

monotonically as the capacity invested increases, or in the language of everyday life one does 

better as one tries harder. Most laboratory studies assume that the subjects are performing at 

or near maximum performance levels, unless directed to allocate attention and effort in a 

particular manner. This assumption is not necessarily valid when the subjects are hyperactive 

children instead of cognitive psychology's typical subject, an intelligent, motivated college 

student. Hyperactive children may have difficulty with a task because of problems in motivation 

that are independent of their problems with attention. For example, Draeger, Prior, & Sanson 

(1986) compared the performance of normal and hyperactive children on visual and auditory 

tasks, when the experimenter was present with the child, and when the child was alone. The 

performance of the two groups was equal when the examiner was present but the performance 

of the hyperactive children deteriorated when the examiner was absent. This suggests that the 

presence of an adult authority figure motivates hyperactive children to attend better. 
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Performance Resource Functions 

Norman and Bobrow (1975) introduced the concept of information processing 

resources, rather than capacity, and then went on to show this concept graphically as a 

performance resource function (PRF) in which performance is plotted along the ordinate and 

effort or resources invested along the abscissa. In addition, they point out that there may be an 

asymptotic part of the function where increasing resources does not improve performance. Up 

to this point, the function is said to be resource limited, that is performance is limited by the 

resources invested. However beyond that point, performance is data limited as it is the quality 

of the data that limits performance even when maximum resources are being allocated. For 

example, one may be better able to perceive faint sounds if one concentrates on listening but 

even when making maximum effort, some sounds may be too faint, or have too low a signal to 

noise ratio, to be heard. A hypothetical PRF is provided below. 
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Figure 3.2 Performance Resource Function - single task performance is at point S 

(adapted from Wickens, 1984) 

When two tasks are combined, performance on each can be plotted on a separate 

PRF, or their joint performance can be represented in a single function in which performance 



48 

on one task is plotted against performance on the other. In the figure below two hypothetical 

tasks are plotted against each other. Optimal performance on Task A, when performed alone, 

is at Point a, and optimal performance of Task B alone is at Point b. The cost of concurrence is 

showed when the two tasks are combined. As resources are increasingly allocated to one task 

in order to improve performance, performance on the other task falls off. In human performance 

there is a "graceful degradation" (Norman & Bobrow, 1975, p. 45) of performance rather than 

the calamitous failure that occurs when the demand exceeds available resources in an 

information processing system. See below for a PRF of two Tasks A & B. 
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Figure 3.3 PRF for Dual Tasks 

Dual task or time sharing studies have shown mixed results. Both laboratory studies 

and everyday life have produced examples of time sharing that is efficient (e.g,. driving while 

talking) and of time sharing that is inefficient (e.g,. talking and driving through a stop sign). The 

concept of data limited and resource limited processing helps to explain why some time 

sharing is efficient and some is not. If talking is consuming too many resources from a finite 

pool, then performance on the other task, namely driving, will suffer as we fail to allocate the 

resources or attention necessary to respond appropriately to the stop sign. 
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Resources are often assumed to function in the same way as energy does in a physical 

system or as general intellectual factor (g) does within factor models of intelligence. An 

alternate view of resources proposed by Navon and Gopher (1979) is to apply micro-economic 

theory to resource allocation. In this model, it is hypothesized that there are multiple pools of 

resources available that may be allocated by different policies across more than one 

information processing channel. Allocation policy is in turn dependant on the nature of the 

tasks being performed concurrently and the instructions given to the subject regarding task 

priority. 

The whole concept of resources within information processing theory has been called 

into question by Navon (1984). He points out that the concept of resources is intuitively 

appealing because it parallels everyday experiences, but that many of the findings 

hypothesized to occur as a consequence of the allocation of limited processing resources may 

also be explained by other means. While the concept of resources may have heuristic value, 

its testability and scientific merit are as yet unproven (Navon, 1984). 

Another criticism of the concept of resources, particularly multiple pools of resources, 

has been that, if the number of resources hypothesized becomes too large, then the concept 

ceases to provide parsimonious explanations of human performance (Wickens, 1984). 

Wickens (1984) has proposed a a heirarchical model of resources in which there is a set of 

independent, non-overlapping reservoirs each representing a processing resource. See 

Figure 3.4 below. 
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Figure 3.4 Multiple Pools of Resources (from Wickens, 1984) 

Another issue in the study of attention is that of how some processes become 

automatic. Everyday life provides many examples of complex activities that can be performed 

without the allocation of attention and that permit concurrent tasks to be performed without 

decreased efficiency. Driving a familiar route while listening to the radio is one such example. 

The process by which some tasks become automatic has been the focus of a number of recent 

studies using the selective set paradigm. Kahneman and Treisman (1984) have outlined the 

characteristic features of this paradigm, as being the preparation of the subject for specific 

stimuli, that are to be responded to as quickly as possible, once the critical stimulus is detected 

or recognized. Thus the subject has a limited set of stimuli to find whereas in the filtering 

paradigm the subject typically had to choose from several possible stimuli which ones to 

analyze. Selective set paradigms have typically used visual stimuli presented at very rapid 

rates and have employed reaction times as a dependent measure. The results of a number of 

studies that have employed a selective set paradigm have suggested that parallel processing 

of multiple stimuli are possible, a finding that appears to support a late selection model of 

attention. 
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Schneider and Shiffrin (1977) have suggested that there are two qualitatively different 

processes that account for human information processing. Automatic processing is " a fast, 

parallel, fairly effortless process that is not limited by short-term memory capacity, is not under 

direct subject control, and is responsible for the performance of well skilled behaviors", 

whereas control processing is a "slow, generally serial, effortful capacity limited, subject 

regulated processing mode that must be used to deal with novel or inconsistent information" 

(Schneider, Dumais, & Shiffrin, 1984, p.1-2). This dichotomy in processing modes accounts for 

the everyday phenomena of performing complex tasks without effort and often without much 

awareness of their performance. Schneider, Dumais and Shiffrin suggest that most complex 

activities encompass a mixture of automatic and control processing. It is only in the laboratory 

situation, in which simple tasks are studied, that the separate operations of each mode may be 

analyzed separately. 

Processes become automatic when they are consistently practiced, and when the 

same response is made each time a specific stimulus occurs. Schneider and Shiffrin label 

these conditions consistent mapping (CM) because the stimulus-response sequence is 

consistent and invariant. When the stimulus-response sequence is not invariant, that is the 

same stimuli may require different responses given different contexts, automaticity of 

processing is not expected to occur. They label these conditions variable mapping (VM). 

The experimental tasks, associated with the selective set paradigm, have typically 

involved brief presentation of visual stimuli over large number of trials. The subjects task is to 

scan the display and to respond when a specific stimulus (e.g., a specific letter or digit) 

appears in the display. Tasks vary by the size of the display, the size of the memory set, the 

time the displays are shown, and the number of trials administered. 

Two recent studies (Scholten & Sargent, 1985; Sargent & Scholten, 1985) have used 

a visual search paradigm with hyperactive and normal children. In this case, the stimuli were 

displays of letters shown briefly on a screen, and the child's task was to respond when a 
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specific letter was present in the display. The task's difficulty varied by the number of non-target 

or distracter letters present in the display and by whether the stimulus was presented clearly or 

overlaid by a grid that made it difficult to perceive. This task is a modification of one used in 

studies of selective attention in normal adults (Sperling, 1984). The use of the "clearly 

perceivable" and "difficult to perceive" stimulus arrays is an attempt to compare the processing 

of hyperactive and normal children under "data limited" conditions (Norman & Bobrow, 1975). 

The subjects were drawn from a pool of normal school children on the basis of observer ratings 

of their classroom behavior and were classified as normal, distractible, and hyperactive. There 

was no evidence that the hyperactive or distractible children had a defect in data limited 

processing. 

In order to create conditions requiring "resource limited " (Norman & Bobrow, 1975) 

processing, the tasks were also administered to the same children under three sets of 

instructional demands, accuracy, normal and speed. In these conditions, the children were 

reinforced with marbles for accurate or fast performance . Marbles were taken away for errors 

or slow performance. The hyperactive but not the distractible or normal children had slower 

reaction times (RTs) under both speed and accuracy conditions. The authors interpret these 

results as evidence for a defect in resource limited processing, i.e. the hyperactive children had 

fewer resources available and so showed a performance decrement when they were required 

to allocate additional resources under the conditions of increased demand. However, an 

alternate explanation based on Douglas's (1983) model, would be that the presence of 

reinforcers (and the threat of their loss) had an exaggerated hold on the attention of the 

hyperactive children that lead to the performance decrements. 

Developmental Factors in Selective Attention 

A number of the tasks used to study selective attention in adults have been applied 

developmentally to assess the way in which selective attention evolves. Although these 

studies have not used hyperactive children, they do shed light on the way in which selective 
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attention develops in children. This is directly relevant to the issue of selective attention in 

hyperactive children as one of the more common and intuitively appealing models of 

hyperactive children is that of a developmental lag. A number of authors (Bryden & Allard, 

1978; Geffen & Sexton, 1978; Geffen & Wale, 1979; Hiscock & Kinsbourne, 1980; Kinsbourne 

& Hiscock, 1977) have used dichotic listening with children as young as three years of age. A 

number of these studies have used the dichotic listening paradigm as a means of estimating 

cerebral lateralization in an attempt to provide empirical evidence of Lenneburg's (1967) claim 

that cerebral lateralization of language occurs gradually over the first few years of life. Taken 

together the results of these studies suggest that children as young as three can participate in 

a dichotic listening task; that most right-handed children show a right ear advantage (REA); that 

the rates of REA are not related to age (i.e. that lateralization of language likely does not occur 

during postnatal development); that children as young as three can shift attention to the left ear, 

and that younger children find attention shifting more difficult, and make more errors, than do 

older children. 

In addition to the dichotic listening studies, visual search paradigms have been used 

with school aged children, ages 6 to 20 years (Sargent & Scholten, 1985; Scholten & Sargent, 

1985; Strutt, Anderson, & Well, 1975), again with results that are similar to those involving 

dichotic listening, that is children as young as six can perform visual search tasks but at 

reduced efficiency when compared to the performance of older children and adults. 

Taken together, these results suggest that children as young as three are able to divide 

their attention between inputs, and are able to recognize members of a memory set. However, 

the efficiency with which attention is selected or divided improves with age at least into 

adolescence. 

A recent study (Meador & Ellis, 1987) compared automatic and effortful processing in 

normal college students, in mentally retarded adolescents, and young adults using a visual 

search task to create conditions of effortful and automatic processing. There were no 
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differences between normal and retarded subjects in automatic processing of tasks, but 

retarded subjects showed differences in the speed at which effortful processing was completed 

and differences in the accuracy of processing. 

Another recent study employing a search paradigm (Nugent & Mosley, 1987) used an 

auditory task with normal adults, normal children, and retarded children. Both groups of 

younger subjects had longer reaction times and fewer correct detections. The authors 

interpreted these findings as evidence that younger subjects were less efficient in their 

allocation of attentional resources, and were more limited in the their attentional capacity. 

Sustained Attention 

The basic problem addressed by research into sustained attention is the reason why 

attention can be difficult to maintain over time. Although attention has been a concern to 

psychology since the days of the introspectionists, interest in the temporal limits of attention 

dates from the Second World War, when lapses in watchkeeping or monitoring functions 

became critical to the war effort. Since then, with the advent of computers and other advanced 

technologies, watchkeeping functions have come to play a significant role in military, industrial, 

and medical settings. Vigilance tasks are frequently used in research settings with hyperactive 

and normal children, and have generally been shown to yield reliable differences between the 

two populations (Douglas, 1983). The popularity of vigilance tasks in hyperactivity research 

comes partly because the most commonly used vigilance task in clinical research is the 

Continuous Performance Task or CPT (Rosevald, Mirsky, Bransome & Beck,1956). The 

CPT is also associated with the idea that difficulty with this type of task is evidence of minimal 

brain dysfunction. Additionally, vigilance tasks appear to have ecological validity, as they 

resemble some of the demands for sustained attention that school work makes of hyperactive 

children. 

Parasuraman (1984) points out that attention is easy to maintain over time if the activity 

to be carried out is complex, or the environment to be scanned is rich as it is when we watch a 
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film or become engrossed in a good book. It becomes progressively more difficult to sustain 

attention as the environment is made more sparse, so that monitoring a display for a single 

infrequent signal is very difficult to sustain over time. 

Measures of Sustained Attention 

The basic paradigm that had dominated studies of sustained attention is the vigilance 

paradigm. Moray (1969) has described a vigilance task as "A situation in which nothing much 

is happening, but the observer is paying attention in the hope of detecting the event whenever 

it does happen" (p. 6). This situation comes from military settings in which radar operators 

monitor displays for evidence of enemy activity. It was first introduced into psychology by 

Mackworth (1948). Mackworth borrowed the term vigilance from neurology when it had been 

used to refer to a state of maximum physiological and psychological readiness to react. 

Instead Mackworth used the term to characterize an observer's ability to detect small stimulus 

changes while monitoring a display over long periods of time. 

Since then a variety of vigilance tasks have been developed that employ different types 

of stimuli and require different types of responses. However, they all share certain critical 

characteristics that are associated with the vigilance paradigm. These have been summarized 

by Warm (1984) as: 

1. A prolonged task (usually 30 to 120 minutes or more). 

2. The signals to be detected are clearly perceivable to the observer if the observer is 

oriented to them but would seem weak to most observers because they are not compelling 

changes in the environment. 

3. The signals to be detected are infrequent, aperiodic, and occur without forewarning, 

and 

4. The observers response has no effect on the probability of the appearance of the 

critical signal. 
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A number of vigilance tasks have been developed using auditory or visual stimuli, 

alone or in combination. Some involve detection of a discrete event, such as a blip on a 

screen, while others require detection of a change in signals. For example, Loiselle, Stamm, 

Matinsky, & Whipple (1980) had hyperactive and normal boys monitor an auditory tone, arid 

respond when a tone 600 cps different occurred. 

Vigilance tasks also vary along a sensory cognitive dimension (Warm, 1984) . In tasks 

that are primarily sensory, the critical stimulus is defined by changes in the physical attribute of 

the stimulus. More cognitive tasks require detection of changes that are more symbolic than 

sensory. For example, the continuous performance task (CPT) is a cognitive variant of a 

vigilance task that has been widely used in clinical studies. The task was first developed by 

Rosevald, Mirsky, Bransome, & Beck (1956). It was initially developed as measure of 

organicity, and while the latter concept has fallen into disfavour, the task has continued to be 

used with a number of different clinical populations. The CPT requires the detection of a letter 

(usually X) or a letter sequence (X following A) occurring intermittently over a 31-letter series. 

Subjects are usually tested over two 10-minute periods, receiving first the A task, then the AX 

task. The presentation rate is usually set at one per second, so that there are 600 letters 

presented per 10-minute period. The critical signal appears randomly 160 times in the A task 

and 120 times in the AX task. Various modifications of the task have been developed including 

an auditory version. When compared to other vigilance tasks, the CPT is of shorter duration, 

involves more critical events, and has an extremely fast background rate. Additionally, the use 

of the two tasks in a fixed sequence confounds the performance decrement with task changes 

(Berch & Kanter, 1984). 

A number of different indices of vigilance performance have been developed. The 

most commonly used measures are: 

1..The number of correct detections (often called hits) and conversely the number of 

times the critical signal is not detected (misses or errors of omission). 
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2. The number of times a response occurs when the critical signal is not present (false 

alarms or errors of commission). 

3. The number of times a signal must be repeated before it is perceived. 

4. Changes in the threshold sensitivity, and 

5. Reaction time to correct detections. Of these RT and number of hits are the most 

commonly used measures. 

The most common finding from vigilance studies is that performance of the task falls off 

rapidly, with the greatest decrements occurring in the first 30 minutes . This drop-off has been 

labeled the performance decrement (Davies & Parasuraman, 1982), and is common across a 

wide variety of vigilance tasks. It is usually defined in terms of a decreased number of correct 

detections. In addition, reaction time for the detection of signals tends to increase over time, as 

do false alarms. Individual performance is generally consistent within and across sessions, 

and is consistent across different types of vigilance tasks if certain psychophysical parameters 

are matched (Berch & Kantor, 1984). In auditory versions of the task, there are fewer misses, or 

failures to respond to the critical stimulus, but this reflects the differences in the human auditory 

and visual systems. Misses in a visual task may result from gaze aversion, as well as from 

inattention. There is no auditory equivalent to gaze aversion so that misses are less frequent 

on a auditory vigilence task, and are assumed to be indicative of inattention. Although the 

auditory versions of the task appear to offer the experimenter purer measures of inattention 

than do the visual versions, the latter are much more common. Possibly, this is because visual 

versions most resemble those encountered in applied settings such as radar scopes and 

monitors in intensive care units. 

A number of different factors are known to influence the speed at which a performance 

decrement develops. Stimulant drugs, notably caffeine and amphetamines have been shown 

to retard the development of a performance decrement, whereas alcohol and other CNS 

depressants have been shown to enhance the development of the decrement. The presence of 
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certain preexisting orgasmic states, such fatigue, and extreme anxiety as well as environmental 

states such as noise, extreme heat, and vibration also speed up the development of a 

performance decrement (Warm, 1984). 

Theories of Sustained Attention 

A number of different theories have been postulated to explain the performance 

decrement associated with vigilance tasks. When Mackworth first presented the vigilance 

paradigm in the psychological literature, Hullian theories of learning were dominant. In 

keeping with this Zeitgeist, Mackworth (1948) proposed that the performance decrement that 

characterizes vigilance performance was a conneouenco of inhibition. AS lOarnino thoorios 

shifted towards operant conditioning during the 1950's, the theoretical explanations of 

vigilance decrements also shifted. Holland (1958) proposed that the decrement was due to 

non-reinforcement of responses, and that it could be removed by reinforcement of correct 

responses. 

At another level of analysis, neurological theories have been postulated to account for 

the vigilance decrement. Most of these have involved the concept of changes in arousal level 

over time. Vigilance was originally synonymous with arousal but now has come to mean 

sustained attention, whereas arousal is used to refer to a variety of physiological and 

behavioral states characterized by a degree of excitation and energy mobilization. 

Traditionally, arousal is seen as a continuum from coma to excited emotion. Changes in 

arousal are accompanied by changes in a number of electrophysiological measures, such as 

EEG, heart rate, blood pressure, and muscle tone. However,there are large individual 

variations, and task to task variations, so that the correlations amongst various measures of 

arousal are low (Kahneman, 1973). In order for the vigilance decrement to be explained by a 

theory of reduction 01 drouNi muttt tiorodorn or fatigpp, it must 1?q apcompaniecl !.?1/ coanues

r In physiological mea5Ures of arousal. IVIut milt? measures ig no eprreiple rigmip yyell With 

vigilance performance. Biochemical measures of adrenalin and noradrenalin are more closely 



59 

related to vigilance performance as are EEG tracings, especially in the alpha and theta bands. 

However, there are both technical problems with monitoring biochemical and electrophysical 

processes during a continuous task, and interpretive problems as the presence of the 

monitoring equipment alters the nature of the task. (Parasuraman, 1984). 

False alarms and correct detections both tend to increase over time, but omission 

errors and correct rejections decrease over time (Parasuraman, 1984). This finding is less 

plausibly explained as a decrease in arousal, but may reflect changes in the way the subject 

responds under conditions of uncertainty. This suggests that vigilance performance may 

reflect the operation of several different factors operating together, such as changes in arousal 

and changes in response criterion. 

Finally, information processing models, particularly signal detection theory, have been 

used to explain performance decrements. Signal detection theory (SDT) is a theory based on 

the way in which decisions are made under conditions of uncertainty. It yields two independent 

measures, sensitivity (d') and response bias (13). Sensitivity is generally assumed to reflect the 

subject's ability to detect a stimulus, whereas response bias is thought to reflect the subject's 

willingness to report the presence of the stimulus under conditions of uncertainty. Egan, 

Greenberg, & Schulman (1961) first proposed that the performance decrements observed, 

during a vigilance task, were due to the subject's developing a more conservative criterion or 

response bias. Critics of this approach (Loeb & Allusi, 1984) have pointed out that traditional 

measures of d' and B may not be appropriate, if calculated in the usual manner. Such 

measures assume that the signal and nonsignal events both have normal distributions and 

equal variances. This assumption is likely to be invalid in a vigilance experiment. Alternatively, 

they have proposed that nonparametric measures of d' and 13 be substituted for the more 

traditional ones. In addition, Loeb and Allusi (1984) have suggested that SDT may obscure 

what really happens during a vigilance experiment. They point out that if the subject falls 

asleep during the task both hits and false alarms will decline and 13 will increase. However, it 
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would be inappropriate to interpret this as representative of more conservative responding. 

In summary, a number of theories have been applied to the vigilance paradigm. All of 

these postulate that some mediating variable, such as inhibition, arousal, or response bias 

causes performance to decline or time. All of these theories make similar predictions about 

performance which makes their independent verification difficult. 

Individual differences in Sustained Attention 

Although experimental psychologists usually tend to view individual differences in the 

performance of laboratory tasks as a nuisance that contributes to error variance, there has 

been more interest in their role in vigilance tasks, because of the applied nature of the 

paradigm. Much of the interest in this paradigm has been generated by its similarity to 

watchkeeping in military, medical, and industrial settings were knowledge of the effects of 

individual differences on performance can be applied. Because performance tends to reliable 

across sessions and across tasks, individual differences in vigilance performance are thought 

to be the consequence of stable, interpersonal variables (Berch and Kanter, 1984). Neither 

sex nor intelligence (within the normal range) have been shown to affect vigilance performance 

(Berch & Kanter, 1984). 

Developmental Changes in Sustained Attention 

Most of the interest in developmental changes in vigilance behavior has focussed on 

changes during the adult lifespan and senescence, rather than on changes during childhood 

and adolescence (Berch & Kantor, 1984) as is the more common pattern in developmental 

research. This may in part reflect the association of the task with applied military and industrial 

settings. 

Studies using preschool children have yielded contradictory findings. Locke (1970) 

demonstrated a performance decrement, using an auditory vigilance task lasting 5 1/2 minutes 

while Simon (1982) failed to find a decrement, using a visual task of 15 minutes. Herman, 

Kirschner, Streissguth, & Little 
(1980) demonstrated a performance decrement with 3 and 4 
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year olds, using a visual vigilance task. In addition, they found that hits correlated substantially 

(r=. 53), with IQ. Since IQ (within the normal range) has not been found to be related to 

vigilance performance in older children and adults (Berch & Kanter, 1984), this finding 

suggests that vigilance performance may be cognitively more demanding for younger children 

than for older ones and may draw on different processing resources. 

Among older children, one fairly robust finding is an increase in performance with 

increasing age throughout the school years (Gale & Lynn, 1972; Semmel, 1975; Swanson, 

1983; Sykes et al., 1973). Most vigilance studies using school age children, have focussed on 

the differences between normal and clinical populations (e.g. learning disabled, hyperactive, 

or retarded children). In reviewing these studies, Berch and Kanter (1984) have concluded that 

vigilance performance (overall detection rate) improves with age at least until adolescence. 

Amongst the mentally retarded, performance on vigilance tasks has been shown to equal that 

of mental age (MA) match controls, suggesting a developmental lag in the development of this 

skill (Stanovich, 1978). 

The most commonly used form of vigilance task in clinical research is the Continuous 

Performance Task (Rosvold et al., 1956). The CPT was originally developed to diagnose 

organicity and organic brain damage during a era when models of brain functioning were 

based on Lashley's concept of equipotentiality (Lashley, 1929). It came to be used in research 

with learning disabled and hyperactive children during a time when such children were thought 

to have brain damage or minimal brain dysfunction (e. g., Strauss & Kephart, 1955, Werry, 

1968). The assumption that a diagnosis of hyperactivity, or learning disabilities implies that a 

child has brain dysfunction is less common now than during the 1950's and 1960's (see 

Rourke, Bakker, Fisk, & Strang, 1983 for an exception). However, the CPT continues to be 

used as a measure of sustained attention in childhood. 

Berch and Kantor (1984) have reviewed the results of a number of studies using the 

CPT, or more traditional vigilance tasks, with learning disabled and hyperactive children. They 
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concluded that poorer readers generally show lower detection rates than good readers, but 

that there are no differences between the groups in their vigilance decrements. A number of 

authors (Brown & Wynne, 1984; Sykes, Douglas, & Morgenstern, 1973; Rapoport, Buchsbaum, 

Weingartner, Zahn, Ludow, Bartko, & Mikkensen; 1980; Rapoport, Buchsbaum, Zahn, 

Weingartner,Ludow, Bartko, & Mikkensen, 1978) have compared the performance of normal 

and hyperactive children on a vigilance task. Taken together these studies have shown that 

hyperactive children have fewer correct responses, and more false alarms, than do normal 

children. 

Summary 

Posner's quotation - "attention is not a single concept but the name of a complex 

field of study" (p. 441) is perhaps the most fitting conclusion to this review. As the topic of 

attention has developed, so have models of attention deficits in children. Early models of 

attention deficit reflected Broadbent's models of filter mechanisms in selective attention 

proposing that hyperactive children were deficient in their ability to filter environmental events. 

With the development of interest in sustained attention, interest shifted to the ways that 

hyperactive children were able to maintain attention over time, particularly on tasks such as the 

CPT. More recent models of attention involving the concept of resources (Norman & Bobrow, 

1975; Navon & Gopher, 1984) have allowed for some synthesis of the concepts of selective 

and sustained attention. Researchers in the area of attention deficit disorder have at their 

disposal a wide range of attention demanding tasks that operationally define attention in 

different ways. The challenge arising from this surfeit of riches is to use these tasks in ways that 

help to define the nature of the attention deficit. The model introduced earlier by Douglas 

(1983) represents one attempt to integrate the findings from a wide variety of tasks into an 

testable model of attention deficits. The purpose of this study was to apply this model to 

another group of hyperactive children, namely those with FAS, in order to test the contention 

made in DSM 111 that ADD encompasses a wide range of neurological problems. 



Chapter 4 Assessment of Hyperactivity and Attention 

The purpose of this chapter is to review the ways that hyperactivity is typically 

assessed, and to introduce the measures chosen to assess hyperactivity in this study. There 

are two major ways that are typically used to assess hyperactivity. The choices are to ask 

someone who knows the child well about the behavior, or to observe the child directly either in 

a natural environment, or in a controlled setting. Asking someone else who knows the child 

well is the most economical and most popular method used to assess hyperactivity. In order to 

standardize the data, the questions are usually asked in the form of a questionnaire, and the 

answers are typically restricted to a forced choice or Likert type scale. The other alternative, to 

observe the child directly, is more problematic as this method requires some standardization of 

the environment in order to produce meaningful data from different children. One option is to 

assume that most classroom environments are similar, and to observe the child there. The final 

option is to bring the child into the laboratory, and assess attention directly, borrowing 

techniques from cognitive psychology. The advantages and disadvantages of each method 

will be discussed in this chapter. 

The Concept of Hyperactivity . 

Hyperactivity, like intelligence and attention, is a term that psychology has taken from 

vernacular use and given related, but somewhat different, meaning. Confusion is created 

because of the differences between the vernacular and scientific use of the term, and because 

behavioral scientists have yet to agree on a commonly accepted definition of hyperactivity 

(Spreen, Tupper, Risser, Tuokko, & Edgell 1984). Children characteristically have higher 

activity levels than do adults, and almost all children appear over-active by adult standards on 

some occasions. Indeed, some authors have gone so far as to suggest that hyperactivity is a 

myth perpetrated by adults living in urban environments that are not not suitable for normal 

active children (Schrag & Divoky, 1975). Differences between countries in the frequency of 

hyperactivity as a diagnosis may reflect different cultural tolerance for childhood activity, as well 
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as differences in diagnostic practice between countries (Holborow, & Berry,1986; O'Leary, 

Vivian, & Nisi, 1985; Sandberg, 1985) In addition, it is generally accepted that activity level 

follows a developmental progression, with normal toddlers and preschoolers displaying levels 

of activity and disorganization in behavior that are only pathological when they persist into the 

middle childhood years. Indeed one of the major models of hyperactive behavior is that of a 

developmental lag (Taylor, 1986). This model suggests that hyperactive children are merely 

delayed in the acquisition of more mature levels of activity and organization of behavior. 

Longitudinal studies of hyperactive children have provided partial support for such a model. 

These studies have suggested that much of the overactive component of the disorder is 

outgrown by adolescence, but that the other two components of the disorder, namely 

inattention and impulsivity, are not outgrown, but persist into adult life (Hechtman et al., 1981; 

Hechtman et al., 1984, Huessy et al., 1972; Weiss et al., 1973). 

Gibson and Rader (1979) have suggested that attention changes qualitatively during 

the developmental period. They suggest that an infant's attention usually has a captured or 

involuntary quality that gradually comes under voluntary control and that can be directed in the 

older child and adult. The attention of young children can be controlled by salient curiosity-

producing features of the environment. At this stage, exploration is a dominant attention 

strategy. As the child matures and attention becomes more controlled , search strategies 

replace more primitive exploration. Douglas (1980a;1984) has suggested that hyperactive 

children are deficient in the acquisition of these more mature search strategies, and 

consequently, have difficulty on tasks that require self-regulated strategies, but are able to 

attend when the environment is highly salient and reinforcing in itself. This helps to explain 

why hyperactive children can attend well in certain situations, when their attention is captured 

by demanding environmental stimuli (e.g., television), even though the depth to which they are 

able to process the information being presented is less than that of their normal peers. For 
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example, Barkley (1977) showed videotaped lessons to normal and hyperactive boys, and 

found that the hyperactive boys retained less of the information presented . 

In its clinical use, hyperactivity has come to refer to a syndrome of inattention, 

impulsivity and, frequently, but not always, overactivity in children, particularly boys over the 

age of six (Barkley, 1980; APA,1980;1987). As was discussed previously, there are two major 

ways in which hyperactivity has typically been assessed. Firstly, and most commonly, 

hyperactivity is assessed using questionnaires to be filled out by the child's parent or teacher. 

The second method is to use some measure of the child's behavior to assess hyperactivity, 

either globally, or by breaking it down into individual components of over-activity, inattention, 

and impulsivity. Of the two methods, questionnaire data is much more commonly used. While 

this may, in part, reflect the ease and economy with which questionnaire data may be collected, 

the frequency of its use also highlights that it is the the parent's or teacher's perception of the 

child's behavior as abnormal that brings the child to the attention of the clinician. Additionally, 

compliance with a treatment regime is dependent upon the child's parents or teachers 

perception of positive changes in the child's observed behavior in real-life situations. 

Treatments that result in changes in laboratory-based measures of behavior, but that fail to 

produce appreciable changes in behavior in the home and classroom, are not likely to achieve 

treatment compliance. Thus, changes in questionnaire data have become the accepted 

standard of treatment effects, in both drug and behavior modification studies (Sprague, 1983; 

Ullman, Sleator, & Sprague, 1985). 

Hyperactivity Questionnaires 

A number of different types of questionnaires have been developed to assess 

hyperactivity. Some of these, such as the Connors and the Werry scales, are specific to the 

diagnosis of hyperactivity, whereas others are more global childhood psychopathology scales 

that contain a hyperactivity scale or factor. One unique characteristic of this type of the 

assessment of hyperactivity is that the data are collected, not from the child, but from either the 
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child's parent or teacher. Hyperactivity is one of the few disorders that is characteristically 

diagnosed on the basis of second or third hand information, rather than from direct assessment 

of the child. Indeed, little attention has been given to the issue of the child's feelings about the 

problem, although this issue is beginning to be addressed in studies of cognitive behavior 

modification techniques with hyperactive children (Brown, Borden, Wynne, Schleser, & 

Clingerman, 1986; Hinshaw, Hecker, & Whalen; 1984; Ross & Ross, 1982). 

Another unique feature of the diagnosis of hyperactivity is the reliance placed on 

teacher ratings of the child's behavior, and the implicit assumption that teachers are all equally 

well trained, objective observers of childhood psychopathology. The DSM III states that, in 

cases when the parents' and teacher's reports conflict, greater weight should be given to the 

teacher's report because of the teacher's greater familiarity with age-appropriate norms. 

Dulcan (1986) cautions that teachers also vary in their tolerance for deviant behavior, 

and that a desire to have the child removed from their classroom may colour their perceptions 

of the child. For these reasons, she recommends using reports from more than one teacher, if 

available. The importance of this cautionary note is recognizable when one considers that, in 

one study, (Werry & Quay,1971) some teachers identified 30% of the children in their 

classroom as being hyperactive. Ross and Ross (1982) note that rating scales are easily 

influenced by the rater's cognitive and motivational characteristics, and that any error variance 

resulting from this source of bias is embedded in the data obtained from rating scales. 

The Connors Scales 

The Connors scales are the most commonly used hyperactivity questionnaires. There 

now exist a number of versions of the Connors scales, all based on the Parent Symptom 

Questionnaire (Connors, 1973) and the Connors Teacher Questionnaire (1969;1973). There 

are two forms of the Connors Teacher Rating Scale (Connors, 1969, 1973; Goyette, Connors, 

& Ulrich, 1978), a longer form, and the more widely used short 10-item form. The Connors 

Teacher Scale consists of brief descriptors, such as "inattentative, easily distracted" that are 
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rated on a four- point scale from "not at all"to "very much". It yields scores on five analytically-

derived factors, conduct problem-aggressivity, inattentativeness, anxiety-tension, hyperactivity, 

and sociability. The scale is widely used in research and in clinical practice, both to diagnose 

hyperactivity, and to monitor the effects of stimulant drugs. In a number of studies, the Connors 

scale has been shown to discriminate between hyperactive and normal children, in classroom 

settings (Douglas, Parry, Marion, & Garson, 1976; Sprague, Christensen, & Werry, 1974; 

Sprague & Sleator, 1973; Trites, Blouin, Ferguson, & Lynch, 1981). It is also considered to be 

sensitive to the effects of stimulants upon the classroom behavior of hyperactive children, and 

is commonly used in clinical practice to monitor drug treatment (Cantwell, 1977). It is frequently 

used with both parents and teachers to monitor the effects of drug and behavioral treatments 

(Ross & Ross, 1982). 

Sprague, Christensen, and Werry (1974) recommended that a cutoff score of 15 on the 

short Teacher Rating scale be used to identify hyperactive children. Since then a number of 

slightly different versions of the Connors scales have evolved, but the use of 15 as a cutoff 

score has remained standard. More recent work has suggested that this cutoff score results in 

biased estimates of hyperactivity. For example, Sprague, Ullman, and Sleator (1981) obtained 

teacher ratings on both the regular and short forms of the Connors on 183 children, referred 

assessment of their hyperactivity, and 725 normal second and third grade students, The usual 

cutoff score of 15 on the short form did discriminate between the groups, but the distribution of 

the two groups of scores overlapped considerably, suggesting that the discriminatory power of 

the scales is limited if the usual cutoff score is employed. More recently, Ullman, Sleator, & 

Sprague (1984) have suggested that the short Teacher Rating Scale is biased towards the 

identification of children with conduct difficulties, and against the identification of children 

whose problems lie primarily in the area of inattention. They have pointed out that different 

versions of the Connors scale abound with little commonality across them. The recent situation 

is described as "What on first blush appears to be one widely used diagnostic scale turns out 
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instead to be a confused and confusing conglomerate of different scales that have failed to 

select homogeneous samples across sites" (p. 564). They have suggested that the Connors 

Teacher Rating Scales, both long and short versions, be abandoned in favour of the ACTeRS 

(Ullman et al., 1984). The latter is a psychometrically sound scale that avoids the problems 

inherent with use of the Connors scales, such as the bias towards the selection of children with 

conduct disorders and the use of different versions of the same measure, all labeled the 

Connors Scale.. 

The Connors Parent Questionnaire (Connors, 1970) is a longer check-list of symptoms 

that again exists in different versions. The original 93-item scale is not as frequently used as is 

the short 48-item scale (Barkley, 1981). It also uses a four-point Likert-type scale for each item 

and uses the same 1.5 mean-item score as a cutting score. It is intended to discriminate 

between neurotic, hyperactive, and normal children. 

Ross and Ross (1982) have criticized both parent and teacher versions of the Connor 

Scales for failing to provide operational definitions of response categories. They point out that 

one parent may consider ten episodes of bullying in a month to be sufficient for a rating of very 

much, whereas another parent may consider the same number of episodes to be very little. 

They cite a study of their own, in which college-educated mothers of normal children were 

asked to rate how frequently a behavior such as bullying had to occur, for it to be considered 

just a little. The range of incidents varied from 1 to 80 episodes per month, with a mean of 3.65. 

Similarly, broad ranges were found for other items similar to the Connors items. 

A number of studies (Campbell et al., 1978; Goyette et al., 1978; Gittelman, 1981; 

Langhorne et al., 1976; Sandberg et al., 1980) have reported low inter-rater reliabilities 

between parents rating of the same child, and between parent and teacher ratings of the same 

child. For example, Sandberg (1981) reported that correlations between parents' and 

teacher's rating on the Connors scales varied from .18 to .36 with a mean of .26. Schachar et 

al.(1981) reported that only 2% of the children in the Isle of Wight study were considered 
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hyperactive by both parents and teachers, but that 16% were considered hyperactive by one or 

the other. Some authors have used these data to support the contention that hyperactivity is in 

the eye of the beholder , and is an inherently unstable characteristic, that has little diagnostic 

utility (Thorley, 1984; Rutter, 1983). 

The SNAP 

The diagnostic criteria for Attention Deficit Disorder of the DSM III, (APA, 1980) have 

been adapted to form a questionnaire similar to the Connors Teacher Scale (Swanson, Nolan 

& Pelham, 1982). The questionnaire is called the SNAP, the label presumably being an 

acronym for the authors surnames.. The items are the behavioral descriptors of ADD and 

ADD-H from DSM III, that are then scored on the same four-point scale as the Connors 

Teacher and Parents Scales use. Normative data are provided separately for girls and for 

boys from ages 6 to 11 years. The SNAP correlated highly (r=.90) with the Abbreviated 

Connors Teacher Scale. However, over half of the 6 and 7 year old boys sampled would have 

been judged to have ADD, if DSM III criteria were scored on a yes/no basis, as suggested in 

DSM III. This suggests that DSM III criteria lack discriminant validity at the younger ages. 

In addition to the three components of ADD-H, hyperactivity, attention, and impulsivity, 

the SNAP also assesses peer interactions as hyperactive children are thought to have 

impaired social relationships (Swanson et al., 1982; Douglas, 1983). 

The SNAP is a relatively new scale and it has not been compared to the Connors scale 

in a clinical sample. It has considerable promise as a measure of hyperactivity, as it provides 

normative data based on the DSM III criteria for ADD and ADD-H, if it can be demonstrated to 

be related to the Connors scales and to behavioral measures of hyperactivity. 

The SNAP was used in a recent study (Hinshaw, Whalen & Wenker, 1984) comparing 

the efficacy of cognitive-behavioral and pharmacological treatments in hyperactive boys but, 

the relationship of the SNAP scores to the Connors Abbreviated Parent Parent Teacher 
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Questionnaire or APTQ (also used) are not given.The relationship of the questionnaire data 

to the children's observed behavior is not cited. 

Although data from questionnaires, such as the Connors scales are widely used to 

discriminate between hyperactive and normal children, the relationship between such scores 

and various measures of performance are rarely given. One exception is a study by Swanson 

et al. (1983) where Connors scores are compared graphically to performance on a paired 

associates learning (PAL) task during different conditions of Ritalin administration and on 

placebo. The subjects were 11 hyperactive children, all of whom met the DSM III criteria for 

ADD-H and had Connors scores of 15 or greater. They were divided into favorable responders 

or non-responders to Ritalin. The latter was defined by their performance on a PAL task on the 

medication and on placebo. Visual analysis of the graph suggests that changes in 

performance between conditions were paralleled by changes in Connors Scale scores, but the 

nature of this relationship is not specifically stated. This study also used the SNAP scale but the 

results are not given by the specific conditions used. 

Another recent study (deHaas, 1986) used SNAP scores to group school children into 

normally active and hyperactive groups. The SNAP scores appear to be very similar to the 

Connors Teacher Rating Scale scores for hyperactivity, although the specific correlations are 

not given. 

The Yale Children's Inventory 

Another parent rating scale, that yields a hyperactivity factor is the Yale Children's 

inventory or YCI (Shaywitz, Schell, Shaywitz, & Towle, 1986). This is a 150 item scale that 

was standardized on normal school children and children attending special classes for the 

learning disabled. Placement in special classes was based on a discrepancy between 

achievement and intellectual ability, and excluded mentally retarded children. The only scales 

that differentiated between normal and learning disabled children were those tapping 

hyperactivity and attention-impulsivity. The criteria used to determine learning disabilities, 
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namely educational achievement and intellectual functioning, would not allow for differentiation 

between children whose primary defect was a learning disability and had secondary 

hyperactive symptoms, and those with a primary disability in the area of hyperactivity who had 

experienced school failure as a consequence of their hyperactivity. Thus both groups are likely 

to be represented in the learning disabled group in this sample. The data support the idea that 

the behavior of school age children with learning problems is characterized by inattention and 

hyperactivity. This study also highlights the difficulty in differentiating between learning 

disabled and hyperactive children. 

There are a number of other parent questionnaires that have been developed to 

assess hyperactivity, including The Behavior and Temperament Survey (Sandoval, Lambert, & 

Sassone, 1980), and the Werry, Weiss, Peters Activity Schedule (Werry, 1968), but these 

scales are not as widely used as are the Connors scales. 

Omnibus Questionnaires 

The other type of questionnaire, that may be used to assess hyperactivity, is a general 

questionnaire that reflects the child's overall functioning in a variety of areas including activity 

level. This type of questionnaire is more frequently used in clinical settings to assist with a 

differential diagnosis. These questionnaires take longer to administer and to score than do the 

Connors, or other checklists that are specific to hyperactivity. Consequently, these 

questionnaires are used less often to monitor treatment effects, or in longitudinal research 

studies. Questionnaires of this type are generally intended to be filled in by parents, as a 

teacher would not be expected to know the child in as much depth as is required by this type of 

instrument. 

Factor analytic studies of number of these more comprehensive questionnaires have 

yielded a hyperactivity factor (Achenbach & Edelbrock, 1978; Lachar & Gdowsk, 1979; Lahey 

et al., 1978; Lahey, Green, & Forehand, 1980; Wirt et al., 1977), a finding that has been used to 
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argue in favour of the existence of hyperactivity as a unique diagnostic entity (Ross & Ross, 

1982). 

Omnibus questionnaires that have a hyperactivity scale or yield a hyperactivity score 

may derive that score in one of two ways. The hyperactivity score may be developed 

conceptually, by including items thought to encompass hyperactive behavior, or the 

hyperactivity score may be developed empirically by factor analyses. The various Connors 

scales represent an example of this approach. The two most widely used omnibus 

questionnaires, The Personality Inventory for Children or P/C (Lachar & Gdowsk, 1979;Wirt et 

al., 1977) and the Child Behavior Checklist or CBC , Achenbach & Edelbrock, 1978; 

Achenbach & Edelbrock, 1983;Lahey et al., 1978; Lahey, Green, & Forehand 1980), have both 

used factor analytic studies to derive a hyperactivity factor. 

The PIC (Lachar & Gdowsk, 1979; Wirt et al., 1977) is a 600 item questionnaire, usually 

completed by the child's mother or someone else who has known and cared for the child since 

early childhood. Items are scored on yes or no basis and are then scored to yield a personality 

profile that resembles the Minnesota Multiphasic Personality Inventory (MMPI). The 

defensiveness scale reflects the rater's tendency to deny problems, or place blame elsewhere, 

but the remaining scales are thought to reflect the child's personality. Unlike the MMPI, whose 

items reflect internal states of the person being assessed, the PIC items tap behavior which 

can be observed by the mother or other care-giver. Standardization, reliability, and validity are 

all considered to be adequate (Goldman, Stein, & Guerry, 1983). The primary disadvantages 

of the scale are its length, requiring 60 to 90 minutes to complete and the requirement that the 

parent have at least a Grade 6 reading level. 

The Achenbach scales (Achenbach & Edelbrock, 1978, 1983; Lahey et, al., 1978; 

Lahey, Green, & Forehand, 1980) also contains a hyperactivity scale for girls aged 6 to 11 

years, and for boys aged 6 to 16 years, based on factor-analysis. It consists of 118 items 

scored on a three-point scale. It is to be completed by the child's parent, but a foster parent who 
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has cared for the child for a few months may also complete the scale. Like the PIC, the items 

reflect observed behavior and require the parent to rate their perception of the frequency of a 

behavior. There are alternate forms for children aged 2- 4, 6-11 and 12-16 with separate 

scales for girls and boys, in the age groups of 4-5 years, 6-11years, and 12-16 years. There 

are also a youth self-report form for adolescents, a teacher rating scale, and a classroom 

observation schedule. Standardization, reliability, and validity are all considered to be 

adequate (Boyle & Jones, 1985; Goldman et al., 1983). It takes 30-45 minutes to complete and 

requires a Grade 4 reading level. The preschool version does not contain a hyperactivity 

factor, suggesting that this behavior is so common in samples of normal preschoolers that it 

lacks diagnostic validity as a factor for children under 6 years of age. 

Summary of Questionnaire Methods 

As was mentioned in the introduction to this chapter, the primary advantages to using 

questionnaire data to assess hyperactivity lie in the ease and economy of data collection. In 

addition, the data in a questionnaire are based on multiple observations of the child that are 

usually made over a long period of time and multiple settings. The researcher or clinician is 

simply not able to observe the child in as varied a number of settings or over as extended a 

period of time as a parent or teacher can. In addition, few hyperactive children are equally 

hyperactive in all settings, and the novelty and structure of the laboratory or clinic may be 

sufficient to settle,a t least temporarily, all but the most overactive child. Finally, asking the 

parents or teacher about the behavior has high face validity as the behavior is generally more 

salient to the adults in the child's immediate environment than it is to the child. 

The disadvantages of questionnaire data lie in the possible biases of parents and 

teachers, both for and against identifing children as deviant, and in the lay observer's 

unfamilarity with the base rates for certain behaviors in children. All children may be impulsive, 

inattentive, and over-active on occasion, and parents and teachers vary in their tolerance for 

variability in children's behavior. This problem has been noted in a number of studies. For 
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example, Aman and Turbott (1986) found that psychotic behavior , a factor on the Revised 

Behavior Problem Checklist (Quay & Peterson, 1983), was a significant predictor of omission 

errors on a vigilance type task in a study involving hyperactive and normal children in spite of 

an absence of psychotic behavior, such as hallucinations and incoherent speech in the 

children. Analysis of the items endorsed by parents suggested that a pattern of exuberant and 

impulsive speech had caused parents to endorse items that loaded on a psychotic factor. 

Parents of children who are not psychotic, and who are likely not to have had contact with 

psychotic children were endorsing items such as incoherent speech that intended to tap a 

different range of problems. Similarly, Goldman et al.(1983) point out that a parent, with little 

experience with child psychopathology, may endorse items intended to tap obsessive 

compulsive behavior when their child collects stamps or requires the same story read every 

night at bedtime. 

Finally, there may be areas of the child's functioning that are not known to the parent or 

teacher. Although this is not likely to be the case with an overt behavior such as hyperactivity, it 

may be critical in the diagnosis of other more subtly expressed childhood disorders, particularly 

depression. 
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Behavioral Measures of Hyperactivity 

The second method of assessing hyperactivity has been to observe the child directly 

and measure some aspect of the child's behavior, either instead of or in conjunction with 

questionnaire data. A wide variety of measures have been used to assess the behavior of 

hyperactive children. Changes in the types of measures used reflect changes in the way in 

which the disorder has been conceptualized. Early studies of hyperactive children (e.g., 

Christensen & Sprague, 1973; Ellis & Pryer, 1959; Schulkman, Stevens, & Kupst, 1977; 

Schulkman & Reisman, 1959; Sprague & Toppe, 1966) used a variety of measures of activity 

level in the laboratory. These measures reflected the view that the excessive motor activity was 

the central component of the disorder (Strauss & Kephart, 1955; Werry, 1968). Although such 

measures correlate well with one another, they tend not to be related to various measures of 

attention and often fail to discriminate between hyperactive and normal children. They are 

infrequently used at present. 

The failure of the various measures of activity level to discriminate between 

hyperactive and normal children has led to the idea that it is the inappropriateness of the 

child's activity level, rather than the quantity of motor activity, that characterizes the hyperactive 

child (Douglas, 1972; Ross & Ross, 1982). The qualitative aspect of the child's behavior is 

typically assessed using either a questionnaire such as the Connors, or by rating the child's 

behavior in the laboratory or the classroom, both in terms of the quantity of activity, and the

appropriateness of the activity to the demands of the environment. Classroom environments 

tend to make more demands on children to limit physical activity, to attend to a single task in the 

presence of distractions, and to conform to group rules than do home settings. Thus the 

hyperactive child's inappropriate behavior will be most noticeable in this setting and most 

easily observed and recorded. 

There are a number of observation schedules which have been developed to monitor 

the effects of various treatment programs on the child's behavior in the classroom (Abikkoff, 
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Gittelman-Klein, & Klein, 1977; Whalen, Collins, Henker, Alkus, Adams, & Stapp, 1978; Saxon, 

1977), and to assess the behavior of hyperactive children in research settings. Barkley and his 

associates (Barkley & Cunningham, 1979; Barkley, Karlsson, & Pollard,1985; Barkley, 

Karlsson, Strzelecki, & Murphy, 1984; Cunningham & Seigel, 1987) used a response-class 

matrix to score mother-child interactions. The subjects in each of these studies were 

hyperactive boys who were typically seen to assess the effects of different dosages of Ritalin 

on behavior. Both free play and structured tasks have been used in these studies and scored 

using this matrix. 

Hinshaw, Whalen, and Henker (1984) used scan sampling procedures to sample and 

record the social behavior of children participating in a study comparing the efficacy of 

cognitive behavioral and pharmacologic interventions for hyperactive boys. In a more recent 

study, Whalen, Henker, Swanson, Granger, Klewer, & Spencer (1987) used the same scan 

sampling procedure to assess natural social behavior in hyperactive and normal boys. 

Haslam, Dalby, & Rademaker (1984) used the Stony Brook Observational Code (O'Leary, 

Becker, & Evans, 1969) to assessed the effectiveness of megavitamin therapy on hyperactive 

children's classroom behavior. 

The advantages to direct observation of hyperactive children lie in the objectivity of the data 

collected. Trained observers can achieve high agreement rates, and using complex rating 

systems, can track complex social interactions, an area of difficulty for many hyperactive 

children. Additionally, natural environments, including the playground and the home, can be 

used increasing the ecological validity of the data base. The chief disadvantages to this 

method lie in the expense and time required to train reliable observers, and to collect the data. 

As well, there is the concern that the mere presence of an observer may disrupt the natural 

sequence of the interactions between the hyperactive child and his social environment. 
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The Assessment of Attention 

Recently, the shift in focus from hyperactivity to attention deficit disorder has led to 

increased interest in the direct assessment of the child's ability to attend. A wide variety of 

tasks have been used to assess attention in hyperactive children. Frequently, little thought has 

been given to the relationship of attention as a theoretical construct, and to attention as it is 

operationally defined by the task chosen. One of the problems inherent in taking attention 

demanding tasks from cognitive psychology and using them to assess hyperactive children is 

that the behavior of interest is not really attention but rather inattention or the absence of 

attention which appears to be the central defect in hyperactivity. When a task, such as a 

vigilance task, is borrowed from human-factors research, inattention is operationally defined in 

terms of errors of commission and increased response latencies as is the case in human 

factors research. This assumes that inattention in hyperactive children is the same as 

inattention in a motived adult subject, an assumption which seems dubious at best. 

Some of the tasks which have been used to assess attention in children are tasks 

which have been taken from experimental psychology such as those using reaction times as a 

dependent measure and those involving dual task paradigms whereas others have been 

developed to be analogs of those real life situations in which hyperactive children have 

problems. Table 4.1 provides examples of studies which have formally assessed some aspect 

of hyperactive children's attention or inattention. The tasks are placed arbitrarily in groups, 

based on the nature of the task. 
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Table 4.1 
The Assessment of Attention 

Task Authors Sample Results 

Reaction Time Tasks 

Delay RT Douglas & Parry (1983) 33hyperactives ADD children showed 
33 controls increased errors and 

longer RTs under 
noncontingent 
reinforcement. 

Choice RT Sykes et al., (1973) 

Simple RT 

20 hyperactive 
20 normal 

Zahn, Rapoport, & Thompson 15 hyperactive boys 

(1980) 14 normal boys 

No differences 
hyperactive and 
normal children. 

Stimulant medication 
had similar effects on 
attention and arousal 
in both groups. 

Visual Search Tasks 

Visual search Scholten & Sargent(1985) 3 normal No evidence of data 
3 hyperactive limited processing 
3 distractible defects 

in hyperactive subjects. 

Visual search Sargent & Scholten (1985) 3 normal 
Evidence of resource 

3 hyperactive limited processing 
3 distractible defects 

in hyperactive subjects. 

Dichotic Dreager et al.(1986) 
listening 

Dual Tasks 
15 ADD children 
15 normal children 

Dichotic Hiscock et al.(1979) 

Listening 

ADD performance 
below normals, 
more affected 
by presence of 
examiner normals, 
normals, 

20 hyperactive childrenNo diffferences 
20 normal children between 

the performance of 
hyperactive and 
normals 

Dichotic Loiselle et al (1980) 

listening 

12 hyperactive boys No differences between 
15 normal boys the groups 
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Table 4.1 (continued) 
The Assessment of Attention 

Vigilance Tasks 

Letter cancell-Aman & Turbott 
ation task (1986) 
(vigilance) 

32 ADD children ADD children made 
more omission and 
commission errors 

Children's - Brown & Wynne (1984) 
more 
Checking Task 
(vigilance) 

24 hyperactive Hyperactives made 

24 normal omission and 
commission errors 

Vigilance Dreager et al.(1986) 
(visual) 

15 ADD children ADD performance 
15 normal children below 

normals, more affected 
by presence of 
examiner 

Vigilance Goldman, Lerman, Contois 
& Udall (1986) 

8 preschool children Errors increased up to 
60 minutes after the 
ingestion of a highly 
sugared drink 

Two complex tasks using reaction time (RT) as a dependent measure were used by 

Sykes, Douglas & Morgenstern (1973). In the first of these, the Choice Reaction Time Task 

(CRTT), the child was required to attend to a screen on which two or more stimuli appear, and 

to push the appropriate response button. In the simplest condition, the child's task was to push 

the one of two response buttons which matched the stimulus on the screen. In the second 

condition, there were four possible stimuli and four buttons. In the third condition the 

backgrounds of the four stimuli and the four response buttons were discrepant. The latter was 

intended to serve as a measure of distractibility. The child's response time dictated the 

beginning of the next trial. Thus the task was self-paced and required focussed attention for 

relatively brief intervals. There were no differences between the hyperactive and normal 

children in any of the conditions although both groups experienced more difficulty with the 

second and third levels of the task. Douglas (1983) has interpreted these results to suggest 

that, when the hyperactive child's response is used to pace the administration of the task, and 

the task is relatively brief, differences between the performance of hyperactive and normal 

children do not occur. 
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A Delay Reaction Time (DRTT) task has also been used to assess attention in 

hyperactive and normal children. In this task, the child receives a warning signal, followed by a 

delay period terminated by a reaction signal. The child's task is to inhibit responding until the 

reaction signal is given, and then to respond as quickly as possible. Douglas and Peters 

(1979) have described the task as being like a miniature vigilance task in which the child has to 

become alert rapidly and sustain attention over a brief time. Douglas and Parry (1983) used 

this task to assess the effects of different levels of positive reinforcement on the performance of 

normal and hyperactive children. The normal children had shorter RTs in the reinforced 

conditions than during baseline, and had significantly shorter RTs when receiving partial 

reinforcement than during continuous reinforcement, as would be predicted by learning theory. 

However, the performance of the hyperactive children was facilitated under continuous 

reinforcement but was impaired during partial reinforcement. Douglas (1983) has interpreted 

these results in terms of the usually strong inclination of hyperactive children to seek immediate 

rewards. She has suggested than under partial reinforcement conditions, hyperactive children 

attend more to the presence or absence of the reinforcer than they do to the task demands. 

A somewhat similar pattern of results was found in a recent study involving a visual 

search paradigm (Scholten & Sargent, 1985; Sargent & Scholten, 1985). The task used was a 

modification of one used in studies of selective attention in normal adults (Sperling, 1984). In 

this study, the stimuli were letter arrays, flashed on a screen, to which the child had to respond 

when a specific letter was present in the display. The number of non-target or distracter letters 

present in the display varied, and in addition the stimulus was presented clearly in some 

conditions, and overlaid by a grid in other conditions, making it difficult to perceive. The latter 

condition was an attempt to create clearly perceivable and difficult to perceive stimulus 

arrays, in order to compare the processing of hyperactive and normal children under data 

limited conditions (Norman & Bobrow, 1975). There was no evidence that the hyperactive or 

distractible children had a defect on data limited processing. 
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The tasks were also administered to the same children under three sets of instructional 

demands, namely accuracy, normal, and speed in order to create conditions requiring 

resource limited processing (Norman & Bobrow, 1975) by using reinforcement (marbles) for 

fast and/or accurate performance . Errors or slow performance resulted in marbles being taken 

away Distractible and normal children were able to modify their strategies in response to task 

conditions but the hyperactive children had slower RT's under both speed and accuracy 

conditions. The authors interpret these results as evidence for a defect in resource limited 

processing, i.e. the hyperactive children had fewer resources available and so showed a 

performance decrement when they were required to allocate additional resources under the 

conditions of increased demand. However, an alternate explanation based on Douglas's 

(1983) model would be that the presence of reinforcers (and the threat of their loss) had an 

exaggerated hold on the attention of the hyperactive children leading to the performance 

decrements. 

Another paradigm, which has been borrowed from experimental studies of selective 

attention and used with hyperactive children is that of dual tasks. The most commonly used 

dual task, with hyperactive children, is dichotic listening. Two studies using dichotic listening 

with normal and hyperactive children (Hiscock et al., 1979; Loiselle at al., 1980) have failed to 

snow differences between the performance of normal and hyperactive children. Douglas 

(1983) has interpreted these results as evidence that, when the stimulus is of brief duration, 

hyperactive children perform as well as do normal children. 

The vigilance paradigm is another task that has been drawn from experimental 

psychology. and that has been used extensively with hyperactive children as a measure of 

sustained attention. A number of variants of the vigilance task have been used with 

hyperactive children (see Table4.1) but the pattern of results is consistent across the different 

types of vigilance tasks. Hyperactive children make more errors of omission and commission 

and show a greater performance decrement over time than do normal children on vigilance 
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tasks. Douglas (1983) reviewed the results of a number of studies which have used vigilance 

tasks to compare the performance of hyperactive and normal children, and concluded that 

hyperactive children consistently show deficits in maintaining attention over the time and 

defects in the inhibition of impulsive responses. 

A more sophisticated way to analyze the data from vigilance tasks is to use signal 

detection theory, as this method provides a measure of impulsivity (response criterion) that is 

separate from perceptual sensitivity. Sostek, Buchsbaum, & Rapoport (1980) used such 

techniques to analyze their data. Group differences for sensitivity only were found, suggesting 

that the hyperactive and normal groups differed in their ability to perceive the stimulus but not 

in their willingness to take risks, that is to be impulsive. A different pattern of results was found 

by Draeger, Prior, and Sanson (1986), using signal detection theory (SDT) to analyze the data 

from a visual vigilance task as well as a dichotic listening task. One difficulty with this 

methodology is that is is based on the calculation of differences between errors of hits and 

errors of commission or responses which occur when the target is not present. A number of 

authors (Herman et al., 1980; Steissguth et al., 1984) have noted that young normal children 

have very high commission error rates (e.g., several hundred in a few minutes). Use of SDT 

with this data assumes that these are true errors of detection, that is the child genuinely 

believes a stimulus to be present when it is not. This may not be the case with young children, 

as the high error rates may reflect a playful response to the equipment. This is an excellent 

example of the difficulties inherent where theory and experimental paradigms are borrowed 

from cognitive psychology and applied to hyperactive children. The assumptions which are 

made of subjects in cognitive psychology, namely that the subject is highly motivated and will 

respond correctly whenever possible are not necessarily valid when transferred to child 

Psychology and applied to hyperactive children. 

Another microcomputer-based alternative to the assessment of attention has recently 

become available. The Gordon Diagnostic System is a microcomputer which is 
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preprogramed to present a modification of the DRTT and the CPT to school children. All 

recording is done by the microcomputer and scored according to norms collected by the 

developers of the system (Gordon & McLure, 1983; Gordon & McLure, 1984). 

The Assessment of Impulsivity 

The second aspect of the hyperactive child's behavior that is frequently assessed in the 

laboratory is impulsivity. In Douglas's model, one of the four core components is an inability to 

inhibit impulsive responses. The latter defines the nature of the defect clearly, as it suggests 

that the difference between the hyperactive child and his normal peer is in observed behavior, 

namely that he is unable to stop himself from responding even in conditions where impulsive 

responses are penalized. 

Oas (1985) has defined impulsivity as "behavior which is socially inappropriate or 

maladaptive and is quickly emitted without forethought (p. 142)". In the laboratory, impulsivity 

is operationally defined in terms of response latencies and errors, particularly with the 

Matching Familiar Figures Test (MFFT), or in terms of commission errors on a vigilance task 

( See Table 4.2) . 

The MFFT is a paper and pencil test that was originally developed by Kagen (Kagen et 

al., 1964; Kagen, 1966) as a measure of impulsivity as opposed to reflectivity. This continuum 

of impulsivity-reflectivity was considered to be a dimension of conceptual tempo or style. A 

revised test with more items and more extensive norms was developed by Cairns and 

Cammock (1978). 

The MFFT has been used in hyperactivity research as a measure of impulsivity as a 

symptom of attention deficit disorder. The test requires the child to find the match to a stimulus 

item from an array of six items. The items are line drawings which vary only in small details. 

The task requires careful, visual search and decision making under conditions of high 

uncertainty (Messer, 1976). Different studies have used different dependent measures, 

including the total number of errors, response latency to the first item, and mean response 
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latency to all the items, making interpretation of the results across studies difficult. In addition 

Douglas (1983) has noted that hyperactive children are particularly sensitive to the instructions 

used and the emphasis given to errors or prompt responses. 

Table 4.2 
The Assessment of Impulsivity 

Task Authors Sample 

Paper and Pencil Tasks 

Results 

Matching Brown & Wynne (1984) 24 hyperactive 
FamiliarFigures 24 normal boys 
Test(MFFT) 

MFFT 

Hyperactives had 
shorter response 
latencies 

Brown, Borden, Wynne, 40 ADD children Cognitive therapy 
Schleser, & Clingerman (1986)some with conduct combined with methyl-

disorders as well phenidate was more 
effective than either 
alone 

MFFT 

differences 

deHaas (1986) 23 ADD children 
68 normal controls 

Normal boys were 
less impulsive than 
ADD boys, no 
between girls 

Vigilance Tasks 

Letter cancell-Aman & Turbott 
ation task (1986) 
(vigilance) 

32 ADD children 

Children's - Brown & Wynne (1984) 
Checking Task 
(vigilance) 

Vigilance Dreager et al.(1986) 
(visual) 

Vigilance Goldman, Lerman, Contois 

& Udall (1986) 

24 hyperactive 
24 normal 

15 ADD children 
15 normal children 

8 preschool children 

ADD children made 
more omission and 
commission errors 

Hyperactives made 
more omission and 
commission errors 

ADD performance 
below normals, more 

affected by presence of 
examiner 

errors increased up to 
60 minutes after the 
ingestion of a highly 
sugared drink 

The other way in which impulsivity is typically measured in hyperactivity research is as 

a function of commission errors on a vigilance task. As was noted previously (See chapter 2), 

there are difficulties inherent in the assumption that commission errors are true false alarms, 

When using a vigilance task with hyperactive children. Commission errors are more easily 

understood when they are considered to be an example of what Douglas (1983) has 
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characterized as an inability to inhibit impulsive responses. It is reasonable to assume that 

when a task is dull and nothing much is happening, the hyperactive child will respond to the 

decreased environmental stimulation by making random responses. These responses may be 

a means of adding the stimulation that the child needs to stay alert and able to respond to the 

critical events which do occur. 

The Assessment of Distractibility 

The third aspect of the hyperactive child's behavior which is frequently assessed in the 

laboratory is distractibility. Distractibility and impulsivity are two components of hyperactivity 

which are often thought of as aspects of the same process. In the natural environment, the 

hyperactive child appears distracted by events which are ignored by his more sanguine peers 

and in response to these social distracters responds impulsively and often inappropriately. 

Douglas (1983) has argued that the central defect which mediates this process is one of 

inhibition of impulsivity. She had previously argued (Douglas & Peters, 1979) that there was 

little evidence of differential rates of performance decrements between normal and hyperactive 

children under laboratory conditions designed to be distracting, particularly when certain 

constraints on the experimental design were met. 

In spite of the practical and theoretical challenges discussed, that make the 

conceptualization of distractibility difficult, the construct remains a popular in this area of 

research. See Table 4.3. 
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Table 4.3 
The Assessment of Distractibility 

Task Authors Sample Results 

Paper and Pencil Tasks 

Children's Brown & Wynne (1984) 
Embedded Fig-
ures Test (CEFT) 

24 hyperactive hyperactives made 
24 normal boys more errors 

CEFT Brown, Borden, Wynne, 40 ADD children 
Schleser, & Clingerman (1986) some with conduct 

disorders as well 

Cognitive therapy 
combined with methyl-
phenidate was more 
effective than either 
alone 

Handwriting Zentall, Falkenberg, & Smith 16 ADD adolescents ADD adolescents 
(1985) normal controls benefited more when 

additional stimulation 
(color) was added 

Incidental Learning Tasks 

Incidental Aman & Turbott 32 ADD children No differences between 
learning (1986) normal controls the groups 

Reading Tasks 

Stroop deHaas (1986) 23 ADD children ADD children made 
Reading Task 68 normal children more errors 

The simplest measure of distractibility is the Children's Embedded Figures Test or 

CEFT (Witkin, 1959). The CEFT is a paper and pencil task that requires the child to find a target 

figure embedded in a complex visual display. Dependent measures are response time and 

errors. It was originally developed as a measure of field dependence-independence. It has 

been criticized as a measure of distractibility by Douglas (1983) as it correlates highly with the 

MFFT which is usually considered to assess impulsivity and, like the MFFT, is highly influenced 

by the emphasis that the instructions place on speed versus accuracy. 

A more naturalistic approach was employed by Zentall, Falkenberg, & Smith (1985), 

using a handwriting task which varied in the use of color as a form of added stimulation. ADD 

adolescents were more influenced by the use of color than were normal controls matched for 

handwriting ability. 
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Another approach to the assessment of distractibility is to embed the distracter within 

another task One example of this approach is to use the Stroop Color Word Test (Stroop, 

1935). deHaas (1986) used this task to compare the performance of hyperactive and normal 

subjects and found that hyperactive subjects made more errors on the distraction condition. 

One problem with the use of this test with children is that it assumes reading is automatic 

unless interrupted by the presence of discordant information. While reading is likely to be an 

automatic skill in adults, it is likely to be a skill that is still effortful for young children, particularly 

for hyperactive children, whose academic difficulties are well known. This renders the 

interpretation of the results of experiments using the Stroop difficult. 

The other method of assessing distractibility is to measure incidental learning, by 

including supposedly superfluous material in the central learning task, and then assessing the 

child's ability to recall this material after the task is over. Aman and Turbott (1986) used a 

modification of the Incidental Learning Task (Hale & Piper, 1973) and a study involving normal 

and hyperactive school children. They found that the number of distracters recalled by the 

children in each group was independent of any of the other measures of hyperactivity used. 

Summary 

In summary then, a wide variety of tasks from cognitive psychology and other 

areas of psychology have been borrowed and used to assess attention, impulsivity, and 

distractibility in hyperactive children. Most of these tasks can be used to demonstrate 

differences between the performance of normal and hyperactive subjects in some situations. 

The challenge remains to fit the findings into a comprehensive model of why hyperactive 

children have so much difficulty with these simple tasks. 

In addition to the assessment of attention, impulsivity, and distractibility in relative 

isolation, there are a large number of complex tasks both learning tasks requiring 

Metacognitive strategies, and social tasks that involve interpersonal skills which can be used to 

demonstrate differences between the performance of hyperactive and normal children 
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(Cunningham & Siegel, 1987; Douglas, 1983; Gauze, 1987; Grenell, Glass, & Katz, 1987). 

Given the difficulty which hyperactive children have with simple tasks, it is not surprising that 

they experience difficulty with more complex tasks as well. However, a review of these tasks is 

beyond the scope of this chapter. 



Chapter 5 Problems with the Current Research 

This chapter is intended to review some of the methodological problems inherent to 

research in the area of hyperactivity. The specific problems to be addressed in this section 

include the selection of appropriate subjects, the choice of appropriate control subjects,the 

selection of dependent measures, and attrition rates. Each of these aspects of experimental 

design provide special challenges to the researcher working in this area. 

Subject Selection Criteria 

In reviewing the literature on hyperactivity, it is evident that various researchers in this 

area have used widely different procedures to recruit subjects, to assess their hyperactivity, 

and to exclude other disorders. The net result of these differences is that although most studies 

in this area have used hyperactive and normal controls, both hyperactive and normal children 

have been defined in a number of ways, so that the data are difficult to compare across studies. 

The first major difference in selection criteria is between studies that have used school 

based samples and those that have used clinical referrals. Hyperactive children are available 

for research purposes either through referrals to clinical treatment centres, such as child-

psychology and psychiatry clinics and neurology clinics, or through the schools. In large urban 

areas, where there may be more than one facility that treats hyperactive children, local referral 

Patterns may influence the type of hyperactive children referred to a particular study. Some 

clinics (particularly those that do not not charge fees) may receive a preponderance of children 

from dysfunctional families, whereas others may attract a different type of family. Douglas 

(1983) has proposed that differences in referral patterns may help to explain why some 

researchers, notably Loney and her associates (Langhorne & Loney, 1979; Loney, Langhorne, 

& Paternite, 1978), have found a higher rate of behavior and conduct disorders than have other 

researchers in this area. 

The other way in that researchers typically select hyperactive children is from the 

schools. Either children in normal classes are surveyed, usually using some version of the 

Connors scale, and those meeting some criteria for hyperactivity are assessed. The other 

89 
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option is to select children who have already been screened by the educational system and 

placed in some form of special class. The latter method is likely to bias the sample in favour of 

children who have more severe forms of hyperactivity, and are from from dysfunctional families 

(who are less likely to present at a child psychiatry clinic) unless family functioning is used as a 

variable in the selection process. 

The second issue in subject selection is the choice of a method by which hyperactivity 

is determined. The most common method is to use scores on the Connors scales, but as has 

been discussed in the preceding chapter, a number of different versions of the Connors scales 

exist, and different studies have used different cut-off scores. For example, Aman & Turbott 

(1986) used the 90th percentile for New Zealand children in their study whereas Zentall, 

Falkenberg, & Smith (1985) used scores above 9 on the first six items on the Connors Teacher 

Rating Scale. Other authors merely state that the children met DSM III (APA, 1980) criteria for 

ADD (Haslam et al., 1984) or have used the SNAP (deHass, 1986). In addition, some studies 

have noted that some or all the children were ADD-H (Barkley et al., 1985), whereas others 

have included both children meeting the criteria for ADD and for ADD-H. Some studies have 

used teacher ratings exclusively (e. g., Brown & Wynne, 1984; Zentall et al., 1985) while others 

have combined teacher and parent ratings (e.g., Draeger et al.,1986). Since the rates of 

agreement between parents and teachers in regard to hyperactivity are low (Sandberg, 1981;

Schachar et al.,1981), it is clear that these techniques will result in highly heterogeneous 

samples of hyperactive children. 
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Subject Selection Criteria 

Authors Sample Criteria 

Clinic Referrals 

Aman 8,1Trbott (1986) 32 ADD children --- i5c7e§617.--6nConnors 
32 normal children average la (Peabody) 
(some were sibling included ADD children with history 
controls) of meningitis, concussion, 

extreme prematurity 
no information on family functioning 

Barkley et al: (1985) DAM 111  forADT5—54 hyperactive 
children used parent data for Connors 

IQ 80+ (Peabody) 
no information on neurological 
status or family functioning. 

Irait3y et al. T1978T-----  28 hyperactive children clinical  judgement to 5-ssess 
hyperactivity 
used only those children who 
responded to favourably 
to Ritalin 
IQ 80+ ( Wechsler Intelligence 
Scale for Children or WISC) 
no evidence of brain damage, 
epilepsy or cerebral palsy 
no information on family functioning 

Douglas & Parry (1683) 33 hyperactives IQ 80+t/ISC) 
33 normal controls 

me D S and 
111 criteria for ADD 

(pren teacher ra 
free from emotional ngs)
problems, brain damage and from 
stable homes controls from same 
school 

children  aVera5ETCYTITeibodir-----  -- 
137eiVeTIFOTT6865---- 15 ADD 

15 normal controls used teacher or parent Connors 
controls were classmates 
no other data available 

writT 
ADD or ADD-H 
used parent or teacher 

dataused 
  foro Connors90 + 

(Wechsler Intelligence 
Scale for Children evised r WISCR) 
absence of affective disorders 
no information on neurological 
status or family functioning. 
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Table 5.1 (continued) 
Subject Selection Criteria 

Hiscock eraT.(197gr — 
diagnose 

Loiselle a—al-(198o)

Sykes et al., (1973)

20 hyperactive used response to Ritalin to 
children  hyperactivity. 
excluded children with hard 
neurological signs 

12 hyperactive boVITC5T36;TIT 
15 normal boys absence of sensory, motor and 

emotional problems 
normal controls from the schools 

20 hyperactive used cITiiTcaTTFfjeFient to assess
20 normal hyperactivity 

children judged to be of normal 
intelligence and free from emotional 
problems, brain damage and 
from stable homes 

hoot Referrals -- 

Brown & WinneT-T984) —  24 hyperactive used teacher's Co  iFOTeT—
used on os in special classes 24 normal boys 
no data given on normal controls 

Brown, Borden, WI n e hie s e r , 40 ADD children some with conduct disorders as well 
& Clingerman (1986) 

deHaas (1986] 23 ADD children used teacher SNAP ratings --
68 normal controls no IQ data 

no information on family functioning 

86I-TOireTi—&—SaIgeiTiF(T§B) riaTriiar used racer's observations in ---` 

Sargent & Scholten (1985) 3 hyperactive classroom 
3 distractible no data on IQ, family functioning, 

neurological status 

A third issue in subject selection relates to the use of exclusionary criteria. The studies 

of the McGill University group (Sykes et al., 1973; Douglas & Parry, 1983) appear to have 

employed the most stringent exclusionary criteria, excluding both children from dysfunctional 

families, and those with significant emotional problems and/ or neurological problems. In 

addition, both parent and teacher ratings of hyperactivity were used. Thus, the samples from 

these studies are likely to be more homogeneous. Other researchers have included children 

with significant history of neurological impairments (Aman & Turbott, 1986), or have ignored the 

issue altogether. 
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Finally, because hyperactivity is much more common in boys, some researchers have 

restricted their studies to male subjects (e.g., Barkley et al., 1985), while other have included 

girls (e.g., Douglas & Parry, 1983). Preiss and Huessy (1979) have suggested that hyperactive 

girls may be more conduct disordered than are hyperactive boys, so the inclusion of both 

sexes may increase the number of hyperactive and conduct disordered subjects. 

Choice of Appropriate Controls 

In addition to all the aforementioned problems with subject selection, the studies 

reviewed in Table 4.1 also vary in the way in which control subjects have been obtained. 

Thorley (1984) has been particularly critical of hyperactivity research for failing to include what 

he calls psychiatric controls. He has argued that, although the existing data base clearly 

supports the idea that hyperactive children are different from their normal peers, the data do not 

provide a way in which hyperactive children can be differentiated from other children with 

emotional and behavioral problems. In spite of these criticisms, none of the studies reviewed 

have attempted to provide a third group of children with some problem other than hyperactivity. 

In addition, the failure of several studies to exclude children with conduct disorders and 

learning disabilities confuses the issue still further. 

Most of the studies in Table 5.1 have provided little data on the control subjects beyond 

the fact that they were considered to be normal. Again, the studies of the McGill University 

group (Sykes et al., 1973, Douglas & Parry, 1983) stand out, as these studies used vigorous 

procedures to ensue the normalcy of their normal controls, and also matched them for grade 

and socioeconomic status with the hyperactive subjects. 

Selection of Dependent Measures 

The issue of the selection of dependent measures has been discussed in the previous 

Chapter on the assessment of attention, and will only be reviewed here. As Chapter 3 has 

indicated, a very wide range of tasks has been borrowed from other areas of psychology, and 

has been used with hyperactive children. With the exception of tasks intended to assess 
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distractibility, most attention demanding tasks, and measures of impulsivity will be sensitive to 

differences between the performance of hyperactive and normal children. There is less 

evidence that these deficits are unique to hyperactive children as opposed to children with 

learning disabilities, conduct disorders, and mild mental retardation, so that the finding of a 

difference between the performance of hyperactive and normal children does little to help 

clarify the specific nature of the attention defect in hyperactivity. 

The model proposed by Douglas (1983) provides one way to integrate the findings of a 

number of different studies. 

Another area of difficulty for researchers in the field of hyperactivity is that of differential 

attrition rates. This problem is not present in studies that involve only measures collected at a 

single point in time, but attrition rates become problematic in follow-up studies as well as in any 

design requiring measures collected on more than one occasion . For example, Firestone, 

Crowe, Goodman, and McGrath (1986) followed a group of hyperactive children for two years 

to assess the differential effectiveness of medication and parent training on the behavior of 

hyperactive children. Of the total sample of 73 children, only 22% were available for follow-up 

after two years. Attrition rates are likely to be biased in such a way as to eliminate those 

children whose behavior did not improve, and those whose families were more transient, 

yielding follow-up data on a highly selective subgroup of the original sample. Even in studies 

that involved shorter time frames, attrition rates remain problematic. 

Summary 

The intent of the revisions of DSM, namely DSM III and DSM-III-R (APA, 1980; 1987) 

was, in part, to help clarify the diagnosis of psychopathological disorders in children and 

adults. In the case of hyperactivity, the term hyperkinesis was withdrawn and the terms 

Attention Deficit Disorder and later Attention DEficit/Hyperactivity Disorder were substituted. 

Conduct disorders were recognized in a separate disorder. Yet in spite of these improvements 

in the conceptualization of the disorder, the research in this area remains chaotic. There are 
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no currently agreed upon operational definitions of hyperactivity, as different researchers have 

used different versions of the Connors scales or have used different cutting scores (see pages 

58-59), or have used the SNAP. In addition, because DSM 111 criteria (APA, 1980) include 

children with co-existing conduct disorders and neurological problems with hyperactivity, some 

authors have included such children in their hyperactive samples and other have specifically 

excluded such children. Thus, the net result of the changes from hyperkinesis to ADD and then 

to ADHD has been to change one set of diagnostic problems for another, rather than to resolve 

the more basic issues. 

In summary, research on hyperactive children is characterized by the use of widely 

different criteria for subject selection, selection of control subjects, and choice of dependent 

measures. The net result of this lack of standardization across studies is that the results form a 

heterogeneous mass from which it is difficult to draw inferences about the exact nature of the 

disorder. 



Chapter 6 Introduction to Present Study 

The purpose of the present study was investigate the nature of the symptoms of 

hyperactivity and attention problems in children with fetal alcohol syndrome and fetal alcohol 

effects, using Douglas's model of attention deficit disorder. Fetal alcohol syndrome and fetal 

alcohol effects are one of the most common forms of mental retardation (Streissguth, 1986) 

and may also be responsible for more subtle defects in attention and social behavior in 

otherwise normal children. FAS children have frequently been described in the literature as 

hyperactive, but the more specific nature of their disability is unknown. Although these children 

may appear over-active to the clinician, there has been no attempt to assess this hyperactivity 

in a formal way. It is not clear whether these children are only hyperactive in some situations or 

are hyperactive across a wide range of environments. In addition, it is not known whether their 

hyperactivity presents problems to their parents. 

The first goal of the present study was to determine whether or not FAS children were 

judged by their parents to be hyperactive using traditional questionnaire methods of assessing 

this behavior. 

The presence of hyperactivity by itself in children with FAS and FAE does not 

automatically mean that these children have problems with attention. Although the terms 

hyperactivity, ADD and ADHD are often used interchangeably, they are not synonymous. 

Children with FAS and FAE may be over-active but able able to attend appropriately when the 

task demands are within their capabilities. In ADD and ADHD, the primary defect is 

hypothesized to be an inability to attend, and the over-active and inappropriate behavior is 

generally thought to be a consequent of central defect in attention. Children may be over-

active but not inattentive and they may be inattentive without being over-active. 

Over-activity is term used to describe overt behavior in children. However, attention 

deficits do not refer directly to behavior. Rather, they are complex constructs that are inferred 

from behavior on a specific task or in specific situation. They are operationally defined by 
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performance on tasks that are thought to be attention demanding. Inattention is usually defined 
in terms of difficulty with some aspect of an attention-demanding task, either by comparing 

performance over time for the same subject or by comparing performance between groups of 

subjects. 

The second goal of this study was to assess attention in children with FAS and FAE, by 

comparing the performance of a group of children with FAS and FAE to that other other 

children who were diagnosed as having problems with hyperactivity and attention (i.e., ADD) 

and to normal children using a number of attention demanding tasks. 

Inattention in children with hyperactivity has been assessed using a wide variety of 

tasks including analogs of classroom and other real situations and attention demanding tasks 

taken from cognitive psychology. A wide variety of tasks have been found to discriminate 

between the performance of hyperactive and normal children. The model of attention deficit 

disorder proposed by Douglas (1983) represents one way that the findings of a number of 

different studies can be synthesized. It was used in this study to provides a framework for 

assessing attention in children. 

Specificity of the Measures of Hyperactivity 

Hyperactivity, the syndrome, is typically assessed using either questionnaire data from 

Parents or teachers or by measuring some aspect of the child's behavior directly. In general, 

tests are considered to be sensitive when they able to detect the presence of a condition or 

disorder. Tests are specific they are able to give a negative finding when the disorder is not 

present in the individual being tested. Thus ideal measures of hyperactivity should sensitive, 

that is able to detect hyperactivity when it is present, and they should also be specific, that they 

should be able to discriminate between hyperactive and other subjects. 

In the present experiment, the two types of measures chosen; questionnaire data and 

attention demanding tasks represent different levels of diagnostic assessment for the ADD and 

FAS groups. The ADD children were selected for inclusion in this study because they 
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demonstrated that they met the criteria for ADD as defined in DSM III. For this group of 

children, the measures used help to confirm the presence of the syndrome of ADD. In the case 

of the FAS children, the data are intended to address the issue at the symptom level. The 

measures were chosen to assess the extent to which children with FAS had some or all of 

symptoms associated with the hyperactive syndrome as defined by DSM III. 

If the questionnaires and attention-demands tasks used are specific, then they should 

be able to discriminate between ADD and normal children. If the measures used are sensitive, 

then they should be able to discriminate between the ADD and FAS children, assuming that 

these two disorders are separate diagnostic entities. 

Subject Pool 

Previous research (Nanson et al., 1981, Nanson, 1982) had identified a pool of young 

children with FAS and FAE, following the diagnostic criteria of Rosett and Weiner (1980). 

These children had been noted to be hyperactive during psychological assessments but no 

attempt had been made to quantify this behavior or to compare the frequency and severity of 

the hyperactive behavior in children with FAS and FAE to other groups of children. In addition, 

inattention and impulsivity had been noted as problems during psychological assessments but 

these behaviors had not be formally assessed. This study was designed to assess the extent 

that a subgroup of the original sample were hyperactive and inattentive, using more formal, 

quantifable measures of hyperactivity and inattention. 

The present study used data collected from two sources, the parents of the children 

and the children themselves. The original proposal called for data collection from the 

children's teachers as well in keeping with the traditional reliance on teachers as a data source 

in the diagnosis of hyperactivity. However, the children referred to the study came from such a 

large number of different school districts in both urban and rural settings that obtaining consent 

to conduct research in each school jurisdiction proved impractical. Therefore, teacher ratings 

were dropped from the analysis. 
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Two types of data were collected; (a) questionnaire data from the parents and (b) data 

from attention-demanding tasks administered to the children. The questionnaire data were 

collected to assess the extent that FAS and FAE children appeared to their parents to be 

hyperactive, inattentive or impulsive. Although, FAS children have been reported by clinicians 

to be hyperactive during psychological assessments and medical examinations, no data was 

available on the parents' perceptions of the child's behavior. A child may be hyperactive 

during psychological assessment without this behavior being dysfunctional in other settings in 

the home and in the school. Parents observe their child in a wide variety of settings and 

receive information about their child's functioning in school. They are able to judge whether or 

not the child's behavior is dysfunctional in everyday life. The use of questionnaire data from 

the parents in this study was intended to assess whether or not FAS children were hyperactive 

and inattentive in a wide variety of settings. The data from the children were collected to 

assess attention and impulsivity directly using attention demanding tasks. These tasks were 

chosen to fit within the model or attention deficit disorder proposed by Douglas (1983). 

Three groups of children and their parents were used in this study, children with FAS 

and FAE, children with ADD (who were considered not to be FAS or FAE) and normal children. 

All parents completed the Connors, SNAP and Achenbach questionnaires. The children were 

assessed using a short form of the WPPSI or WISC-R, the Choice Reaction Time Task, the 

Delay Reaction Time Task, and the Continuous Performance Task. 

Hypotheses 

The specific hypotheses tested in this study are listed below: 

1. The normal children would have lower scores on each of the parent questionnaires; 

the Connors Scale, SNAP and Achenbach, than either of the FAS or ADD children . 

2. There would be no differences between the FAS/FAE and ADD/ADD-H children on 

the Connors, SNAP, or Achenbach scales. 



100 

3. The Connors Scale and the SNAP would show substantial correlations in each of 

the three groups. 

4. There would be no differences between the performance of any of the three groups 

(Normal, FAS, ADD) on the performance of the Choice Reaction Time Task, because it is self 

paced and requires the maintenance of attention and effort for brief periods of time. This task 

was intended to be a control task. Previous research (Sykes et al., 1973) had shown no 

differences between the performance of hyperactive and normal children on this task. 

5. The FAS and ADD children would difficulty with the investment, organization and 

maintenance of attention and effort over time on the Continuous Performance Task. This 

difficulty would be manifested in the form of longer reactions times and more omission errors, 

with FAS children having more difficulty than the ADD children. 

6. The FAS children would have more impulsive responses on the Delay Reaction 

Time Task than would the ADD children, who in turn would have more impulsive responses 

than the normal children. 

7. The FAS and ADD children would both show difficulty with the modulation of 

arousal levels to meet situations demands on the Continuous Performance Task, with the FAS 

children having more difficulty with this aspect of attention than the ADD children. 

8. The FAS and ADD children would have a stronger inclination to seek immediate 

reinforcement than the normal children. Thus, they would respond to the partial reinforcement 

on the Delay Reaction Time Task with longer reaction times as compared to the non-reinforced 

conditions Furthermore, it was predicted that this effect would be greater for the FAS children 

than for those with ADD. 

Operational Definitions 

The following operational definitions were used in this study: 

1. Hyperactivity was defined in terms of scores on the Connors, SNAP and Achenbach 

hyperactivity scales. 
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2. Difficulty with the investment, organization and maintenance of attention and effort 

for brief periods of time was defined in terms of increased reaction time and larger error scores 

on the Choice Reaction Time Task. 

3. Difficulty with the investment, organization and maintenance of attention and effort 

for sustained periods of time was defined in terms of increased reaction time and larger error 

scores on the Continuous Performance Task. 

4. The inability to inhibit of impulsive responses was defined in terms of increased 

commission errors on the Delay Reaction Time Task. 

5. Difficulty with the modulation of arousal levels to met situational demands was 

defined in terms of a performance decrement, consisting of increased reaction time and an 

increased number of omission errors as the task progressed on the Continuous Performance 

Task. 

6. An unusually strong inclination to seek immediate reinforcement was defined in 

terms of increased reaction times on the Delay Reaction Time Task under conditions of partial 

reinforcement. 

Before the specific methodology of this dissertation is presented, the studies upon 

which this research was based are reviewed. These studies have been presented 

conceptually in Chapters 3 and 5. The purpose of the review here is to highlight the details of 

methods used prior to presenting the methodology of this project.

The Choice Reaction Time task (CRTT) was used by Sykes et al. (1973) and was found 

not to discriminate between normal and hyperactive subjects. During the administration of the 

CRTT the child was required to attend to a screen on which two or more stimuli appeared. In 

the simplest condition, the child's task was to push the one of two response buttons which 

matched the stimulus on the screen. In the second condition, there were four possible stimuli 

and four matching buttons. In the third condition, which was intended to serve as a distraction 

condition, the four stimuli and the four response buttons were discrepant. The child's response 
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time dictated the beginning of the next trial so that the task was self-paced and required 

focussed attention for relatively brief intervals. Subjects were normal and hyperactive children 

of normal intelligence aged 5 to 12 years. For each task there were 4 practice trials followed by 

12 experimental trials. Timing was in 10 msec. intervals. There were no differences between 

the hyperactive and normal children in any of the conditions although both groups experienced 

more difficulty with the second and third levels of the task. There was also no significant 

relationship between IQ and reaction time . Douglas (1983) has interpreted these results to 

suggest, that when the hyperactive child's response is used to pace the administration of the 

task and the task is relatively brief, then differences between the performance of hyperactive 

and normal children do not occur. 

A Delay Reaction Time task (DRTT) has also been used to assess attention in 

hyperactive and normal children (Douglas & Parry, 1983; Firestone & Douglas, 1975). In this 

task the child receives a warning signal followed by a delay period which is terminated by a 

reaction signal. The child's task is to inhibit responding until the reaction signal is given and 

then to respond as quickly as possible. Douglas and Peters (1979) have described each trial 

of the task as being like a miniature vigilance task in which the child has to become alert 

rapidly and sustain attention over a brief time. 

The DRTT task has also been used to assess the effects of different rates of 

reinforcement on the performance of hyperactive and normal children (Douglas & Parry, 1983).

In the study involving differential rates of reinforcement, presentation of the reaction time trials 

was controlled by tape recorder that presented two tone stimuli on each trial. The first was a 

warning signal that was played to the subject via earphones. The child pressed a key in 

response to this warning tone. The second tone, not hear by the child, activated the reaction 

time stimulus light, 10-Sec after the onset of the warning tone. The light was turned off when 

the child lifted his finger from the reaction key. Reaction time was measured in 10-msec 

intervals. There was a 6-sec. interval between reaction time trials. After three practice trials, 
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the baseline series of 15 trials was run. This was followed by a 2-min. rest after which the child 

received one of the three rewarded series of 15 trials and then a block of 15 extinction trials in 

which no rewards were given. Three levels of reward were used: a continuous reward group 

in which the children received 100% social (very good, excellent, very fast) reinforcement; a 

partial reinforcement condition in which alternate trials were reinforced, and a noncontingent-

partial group in which a random pattern of trials was reinforced. The total number of reinforced 

trials in this third condition was also 50%. 

The subjects in the Douglas and Parry study (1983) were clinically hyperactive 

children and normal controls . The hyperactive children showed significantly longer reaction 

times across all conditions as compared to their normal controls. The normal children showed 

shorter reaction times in both partial and continuous reinforcement conditions when compared 

to their performance during baseline and extinction trials. However, the hyperactive children 

showed the opposite effects, namely their reaction times increased under partial reinforcement 

when compared to baseline and extinction trials. In addition, analysis of the standard 

deviations of the reaction times across the various conditions showed than the performance of 

the hyperactive subjects was more variable than than of control subjects over all conditions. 

Variability of the hyperactive children's reaction times was reduced during the reward 

conditions relative to baseline or extinction conditions. There were no significant differences in 

variability of reaction time of the hyperactive subjects across the three reward conditions. No 

data were given regarding the relationship of intelligence to any of the dependent measures 

used. 

In an earlier experiment with the same task, hyperactive children responded more 

impulsively during conditions of 100% reinforcement than during baseline trials. With 100% 

reinforcement, they responded to the delay signal as well as to the stimulus (Firestone & 

Douglas, 1975). Douglas (1983) has interpreted these findings, together with those of Douglas 
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and Parry (1983), as evidence of the exaggerated hold which reinforcers have on the 

performance of hyperactive children. 

The Continuous Performance Task (CPT) was selected for inclusion in this study as a 

measure of sustained attention. The original version of this task (Herman et al., 1980) used a 

drawing of a house with a cellophane-covered cut-out designed to look like a window. The 

critical stimulus was a cut-out silhouette of a cat that appeared in the window on 16 occasions 

for 0.5-sec. intervals throughout the 12-minute task. Subjects were 3-and 4-year-old children 

born to recovered alcoholics who had abstained throughout their pregnancy or to alcoholics 

who drank throughout the pregnancy or to non-alcoholics who drank little or nothing through 

pregnancy. The total sample consisted of 28 children. These subjects were a subgroup of a 

large study of the effects of maternal alcohol intake during pregnancy on the child's later 

development (Streissguth, Little, Herman & Woodell,1979). CPT data consisted of the number 

of correct responses and number of errors of commission. The number of correct responses 

was not related to the mother's prenatal alcohol intake but was related to IQ ( as measured by 

the Stanford Binet). Analysis of the errors of commission was difficult because of the large 

number of responses made. Some children made several hundred button pushes while 

others responded to each critical stimulus with a burst of button pushes. The authors 

commented that the nature and meaning of errors of commission on a vigilance task with 

young children cannot be clearly understood. 

In the second study (Streissguth et al., 1984), the original task was modified to include 

25 critical events during a 13 minute task. Reaction time, number of correct responses (or, 

conversely, errors of omission) and errors of commission were recorded. Subjects in this study 

were 377 4-year-old children who formed one cohort of a prospective, longitudinal study on the 

effects of maternal drinking during pregnancy (Streissguth et al., 1981). Mothers in this study 

Were either abstainers or social drinkers. None of the children in the study met the criteria for 

FAS or FAE. Both alcohol exposure and nicotine exposure during pregnancy were 



105 

significantly related to errors of omission, to errors of commission, and to the ratio of correct 

responses to the total number of responses even when a large number of other variables 

including social class, maternal IQ and education, and birth order were controlled for in the 

analysis. Prenatal exposure to alcohol, but not to nicotine, was significantly related to mean 

reaction time, with those children exposed to more alcohol in utero showing the longest 

response latencies. Errors of commission continued to be very frequent with some children 

responding as often as 860 times during the 13 minute task. 



Chapter 7 Method 

Subjects 

Sixty children aged 5 to 12 years participated in the study. There were 20 subjects in 
each of the three groups, normal children; those with FAS and FAE and those with 

ADD/ADDHD 

FAS subjects were recruited from a pool of children diagnosed as FAS or FAE 

following the criteria set forth by Rosett and Weiner (1980). These children are part of a 

longitudinal study of FAS and FAE at the Alvin Buckwold Centre, a mulitidisciplinary clinic for 

persons with mental retardation and other developmental disorders within the Department of 

Pediatrics, University Hospital, Saskatoon (Habbick & Zaleski, 1980; Nanson et al., 1981, 

Nanson, 1982). Children within the age range of 5 -12 years were selected for possible 

inclusion if they met the following additional criteria: 

1. Previous intellectual assessment had resulted in an IQ of 75 or more (on either a 

Wechsler or the Stanford Binet Scale). 

2. The referring physician judged the child to be free from neurological impairments 

caused by conditions other than prenatal exposure to alcohol. For example, this excluded 

children with hydrocephalus, cerebral palsy, and other postnatal CNS trauma. 

3. presently living in a stable, English speaking home. 

4. living within 300 km of Saskatoon. 

Thirty-five children from the total pool of FAS patients met all of these criteria. Parents 

or foster parents of these 35 children were contacted by letter by the Medical Director of the 

centre and asked to participate in the study. (A. copy of the letter to the parents and the 

consent form used are contained in Appendix A.). Twenty three parents returned the enclosed 

consent form and from these permission was given for 21 children to be seen. Parents who 

gave consent for the child to be seen were contacted by telephone to answer any questions 
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and to arrange an appointment. One child was later dropped from the analyses as he was 

unable to follow the instructions and instead responded randomly. 

The majority of the children with FAS had been diagnosed early in life and all but two 

were living in adoptive homes or stable, long-term foster placements. The remaining two were 

being cared for by parents who had recovered from their alcoholism. All the children spoke 

English as a first language although the majority were of North American Indian origin. Only 

one child was on stimulant medication. This child, who was currently being treated with 

methylphenidate (Ritalin),was seen after he had been off medication for 24 hours. This is a 

common practice in studies of hyperactive children as Ritalin is considered to have a short half 

life so that a 24 -hour washout period is considered sufficient (Cunningham & Barkley, 1979;

Grenell, Glass, & Katz, 1987). 

Attention deficit disorder subjects were recruited from a pool of children diagnosed as 

ADD/ADD-H following the criteria set forth in DSM 111(1980). These children who are followed 

by the Division of Child Psychiatry, Department of Psychiatry, University Hospital, Saskatoon. 

Children within the age range of 5 -12 years were selected for possible inclusion if they met the 

following additional criteria: 

1. Previous intellectual assessment had resulted in a 1O of 75 or more (on either a 

Wechsler or the Stanford Binet Scale). 

2. The referring physician judged the child to be free from neurological impairments 

other than ADD. For example, this excluded children with seizures, cerebral 
palsy, and other

Postnatal CNS trauma. Also excluded were children with a history of excessive maternal 

drinking during pregnancy. 

3. Presently living in a stable, English speaking home. 

4. Living within 300 km of Saskatoon. 

Forty-five children from the total pool of ADD patients met all of these criteria. Parents 

or foster parents of these 45 children were contacted by letter by the child psychiatrist presently 
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treating their child and asked to participate in the study. (A. copy of the letter to the parents and 
the consent form used are contained in Appendix A). Twenty-six parents returned the 

enclosed consent form and of these permission was given for 22 children to be seen. Parents 
who consented for the child to be seen were contacted by telephone to answer any questions 
and to arrange an appointment. One child was later dropped from the analyses as she was 

later found to function currently within the mentally retarded range. One other child was 

excluded from the study because, although his parents gave consent to participate they replied 

too late to allow his inclusion in the study. The majority of the ADD/ADD-H subjects were 

currently being treated with either methylphenidate (Ritalin) or pemoline (Cylert). All subjects 

were seen after they had been seen off medication for at least 24 hours. One subject was 

being treated with a restricted diet (Feingold, 1975) exclusively (against the advice of the 

consulting child psychiatrist) and was seen during a relaxation of the diet during a school 

vacation. 

Normal subjects were recruited in two ways. Adoptive and foster sibling controls of the 

FAS/FAE and sibling controls ADD/ADD-H subjects were used when available, and in addition, 

normal children of staff at the Alvin Buckwold Centre and the Department of Psychiatry were 

also used to increase the sample size. All normal children met the following criteria: 

1. No history of delayed development; congenital abnormalities, excessive maternal 

drinking during pregnancy, or other evidence of intellectual problems. 

2. Free of neurological impairments including ADD and ADD-H. 

3. Presently living in a stable, English speaking home. 

4. Living within 300 km. of Saskatoon. 

A total of 22 normal children were recruited via the two methods, five of whom were of 

North American Indian origin. Two subjects were later dropped from the analyses as they 

>, 138), a level above that of any of the FAS/FAE or 
functioned within the gifted range 
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ADD/ADD-H subjects. None was currently receiving stimulants or other psychotropic 

medications. 

In summary, a total of 60 children, 20 in each diagnostic group, (normal, FAS, and 

ADD) were seen. 

Measures 

The questionnaire measures chosen were Connors Abbreviated Parent Teacher

Questionnaire (Connors, 1973); the SNAP (Swanson, Nolan & Pelham, 1981), and the

Achenbach Child Behavior Checklist (Achenbach & Edelbrock,1978). The Connors was 

chosen because it is the most commonly used method of assessing hyperactive behavior and 

of monitoring the child's response to treatment. The SNAP was chosen because it is an 

elaboration of the DSM 111 criteria for the diagnosis of ADD and ADD-H and also includes a 

brief section on peer relationships, an area of difficulty for many hyperactive children. The 

Achenbach was included to ensure the normalacy of the normal subjects over a wider range of 

behavior than is sampled by the SNAP and Connors scale and to detect additional behavior 

problems in the two clinical groups. 

Intelligence was assessed using a short form (Vocabulary and Block Designs subtests) 

of either the Wechsler Intelligence Scale for Children - Revised (WISC-R) or Wechsler 

Preschool and Primary Scale of Intelligence (WPPSI), depending on the child's age. This 

Pair of subtests was been chosen because it constitutes the most reliable short form of the 

WISC-R. and WPPSI. The IQ estimate derived from these two subtests correlates highly (r = 

.90) with Full Scale IQ (Sattler, 1982). Full Scale IQ's were estimated using the Deviation 

Quotient formula (Sattler, 1982) which corrects for the reliabilities of the subtests. 

A total of three attention-demanding tasks were selected from the literature on 

hyperactivity and attention deficit disorder. These tasks were used to assess different aspects 

of attention defects as identified in Douglas's model (1983). The defects proposed by Douglas 
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are not task specific but rather occur over a wide range of simple and complex tasks. In 

selecting tasks from the total pool available, the following criteria were used: 

1. The task had been previously used in studies of normal and hyperactive subjects. 

2. The task would highlight differences in attention between the groups as opposed to 

other differences between the groups. Therefore , simple tasks were chosen rather than more 

complex ones so that the cognitive demands of the tasks were minimized. 

3. The task did not require an oral answer or complex auditory processing. This 

criterion was imposed because children with FAS have been reported to have language 

defects (Isobub et al., 1981; Hamilton, 1981). 

The three tasks chosen were the Choice Reaction Time task; the Delay Reaction Time 

task, and a vigilance or Continuous Performance task. Behavioral observations in a 

naturalistic environment were not included in this study because the data from this type of 

measure is not central to Douglas's model of attention deficit disorder and because of the 

practical difficulties associated with training reliable observers and developing a naturalistic 

setting where behavior may be observed. 

The GRIT was included in this study to serve as a control task. It was predicted than 

there would be no differences between the performance of any of the three groups (Normal, 

FAS, ADD) on the performance of this task as it was was self paced and required only brief 

periods during which the child had to attend. 

The DRTT was selected for inclusion in this study as a measure of selective attention. It 

was administered under two different levels of reinforcement to test Douglas's contention that 

hyperactive children respond to reinforcement, particularly noncontingent reinforcement, in 

Ways that are different from that of the response of normal children. 

The measure of sustained attention.selected for inclusion in this study was the 

Continuous Performance Task (CPT). A large number of vigilance tasks have been developed 

for use with adults and children to assess sustained attention . The one chosen for this 
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experiment was a modification of one used by Streissguth (Herman et al., 1980; Streissguth et 

al., 1984). This task was chosen rather than the more conventional forms of the CPT that use 

letter sequences because it had been modified to suit young children and had been shown to 

be suitable for normal children as young as four years (Herman et al., 1980). 

Each of the four components of Douglas's model of the attention deficit in hyperactive 

children was assessed by administration of one or more of the three tasks chosen. The 

relationships amongst the hypotheses, operational definitions and the model of hyperactivity 

are summarized in Table 7.1 

Table 7.1 
Hypotheses 

Douglas's Model Measure 

Investment, Organization, and CRTT 
Maintenance of Attention and 
Effort 

CPT 

Inhibition of 
Impulsive Responding 

Modulation of Arousal 
Levels to Meet Situational 
Demands 

An Unusually Strong 
Inclination to Seek 
Immediate Reinforcement. 

DRTT 

CPT 

DRTT 

Predicted Effects 

No differences 
between groups 

Longer reaction times in 
clinical groups; 
FAS>ADD>normal. 
More omission errors in 
clinical groups; FAS>ADD> 
normal 

Increased commission 
errors; FAS> ADD> 
normal 

Performance decrements 
over time; FAS> ADD> 
normal 

Greater response 
decrement in partial 
reinforcement conditions; 
FAS> ADD> normal 
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Apparatus 

All three tasks were administered using a Macintosh (Apple) microcomputer. The 

necessary software was written in C programming language using a MegaMax C 

Development System, Version 3.0 (MegaMax,1985). For each task, the central processing 

unit or CPU recorded, in memory, the responces in 16.67-msec units (or tic counts) and 

recorded correct responses and errors. Following the completion of each child's protocol, a 

data file was availble in memory which listed all of the data recorded. 

For each task, the child sat at a small table and faced the computer monitor. The 

response box, or mouse, was placed on the table between the table edge and the monitor. A 

small mat was used to limit movement of the mouse on the table top. The experimenter sat at 

the child's side, opposite to the child's dominant hand and had access to the computer 

keyboard. All the child's responses were made using the mouse, which is an external 

response box with a push button. The mouse rolls on the table top via a ball embedded in the 

bottom of the box. It is connected to the central processing unit by a cord. Movement of the 

mouse can be used to control the movement of the cursor and other events occurring on the 

screen. The mouse button also can be used to control events occurring on the computer 

screen. In the present study, subjects depressed the mouse button as a means of responding 

to the critical event. Reaction times were defined as the elapsed time from the first screen fill 

with the critical event to the time when the child depressed the mouse button, and were 

Measured 1/60 msecs (16.67) units because the central processing unit of the computer fills 

the screen in these pulse units and also samples external events such as the key board, 

Mouse movements, and button presses in the same units. The CPU recorded, in memory, the

responces in 16.67-msec units (or tic counts) and recorded correct responses and errors. 
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Only the first condition of the CRTT, which entails two choices was used in this 

experiment. The CRTT was adapted to the Macintosh environment by using the screen to 

present the stimuli and allowing the child to control the cursor by moving the mouse. When the 

cursor had been positioned to select the appropriate response, the child depressed the mouse 

button to indicate that the choice had been made. The mouse button was also used to start 

each new trial. During this task the computer showed two parallel, vertical windows. The right 

window remained constant throughout and displayed a small black circle and small black 

square on a pale grey background. Equidistant between these stimuli was a small box, inside 

of which was the word ready?. At the beginning of each trial, the left window was blank. The 

child using the cursor, aligned the cursor with the word ready? and clicked the button on the 

mouse. The left window then filled with either a black circle or square. The child's task was to 

move the cursor to the circle or square in the right window and depress on the button on the 

mouse. See Figures 7.1, 7.2, & 7.3 for depictions of the screen during the task. A response 

that was not aligned with either the response circle or square resulted in an error being 

recorded. The computer recorded, im memory, time from the onset of the stimulus in the left 

window until the circle or square in right window was selected and also recorded whether or 

not the response was correct. Depressing the mouse button also caused the window to clear. 

The child then realigned the cursor with the "ready ?" to begin the next trial. Thus the timing of 

the trials was at the child's control. The average duration of the attention-demanding portion of 

each trial was 6.6 seconds. Once the instructions had been given and the task had begun, 

communication between the experimenter and the child occurred only if it became necessary 

to remind the child to watch the screen. 
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read ? 

Figure 7.1 CRTT Screen at the Start of Each Trial 

read ? 

Figure 7.2 CRTT Screen Displaying a Square Stimulus 
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read ? 

Figure 7.3 CRTT Screen Displaying a Circle Stimulus 

The instructions to the child were as follows: 

This is a computer. You can make this pointer (Experimenter <E> 

points to cursor on the screen)move on the screen with this box . The 

box is called a mouse (E demonstrates the mouse moving on the table 

top). I want you to watch the screen here (E points to left side of 

computer screen). If a circle appears over here you are to run the 

pointer from here (E points to the ready box) to this little circle (E points 

to lower right side of screen) and then tap the button on the mouse. If 

a square appears over here ( E. points to the upper left screen), you 

are to run the mouse from here (E points to the ready box) to this little 

square and then tap the button on the mouse. Are you ready ?- Let's 

try 
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The child received several practice trials of moving the cursor on the screen between 
the two response windows before the experimental trials were administered. Practice trials 

were discontinued when the child was adept at moving the cursor on the screen. Twelve 

circles (c) and 12 squares (s) were presented in the same random order to each subject. The 

increase in the number of trials presented from the 12 used by Sykes et al. (1973) to 24 was 

intended to compensate for the loss of precision inherent with timing in 16.67 msec intervals as 

opposed to 10 msec intervals. 

Only the two conditions of the DRTT were used in this experiment: (1) no reinforcement 

and (2) noncontinuous, random reinforcement. The DRTT was adapted to the Macintosh 

environment by using the screen to present both the visual and auditory stimuli and by having 

the child use the mouse button as a switch to indicate that the stimulus had been seen. During 

this task the computer screen showed two parallel, vertical windows. The right window 

remained constant through0ut and displayed a small box in the centre, inside of which was the 

word "ready?". When the task began the left window was blank. After the task was explained 

to the child he or she aligned the cursor via the mouse with the word ready? The experimenter 

then began the trial by pushing a keyboard key to activate the computer. Following this there 

was a delay of 6 sec. followed by a warning tone administered by the computer at 1100 hertz 

for 1 sec. The child's task was to depress the mouse button in response to this tone and to 

continue depressing the button until a black triangle appeared in the left window. The task 

then was to release the mouse button as quickly as possible. Figures 7.4 & 7.5 show the 

configuration of the screen during the task. Depressing the mouse button also caused the left 

window to clear. The child then realigned the cursor with the ready ? to begin the next trial. 

The computer recorded reaction time as the time elapsed from the onset of the stimulus in the 

left window until the mouse button was released Release of the mouse button before the 

critical event occurred resulted in an error being recorded in memory. 
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read ? 

Figure 7.4 DRTT Screen at the Start of Each Trial 

read ? 

Figure 7.5 DRTT Displaying the Critical Stimulus 

Two conditions of reinforcement were used. In the first block of 25 trials, no 

reinforcement was given. Once the instructions had been given and the task had begun 

communication between the experimenter and the child occurred only if it became necessary 

to remind the child to watch the screen. 
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The instructions to the child for the first block were as follows: 

I want you to watch the screen again. You will hear a tone. When you 

hear the tone, I want you to push the mouse button with this finger (E 

touches the index finger of the child's dominant hand) and keep 

pushing until a triangle appears here (E points to left window). Your 

job is to lift your finger very fast after you see the triangle. Ready? -

Lets try it. 

After the first block of trials had been administered there was a 2-min. break in which 

the examiner and the child chatted. Then the examiner introduced the second block saying: 

I want you to watch the screen again and see if you can get even faster 

in lifting your finger off the button. Remember you will hear a tone. 

When you hear the tone, I want you to push the mouse button with this 

finger and keep pushing until a triangle appears here. Your job is to 

lift your finger very fast after you see the triangle. Ready? - Lets try it. 

During the second block of 25 trials , the child received social reinforcement in the form 

of the words good, very fast , and excellent. These were administered by the examiner using a 

random reinforcement schedule that was the same for all children. Once the reinforcer had 

been given and a new trial had begun, communication between the experimenter and the 

child occurred only if it became necessary to remind the child to watch the screen. 

The administration of the CPT was essentially the same as had been used by 

Streissguth et al.(1984). During the entire 12-min task the computer screen showed a simple 

line drawing of a house with a white door and one white window. See Figure 7.6. 
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Figure 7.6 CPT Between Critical Stimuli 

The critical event to which the child had to respond was the window going black. See 

Figure 7.7. 

Figure 7.7 CPT Displaying the Critical Stimulus 
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The task lasted 12-min during which 40 critical events occurred. These events 

occurred in the same random sequence for each child. The task was divided into 4 blocks of 3 
min each during which 10 random events occurred. Consequently, the data could be analyzed 0 
by blocks in order to assess the performance decrement over time. The number of critical 

events was increased beyond the number used by Streissguth et al.(1984) after pilot testing 

with young normal children indicated that a larger number of critical events increased the 

likelihood that the child would remain on task for the entire 12-min interval. The duration of 

each critical stimulus was 0.5 sec. Any response occurring within 5 sec of the onset of the 

critical stimulus was defined as a correct response and the computer recorded reaction time 

from the onset of the stimulus to the response. Errors of omission were defined as critical 

events for which there was no response. 

Commission errors were not recorded as the program was unable to record multiple 

events occurring within the response interval. In addition, pilot testing had shown that many 

Young normal children responded to the critical event with a series of button pushes and it was 

not possible to differentiate between these pushes and true errors of commission that occur 

when no stimulus is present. Similar problems with children responding with large numbers of 

button pushes had been noted in previous studies (Herman et al., 1980; Streissguth et al., 

1984). Thus it was not possible to test the hypothesis that FAS and ADD subjects would make 

more commission errors than would normal subjects. In addition, an analysis based on signal 

detection theory was not possible because this requires the calculation of errors of 

commission and false positives. 

The instructions to the child were as follows: 

This time I want you to keep the pointer in the window of the house. 

Your job is to tap the mouse button just once when you see the 
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window go black. Keep watching the house and tap when ever you 

see the black square in the window. Ready? - Let's try it. 

Communication between the experimenter and the child occurred only if it became 

necessary to remind the child to watch the screen. and to keep the mouse on the mouse pad. 

At the end of each child's performance, a data file was created in the CPU that 

recorded reaction time and errors for each event within each block of the three tasks. A 

summary of the specifications for each task is contained in Appendix B. 

Design 

The children were tested individually by the same experimenter. The experimenter first 

met with the parents and child together to answer any questions and to obtain signed consent 

for the child to participate in the experiment. A copy of the consent form used is included in 

Appendix C. The parent then completed the questionnaires while the examiner assessed the 

child in a separate room. Some parents requested the opportunity to observe the experiment 

and did so from a separate room via a one-way mirror. Administration of the total protocol took 

between 45 minutes and a hour, depending on the length of time required to the administer 

the CRTT (as this task was self paced) as well as the WISC-R or WPPSI subtests. All subjects 

received the three tasks in the same order: CRTT, DRTT , CPT. The Vocabulary subtest was 

administered between the administration of the CRTT and the DRTT and Block Designs was 

given between the DRTT and CPT. Written feedback on the child's performance on the Wisc_ 

ll and the data from the parents' questionnaires were sent to the physicians referring FAS and 

ADD children to the study. See Appendix D for a sample of a report sent to the referring 

Physician. No direct feedback was given to the parents but they were encouraged to contact 

the Physician who had referred the child to discuss the results of the experiment. 
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Data Analysis 

The data from the three parent questionnaires-theshort form of the Connors, (Connors, 
1973), the SNAP (Swanson et al., 1981), and the Auchenbach (Auchenbach & Edlebrock, 

1978) were scored in accordance with the standard instructions and then were related to each 
other using Pearson product-moment correlations. In addition, the data were analyzed using a 
3 (Diagnosis) x 2 (Age) ANOVA for each set of questionnaire data to assess differences 

between the groups, based on their parent's perceptions of their child's behavior. The results 

are given in Chapter7. Two scores were derived from the Auchenbach, a hyperactivity score 

based on the hyperactivity scale, and an overall score based on all of the internalizing and 

externalizing scales. The overall score is a general index of psychopathology (Auchenbach & 

Edlebrock, 1978). 

The Blocks and Vocabulary subtests of the WISC-R and WPPSI were scored using the 

standard instructions contained in the test manuals (Wechsler, 1967,1974). These were then 

converted into prorated IQ's using the procedure which corrects for the reliabilities of the 

subttests (Sattler, 1982). Both I0 and age were analysed in a 3 (Diagnosis) x 2 (Age) ANOVA 

to see if the groups varied in terms of these criteria. In order to test the hypothesis that IQ and 

attention were independent, correlations with IQ were calculated for mean RTs and errors for 

each task. 

For each of the three experimental tasks used, there were two types of scores 

generated, reaction time and errors. For each task, RT scores were converted into 

milliseconds using the formula: 

RT msec = ([#tic counts x 16.671+ 8.33). 
(7.1) 

This formula assumes that each response occurred on average at the midpoint of each 

1667 msec interval. In order to better approximate the assumption of homogenenity of 
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variance required by the F distribution statistic in analysis of variance, the RT data were 

transformed to remove outliers. An outlier was defined as any score which was more than ±3 

standard deviations from the child's mean RT for that task. In addition, any child with fewer 

than three observations per block of trials after outliers were removed was dropped from the 

analysis. The data were then analyzed using a 3 x 2 x 2 mixed model ANOVA for the CRTT, a 

3 x 2 x 4 AVOVA for the DRTT, and a 3 x 2 x 3 ANOVA for the CPT. In each analysis, 

diagnositic group (FAS, ADD, normal) constituted one between subjects factor. Age, the 

second between subjects factor was defined by splitting each diagnostic group into younger 

and older ages using a median split. The two level repeated measures factor for the CRTT 

represented scores within each of the two blocks of 12 trials. For the DRTT, there were four 

trial blocks that constituted the repeated measures factor. This factor comprised the two 

reinforcement conditions, each of which was analyzed as two blocks of 12 trials. Although it 

was intended that data from the CPT would be analyzed in four blocks of 10 trials each, no 

child remained oriented for more than two trials in the fourth block. Consequently, this block of 

trials was dropped from the analysis leaving a 3 x 2 x 3 ANOVA for the CPT. 

The data were analyszed on a Macintosh computer using StatFast (Statsoft, 1985), 

fvlacSS (Statsoft, 1986), SYSTAT (Wilkinson, 1986) and, GANOVA (Brecht & Woodward, 1983) 

programs. 



Chapter 8 Results 

A total of 60 children, 20 in each diagnostic group were used for the preliminary 

data analyses. These groups were then divided into two age groups, younger and older 

on the basis of a median split. Table 8.1 gives biographical data by subjects and Table 8.2 

gives the ages, 1O's and sex ratios for each group. 

__Tithe 8.1 
__________ 

Age, Diagnosis, IQ, Sex, and Grade In School for Each Subject 

SulTec1----Age--------EiagnoTis---15--------- Cex----&ade-----

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

1.1- 
12
13 

14
15
18
19 
20 
21 

22

10.56 NML 94 F 5 

9.33 NML 117 M 3 

8.80 NML 117 F 4 

7.00 NML 120 M 1 

12.80 NML 103 F 6 

7.08 NML 100 M 2 

5.17 NML 121 M KG 

6.80 
9.72 

NML 
NML 

97 
83 

M 
F 

1 
4 

12.58 NML 

- 

115 

___ -_-_____________ 
88

M 

F 
F 

7 

5 
5 11.17 NML 

10.88 NML 109 
M 1 

6.08 NML 115 
M KG 

5.75 NML 123
88

F 3
7.80 NML F 6

11.50 
10.88 

NML 
NML 

106 
100 

7 

F 
M 

5 
5 

10.80 
10.48 

NML 
NML 

95 M 
F 

5 
5 

10.67 NML 
1113

0

124 
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Table 8.1 Continued 
Age, Diagnosis, IQ, Sex, and Grade in School for Each Subject 

_ 
Subject Age DX 

____ 
51 

__ 
9.88 FAE 

52 7.58 FAS 
53 7.77 FAE 
54 8.08 FAE 
55 11.08 FAS 
56 8.25 FAS 
57 10.08 FAS 
58 9.32 FAS 
59 8.24 FAS 
60 7.24 FAS 

61------  11.72 FAS 
62 11.64 FAS 
63 9.30 FAS 
64 8.25 FAS 
65 7.25 FAE 
66 11.80 FAS 
67 5.42 FAE 
68 10.83 FAE 
69 8.00 FAS 
70 11.00 FAS 
71 8.75 FAS 

ioi ADD 10.92 

102 12.00 ADD 
03 ADD 9.75 

104 7.67
ADD 
ADD 105 10.17 

106 8.42 ADD 
107 ADD 

11.17 
108 9.75 ADD 
109 ADD 

9.17 
110 11.33 

ADD 

111 8.33 ADD 
112 ADD 9.33 
114 ADD 9.33 
115 ADD 8.50 
116 ADD 9.17 
117 ADD 7.83 
118 ADD 10.75 
119 ADD 9.42 
120 ADD 8.83 

ADD 

------- 

D Sex Grade 
________ 

100 M 4 
83 M 1 
73 F 1 
80 F SP.ED. 
77 F SP.ED. 
74 M 1 
82 M SP.ED. 
50 F SP.ED. 
77 F SP.ED. 
80 F 2 

63 F SP.ED. 
82 M 5 
50 F SP.ED. 
77 F 2 

80 F 1 

71 M SP. ED. 
94 F 1 

112 M 5 

68 F SP.ED. 

50 F SP.ED. 

96 M 3 

132 M 

117 M 6 
109 M 4 

112 M 2
97 M 4 

112 
102 

M 

MM 

3 

4 
100 
141 
91 

M 
M 

3 
5 

2 
94 

109 
109 

M 
M 
F 
M 

3 
3 
3 

129 
80 

M 
M 

3 
2 

91 F 5 
91 M 4 

109 M 2 
126 F 5 
88 

121 10.17 
7V01a.NNAT:NormalFAS--_-.71-etarATcohori-y—ndrome, FAE=FetWATcohorgflects, ADD : 

Attention Deficit Disorder 
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- Eire— 6-- ------------------------------------------------------- fa
Age, IQ, and Sex Ratios by Diagnostic Group 

-------
Normal FAS ADD 

------------------------------------ ------ 
Younger Older Younger Older Younger Older 

--------- Age 
— ---- ----------------------- —----------- 

 7.3 11.2 7.4 10.3 8.6 10.5 

--s- -- 57 ----------- ------ ---- --1 ------ --a ---- --i-T ------17----T.E-- 6.8 

--- 676 1671. 
9.7 

________________------- 

males/10
10

-- ------ 
12.0 

--- 
8.2 

878 
11.6 

 -- 
9.3

 . 1..34 
1 

103 78 78 110 104 108 

77----- -- _
---- 

8.7 9.8 20.6 18.5 13.614.7 

— — ------- ----
3 

88 7—7 50 80 88 83 
123 

115 94 112 129 117 

--------------
---7----5--- 2 4 8 

Lower limit ------ 

Upper limit 
ii-- 

-S- -- 6. ----- 

Lower limit 
—— 

Upper limit 

Number of 
-----

The ADD children referred were more similar in age than were the normal or FAS 

children, presumably because ADD cannot be diagnosed before age 6. Age was 

analyzed by means of a 3(Diagnosis) x 2(Age) ANOVA. See Table 8.3. 

-------- 

----------T;dE,reT3.3—__—_--------------- 

Age ANOVA ----_—___ --------- ______ 

-

--------------------- -
-

-----

------------ 
---- 

MS 
------ 

-2.8463

ect-- SS 

--- -2 -------- 125.5128

4.9715 
bragno—sis(D) 
Age(A) 

5.60 
125.51 1 

D x A 
56.0732 54 

1.03893

7,- --- 

----------- 

ID < .001 

As expected, there was significant main effect for 

age ; however this effect was 

qualified b a significant interaction between the diagnostic groups and the age factor.
y le main effects analysis of the 

This interaction was further analyzed by means of situp

diagnostic group factor within each age level. These data are presented in Table 8.4. 

—__—_—___________ 

2.7411120.8721* 
17791 -----------
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Table 874------------Age ANOVA: Simple Main Effects of the Interaction. 

EFfeci------- gg--- jf ------- rig------- T ------------

BiagrioissTN7- TIFI. 6-7---2------EITiE 5.3043* 

Diagnosis -O 2.2246 

Error 
4.6201 2 2.3100

56.0732 54 1.0184 

The significant, simple-main effect for the younger children indicated that at least 

one group differed from the other two younger groups in terms of age. This effect was 

analyzed by means of a Newman-Keuls test which indicated that there were no age 

differences between the younger normal and younger FAS groups but that the younger 

ADD children were significantly older than either of the two younger groups (p<.05). 

The children with FAS were significantly more intellectually impaired than were the 

normal or ADD children. See Table 8.5. 

l iEre—E175--  
IQ

Effect gg-----ar— 

____ ________ 
ms F ----

rz___ _ 
Diagnosis(D) 10472.93 
g(A) 

2-  - - - - 52367466  - - - ET:33717'. - - - - - 

875 

0 x A 
244.0169 1 

244.0169 

Error 

.2471 

110.9333 2 

12116.69 54 

55.4666

7,------._______________----• 
P < .0001 

224.3831 

1 
f 

, 
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A series of planned comparisons indicated that the FAS children had a significantly 
lower IQ than either of the other two groups (Normal vs FAS F [1,54]= 33.22, p < .001; 

ADD vs FAS F [1,54]= 36.7091, p < .001), and that there were no differences in IQ 

between the normal and ADD subjects (F [1,54] = 8.73, p >.25). 

Questionnaire Data 

The results of the parent questionnaires, the Connors, SNAP, and the Achenbach 

hyperactivity and Achenbach total scores are given in Table 8.6. A total of three sets of 

Parental data were eliminated due to errors made in completing the questionnaires, 

leaving data from nine younger and nine older FAS children, and nine older ADD children. 

All other data sets were complete. It should be noted that the data for the ADD children was 

based on the parent's perceptions of their child's behavior over the past week in the case 

of the Connors and SNAP scores, and over the past few months in the case of the 

Achenbach data. Thus the questionnaire scores are based on a week during which the 

ADD children received stimulant medication for all but the 24 hour period in which they 

were seen for the experiment. All of the normal children and all but one child with FAS 

were not receiving any psychoactive medication so that their scores on the same 

measures reflect their unmedicated state. 
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Table 8.6 
Connors, SNAP, and Achenbach Scores 

Connors___ 

K6. 

Lower limit 
Upper limit 

SNAP (Total) 

------------------------
Normal FAS 

Younger Older Younger Older 

___________- ____ 
5 2__ 14 14.1 

------ ----- 
4 2.2 8.1 5.6 

_—_—_______ 
0 0 - 3 4 

12 
7 27 25 

15 7 30 33 

ADD 

Younger Older 

16 16 

3.2 5.9 

11 5 
21 23 

32 32 
- --- 

S.D. — 9----- 4 -- W 32 7 - T-6 

22 11 
Lower limit — 

--- 
1 

--_ 8 10 0 
15 50 56 43 48 

Upper limit 26 

SNAP Inattention 4 2 9  9  

-161--- 

SNAP Impulsivity--  
9 9 10 

3
-------- 2— 9

_______3__________i ____--e------ 9------ i ---- 7 

§tTAP Hyperactivity ---- 
__—

—_—_____ _____ 
5 7 

§INTAT3T3ee7—R—eTal --ions 2 
—_ 1 6 6 

70 --- '75 72
Actienbacb hyperactivity — 60 5T---76

6.3 8.7 

60 66 --6:3-
83 75 80 

— 66 --- 6-6---- 8E 

9. 1 ---- .4   -5-  - - 7 (5:9 

------- 8.7 8.3

--- — 63 
Lower limit 

5
---

5 51 

UPPer limit 
63 68 87 

AchenbaciTotal---------- 51-- 49— 67 

-67E '  - - - — - - - - - - - - — - - - —8-  —  + 7.2 -- — -11.1

lwerlimF----------------4-2-- 3-C -  --'18------47 -----16---7IF 

upper limit 62 59 82 74 80 82 
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The data from each of the three questionnaires were analyzed separately by a 3 x 

2 ANOVA. Table 8.7 presents the data from the Connors Scale. 

Table 8.7 
Connors ANOVA 

Effect SS df MS F 

Diagnosis(D) 1609.948 2 804.9738 30.0854* 
Age(A) 12.3789 1 12.3789 .4626 
D x A 25.4951 2 12.7457 .4764 
Error 1364.578 50 26.7564 

_______________ 
P < .0001 

----

A series of planned comparisons indicated that there were no differences between 

the ADD and FAS children (FAS vs ADD F [1,50] = 1.2309, p > .25) but that the normal 

children had significantly lower Connors scores (Normal vs FAS F [1,54] = 35.8101, p < 

.001, Normal vs ADD F [1,50] = 51.8805, p < .001. This is shown graphically in Figure 8.1. 

CONNOR'S 

16 

14 

12 

10 

8 
SCORES 

6 

4 

2 

0 FAS-0 ADD-Y ADD-0
NML-Y NML-0 FAS-Y 

GROUP AND AGE 

Figure 8.1 
Connors Scores 
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Table 8. 8 presents the data from the SNAP total scores. 

Table 8.8 
SNAP ANOVA 

Effect ---- §-g------- df MS F 

Diagnosis(D)----5415.246 2 2707.623 
Age(A) 32.0642 1 32.0642 
D x A 224.5139 2 112.2569 
Error 6364.375 50 122.3918 

----- E.T225* 
.2619 
.9171 

p
----< 5. ii aTi ----------------------- ---.-.-.---------------.- -.--.------- 

A series of planned comparisons indicated that there were no differences between 

the ADD and FAS children (FAS vs ADD F [1,50]..00002, p >.25) but that the normal 

children had significantly lower SNAP scores (Normal vs FAS F [1,54]. 32.8990, p < 

.001, Normal vs ADD F [1,501 = 33.6697, p = .001). This is shown graphically in Figure 

8.2. 

40 

30 
SNAP 

SCORES 
20 

10 

FAS-Y FAS-0 ADD-Y ADD-0
NML-Y NML-0

GROUP AND AGE 

Figure 8.2 
SNAP Scores 
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The data from the Achenbach hyperactivity scale are given in Table 8.9. 

Table 8.9. 
Achenbach Hyperactivity ANOVA 

Effect 
----------

SS df MS  F 

— Diagnosis(D) 
Age(A) 
D x A 
Error 

2283.434 
64.7002 
33.5678 

2592.313 

2 
1 
2 

50 

1141.717 22.0212* 
64.7002 1.2479
16.7839 .3237 
51.8462 

A series of planned comparisons indicated that there was a trend towards a 

significance difference between the ADD and FAS children (FAS vs ADD F [1,501= 3.9662, 

P < .05) but that the normal children had significantly lower scores (Normal vs FAS F 

I1,541= 40.4671, p< .001, Normal vs ADD F [1,501= 21.6717, p < .001. This is shown 

graphically in Figure 8.3. 

80 

70 

ACIIEN- 60 
BACH 
HYPER- 50 

ACTIVITY 40 

30 

20 

10 

0 FAS-Y FAS-0 ADD-Y ADD-0
NML-Y NML-0

GROUP AND AGE 

Figure 8.3 
Achenbach Hyperactivity 
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Table 8. 10 presents the data from the Achenbach total scores. 

Table 8.10 
Achenbach Total ANOVA 

Et  lec1— SS df MS F 

Diagnosis(D) 3091.844 
_ 

2 1545.922 15.8172* 
Age(A) 5.1484 1 5.1484 5.2676 
D x A 68.6303 2 33.8016 .3458 
Error 4886.813 50 977362 

P < .0001 

A series of planned comparisons indicated that there were no differences between 

the ADD and FAS children (FAS vs ADD F [1,50] = .1170, p >.25)but that the normal 

children had significantly lower Achenbach scores (Normal vs FAS F [1,50] = 19.0983, p 

< .001, Normal vs ADD F [1,50] = 26.1929, p < .001. This is shown graphically in Figure 

8.4. 

ACHEN 
BACH 
TOTAL 

70 

60 

50 

40 

30 

20 

10 

0 
NML-Y NML-0 FAS-Y FAS-0 ADD-Y ADD-0 

GROUP AND AGE 

Figure 8.4 
Achenbach Total Scores 
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In order to assess the extent to which the various measures of hyperactivity were 

related, the scores on the four scales Connors, SNAP, Achenbach total, and Achenbach 

hyperactivity were correlated. The results of these correlations for the total sample are 

given in Table 8.11. The four scales were all highly correlated (r = .65 to .99) suggesting 

that in a mixed sample such as this one, with both normal and abnormal children the 

scales tap similar information. In order to assess the extent to which the four scales were 

related within the diagnostic groups, the correlation coefficients were also calculated 

separately for each diagnostic group. The data for the normal subjects suggest that within 

this group, only the Connors and SNAP scales are related. Within the two abnormal 

groups, the correlations remain high across all three measures, suggesting that for 

children with problems in attention and over-activity, these four scales tap similar functions. 
__--___—________________ 

Table 8.11 
Interrelations of Questionnaires 

Connors 
__ _____ 

SNAP Achenbach Achenbach 
Total Hyper-

activity 

Connors 
All .84* 

Normal .82* 

FAS .68* 

ADD .72* 

SNAP 
ALL 

Normal 
FAS 
ADD 

Achenbach 
Total 
ALL 

Normal 
FAS 
ADD 

*13 .01 

.81* 

.35 

.70* 

.70* 

.77* 

.38 

.67* 

.61* 

.83* 

.23 

.99* 

.77* 

.80* 

.29 

.76* 

.55* 

.84* 

.75* 

.87* 

.75* 
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Choice Reaction Time Task 

The CRTT was included in the design of this experiment as a control task. Previous 

research (Sykes et al., 1973) had found that the performance of normal and hyperactive 

subjects did not differ on this task. It was hypothesized that similar results would be found in this 

experiment. The data were analyzed using a 3 x 2 x 2 repeated measures ANOVA, blocking 

the subjects by age and dividing the 24 trials into 2 blocks of 12 trials each. RT data were 

transformed by the procedure given in Chapter 7. Separate analyses of the RT and error data 

were performed. The results of the RT data analysis are summarized in Table 8.12 . 

Table 8.12 
Choice Reaction Time Task : Diagnosis x Age x Blocks ANOVA of RTs ̀ ----

F 
Effect 

61agnosis(D) 
Age(A) 
D x A 
Error 

Blocks(B) 
Dx (3 
A x B 

D xAxB 

Error 

..-- 
**1-1=-- .05 

P<•001 

There were significant main effects for diagnosis and for the 

repeated measures factor. 

The main effect for diagnosis was further analyzed by means of a Newman-Keuls test which

that there were no 
differences between the normal and ADD children but that the

indicated

FAS children performed significantly slower across 

all trials (p<.01). In addition, all of the 

Children improved their performance over time, suggesting 

a learning effect. The interaction of 

diagnostic groups with the repeated measures factor also showed a trend towards 

effects. 

significance. See Figure 8.5 which illustrates these

SS --a MS 

2 
27.0710 

9.871754.1421 
9.8717 1 .2362

.4723 2 2.6151
141.2180 54 

3.7651
3.7651 1 1.0390 
2.0780 2 .1920 

.1920 1 .0202 

.0405 2 
.3261

17.6103 54 

---1552** 
3.775 

.090 

11.545** 
3.186* 
.589 
.062 
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Figure 8.5 
Choice Reaction Time 

The results of the three-way 

Block 2 
Time 

Task : Diagnosis X Blocks of Time 

ANOVA of errors scores is shown in Table 8.13. 

Ti6TET8ET:T------------------- 

x Blocks ANOVA of  Errors 
Choice Reaction Time Task 

Diagnosis x Age is 
___- ___—_________ 

Effect 
-------- 

_g_______a_______i  
------

F6TiosiiF5i----717VI67 
--y----------Fig83-- 

r‘ge(A) • 3.6750 1 2.425 
3.6750

x A 2 4.85 5.8639
Error 54 316.65 

1.0083 1 

10.6167 2 
2.4083 1 
.8167 2 

105.65 54 

1.0083
5.3083
2.4083

.4083

.3261

1.528 
.627 
.414 

.515 
2.713 
1.231 

.8128 

There were no significant differences 
between any of the variables in the analysis of

Frors scores. Mean errors scores for this task 

were low (range 0.3 - 2.5) indicating that the

the 

" all found the task relatively 
easy. 

Correlation coefficients were computed between RT 

children 
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and IQ and between errors and IQ from the total sample and for each diagnostic group but 
none reached statistical significance. 

Delay Reaction Time Task 

The DRTT was included in this experiment tap two components of Douglas's model of 

ADD viz., the difficulty with the inhibition of impulsive responses and the unusually strong 

inclination to seek immediate reinforcement. Specifically, it was hypothesized that difficulty 

with impulsive responses would be manifested in the form of an increased number of 

commission errors on the DRTT by the ADD and FAS children, with the greatest number of 

errors occurring in the FAS group. An usually strong inclination to seek immediate 

reinforcement would be evidenced by longer reaction times and more errors during those 

blocks of trials when random, noncontingent reinforcement was administered. The data were 

analyzed using a 3 x 2 x 4 ANOVA as described in Chapter 7. As a result of excluding outliers, 

three younger and two older FAS subjects, as well as two younger and three older ADD 

subjects were dropped from the analysis of RT data, leaving a total of 50 children for the RT 

analysis. Separate analyses of the RT and error data were performed. The results of the RT 

data analysis are summarized in Table 8.14 . 
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Delay Reaction Time Task: Diagnosis x Age x Blocks ANOVA of RTs 

—171-g ------- 7----------------

2 Diagnosis(D) 4.7378 
Age(A) 2.4129 1 
D x A 1.3065 2 
Error 9.3244 44 

Blocks(B) .4698 3 
D x B .7768 6 
AxB .3484 3 

DxAxB .7305 6 
Error 3.4900 132 

*.P<.01 
p<.001 

__ . __ ___ - 11:1783" 
2.4129 11.3860** 
.6522 3.0824 
.2119 

.1544 

.1278 

.1161 

.1217 
2.6440 

5.8368** 
4.8335** 
4.3922* 
4.6051** 

There were significant main effects for diagnosis, age and for the repeated measures 

factor. However these effects were qualified by significant two-way interactions between the 

diagnostic groups and the repeated measures factor and between the age-groups and the

repeated measures factor, and by a significant interaction amongst all of the factors. This 

was further 
analyzed by means of six simple, simple main effects of the

three-way interaction These data are presented 

repeated measures factor within each diagnosis and age subgroup.

in Table 8.15. 

interaction.
meta • 

Simple Main Effects of the Three-Way„ e 8 - -- %I
Xf 

Raction Time Task RTs: 
Simple, 

Effie ------- 
'normal Younger .0272 
Normai Older 
F As Younger 
r AS Older 
ADD 

Younger 
ADD Older 
Error 

.0295 3 

1.8951 3 
.0856 3 

.0585 3 

.0830 3 -- --- 

3.4900 132 

.0098

.5017

.0285

.0195

.0276

.0264 

22.7577* 
1.090 
.7379 

1.0472 
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Only the performance of the younger children with FAS varied over time for this 

measure on the DRTT. 

In addition, a post-hoc, trend analysis of the three way interaction was made which 

indicated that only the cubic trend was significant. See Table 8.16 and Figure 8.6. which 

displays this interaction graphically. 

Table 876- — — ------ — 

Delay Reaction Time Task: Trend Analysis of RTs 

ifici_______________________—_i_____a _ F ____________ 

S S 

Error -- -1.0851 44
7518-8----T----- :CA T 

1.6193 

153(Aii-B Liii-ea- r 

1 2.5255 
.0779 

.0779 

1.3574 44 .03308 

14.963* 

Error 1.0474 
.3562 

44 .0223 
.3562 

Cubic 1
DXAv Pt 

DxAx8Quadratic 
Error 

r - - - - 
Pa6 o 1 -

0.0 
Ni N2 N3

• 
N4 F 1 F2 

Figure 
Delay Reaction Time

Task: 
DiagnosIs x Age X Time Interaction

8.6 

O---°*---• 

••- Young 

.O- Older 

314 Al A2 A3 A4 
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The pattern shown in Figure 8.6 suggests that the significant difference amongst the 

cubic trends of the blocks effect is attributable to a difference, in the young FAS children only, 

between the first two blocks when no reinforcement was administered and the last two blocks 

when 50% random, noncontingent reinforcement was administered. Therefore further post-

hoc analysis of the RT data was performed using a 3 (Diagnosis) x 2 (Age) x 2 (Levels of 

Reinforcement) x 2 (Blocks) ANOVA. The results of this analysis are presented in Table 8.17. 

Delay Reaction Time Task: Diagnosis x Age x Levels of Reinforcement x 

Blocks Table 8.17 

of Trials ANOVA of RT. 

Effect SS 

Diagnosis(D) 
Age(A) 
DxA 
Error 

Levels of 
Reinforcement (L) 
D x L 
A x L 

Error 

Blocks (B) 
Dxg 

AxB 
D xAxB 
Error 

Lxg 
AxL x8
Error 

D xAxLxB 
Error 

4.7378 2 
2.4129 1 
1.3065 2 
9.3244 44 

.1753 

.2553 

.2898 

.5252 
1.0945 

.2096 

.1095 
4.4424 

.0911
1.0385 

7.7918 
.0541

1.3574

1 
2 
1 
2 

44 

1. 
2 
1 
2 

44 

44 

.1141 2 

1.3574 44 

MS 

2.3689 11.1783** 

2.4129 
11.3860** 

.6522 3.0824 

.2119 

.1753 

.1276 

.2898

.2626

.02487

.2096
5.4771
4.4424

.0456

.0235

7.7918
.0541
.0308

.0570

.0308

7.0506*
5.1325**

11.6492** 
10.5579**

8.8868** 
2.3216 

.1883 
1.9383 

2.5255 
1.7554 

1.8499 

**,1) .0T  -

There were significant main 
effects for each of the four 

design factors, but these effects 

Were qu significant interactions of the 
levels e 

reinforcement with diagnosis and with 
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age, and by a significant three-way interaction of diagnosis, age, and levels of reinforcement. 

Neither diagnosis nor age interacted significantly with the blocks factor. This suggested that 

there were differences in the performance of the groups across the levels of reinforcement 

(see Figure 8.7) but not within blocks of time within these levels (see Figure 8.8). 

1.2 - 

1.0 - 

0.8 -
R 
T 0.6 - . ------'4

o-- ---4)
0.4 - 

0.2 - NML 

0.0 
0% 50 % 

•N 
o ------4. • • 

o 
0-- ----

FAS 
ADD 

• YOUNGER 

O OLDER 

0% 5093 0% 50% 

Figure 8.7 Diagnosis x Age x Levels of Reinforcement 
Delay Reaction Time Task:
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1.2 - 

• YOUNGER 
O OLDER 

1.0 - 

0.8 - 
R 
1. 0.6 - .----• 

c.-------.° • • 

o---------° 

0.4 - 

0---0 

ADD 

0.2 - NML FAS 

0.0 
Bk 1 Bk 2 Bk 1 Bk 2 Bk 1 Bk 2 

Delay Reaction Time Task: 
Diagnosis x Age x Blocks of TimeFigure 8.8 

Because the younger ADD children were significantly older than the other two groups 

of younger children, the RT scores of the DRTT were also analyzed by means of a repeated 

measures analsis of covariance (ANCOVA), using age as a covariate instead of as a blockingy 

variable. These results are presented in Table 8.18. 

Table 8.18 ----- 
— — — — ---- — — — — — - - — 

Delay  Reaction Time Task: 
ANCOVA of FIT 

Reci------g-g-------F------i-A-g---- 
-----7------------ 

Diagnosis(D) 

-12TIT---F-------7107 ------- -E.923 - ** 

Error 10.911 4 
0.232 

Blocks(B) 
0.090 

2.765* 

D x B 0.597 6 
0.099 3.054**

0.270 3 

Error 

0.033 
4.593 141 

7,---„, _. 
* P<.u1 

------------------- 

--_—_________ _____ 

*P<-001 
the 

same 
as the ANOVA of RT using age as a blocking

These results are essentially

variable (See Table 8. 14) indicating that the 
performance of the three diagnostic 

groups 
varied 

over time. The interaction of the 
covariance analysis is shown graphically in Figure 8.9 
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Figure 8.9 
Delay Reaction Time Task: ANCOVA of 

RT 

The error scores were also analyzed by means of a 3(Diagnosis) x 2(Age) x 4(Blocks) 

ANovA . The results of the RT data analysis are summarized in Table 8.19 . 

TD-Varr Reaction 
-;;;;;;;;;;;;nos; x04;;; ------------ of Errors 

__- 
Eija_________gg________a i ____ 

F 

aii6T-Ii7Q;FEi----4476:Ta33----i------- 
01292

S 

-- 9.705*

Age(A) 

3.5619 
.2411 

Error 1238.1 
11.0583 2 
81.6666 1 

54 

81.6666

22.9278
5.5291

.4007 
D x A 

6 

1.7611

.8723 
3 1.2379 

3 

5.4402

6 
1.1958
3.8333

.2721 

4.3944

Blocks(B) 5.2834

D x g 32.6416

A x g 11.5 
DxAxB 7.175 
Error 711.90 

162 — 

*P<.0001 ---------
___ 

The only significant effect was for diagnostic 

groups. This effect was further analyzed 

by means of a Newmah_keuis test, which indicated that that the performance of the normal 
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r. 

children was significantly different from that of the other two groups, but that the performance of 

the ADD and FAS children did not differ in terms of their errors scores (p < .01). See Figure 

8.10, which displays this finding graphically. 

• Young 

7 - o Older 

6 - 

5 - 

r 
r 4-

0 
r 

3 - 40--••••,. 

2- \* 

1- 

NiO N2 N3N4 Fl F 2 F 3 F4 Al A2 A3 A4

Figure 8.10 
Delay Reaction Time Task Errors 

ime and errors on the DRTT showed a small but significant negative
Both reaction t 

correlation with IQ (r 
- .37, p <.005; r ERx IQ 

-.29, p = <.025). 

RT x IQ 

Continuous Performance Task 

The CPT was included in the design of this experiment to tap two components of 

Douglas's model; the investment, organization, and 
maintenance of attention over time, and 

the modulation of arousal to meet situational demands. Specifically, it was hypothesized that 

anizatiOn, 
and maintenance of attention over time would be

difficulty with the investment, org the FAS and ADD children on 

manifested in longer reaction times and more omission errors by 

the CPT. Difficulty with the modula

tion of arousal to meet  demands 
would b

ADD and FAS children than the normal

demonstrated by a greater response decrement by the
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children. A response decrement is traditionally defined in terms of increased response 

latencies over time and increases in omission and commission errors over time. The data were 

analyzed using a 3 x 2 x 3 ANOVA as described in Chapter 6. Elimination of outliers resulted 

in the loss of two younger and one older FAS subject and two older ADD subjects, resulting in 

a total sample of 55 for the RT data. Separate analyses of the RT and error data were 

performed. The results of the RT data analysis are summarized in Table 8.20. 

Table 8.20 
Continuous Performance Task: Diagnosis x Age x Blocks ANOVA of RTs 

Effect 
---- ----- 

------ig--- dr —fv-ig— 
----7------------- 

biagn scp----3.0n2--r------1.:2-87-66 - 8.172
5.203.7 

Age(A) 2.4286 
* 

2 
1 

D x A 
Error 

.0590 
.1180 

.199 

14.5615 49 
.2972 

Dx B 

.0499 2.207 
Blocks(B) .0998 2 

A x B .0508 2
DxAxB 

. 1071 4 
.0268 1.185 

Error 

.0254 1.124 

.0039 .172 
.0156 4 .0026 

2.2145 98 

1-15<-.171— -- — -------- 

There were significant main effects for diagnosis and age only. The main effect for 

which indicated

diagnosis was further analyzed by means of a Newman-Keuls test, 

 that there 

wer nificant differences between the 
performance of the normal and ADD children but 

e no sig 

th erf
ormed significantly more slowly across all trials than did the

at the children with FAS P 

c ither of the other two groups (p < .01). In addition the younger children had longerhildren in either

response latencies than did the older children. See Figure 8.11. 
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Figure 8.11 
Reaction Time on the Continuous Performance Task: Main 

Effects for Diagnosis and Age 

The results of the error data analysis are summarized in Table 8. 21. 

Table 8.21--- -- — 
Diagnosis x Age x Blocks ANOVA Errors

Continuous Performance Task: 

Effect — -gr ---
-----af-------- ms 

bra-gi5F, -srp-)----700---2------ 7005-----121------------
,ge(A) . 

EurxroAr 

22.0500 1 
22.050 .468 

11.100 2 
5.5500

Blocks(B) 

640.2333 54 
11.8562

3.015 

D x g 
10.4333 2 .183 5.2167

A x B 
EDrxroAr x B 

1.2667 4 
.3167 .645 

2.2233 2 
1.1167 3.448* 

23.8667 4 
186.8670 98 

5.9667
1.7302

------__--

#p<.05 

There was a significant main effect for diagnostic groups that was qualified by the 

st diagnostic groups, ages, and blocks of

presence of a significant three-way interaction among 

trials. This interaction 

al  of the three-way interaction 

was further analyzed by a trend an 
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which indicated that there was a significant linear trend (F [1,5414.49, p < .05). See Figure 8. 12. 

5 

4 

E 
r 3 
r 
0 
r 2 

1 

0  
Bk.1 Bk.2 Bk.3 Bk.1 Bk.2 Bk.3 Bk.1 Bk.2 Bk.3 
NML NML NML FAS FAS FAS ADD ADD ADD 

• Young 

O Older 

Figure 8.12 
Errors on Continuous Performance Task: Diagnosis x Age x Blocks 
Interaction 

Figure 8.12 indicates that the superiority of the the older children relative to the 

Younger children increased from Block 1 to Block 3 for the normal and FAS children. However 

the Superiority of the older ADD children to the younger ADD children on Block 1 was reversed 

on Block 3. This three-way interaction was further analyzed by way of six separate trend 

analyses of each diagnostic and age group with the linear trend. See Table 8.22 
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Table 8.22 
Continuous Performance Task: Trend Analysis of the Diagnostic and Age 

Groups with the Linear Trend 

-normalF   : Younger  -  - - —
1
7
8

- - --- i 

F — 
Ella n — - - - — -di — 

NIA

Linear 
1.7999 .7919 

FAS -Younger 
.2 

1 .2000 .0879 
Linear 

2.661 

Normal-Older 

Linear FAS-Older 6.05 1 6.05 

Linear 
.0219 

ADD-Younger 
.05 

•1 .05 

Linear 
.0879 

.2
ADD-Older 

1 .2000 

1 14.45 

Error 122.75 

6.35* 
Linear 14.45 

54 2.273 
___—____—__ 

The results confirm that the pattern of performance across trial blocks was different for 

the older ADD children than for the children in the other two groups. 

Because the younger ADD children were significantly older than the other two groups 

of younger the RT scores of the CPT were also analyzed by means of a repeatedchildren, 

me ovariance (ANCOVA), using age as a covariate instead of as a blocking
asures analysis of c 

variable. These results are presented in Table 8.23. 

TJERFY,ET--------------------------------
w"tinuous Performance 

Task: ANCOVA of Errors

Effect 
MS _________________ 

3.282*

FEii;osis(6) -- 56 11.441
Error 640.694 

Blocks(B) 
DxB 
Error 

5.605 2 

1.380 4 

209.698 112 

2.802
0.345
1.872

1.497 
0.184 

P‹•ul 
-------

The results of the ANCOVA 
suggest that when age is used as a covariate instead of as 

a blocking variable, the only 
Significant 

differences are amongst diagnostic groups. The effect 

Was further analyzed by means of the 
NeWMan-Keuls test which indicated that the 

pert  the normal children was 
different from that of the FAS and ADD 

groups (p‹.05 ) 
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but that there were no differences between the performance of the other two groups, i.e., 

normal # FAS = ADD. 

Both reaction time and CPT errors showed a small but significant negative correlation 

With IQ (r RT x IQ = -.26, p <.05; r ER x IQ = -.25, p <.05). 

Two separate factors may have influenced the way in which performance deteriorated 

on the CPT. The first of these is the total number of trials presented. In vigilance tasks, a 

performance decrement typically develops with an increasing number of trials, so that during 

the later stages of a vigilance task, subjects make more errors of omission and commission 

and show longer reaction times for those trials on which the subject is oriented. The presence 

of significant main effects for diagnostic group and for age but not for the blocks factors when 

reaction time was used as a dependent measure suggests that on this task the children were 

able to maintain their reaction times across time. However, the presence of the significant 

three-way interaction in the analysis of errors suggested that the older ADD children 

maintained their speed of response by making an increased number of errors over successive 

trials. 

A second factor which may influence the probability that a subject will not be oriented 

on a given trial is the length of time since the previous critical event. It is reasonable to 

suppose that trials which are preceded by a longer interval in which nothing had happened 

would be more likely to result in a error on that trial. 

Thus the total number of subjects making an error on any given trial may be influenced 

by chronological order of that trial in the sequence the task, and by the length of the interval 

Preceding that trial. Figure 8.13 shows the number of subjects making an error on any given 

trial of the CPT plotted against the trials in the time sequence in which they were administered. 

In addition, the the total number of subjects making a error on any given trial is also plotted 

against the trials ordered in increasing order of the length of the preceding inter-trial interval, 

from the shortest inter-trial interval to the longest. 
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Figure 8.13 
Continuous Performance Task: Number of Subjects not Oriented by Trials 

In Order of Administration and by Order of the Length of the Preceding 

Inter-Trial Interval, From Shortest to Longest Interval 

These slopes were analyzed by regressing the number of subjects making an error on 

a given trial against the order of the trial in sequence and against the ranking of the length of 

the preceding inter-trial interval. The results are presented in Table 8.24. 

   8.2T 

Multiple correlation -"` 
- -1 7.721 

- 1,27 

24.099** .6868** 
tnioirtifiTTrItiFvairength 27 

.6868 4716 

.4276 .1829 

__ 

6.042* 
..... 

:13 <.01 

.. 

P <.001 

2 

.4276* 9.4788 

... 
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Figure 8.14 shows these two slopes plotted against the same ordinates as were used 

in Figure 8.13. Both the time factor and the length of the preceding inter-trial interval are 

associated with an increased number of errors on the next trial suggesting that both factors 

contributed to the error scores. 
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Figure 8.14 
Continuous Performance Task: Slopes of the Number of 

Subjects not Oriented by Trials in Order of Administration 
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Interval, From Shortest to Longest nterval 



Chapter 9 Discussion 

This study was intended to assess the extent to which children with known CNS 
dysfunction of a common etiology, namely FAS, had attention defects that were similar to those 
of of children of normal intelligence, who met the criteria for ADD or ADD-H, but were free of 

major neurological impairments, including signs of FAS or FAE. It was hypothesized that if 

hyperactivity is a heterogeneous disorder, common to a number of childhood disorders, then 

children exposed to alcohol prenatally would have attention problems which were similar to 

those of other children with ADD. However, if attention deficit disorder is a distinct syndrome, 

then there is no reason to assume, a priori, that FAS children would have similar types of 

problems with attention. 

There were two data bases on which the performance of the three groups of 

children were compared, i.e. the parent's perceptions of the children's behavior, and the actual 

performance of the children on a series of intellectual and attention-demanding tasks. Each of 

these bases will be discussed separately and then a synthesis of the data will be presented. 

Parental Data 

None of the normal children met the usual criteria for ADD based on their 

Connors or SNAP scores. Seven of the younger FAS children, and nine of the older ones met 

the usual criteria for ADD or ADD-H based on their Connors and SNAP scores. 
Of these 20 

Children with FAS, only one had been previously diagnosed as having concurrent ADD. This 

child was also the brightest child with FAE referred to the study (IQ = 112) which suggests that 

for the more intellectually impaired children, attention deficits were assumed to be included 

within the diagnosis of FAS. Following the study, two of the parents of children with FAS who 

were seen in this project requested that Ritalin be tried with their child. 

Of the children previously diagnosed as ADD or ADD-H, all of the younger ones, and all but 

One older subject continued to meet the criteria for ADD or ADD-H, based on their Connors 

and SNAP scores, even though they were receiving therapeutic dosages of stimulant 

152 
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medication. These children may have had a more severe attention deficit disorder than did the 
children with FAS, who were rated on the basis of an unmedicated state. Alternatively, 

because the children with FAS were more intellectually impaired, they may have had fewer 

demands placed on them for sustained attention and independent work so that they were not 

perceived as being as attention-disordered as were the ADD children. 

The data from the Achenbach Child Behavior Checklist was similar to data from 
the Connors and SNAP scales, indicating that the normal children were again perceived 

differently by their parents than were either the FAS or ADD children on these scales as well. 

In addition, there were no significant differences on these scales between the FAS and ADD 

children. 

In summary, the parental ratings of children with FAS were not different from the 

ratings of the children with ADD even though only one child with FAE was concurrently 

diagnosed as ADD. 

All of the predicted effects from the questionnaire data were confirmed. The 

normal children had significantly lower scores on the Connors Scale, SNAP, and Achenbach 

than either the FAS or ADD children; there were no differences between the FAS and ADD 

children on the Connors, SNAP, or Achenbach scales; and the Connors Scale and the SNAP 

showed substantial correlations in each of the three groups. 

Subject Characteristics 

The mean JO levels of the FAS children were at the upper end of the borderline 

range. This is above the mean la reported in the literature for children with FAS (Little & 

Streissguth, 1981; majewski, 1981). However, this reflects the selection criteria used. Only 

Children with previous full scale IQ's of 75 or greater were referred, so that only the brighter 

Children with FAS were seen. This may have tended to bias the sample in favour of children 

With FAE or milder forms of FAS, as the severity of the intellectual impairment is generally 

greater in FAS than in FAE. 
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In spite of the restriction on IQ, a number of the children with FAS tested below 
75 on the WISC-R or WPPSI short form in this study. Although this may reflect the lower 
reliability of the short forms of the WISC-R, it is possible that children with FAS experience a 
decline in measured JO, beginning in middle childhood. Children with Down syndrome, a 

chromosomal condition associated with mental retardation and microcephaly, experience such 
a decline at these ages (Tingey, 1987). The decline in children with Down syndrome is 

generally thought to be related to the difficulty that these individuals experience with abstract 

thinking, a skill that normally undergoes marked development in middle childhood. It is 

possible that children with FAS experience similar difficulties at this age. Previous research 

(Streissguth et al., 1985) has suggested that, at least until middle childhood, the IQ levels of 

children with FAS remain stable. However, little is known about the intellectual development 

of older children with FAS. The present data are not adequate to address the issue of 

intellectual decline in FAS but the question is worthy of future research. 

The majority of children with ADD were males, as is typical in studies involving 

hyperactive children (Barkley, 1980; Ross & Ross, 1982). There was a bias in favour of 

females in the FAS groups. This was somewhat surprising as sex ratios in FAS in those 

studies employing large samples (e. g., Majewski, 1981) have generally reported equal male 

to female ratios. However, there has been a suggestion that males with FAS have more 

anomalies than do females (Qazi & Masakawa, 1976). Once again the subject selection 

Procedure may have biased the sample toward the referral of females if females suffer fewer 

anomalies and are also somewhat brighter on average than are males with FAS. 

Choice React/On Time Task 

This task was included as a control task. It had been hypothesized that there 

would be no differences in the performance of the three groups on this task. This hypothesis 

Was confirmed for the normal and ADD children but not for the FAS children, whose reaction 

times O (but not error rates) were significantly different from those of the other two groups. There 
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are two possible explanations for the difference between the performance of the FAS children 
and that of the other children on the CRTT. First, the choice between the two stimuli may have 
been more demanding for the FAS children, thereby consuming more processing resources 
and slowing their performance. In the other two groups of children, the choice aspect of the 
task may have been performed at an automatic level. However, if the FAS children did find the 
task more difficult, requiring efforfful processing, then one might also expect that their error 

scores would be different from those of the other two groups. Since this was not the case, and 
since there was no relationship between reaction time and IQ for the CRTT, the explanation in 

terms of differential processing capacity appears unconvincing. A more parsimonious 

explanation of this finding lies in the motor component of the task. This was the only task which 

required a complex motor response from the children. Each child had to run the cursor on the 

screen to the appropriate area and then tap the mouse button. Children with FAS are noted to 

have fine motor dysfunction (Majewski, 1981) so that the motor demands of this task may have 

been more challenging for these children and have taken longer for them to perform. In 

addition, the learning effect seen between the two blocks of trials likely represents a motor 

learning effect for all children. 

In summary then, the hypothesis that there would be no differences amongst the 

groups on the CRTT was only partially supported. The relatively lengthy reaction times of the 

FAS children appears to be an artifact of the motor component of this task. 

Delay React/On Time Task 

The DRTr was included in this experiment represent two components of 

Douglas's model of ADD, i. e. difficulty with the inhibition of impulsive responses, and an 

unusually strong inclination to seek immediate reinforcement. Specifically, it was 

hypothesized that difficulty with impulsive responses would be manifested in the form of 

increased commission errors on the DRTT by the ADD and FAS children. It was also 

hypothesized that the greatest number of errors would occur in the FAS group. An usually 
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strong inclination to seek immediate reinforcement would be evidenced by longer reaction 
times and more errors during those blocks of trials during which random, noncontingent 
reinforcement was administered. 

The data support the hypothesis that the ADD and FAS children are more likely 
to make impulsive responses to the DRTT than are their normal peers. This effect did not differ 
between the two clinical groups and did not vary over time which suggests that the tendency 
towards impulsivity is a stable characteristic of these children and was not modified by by the 
relatively mild social reinforcements given. 

There was less evidence for an unusually strong tendency to seek immediate 

reinforcement as defined by increased response times on the DRTT. Only the performance of 
the younger children with FAS varied across experimental conditions, and these children 

Performed best under conditions of partial, noncontingent reinforcement. The overall 

Performance of these children was slower than that of the other groups suggesting that the task 

was more difficult for them. It may have been the case that the presence of the social 

reinforcement enabled these children to continue to attend to a demanding task. 

All children completed the DRTT in the same order so that the effects of 

reinforcement were confounded with any fatigue and practice effects. This may have masked 

any differential effects of reinforcement conditions across time. It may be that the absence of a 

change in performance levels over time, for the normal and ADD children, represents an 

additive effect of the reinforcement and fatigue. 

The children appeared to find the DRTT the most demanding of the tasks, and 

the one they liked the least. Many of them attempted to engage the experimenter in 

conversation during this task or asked to be excused. A few of the older normal children 

appeared aware of the time interval between the critical signal (the triangle) and the tone, and 

used strategies such as counting to maintain their attention over time. 
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Continuous Performance Task 

The CPT was included in the design of this experiment to represent two 
components of Douglas's model, i. e. the investment, organization, and maintenance of 
attention over time, and the modulation of arousal to meet situational demands. Specifically, it 
was hypothesized that difficulty with the investment, organization, and maintenance of attention 
over time would be manifest in the form of longer reaction times and more omission errors by 
the FAS and ADD children on the CPT. Difficulty with the modulation of arousal to meet 

situational demands would be demonstrated by a greater deterioration of performance over 

time in the ADD and FAS groups than in the normal group. 

The data support the hypothesis that the investment, organization, and 

maintenance of attention over time is impaired for the FAS children. The FAS children 

responded more slowly to the critical events across all trials. In the presence of a significant 

age effect, this effect appears to be developmental in nature, that is, the older FAS children 

responded like younger normal children. There were no differences between the performance 

Of the ADD and normal children in terms of the speed of their responses over time. 

However, when the data from the error scores are considered a somewhat 

different pictures emerges. On the DRTT error scores represented an impulsive response 

when a stimulus was not present. However, errors on the CPT are omission errors or misses. It 

appeared that the older ADD children were able to maintain their speed of response 

acrosstotime but at the expense of an increasing number of misses suggesting that their strategy was

sample the display for increasing brief periods as the task progressed. This may represent a 

tradeoff made to modulate their arousal levels to meet the situational demands, by using 

increasing smaller blocks of time during which they were aroused and able to respond quickly 

to critical events. 

When age was used as a covariate, the data sugi.ge„stthtehyatmbiostshedthmeoFrAeSoaf and ADD

children made more omission errors than the normal children, 
e
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critical events. This suggests that both groups of children had more difficulty with the 
investment, organization and maintenance of attention and effort on this task than did the 
normal children. 

The failure to show differences between the performance of the normal and ADD 
children on the CPT, when RT is used as a dependent measure, is somewhat surprising, as 

differences of this type are generally found on vigilance tasks (e.g., Aman & Turbott, 1986; 
Brown & Wynne, 1984; Draeger et al., 1986; Sykes et al., 1973). This may reflect the nature of 
the task used, as this vigilance task had a higher rate of critical events per unit of time than do 
some vigilance tasks. It may be that the presence of a frequent signal helped to keep the ADD 

children at an appropriate arousal level. In addition, the use of a computer in a game-like 

format may also have helped to sustain the children's attention. Many other vigilance studies 

have used paper and pencil tasks which may offer less intrinsic interest to children. 

With a visual vigilance task it is not possible to sort out misses that are due to 

gaze aversion from those that are due to true inattention, when the subject is oriented and 

attempting to perceive the signal. If a child turns away from the computer to ask the 

experimenter a question thereby missing a critical event, this miss is not the same type of 

inattention as that which occurs when the subject oriented but still misses the signal. With 

auditory vigilance tasks using earphones, there is no equivalent to gaze aversion (unless the 

subject removes the earphones). A number of studies (e. g. Draeger et al., 1986; Hiscock et 

al" 1979; Loiselle, 1980) have failed to show differences between the performance of normal 

and hyperactive children using dichotic listening, a task that can be conceptualized as a form 

Of auditory vigilance. It is possible that the differences between the performance of normal and 

hyperactive children on visual vigilance tasks is due to the hyperactive children becoming 

more restless and spending more of the total time during the task with their gaze averted. 

Many of the children in all groups appeared to find the lack of a relationship 

between their responses and the onset of a critical event frustrating during the CPT. Many 
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made comments about trying to "make the window black" by engaging in a burst of button 
pushes or by slapping the side of the computer. In addition, there appeared to be a finite limit 
across all groups for the time during which the children could attend to this task. None of the 

subjects had hits or correct detections in the fourth block of trials. Consequently, this block was 

dropped from the analysis. This limit may be inherent to the task itself or (more likely) to the 
total protocol which took approximately an hour per child. 

Two separate factors appear to have influenced the way in which the 

Performance of all children deteriorated on the CPT. Both the total number of trials presented 

and the length of time since the previous critical event were significant predictors of the 

number of subjects making an error on a given trial. The trials in the last block were associated 

with more subjects making errors. In addition, a trial that was preceded by a longer interval in 

which critical events did not occur was also associated with an increased number of subjects 

making errors. 

Thus, the total number of subjects making an error on any given trial may be 

influenced by chronological order of that trial in the sequence the task, and by the length of the 

interval preceding that trial. Figure 8.12 shows the number of subjects making an error on any 

given trial of the CPT plotted against the trials in the time sequence in which they were 

administered. In addition, the total number of subjects making a error on any given trial is also 

Plotted against the trials ordered in increasing order of the length of the preceding inter-trial 

interval, from the shortest inter-trial interval to the longest. 
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Limitations to the Data 

There are a number of limitations to the data collected in this study that are 
discussed below. 

First, the younger ADD children were significantly older than either of the 
younger FAS or younger normal children. A limited number of very young (i.e 5 to 7 year old) 
children were available from the ADD clinic at University Hospital. The average age on referral 
to the clinic is 7 to 8 years (P. Matthews, personal communication, April 1988) so that younger 
ADD children are not usually identified. This reflects the importance given to teachers' 
observations in the diagnosis of hyperactivity. Children typically begin formal instruction in 

reading and other academic skills around the age of six, so that this is the first time in a child's 

experience that attention demanding tasks have been presented on a regular basis. It is at this 

age that teachers first begin to comment on a child's inattentiveness. The process of 

identification and referral to a tertiary treatment centre such as an hyperactivity clinic may take 

one to two years so that the average age of referral to the clinic is 7 to 8 years. 

In contrast, FAS and FAE can be diagnosed early in life, although not always at 

birth (Streissguth & LaDue, 1987). All of the children with FAS and FAE in this study had been 

diagnosed early in life and had been followed longitudinally for many years. Consequently, 

within the total pool of children available, there were more younger ones. 

A second limitation to the data is that gender was not controlled for in the 

analyses. The primary focus of this study was on attention in children with FAS. Because sex 

ratios in FAS have been reported as equal, both males and females were included in the 

study. A disproportionate number of the children available from the total pool of FAS subjects, 

Who met all of the additional criteria were female even though the total pool contained roughly 

equal numbers of boys and girls. It is not known whether this bias in favour of females was 

due to chance variations or the possibility that females with FAS may have fewer anomalies 
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may be somewhat brighter. The ADD subjects were mostly boys (9:1), a ratio that reflected the 
sex ratios in the total pool of of ADD subjects available (P. Matthews, personal communication, 
April, 1988). This is typical of hyperactivity clinics, as sex ratios of 5:1 to 9:1 in favour of males 
are typically reported (APA, 1980; Barkley, 1980; Ross & Ross, 1982). 

The unequal ratios of boys and girls precluded data analysis by gender. Other 

studies involving similar tasks, with children of the same ages (Sykes et al., 1973, Herman et 

al., 1980), have failed to find gender differences, so that any gender effects that may have been 

present are likely to be small. In general, Davies and Parasuraman (1982) have pointed out 

that gender differences in attention are usually quite small, and consequently have little 

practical or theoretical significance. 

Race was also not controlled for the in the analyses. All of the FAS children 

were of North American Indian origin, however, all but two of the children had been reared in 

Caucasian, English speaking foster or adoptive homes since early infancy. The remaining two 

came from stable, urban families with English as a first language. Thus, any differences 

between the native and non-native children in this study are likely to be genetic rather than 

environmental. Berch and Kantor (1984) have reviewed the findings on racial differences in 

attention. They concluded that there was little evidence for racial effects when other variables 

such as intelligence and language were controlled for in the analyses. 

All children completed the DRTT in the same sequence, confounding the 

reinforcement conditions with fatigue and practice. An ideal design would have 

Counterbalanced the reinforcement conditions within each age by diagnosis 
group. However, 

the children were seen over a period of months, in conjunction 
with review appointments at 

University Hospital. It was not clear that the samp1e would be large enough to permit 
blocking 

by age until a significant proportion of the children had been seen, thus precluding 

counterbalancing. 
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Finally, the CPT failed to demonstrate differences in reaction times between the 
normal and ADD children, that is, it was not sensitive to the attentional deficit associated with 
ADD. Vigilance tasks are very commonly used in research in hyperactivity. In fact, a 

microcomputer that administers an version of the DRTT and a visual vigilance task is marketed 
as a diagnostic measure of ADD (Gordon & McLure, 1984). In spite of this use of vigilance 

tasks as the gold standard in research on hyperactivity, the findings from vigilance tasks have 

been mixed and a number of other studies have also failed to find differences between 

hyperactive and normal children on vigilance tasks. A number of other factors such as the type 

Of signal to be detected (visual vs. auditory), the type of task (paper and pencil vs. visual light 

display vs. a microcomputer screen), the presence or absence of the experimenter (Draeger et 

al., 
1986), and the presence of rewards and punishment (Sargent & Soho!ten, 1985; Scholten 

& Sargent,1985) all also affect magnitude of the differences between the performance of 

hyperactive and normal children on vigilance tasks. 

Summary 

In summary, the data suggest that children with FAS appear to their parents to be 

attention-disordered and hyperactive in much the same ways as other children with ADD. The 

ADD 
children appeared more disordered than the children with FAS because, although the 

test 
scores for the two groups were similar, the ADD children were rated during an period of 

time when they were receiving appropriate doses of stimulant medication. Nevertheless, the 

children with FAS experienced more difficulty with all of the attention-demanding tasks than did 

the other children. They appeared to have difficulty with (a) the investment, organization, and 

maintenance of attention over time on the CPT, (b) the inhibition of impulsive responses on the 

DRS-, 
and (c) the modulation of arousal to meet situational demands on the CPT. There was 

less evidence that they had an unusually strong tendency to seek immediate reinforcement, 

but this ‘' may have been related to the difficulty which they experienced with other aspects of 
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attention. It is possible that reinforcers are helpful to children with FAS when they are 
performing highly effortful tasks. 

Children with FAS may have other types of problems with attention in addition to 
the four defects addressed in this study. For example, Douglas and Peters 

(1979) differentiate
between the attentional problems of learning disabled children and hyperactive children, 
Partially on the basis of a differential response to the presence of distractors in the environment 
such as white noise. They have argued that the performance of hyperactive children is not 

impaired by the presence of extraneous distractions in the environment, whereas the 

Performance of learning disabled children is impaired by the same types of distractions. This 

kind of attentional defect was not assessed in this study. It is possible that children with FAS 

have difficulties with other attentional processes such as the presence of distractors in the 

environment which are not included in Douglas's model because these defects are not usually 

found in children who are judged to be hyperactive or to have ADD/ADHD. 

The children with ADD in this study did not demonstrate all of the components of 

Douglas's (1983) model of attention deficit disorder on the tasks presented. Specifically, the

data do not support the hypothesis that children with hyperactivity have an unusually 

h

atllye 

p

sAtronDg 

tendency to seek immediate reinforcement on the DRTT. The major defects 
which

Children displayed in this study were; (a) an inability to inhibit impulsive responses on the 

DRTT, a tendency that was unaffected by social reinforcers, and (b) difficulty with the 

maintenance of attention on the CPT. 

It may be that the children in this study varied in some unspecified way from 

Other samples of hyperactive children, with whom these defects have been demonstrated. 

Alternatively, these effects may be specific to certain types of tasks and to specific levels of 

stimulation. In real life situations, hyperactive children are capable of being attentive and 

behaviorally appropriate in certain situations. 
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The children with FAS in this study, relative to children with classical hyperactive 
symptoms did appear to have similar but more severe defects in at least three components of 
Douglas's (1983) model of attention deficit disorder. Thus the data appear to support the 
contention of those authors (e.g., Ferguson & Rapoport, 1983; Rutter, 1983; Taylor, 1986; 

Sandberg, 1986) that hyperactivity is a heterogeneous disorder which may arise as a 

consequence of different combinations of genetic factors and various adverse prenatal, 

perinatal, and postnatal events in the child's life. 

The data support the contention that prenatal alcohol exposure is one way in 

which the hyperactive symptoms which characterize ADD/ADHD may arise. The children with 

FAS showed similar, but more severe difficulties with vigilance and fine-motor tasks. In normal 

children, prenatal exposure to alcohol was been shown to affect performance on similar 

vigilance and fine-motor tasks (Streissguth et al., 1984, 1985). This suggests that there is a 

continuum of dose-dependent effects on children's attentional capacities, which range from 

subtle effects in the children of social drinkers to the more obvious effects demonstrated in 

FAS. 

It is possible that some children who are presently diagnosed as ADD or ADHD, 

Particularly those with more severe intellectual defects and small stature, may be attention-

disordered because of prenatal alcohol exposure, even though they do not manifest all the 

features necessary to be diagnosed as FAE. 

Children with FAS and FAE experience more difficulty with language 

development and academic tasks than would be predicted on the basis of their intellectual 

abilities 
alone (Hamilton, 1981). These academic difficulties may stem from a more basic 

defect in attention that prevents them from being able to process environmental events in a 

meaningful way. In addition, these basic defects also lead to to failure experiences. Like 

Children with hyperactivity and learning disabilities, FAS children may fail to develop meta-

cognitive strategies and other higher order cognitive skills. Treatment measures such as 
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stimulant medication and cognitive behavior modification, which have proved useful to children 
with hyperactivity (Brown et al., 1986; Dulcan, 1986; Henshaw et al., 1884), may also be useful 
for children with FAS. Further research is needed to assess the efficacy of such treatments on 
children with FAS. 

In addition to the four basic attention-defects which are central to Douglas's 
model of attention deficit disorder, hyperactive children are known to have difficulty with a 

number of other areas of functioning such as social skills (Grenell et al., 1987), peer 

relationships (Cunningham & Siegel, 1987; deHaas, 1986), and classroom behavior 

(Cunningham & Siegel, 1987). For example, hyperactive boys aged 7 to 11 were found to 

have deficits in knowledge of how to maintain a relationship with peers and how to handle 

interpersonal conflict, when compared to normal boys of the same ages (Grenell et al., 1987). 

Hyperactive girls display more conduct disordered behavior than normal girls, but less than 

hyperactive boys (deHaas, 1986) . In addition, deHaas found that hyperactive boys and girls 

were more likely to receive negative nominations from their classmates. Cunningham and 

Siegel (1987) found that the presence of a hyperactive boy in an age-matched dyad of school-

aged boys resulted in more controlling and less co-operative patterns of behavior. In addition, 

the h
yperactive boys spent less time on task and completed fewer tasks in a simulated 

classroom situation. 

It is not clear whether these deficits in social skills are a consequent of 

ADD/ADHD children's problems with attention or are a separate disability. There is an implicit 

assumption in many of the studies on social skills of hyperactive children that the defects in 

st3cial skills arise as a consequent of the attention defects. However, it is also possible that 

these defects are orthogonal. For example, Milch and Loney (1979) have suggested that the 

prognosis is poorest for those hyperactive children who are also conduct disordered. It is 

possible that attention defects and conduct disorders are two separate disorders which may 

occur in the same child and have an interactive effect so that the outcome for a child with both 
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disorders is poorer than that of a child with either disorder in isolation. Further research in this 
area is also needed to assess the extent to which attention defects are the cause of conduct 
disorders and the extent to which these conditions are separate. It is possible that some 
children with both disorders have conduct disorders because their poor attending skills have 
precluded the learning of social skills, whereas for other children the conduct disorder may be 
the consequent of a family situation that tolerates or even encourages antisocial activities. 
Both family history and the natural course of the conduct disorder may be relevant in assessing 
the extent to which a conduct disorder is independent of an attention-deficit disorder. 

The social skills of FAS children have not been examined in detail. Streissguth 

(1985) noted that children with FAS were naive and socially immature but this observation was 

based on clinical judgement rather than on objective measures of social functioning. Further 

research is needed to assess the social skills of FAS children and to compare their 

Performance in social situations to other children with cognitive impairments and to 

hyperactive children. It is possible that FAS children may have a different range of social 

Problems which arise from the combination of attention-defects and limited cognitive and 

language skills. The incidence of conduct disorders in FAS children is also unknown. If 

conduct disorders in hyperactive children do arise as a consequent of the defects in attention, 

then children with FAS are also at greater risk for developing conduct disorders. 

The Achenbach does include scales to assess delinquent and aggressive 

behavior. However, these scales are different for males and females. The differences in the 

sex ratios in the FAS and ADD children in this study precluded statistical analysis of these sub-

scales. Thus, the data from this study are not suitable to assess the extent to which children 

w►th FAS are conduct disordered as an appropriate control group was not available when sex 

ratios were taken into account. 

In research with hyperactive children, there is an unfortunate tendency to 

assume that children with hyperactivity are 
homogeneous in terms of both their behavior and 
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the etiology of their problems. The use of group means to assess differences between normal 
and hyperactive children precludes the identification of individual hyperactive children who do 
not have defects in social skills or academic performance. The functioning of such children (if 
they exist) would be of interest in determining the extent to which the various social defects are 
a consequent of attention deficits. For example, hyperactive children vary in terms of their 
scores on the Connors and other hyperactivity scales. It would be of interest to know whether 
higher hyperactivity scores are associated with greater social problems. 

One of the more promising etiological models proposed in hyperactivity is that of 

multiple pathways (Rapoport & Ferguson, 1984) that result in a disorder that appears 

homogeneous. This study has provided data to suggest that prenatal alcohol exposure may 

be one of the pathways that result in hyperactivity. Other teratogenic agents such as 

anticonvulsants and amphetamines have also been suggested to result in attention deficits in 

the offspring of women who have used these drugs during pregnancy (Billing, Eriksson, 

Steneroth & Zetterstrom, 1985). Another hypothesis (Cantwell, 1987) is that some children 

with hyperactivity have a primary depressive disorder and show hyperactive symptoms as a 

reaction to their depression. Taylor (1986) has stressed the role of genetic and social factors in 

the etiology of hyperactivity. It is likely that all of these factors are pathways that may result in 

hyperactivity, so that in any study of hyperactive children, there may be subgroups of children 

with different etiologies of their disorder. 

In the present study, ADD children were grouped together for the purposes of 

statistical analysis. However, it is recognized that in this study the ADD children likely varied 

on a number of critical dimensions which have not be addressed until now. The ADD children 

were all referred from one Child Psychiatry Department within a large teaching hospital. 

Children with known neurological impairments such as seizures and cerebral palsy were 

excluded as were children whose families were judged to be unstable by the child 

psychiatrists making the referrals. These restrictions were intended to screen out children 
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hyperactive symptoms were reactive to a chaotic family situation as well as children with 
known CNS dysfunction. These criteria were intended to create a group of hyperactive 
children who were similar to those studied by Douglas and her associates, on whom the model 
of ADD being used was based. These criteria are likely to have resulted in a relatively 

homogeneous group of hyperactive children in terms of their social background as only those 
children whose families were stable and interested in participating in research were included. 
Data regarding the family's socioeconomic background, parental education levels and other 

variables relevant to family functioning were not collected as these were not germane to the 

hypotheses being tested. The ADD children may have varied considerably along these 

criteria. 

In addition, data were not collected regarding maternal alcohol intake during 

Pregnancy in either the ADD or normal groups, although the referring physician were asked to 

exclude any child whose mother was known to have consumed an excessive amount of 

alcohol during pregnancy. These data were not collected for two reasons. First, maternal 

recollections of alcohol intake during a period of 6 to 12 years ago are likely to be unreliable 

and coloured by currently FAS awareness campaigns. Second, other samples of hyperactive 

and normal children in studies of this type (e.g., Cunningham & Siegel, 1987; deHaas, 1986;

Douglas & a Parry, 1983; Grenell et al., 1987; Sykes et al., 1973) have not used maternal alcohol 

Consumption during pregnancy as a selection criteria. The majority of Canadian women of 

Childbearing age drink socially (Leon, 1977) so that these studies would likely have included 

the offspring of social drinkers and may possibly also have included children with mild FAE. 

Therefore, maternal abstinence was not used as a selection criteria in this study in order to 

create 
 studies of hyperactive children. 

groups which were comparable to those 
in other

The scores on the Achenbach indicated that two of the ADD boys also had 

elevated depression scale scores and that five ADD boys had elevations on the aggressive 
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and the delinquent scales. One ADD boy had elevated scores on the depression scale as well 
as the aggression and delinquent scales. This suggests that this sample of ADD children 
contained some boys with concurrent conduct disorders and depressive disorders. 

Unfortunately, unequal sex ratios precluded statistical analysis of these data. In future studies 
of hyperactive children, the use of broadly based questionnaires such as the Achenbach may 
be useful in identifying subgroups of children whose performance on both measures of 

attention and social skills may be subtly different. 

Another issue to be addressed in this discussion is the utility of conceptualizing 
the h yperactive syndrome as a syndrome derived from an underlying attentional defect. The 

shift in labels from hyperactivity to attention-deficit disorders and then to attention 

deficit/hyperactivity is intended to highlight the fact that attention defects are the primary 

Problem in hyperactivity and that the over-active symptom is likely a consequence of the 

defects in attention that are overcome as the child matures (Douglas, 1980,1983). The shift 

was also intended to increase the precision with which the syndrome was described as not all 

hyperactive children were over-active, leading to confusion amongst professionals and 

Parents alike. However, attention is a complex construct that can be operationally defined in 

number of different ways (Kahneman, 1973; Norman & Bobrow, 1975; Navon & Gopher, 

1984). Tasks from cognitive psychology have been applied to the study of hyperactive children 

with little recognition that developmental factors and the differing motivations of young children

and college students may result in different operational definitions of attention across studies 

using the same tasks. Thus the shift from hyperactivity to attention-deficit disorder may have 

exchanged one set of definitional problems for another without an increase in the precision of 

the 
definitions. 

Attentional problems are not unique to the hyperactive syndrome. For example, 

irnPaired attention and concentration are 
characteristic of organic syndromes such as delirium, 

in P APA, 1987). What is unique in the 
"c1 also occur in manic states and depression 

(DSM-III--, 
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hyperactive syndrome is the presence of a constellation of symptoms, namely over-activity, 
inattention, distractibility and impulsivity, in children who are free of other major 
psychopathological disorders. Thus the presence of symptoms of inattention may not be 
specific to hyperactivity. 

in this study, the presence of the symptoms of impaired attention and effort, and 
Impulsivity, as measured by the experimental tasks, confirmed the presence of the syndrome in 
the ADD children. These children were selected because of their previous diagnosis of ADD 
and all shared a positive response to stimulants, at least as defined by their compliance with 
psychopharmacological treatments. The attention demanding tasks were able to discriminate 

between the normal and ADD children, i.e. they were sensitive to the presence of the 

underlying disorder. However, the same symptoms were identified in the FAS children. This 

suggests that these symptoms are not unique to children with ADD or ADHD. It appears that 

defects in attention during childhood are not restricted to children diagnosed as ADD or ADHD 

but also occur in children with other disorders such as FAS. 

Douglas (1983) has based her model of attention-deficit disorder on a task-

analysis of those tasks that have consistently shown differences between hyperactive and 

normal children, and those that have not, rather than on a theoretical model of attention. She 

has identified processes in both selective and sustained attention that she has proposed are 

defective in hyperactive children. This model does not suggest how these defects may be 

related or how they may arise in hyperactive children. There is a need to link the defects 

together and to relate them to current theoretical models of attention. There are a number of 

newer paradigms used the study of attention, such as the dual task paradigm (Norman & 

Bobrbw, 1975) and automatic versus control processing paradigms (Schneider & Shiffrin, 

1977) that may offer alternate, operational definitions of attention and attention-deficit disorder. 

Studies combining these newer attention paradigms and some of the more traditional 
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measures of attention such as vigilance tasks may represent a way in which the existing 
findings on attention-deficits may be linked to theoretical models of attention. 

The tasks chosen for this study were all traditional tasks that have consistently 
shown differences between the performance of hyperactive and normal children. This type of 
task was chosen because this study was intended to apply Douglas's model to a different 
group of children, namely those with FAS, whose performance on any measure of attention 
was unknown. It was felt that using traditional tasks would result in a data base for the 

Performance of the FAS children that could be compared to the findings for hyperactive 

children in this and other studies. In some ways, the similarities in performance between the 

ADD and FAS children is surprising, given the magnitude of the differences in IQ levels 

between the two groups. This may be the result of choosing tasks requiring limited cognitive 

and language skills that had low correlations with IQ. It may also be the result of defining 

attention in such specific ways as reaction time on a vigilance task. It is possible that more 

broadly based measures, such as ratings of behavior in a natural environment, would have 

resulted in greater differences between the behavior of the ADD and FAS children. 

One of the critical elements in Douglas's (1983) model of attention deficits is the 

contention that hyperactive children respond differently to intermittent reinforcement than do 

normal 
children. Douglas (1983) has described this as an exaggerated hold that reinforcers 

have on the performance of hyperactive children. Although she does not describe this defect 

in terms of distractibility, at a behavioral level it is difficult to distinguish the concept of 

exaggerated hold from the concept that the hyperactive child's attention is distracted by the 

reinforcer. Douglas (1980,1983) has argued that children with hyperactivity are not more 

distractable than normal children, but she has based this contention on studies that have used 

either environmental distracters such as white noise or distracters embedded within the task 

1935) or the CEFT 
(Wiltkin, 1959). It is difficult to assess why the 

such as the Stroop (Stroop, 
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presence of a reinforcer administered throughout the task (such as the DRTT) is not considered to be a distractor. 

This study failed to show differences between the performance of the ADD and 
normal children with the DRTT. If the task is conceptualized as a measure of distractibility then 
this finding is in keeping with Douglas's contention that hyperactive children are not more 
distractible than other children. However, if the presence of the reinforcer in the DRTT is 
conceptualized as a measure of the exaggerated hold which reinforcers have on the attention 
of hyperactive children, as it was intended to be, then this study fails to support the idea that 

hyperactive children respond differently to reinforcement. Since reinforcement, fatigue, and 

practice were confounded in the administration of the DRTT, the failure to support this aspect of 

Douglas's model is difficult to interpret. Further studies are needed to replicate Douglas and 

Parry's (1983) finding and to assess the contributions of fatigue and practice to the differential 

effects of reinforcers on hyperactive and normal children. 

The concept that reinforcers have a different effects on hyperactive children than 

on their normal peers is one with great practical as well as theoretical significance. At a 

theoretical level, it would be of interest to know how this effect is related to the other aspects of 

attention and learning. At a practical level, educational practices within the classroom usually 

result in intermittent reinforcement of both positive and negative behavior from students. 

Unless a child is receiving one-to-one instruction continuously, only a few behaviors will be 

reinforced. If these naturalistic schedules of reinforcement do indeed cause performance 

decrements in hyperactive children, then less reinforcement, rather than more, may help to 

normalize their performance in the classroom. Such an effect may help to account for the 

relatively disappointing results of cognitive behavior modification techniques with hyperactive 

Children (Brown et al., 1986; Dulcan, 1986; Henshaw et al., 1984). 

In conclusion, Douglas's model of attention deficit disorders was useful in 

assessing the attention of children with FAS and in comparing them to children with 
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hyperactivity. The four primary components of the model were operationally defined in terms of the tasks administered. The concept that reinforcers have an exaggerated hold on the 
attention of hyperactive children was not supported although it may be due to the experimental 
design used. This aspect of the model has potential implications for education and treatment 
of hyperactive children so that more research on this component of the model is required. In 
addition, the hyperactive children did not show a defect in the first component of the model, 
namely, the investment, organization, and maintenance of attention over time when this 

component was operationally defined as an increase in reaction times over time on the CPT. 

This suggests that the defects which hyperactive children have with the investment, 

organization, and maintenance of attention over time may be specific to certain tasks, 

particularly those with a low frequency of events that require a response. Thus, the model may 

define attention defects which are specific to certain tasks and may also fail to include other 

defects which may be important for some children with hyperactive. 

The contention in DSM 111 (APA, 1980) that the concept of attention-deficit 

disorder could be broadened to include children with a variety of neurological and cognitive 

impairments as well as to children with pure hyperactivity appears to have been made in 

advance of data to support this contention. As was argued in the introduction to this study, 

there was no reason to assume a priori that attention-defects were the central disorder in 

retarded and other neurologically impaired children who were over-active. This study was 

intended to provide data which would support or disconfirm the assumption of DSM 111 

(APA,1980) that attention defects were central in the genesis of hyperactivity in retarded and 

neurologically impaired children. The data support the idea that one group of neurologically 

impaired children, i.e., those with FAS/FAE, who have traditionally been described as 

hyperactive, also have attention-deficit disorders which are similar to ADD/ADHD children. 

The data do not address the issue of the genesis of the hyperactive behavior in FAS so that the 

assumption that attention defects cause hyperactivity remains untested. Further research with 
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other groups of children is needed to determine whether the assumption in DSM 111 
(APA,1980) that this model can be applied to all retarded and neurologically impaired children is justified. 

The caveat in the DSM-III-R that the behavior of a hyperactive child should be 
judged against mental rather than chronological age does limit the concurrent use of ADHD 
and mental retardation as diagnostic labels. However, it does not address the issue of 
specificity of diagnosis. If ADHD is a separate psychopathological disorder, then it should 
have some unique features that differentiate it from other psychopathological disorders of 

childhood, such as a common etiology, response to treatment or biological marker. The data 

from this study suggest that symptoms of impaired attention and impulsivity are not specific to 
the disorder but also occur in children with FAS/FAE. Thus impaired attention and impulsivity 
do not appear to be markers of a hyperactive syndrome. The data from the present study to not 

address the issue of hyperactivity as a distinct disorder. However, they do suggest that ADHD 

as well as FAS/FAE and perhaps other disorders of childhood. 

This study had two major goals; (a) to determine whether or not FAS children were 

considered to be hyperactive across a wide range of situations and (b) to assess attention in 

children with FAS and FAE using a number of attention demanding tasks. 

The first goal was addressed using traditional questionnaire methods. Data were 

collected from the parents of 20 children with FAS and FAE. All of these children had been 

diagnosed as FAS or FAE in early infancy or childhood. They were all living in stable homes 

With English as a first language. The children all ranged from 5 to 12 years. 

In order to compare the functioning of these children, data were also collected from 20 

Children with ADD, followed by an ADD clinic and 20 normal children. These children were 

ars° living in stable, English speaking homes and were of comparable ages. 

The questionnaires used to assess hyperactivity were the Connors, SNAP and the 

Achenbacn. The Connors was chosen because of it is the most commonly used measure in 
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hyperactivity research. Its use provided a means by which the results from this study could be 

compared to other studies involving hyperactive children. The SNAP was chosen because it 

represents an expansion of the DSM 111 (APA, 1980) criteria for the diagnosis of attention 

deficit disorder so that from its use, a diagnosis of ADD could be made. The Achenbach is a 

broadly based questionnaire that was chosen to assess behavior across a wider range of 

potential problems than just hyperactivity. 

The questionnaire data were collected only from parents as collection of data from 

teachers as well proved impractical. 

The data suggest that children with FAS and FAE are considered to to be 

hyperactive by their parents. Their scores on all three measures of 

hyperactivity , the Connors, 

S nbach hyperactivity scale were 
significantly higher than the scores of the 

NAP and the Ache 

n . it scores were not 
different from those of the children with ADD,

ormal children The 
rous of children see their children's behavior in much the

suggesting that parents of both g 
p 

same ways. 

I of this study was to assess 

attention in children with FAS and 

The second goal 

F . done by using laboratory 
based measures of 

attention, 

AE This was 

administer via 

microcomputer. The tasks 
chosen were based on a description of the basic deficits in attention

Douglas (1983). These defects are; 

that hyperactive children have that has been proposed by 

(a) difficulty with the investment, organization, and 
maintenance of attention and effort, (b) an 

c) 
difficulty with the modulation of arousal levels to

inability to inhibit impulsive responses, ( 

(d) an unusually strong
meet situational demands and, 

inclination to seek immediate 

reinforcement The three tasks chosen were the Choice 

Reaction Time Task, the Delay 

ance Task. 

Reaction Time Task and a Continuous 

Perform 

The data suggest that 

children with FAS and 
FAE do have difficulty with attention 

and FAE children in this study

demanding tasks. SpecificallY, the FAG e of attention over time, (b) with the inhibition of

had difficulty with; (a) 

the investment, organization and maintenanc 
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impulsive responses an, (c) with the modulation of arousal to meet situational demands. They 

also had more difficulty than the other children when the task had a motor component to the 

response. In comparison, the ADD children in this study had difficulty with two components of 

attention; (a) difficulty with the investment, organization, and maintenance of attention and 

effort and, (b) an inability to inhibit impulsive responses. Thus children with FAS and FAE 

appear to have similar, but possibly more pervasive defects in attention than do children with 

ADD. 

Thus, children with FAS and FAE do appear to their parents to be hyperactive 

across a wide range of situations and secondly, they do have difficulty with some aspects of 

attention. There is evidence that they are both hyperactive and inattentive, and that these 

defects are similar to those of other hyperactive children. Further research is needed to see if 

the 
pharmacological and cognitive treatments for hyperactive are helpful for children with FAS 

and FAE. 
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Thank 

UNIVERSITY 
HOSPITAL SASKATOON, SASKATCHEWAN S7N 0X0 PHONE ! Of,;24.: 

■ 

Dear Parent: 

It 
to a group of 

families who have a 
child with Attention 

I'm wr. 

ril lbert 
j?cisorder- As you know, 

one of the 
reasons why we see 

quite a 

and  °- children with 
this problem 

is to try to 
learn more about it 

to conduct research in the 
area. 

My
:s.. are -0-e, Dr. Quinn, 

has done 
some 

biochemical tests in 
the past and 

other currently looking at a new 
research program 

which will explore some 
1,..c°11eaorn 

aspects of the problem. 

Iva), 

In 
letter from Jo 

Nanson will 
explain the 

proposed project and the 

'Tkadn which you ma hel in it. my colleagues 
and I here at 

the hospital 
The a 

the certainly encouragey P you to 
become 

involved with 
this research because 

the ire  know about this 
honest ion 

the easier 
it becomes 

for children in 

your 
consideration of 

this 
matter. 

Sincerely. You for 

ibms 

Peter 
Matthews, 

Consultant, 

Child 
Psychiatrist 
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UNIVERSITY OF SASKATCHEWAN 

DEPARTMENT OF PEDIATRICS 

LOCATION 
ALVIN BUCKWOLD CENTRE 

1319 COLONY STREET 
SASKATOON. SASK . S7N 2Z1 

Dear 
Re: 

• //lei it,

ALVIN BUCKWOLD CENTRE 

Mailmg Address 
UNIVERSITY HOSPITAL 
SASKATOON. SASK 

S7N OX0 

DIRECTOR. R.E. SNYDER. M D. 
TEL. 966.1070 

Firstly let me introduce myself. I am a Ph.D. candidate in clinical psychology from the 

University of Saskatchewan In Saskatoon. The study which I am doing is a part of my doctoral 

dissertation in clinical psychology. 

The study concerns attention In children and involves comparing the performance of normal and
developmentally delayed children on three attention demanding tasks. The above named child has 

already participated in the first part of the study involving laboratory measures of attention. 

rental consent has been given for me to contact you as the 
child's classroom teacher for 

assistance with the second part of the study. The purpose of this second 
phase is to compare the 

behavior of the child on the laboratory tasks with the child's behavior at school where attention 

1S
SO important their responses to the attention tasks on the computer. In order to do this, I

to ibing the behavior of the child named 
would like to fill out the enclosed brief questionaires descr 

above in your classroom ever the past week. 
when you have completed the questionaires,

essed, self-stamped envel 

Please return them to me for scoring, using the attatched self-addr

ope. 

If
have any questions please contact me at 966-1070. Thank you.

Yours Sincerely 

Jo Nanson, M. A. 

Psychologist 
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UNIVERSITY OF SASKATCHEWAN 

DEPARTMENT OF PEDIATRICS 

LOCATION 
ALVIN BUCK WOLD CENTRE 

1319 COLONY STREET 
SASKATOON SASK S7N 2Z1 

• 

ATTENTION DEFICIT DISORDER STUDY 

ALVIN BUCKW0LD CENTRE 

Mailing Address
UNIVERSITY HOSPITAL 

SASKATOON. SASK 
S7N OX0 

DIRECTOR R E SNYDER. M D 
TEL 966-1070 

Please complete this form and return in the stamped envelope which is 

enclosed. 

CHILD'S NAME: 

PARENTIS) NAME(S): 

CHILD'S ADDRESS: 

TELEPHONE NUMBER: 

to be 
contacted regarding the study 

Yes I am willing 
ed regarding this study. 

No I am not willing to be contact

(signature) 

PLEASE RETURN IN THE 
ENCLOSED 

ENVELOPE TO: 

Or. P. Matthews, Consultant 

Child Psychiatry 
University Hospital 
Saskatoon Sask 

160 - 
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Appendix B Task Specifications 

2. 1. Choice Reaction Time Task (CRTT) 

The stimuli for the CRTT were either a black circle (c) or black square ( s) that 

appeared in the left window of the computer screen when the child pushed the mouse button wniie 

al igneci with the word "ready? in the right window Stimuli occurred in the same random 

orcer,coscsscsscscccscsscssccsforeachsubiect. 
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2.2. Delay Reaction Time Task (DRTT) 

The first or warning stimulus is a tone lasting I sec at 1 100 hertz. Following 
this there was a delay 10 seconds after which the left window displayed a black triangle on a grey 

background. See Figures 6.4 and 6. 5. The task was administered as 2 blocks of 25 trials. The 
first block were not reinforced. During the second block of 25 trials, verbal reinforcement was 

given of 50% of the trials using the following random schedule for each subject: 

Schedule for Reinforcement for Block 2 of DRTT 

Trial # Reinforcer 
1 

very good 

5 very fast 
6 very good 7 

excel lent 8 
9 none 

none 

21 excel lent 
22 

none 23 
very fast 24 

25 none 
none 

0 very good 

none 
3  
4 none 

excellent 

1 1 
12 none 
13 none 

14 none 
very fast 15 

16 very good 
17 excellent 

very fast 18 
19 very good 

none 
20 none 
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2- 3. Continuous Performance Task (CPT) 

The total task lasted 12 minutes during which 40 critical stimuli appeared. Each 

stiMIJIUS lasted 0.5 sec and any response occurring in the next 5 sec. was considered to be a 

correct response. Critical stimuli appeared in the following sequence, given in tic count units ( I 

tic= 15.67 msecs). The stimuli appeared in a modified random sequence over the 12 min so 

that a total of i 0 stimuli aooeareo during each 3 minute olock with each stimuli separated fr.om 

the next Py a minimum of a 5 second interval. 

Black One 

127 
458 
1 190 
2279 
4666 
5138 
8847 
9532 
10 127 
10669 

Block Two 

12109 
12702 
13880 
14253 
15269 
16013 
18281 
1891 1 
19754 
21539 

Block Three 

22504 
23288 
24662 
25028 
26253 
27813 
29879 
30732 
31254 
31860 

Block Four 

32441 
33989 
34347 
35786 
38364 
39340 
39687 
40997 
41814 
42501 
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Appendix C Consent to Participate Forms 
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the e

3CarnIZIer. 

4 °e4's°nal accouter. 
will

whe, 
tIrt 

UNIVERSITY OF SASKATCHEWAN 

Department of Psychology 

CONSENT FORM 

(Dupl icate copy to be given to 
subject) 

Name of Researcher: Jo Nanson 

Supervised by: Sr....--Earrill—aiSCX 

Title:Attention Deficit Disorder in 
ChilsiZeILE4Xsed—ta-Zilathni prpnAqi 

( 
R 

motive and Normal 

Objective: The Purpose of 
this study is to 

assess attention in three 

21-S11-ildren - those exposed to 
excessive amounts of...5

1.121x0._prenatally, 

these who have been 
diagnosed as h 

active and normal 
children. 

Rat

:4 telltion. This 

tW° waYs: by 

bY estionnaires 

• 

onale: Children who are 
a 

to 
assess attention in different groups

study is designed

assessing their 
attention directly 

using a computer and 

to be completed 
by the 

child's parents 
hers. and teac

procedure: The children will 

The child 
will sit in 

from 

Push a !Dutton when certain 

°ther events occur 

lete three 

events 
0 

tasks which 
assess 

of 

the 

-410 
the WTSC-R w

ill be administered :yods
fN taken to make 

f a standrOF intellectual 
assessment, 

Total time should 
be 

in the area 
of 40 

minutes with res 

The child 
will be 

clu'ea for the child 
between 

tasks. 

e the
tvQt-!., child is being 

assess 

mgiya3 
be_1,7rcerning the 

chil•-. 

C421r.
srYi 

nnr",/ nf 

ed the 

past over the
bellavlt,_ will be 

asked to fill in three 

rs 

p"st 
!parent 

1.11 
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Consent Form, Department of Psychology. 

Procedure continued... 
the child's teacher c trplele te these and return them to the examiner. 

(erring physician will be sent a copy of the resultS of the WISC-R 

questialnaires to incorporate into the child's ongoing treatment. 

Direct benefits to subjects: Current 
assessment of intellectual development, 

4ctivitY level and screening for any other developmental problems. 

P°ssible risks: Fatigue of the child. 

tIIU ie derstand that this research has 
been 

approved by the Human Research

th I h 
g

niversity of Saskatchewan, and

'en  complaints I may 
submit them to 

that Committee through the 
43 if °Mitteer Department of Psycholoy, 

U 

rt  have.  
any

%"6-6657). have read 
the I r 

be 17:cletrlis:and 

been 

the  andmiutis, 

th%it% ve Pro 
of 

erti. have tocol and agree to 
pi771cIpate. 

n explained to me by 

stand am free to withdraw from this study at any time.
Linde

rs._nd that 

r e
(dace) 

• 

arc 
r) 

MAI 
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Appendix D Sample of Report Sent to Physicians 
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Child's Name: 

Address: 

Age on Assessment: 

Date Seen: 

Location: 

Referred By:

D. a 

Saskatoon 

8.8 years 

May 30 1987 

University Hospital 

Dr. P. Matthews 

WiSC-R (Short form) 
Connor's 

SNAP 
inattention 
Impulsivity 
Hyperactivity 
Peer interactionseer 

Auchenbach 

Social Competence 
Activities 
Social 
School 

Behavior Problems 
Schizoid 
Depressed 
Uncommunicative 
Obsessive-Compulsive 
Somatic 
Social Withdrawal 
Hyperactive 
Aggressive 
Del iquent 

CoMments: 

'Jo Hanson. A. 

Researcher 

Superior range 
XX 

XX 
XX 
XX 

XX 
XX 
XX 
XX 
XX 
XX 
XX 
XX 
XX 

RESULTS 

The SNAP is a new questionnaire which converts 

the items of the DSM III criteria for ADD and 

ADD- H to questions and scores them on the basis 

of a four point scale like the Connor's. 

Scores below 30 are considered abnormal in 

clinical populations on the Social Competence 

Scales. 

Scores above 70 are considered 
vioabnoproblem 

rmal in 

clinical populations on the behavior 

scales. 

eractive pattern albeit in a mild form.

This is the classical hyp
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;PTT 
Nor ni l 
Subjects 

CASE NO. 
No. 7 No. 8 No. 9 No. 10 No. 

1 5 100 S 1 14 

1 1 No. 

, 
C 92 

55 
1 14
60 

12 

z. CCe 1362704
CC 12856

5 68 

3

5 58 

C 80 

4 

S 1 14
5 68 C 52 

5 
C 90 5 66 S 66 

S 92 C 

C 

e 56 5 
88 

6 
58  66 5 58 

52 

C 72 
e 76 

C 82 
S 

S 64 C 

2168780262 7

J 96 c 
5.) 29786 CC 25740

C 148 $ 254 
C 118 

S 88 

8 82 5 150 e 108 
C 

5 150 

S 86 S 58 
e 56

e 32 

10 C 50 5 58 . 5 42 Ce 
4244 55 212 

46 

1 1 e 52 S 68 S 70 C 92 
- 42 C 46 

12 C 50 5 56 5 48 C 62 
S 86 

13 C 1 10 S 156 S 258 C 282 
5 38 

e 
C 

40 

14 C 158 S 108 5 170 C 102 SS_ T1 

46 

15 96 5 120 5 84 C 86 5 102 

C 242 

C 

C 1 12 

18 
S 62 S 80 C 60 

C 56 

C 108 

19 e 78 S 134 5 52 C 42 SS_ 9604 
C 58 

20 
146 e 22 C 138 

C 

C 126 
$ 

58 

21 C 104 s 74 5 76 C 76 
5 204 C 170 

22 

S 66 

C 60 e 52 5 64 C 68 
C 68 

5 62 C 66 

Note: C = Circle 

5 = Square 

e = error ( time not 
valid) 
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(PT; 
Nor mai 

c2libiects 
No. 7 No 8 No. 9 No. 10 No. 

CASE NC 
1 c 92 

5 S 1 14 100 

‘: r c -
0 74 

7 

JO 5  60 

128 S 1 14 
5 58 
5 1 14 

, C 

e 20 

4 
S5 5866 cCe 

136
5726 

c 90 
7 

5  
66 

0 58 
6 

5 66 cC 25740 
C 82 

c 96 c 

7 

0 0 96 

5 254 5 278 
C: 148 

8 82 S 150 e 108 C 1 18 

C 
9 5 86 5 58 

e 56 

1 0 C 50 5 58 

e 44 

5 42 C 42 

; i e 52 S 68 S 70 C 92 

1 2 C 50 S 56 5 48 C 
62 

13 C 1 10 S 156 S 258  282 

14 C 158 S 108 S 170 C 102 

15 C 96 5 120 5 84 G 86 

18 C 56 5* 62 S 80 C 60 

19 e 78 5 1 .34 5 52 C 42 

20 C 126 
.:.• 146 e 22 C 

138
76 

21 

0 
C  74 S 76 C 

22 
ti 

104 

C 60 
e 52 5 64 

C 68 

Note C = Circle 

5 = Square 

e = error ( time 
not valid) 

1 1 No. 

5 68 
5 68 
S 92 
S 52 

64 
5 88 
5 150 
e 32 
S 212 
5 42 
S 86 
5 38 

,S5 1152 02
S 94

S 60 
S 94 
5 204 
S 66 
S 62 

IL 

C 80 
O, 
88 

e 76 
82 

C 76 
G 182 
C 46 
C 260 
C 

CC 2444266

e 40 

C 1 12 

C 108 
C 58 
C 58 
C 170 
C 68 
C 66 
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GRIT 
Nor mai 
Sublects 

CASE NO. 

3 
4 

5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
IS 
18 
19 
20 
21 
22 

CRTT 
E LOCK NUMBER 2 
TRIAL NUMBER 

No. 13 No. 14 No. 15 No. 16 No. 

C. 104 C 84 5 68 C 88

C cn 
sJL 

C 70 55 9602 ce 2768 

C 98 C 82
28 C 102 

S 84 C 50e 
C 72 C 106 

5 54 C 96

C 1 10 C 478 
5 154 C 180

C 184 C 180 

S 1 10 C 76 

C 74 C 104 
S 62 C 206

C 
5 82 C 86

82 C 92 
48 C 86 5 34 C 58

CC $0 C 76 S 58 C 
72 
2 

C 60 C 50 5 50 C

C 200 C 282 S 1 12 C 102 

C 102 C 160 S 144 C 104

C 120 
5 130 

C 
C 76 

186 

C 58 C 64 S 90 C 54 

C 88 C 68 5 1 16 C 
78 

e 172 C 
n -2-n 
1..J4  

5 276 C 106

C 
, L. S 50 C 70 

C 64 C 
62 5 56 C 5 98 
60 0 

Notes C = Circle 

5 = Square 

e = error ( time not valid) 

17 No. 

5 80 
e 28 
S 80 
e 60 
5 76 
S 

S 11237640
5 

e 32 
50 

SS 48546805 
3 1 18 
S 15
e 34 
S 
55 48 1390°

S 68 
5 56 

18 

5 80 
3 Ho 

S 100 
5 76 

5 100 
S 80 
S 120 
5 124 
S 78 
S 58 
S 54 
5 50 
S 124 
S 100 
5 80 
S 68 
S 76 
5 168 
S 52 
5 54 
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CRTT 
Nor mai 
Sublect,-, 

CASE NO 

C
rl

 
L

 
L

^i
 

N
J 

6 

9 
10 
i t 
12 
13 
14 
15 
18 
19 
20 

22 

NO 19 No. 20 No 21 No. 

74 

1 14 
92 

C 74 
C 70 

1 16 
e 54 

C 66 
C 48 

74 
C 48 

e 60 
C 208 

C 132 
C 66 
e 48 
C 178 
C 62 

C 58 

5 80 

5 56 
S 1 16 

78 
5 68 
5 82 

5 166 
5 74 
S 72 

5 50 
5 62 
5 50 
3 162 

86 
5 90 
.5 70 
e 70 
5 158 

56 
5 64 

Note7 C = Circle 
= ,square 

e = error ( time not valid) 

5 76 
5 52 
S 80 
5 84 
5 60 

.5 
68 

S 1208
132 

5 84 

5 56 
S 68 
5 54 
S 154 
5 84 
5 120 
S 80 
S 90 

142 
s 66 
5 60 

22 No. 

C 72 
C 1 10 
C 92 
C 86 
C 70 
C 76 
C 404 
C 120 
C 98 
C 46 
C 78 

72 
C 156 
C 100 
C 252 
C 56 
C 1 16 
C 100 
C 54 
C 98 

23 

C 90 
C 38 

C 94 
C 1 16 
C 84 
C 1 12 
C 96 
C 80 
C 102 
C 62 
C 64 
C 58 
C 176 
C 126 
C 96 
C 70 
C 124 
C 140 
C 74 
C 50 

No. 

S 
5 
S 

S 
S 

S 

5 

S 

e 
S 
S 

S 

S 

24 

50 
134 
64 
52 
78 
90 

216 
122 
68 
56 
32 
92 
76 
72 
70 
82 

1 14 
58 
64 
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rpiT 

';',uOjettf, 

CASE N0 
5 ! 
52 
t7 

54 
7 - 

57 
58 
59 
60 
61 
62 
63 
65 
66 
67 
68 
69 
70 
7! 

TRW_ NUMBER 

No I No.

e 

e 

C 

e 
e 
C 
C 

C 
C 

C 
e 
C 

V28 
430 
158 
56 

i50 
206 
500 
142 
297 

44 
238 
476 
350 

96 
262 
564 
172 
-774 
52 

120 

C 
C 

C 
C 

e 
C 
C 

C 
C 

2 No 

74 
433 
508 
178 
102 
!84 
432 
104 
400 
316 
350 
232 
656 

70 
222 
306 
82 

332 
94 

100 

Note: C = Circle 

5 = 5cluare 

e = error ( time not valid) 

e 
5 

S 

e 

S 
S 
e 
S 

S 
S 
S 

S 

e 
S 

3 No. 

32. 
252 
274 
50 

126 
102 
256 

76 
408 
108 
222. 
298 
688 

58 
274 
444 
284
534 
176 
1 18 

C 
e 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 

4 No. 

54 
320 
108 
102 
84 

178 
306 
122. 
404 
748 
182 
72 

584 
54 

242 
404 
184 
410 
178 
86 

5 
6 

e 

S

S 
S 
5 

e 
S 

S 

5 
e 
5 
S 
5 

S NO 

46 
274 
220 

42 
68 

206 
308 

72 
376 
158 
140 
58 

700 
54 

198 
382 

32 
260 
108 
78 

S 

5 
5 
5 
5 
S 
e 
S 
S 

S 
S 
e 
S 
S 

.3!4 
188 
100 
564 
238 
128 

10 
910 

52 
88 

718 
216 
340 
198 
88 
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r:'PTT
,ubjet,is 

CASE NO.
C,

C7 

56 
57 
56 
59 
60 
61 
62 
63 
gc 

66 
67 
68 
69 
70 
71 

No 7 NO 8 No 9 No. 10 No 

C 64 
C 168 5 

5 78 
5 16 e 42 C 

42
C 82

310 
154 

C 134 S 164 55 11346/ C 1 14 
C 154 

C 82 5 82 
5 102 5 82 2 

C 84 
e 140 e 6 S 1 

CC 1270220 
C 256 

C 320 5 192 5 298 

S 1 14 
S 92 C 154

C 90 
e 702 S 628 C 502

C 554 
214 5 376 e 28 C 402

C0 54 5 18 S 238 C 268 

C 256 e 72 5 46
2 

e 
e 358 

16 

5 582 S 332 

cl ..,.. 5 56 5 60 C 
C 

62 C 49 

C 298 5 i28 5 244 C 166 

C 272  300 S 284 
sl 

C 216 

e 188 5 134 5 136 C 290 

C 242 
C 224 

c ..) 202 5 
n7,-, 
c.a. 

C 120 5 108 S 102 C 1 18 

C 98 5 60 
5 96 C 1 16

Note: C = Circle 

5 = Square 
e = error ( time 

not valid) 

1 1 

5 98 
5 208 

655 111027622
S 83 11884424 

5 136 

S 540 

Se 
106 
116

5 312 
5 46 

,5c 
1 14
32461

5 102 
8 8 
S 122 
5 98 

No. 12 

64 
C 180 

e 34 
C 1 10 
e 6 
C 

CC 
420 
33099480 

e 

C 226 
C 172 

268 
17

C 
4 

CCC: ! 4'7'1840
C

2;2 
C 100 
C 86 
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CR TT 
Subiect$ 

CASE NO. 
! 

53 
'54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
65 
66 
67 
68 
69 
70 
71 

BLOCK NUMBER 2 
TRIAL NUMBER 

NO. 13 No 14 No. 15 No. 16 No. 17 No 18 

C 106 C 72 5 50 C 36 5 54 

5 136 C 162 5 232 
C 144 C 132 C 92 5 S4 
C id ;24 

, 
1 7 4 .:1 124 

C T 76 C 76 S 106 
C 104 e 47 

C 76 C 90 3 78 C 132 3 1 14 
5 140 

e 14 C 284 c 153 C 188 

c 176 C: 216 
5 230 C 166 5 198

e 100 86 5 62 C 88 S 128
C 
C 358 5 220 C 

C 506 
292 5 246 

C 452 C 234 S 
290 e 106 S 162 

128 3'  444 

C 180 e 76 e 
12 C 

e 10 e 88 

e 138 C 260 e 62 c 3 C 252 S 152
C 384 C 374 

.., 
28

C 52 
r. , 58 S 56 C 58 S 56

C 144 e 94 5 1 18 184 5 200 
C 104 e 50

C 172 C 258 S J  
220 C 

C 
270 C 64 

e 24 e 106 5 104
5 106 e 80 „ie 26200 

C 206 e 4 
6 

c 

C 208 
S 128 C 

C 66 

C 1 14 5 
86 

C 68 
C 74 5 50 

Note- C = Circle 

5 = Square 
e = error ( time not 

valid) 

5 861

5 242 

55 318460 
O

5S 32884
ee 92120

e 238 
S .s 191 24

S 226 

5 14
S5 286

1 1 2 
5 68 
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1: -4TT 
rAS 

CASE NO 

.52 
C7 

54 
55 
56 

L) 
Co 
s1

59 
60 
61 
62 
63 
65 
66 
67 
68 

70 
71 

No 19 No 20 No. 21 NO 22 No. 

58 5 70 5 76 C 1344

122 

40 

170 
C 

5 158 
C,
C 140 5 

5 1 12 
S 1 14 C 182

C 104 
C 92 5 96 

5 1 14 
5 78 C 108 

e 232 5 76 
5 178 S 172 e 220

e 179 
C 182 5 134 5 130 C 140

C 140 
C 108 

c 88 c 176 
..., 

C 392 5 448 5 268 C 286 

C 1 90 5 310 
5 238 e 156

152 C 282
C 104 S 146 

5  

e 132 e 80 
e 54 e 206

C 764 S 
4002 

e 452 C 324

..) 5 
S 84 e 32

C 48 
C 1 12 5 154 

5 272 C 500

C 5 224 5 314 
C 188 

e 354 
182 

:3 204 5 198 C 28 1 

C 200 e 4 5 312 C 220 

92 5 136 5 1 2 C 

C 

74 

C 94 5 1
18 5 

1214 C 120

Note. C = Circle 

5 =Square 

e = error ( time not valid) 

23 

C 106 
C cc 

66

200 

11 28
CC 116020

C 152 

C 
98 

386 C 
C 372 
ce 64528

cCe 1 67404

C 336 
C 186 

e 
42 

156 C 
C 104 

No. 24 

5 56 
62 

S 126 
S 68 
5 86 
S 160 
S 170 
S 62 
S 234 
5 154 
e 4 
e 42 
S 314 
S 52 

5 102 

5 228 

5 136 
S 176 
S 13.8 

5 88 
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CR TT 
ADD luoiects BLOCK NUMBER 1 

TRIAL NUMBER. 
No. 1 No. 2 

CAZ,E NO. 
101 C 74 e 52 

10.2 0 60 C 56 

03 e 200 C 124 
104 C 214 C 128
105 C 150 C 104 

106 C 204 e 4 

107 C 104 C 38 

; 08 C I 44 C 1 10 

109 C !20 C 20 

1 10 C 60 C 104 

1 1 1 
i i 3 

C 
C 

202
57 

C 
C 

138 
60 

1 14 C 356 C 210
1 15 C 170 C 156 

1 16 C 1 16 C 152 
1 16 

1 17 
1 18 

C 
C 

204 
154 

C 
C 100 

1 19 C 138 C 84 

120 e 410 C 248 

121 C 172 C 132 

Note. C = Circle 

5 = Square 

e = error ( time not valid) 

No. 3 

e 32 
e 40 
c u 90 

5 
130 

 84 
S 1 10 
e .32 
S 106 
5 18 
e 38 
S 164 

5 78 

S 190S 136 
Sc 102 

1 16 Q 
5 90 

52 e 
5 140 
5 90 

No. 

C 
e 
C 
C 
C 
C 
C 

4 

30
32
78 

104 
60 
82 
36 

No. 5 

e 42
5 24 
5 338 
c S
S 68 
5 96 
5 34 

No. 6 

e 24c 0 64 
e 66 
'5 84 
5 106 
5 62 
5 34 

C 102 S 88 S 74 

C 92 5 62 S 52 

e 46 e 28 e 40 

C 104 S 506 S 516
C 22 S 44 S 40
C 150 e 24 5 1 12 

C 148 S 128 5 104 

C 
C 

90 
96 

5,) 10664 
c c 

3 96 
.., 88 

c 
C 

96 
52 

5 76 
c 70 0 

5 76 
5 78 

C 
C 

1 10 
94 

5 160 
5 144 

S 108 
5 174 
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1-Pri 
AUL :)uoiect:, 

7 No a 
CASE NO 

101 
102 

5 

C , , 
50 
46 

5 28 
5 54 

103 C 48 S 74 
104 C 76 5 120 

105 C 1 18 5 66 

106 C 74 5 44
107 e 20 e 46 

108 C 44 5 58 

109 C 30 5 44 

1 10 e 20 5 18 

1 1 C 364 S 372 
1 )3 

C
22 5 42 

1 14 
1 15 

C 
C 

106 
130 

3 78 
S 1 16 

1 16 C 88 5 80 

1 17 C 96 5 98 

C 84 5 88 

1 19 
120 

C 
C 
C 

66 
86 
88 

5 

5 

96 84
1 28 

Note. C = Circle 
= Square 

e = error (time not valid) 

No. 9 No. 10 

e 60 e 48 

S 54 C 72 
c 0 60 e 34 
5 80 C 92 
5 92 e 6 

S 
46 C 70 

5 40 C 46 

S 64 C 46 

5 50 e 24

5 38 C 16
S 216 C 972

C 58 5 58 

S 106 C 1 16
S 98 C 242
5 66 C 160
S 140 C 138
S 1 10 C 

98 

S 76 C 60 

74 C 86
5 192 C 152

No. 1 1 

e 50 
64 

S 192 
5 78 

S 76 
e 46 
e 42 
S 56 
e 

0 

lieSe 61224:28g°

S 156 

5 
52

120 S 
5 78 
5 62 
S 
S 23369

No 12 

e 20 

68 
C 76 
C' 

C 54 
C 56 

Ce 

44

1951488C 

C 

C 96 
C 106 

C 20 
C 98 

C 208 
C 86 
C 58 

36 
C 1 12 
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CCM' 
AD[ .•,1.2crects BLOCK.  NUMBER 2 

TRIAL NUMBER 
No. I3 No. 14 No. 15 No. 16 No. 17 No. 18 

":.ASE NO 
101 e 18 C 42 e 26 e 90 5 94 .s 70 
102 C 52 e 50 e 44 C 44 S 44 5 70 
1C3 C 66 C 74 S 70* C 98 S 62 5 83 
1 04 C 84 C 68 5 80 C 82 S 82 S 148 
105 C 44 C 86 5 92 C 184 S 46 S 82 
106 C 96 C 84 S s, 42 e 70 S 70 5 54 
107 C 40 e 8 e 40 C 38 e 26 5 56 

108 C 1 12 C 56 S 46 C 42 S 42 S 60 

109 e Z8 e 22 S 52 C 48 S 22 5 68 

1 10 e 16 C 40 e 22 e 30 e 18 5 66 

1 : : C 142 C 176 S 130 C 182 e 4 S 278 

1 13 C 108 C 82 5 50 C 52 5 34 
1 12 

5 36 

1 14 C 1 16 C 1 18 S 62 C 1 10 S 
122 

S 92 
5 1 16 

1 15 
1 16 

e 
C 

nn 
c. 4 

134 
C 

C 
122 

102 
e 76 
5 94

C 132 

C 88
82 

e 

5 62
S 66

5 106
5 596

1 17 
1 18 
1 19 
12 
121 

e 
C 
C 

C C 

17 
86 
58 
82 

1 16 

C 
C 
C 
C 
C 

248 
88 
76 
94 

82

S 88 

5 70 
c 66 .., 
, 82 ._) 

5 78 

C 
c 86 
C 72 
C 1 10 
C 92 

S 70 
5 78
S 56 
5 122 

.5 6? 
5 80 
S 74 
5; 166 

Note: C = Circle 
5 =Square 
e = error (time not valid) 
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". . 
E; ec, I E, 

CA:3E NO 
101 
i 02 
103 
1 04 
105 
106 
107 

108 
log 
1 10 
1 1 1 
1 13 

1 14 
1 15 
1 16 
1 17 
1 18 
1 19 

120 
121 

NO 19 No 20 NO 21 Na 22 No. 23 No, 

52 5 72 C 66 

e 42 5 44 5 58 C 46 

C 20 e 64 S 122 P , 36 

C 7 .7 5 78 S 82 C 120 

C 128 5 56  84 e 1 12 

C 74 5 106 S 60 e 64 

e 32 e 28 e 54 e 26
S

e c0 5 54 C 50

C 128 S 
42 
90 S e 38 

56 C 54 

C 60 e 
e 18 

C 174 5 1866 e 10 e 8

C 78 5 76 5 1 12 C 82

C 72 5 102 S 106 
C 100 

C 100 
s
 98 5 32 

C 128 

:5 92 5 84 C 136

C 58 5 142 e 48 C 76 

C 144 e 52 5 1 14 C 78 
C 248 

C 
0 

50 3 52 C 

C 70 

76 

66 5 96 C 68

C 74 5 104 5 94 C 154
C 88 5 

Note: C = Circle 
5= Square 
e = error (time 

not Valid) 

C 92 
C 58 
C 74 
C 1 16 
C 78 
C 68 
C 52 
C 48 
C 68 
C 66 
C 106 
C 62 
C 140 
C 90 
C 88 
e 818 
C 64 
C 60 
C 90 
C 1 18 

24

S Sfi 

74 
5 3E. 
S S(1:1 
e 68 
S 70 
5 38 
e 30 
S 32 
S 46 
S 144 
e 42 
S 1 18 
e 0 
5 92 
5 900 
5 96 
S 68 
5 102 
5 100 
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DRIT 
Nor rri BLOCK. NUMBER I 
Sub;ects TRIAL NUMBER 

2 3 4 5 6 

CASE NO 
1 39 x 27 31 23 

2 27 x 33 x 31 
7 ^, - 7 

x 
L7 25 25 

4 x 39 49 37 29 

5 27 X 29 25 29 
5 27 

7
, __ 

33 x 51 43 39 

0 47 
u x .35 x x 

9 37 47 23 25 25 

10 x 25 27 29 47 

1 1 2 x 41 33 29 

1 2 25 x 41 29 29 

13 31 53 45 27 29

14 37 x 91 35 29

15 x x 23 
29 27 

18 27 3 1 27 
35 27 

Ici 33 21 x 23 21 

20 75 63 x x x 
23 27 

21 x L3 x
22 41 37 3.4 

45 41 

Note. x = error 

7 8 9 10 1 1 12 IS 

23 29 33 2! 23 25 3! 

29 33 x x 23 23 7C us, 

37 39 27 29 31 37 41 

29 x 43 x x 47 x 

23
23 

21 2! 23 23 25 35 

33 37 27 27 35 L
nc 

s.,

37 33 x 49 67 55 43 

37 x x x 29 35 39 

23 3! 35 23 29 23 29 

23 27 29 25 25 35 21 

29 35 21 25. 29 25 21 

27 35 25 27 23 4! 23

x 53 31 x 61 47 29 

51 X 49 x x x x 

51 x 27 29 27 23 x 

25 25 33 37 33 27 33

x x x x 25 x .35 

3 51 41 43 x 31 33 

17 27 23 23 21 23 21 

39 35 39 35 31 35 29 
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r1pTT 

Nor mai 
Subjects 

14 IC, 16 17

E tIV 
1 '5 25 25 
., -,-, 37 27 ,_ , 
3 49 33 29 
4 55 45 31 
5 27 33 27
6 51 27 39 
7 59 67 53 
8 3i 27 33 

9 x 23 23 
10 29 37 27 

1 1 31 35 25 

12 x 71 35 

13 x x 59 

14 57 x 51 

15 29 3 1 35
18 39 35 27 
19 x x x 

20 53 47 D 35 

2! 2A 23 31 

22 37 47 4c _ 

Note. x = error 

18 19 20 21 22 23 24 

23 23 29 
31 27 25 
35 31 29 
43 x x 
35 25 27 
19 29 27 

39 33 37 

29 27 23 

27 27 19
27 25 21 

47 37 29 

31 31 33 

x 39 x 

x x x 

33 x x 

25 27 29 
x 29 29 

45 51 57 

21 23 25

33 37 35

x 35 33 •?5. .17 -''7— _ • 

X x 35 29 31 -s: 
c..,,

49 27 33 33 35 39 
x x x x x x 

33 23 27 23 29 25 
31 25 29 21 23 27 
41 35 71 35 37 71 

37 45 43 45 29 35 

29 25 23 2 x 31 

27 29 25 21 23 23 
37 x 39 x x x 

27 29 27 31 37 29 

27 33 S5 39 25 x 

77 x 89 x x x 

x 139 25 29 x x 

33 25 37 33 43 -,c ..., 

x 39 x x x x 

69 61 JO 
.77 65 251 63 

91 21 7 37 21 0 
..) 

n 1 

AO 31 31 43 37 31 
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rATT 
Nor rndi 
Subjects 

NUMBER 2 
TR:AL NUMBER 

2 3 4 5 6 

CA3E NO. 
1 x x x 25 23 

2 29 x 23 27 25 

3 33 29 x 35 37 

4 33 33 33 x x 

5 21 19 27 31 25 

6 25 x 23 19 23 

8 
31 23 31 

29 
49 
21 

47 
23 

41 
25 

x 
9 
10 

23 
27 

25 
27 

x
23 

x 
29 23 

nc 

1 1 x 29 33 
29 .,_.) 

12 21 3 1 23 x 25 x
13 
14 
15 

31 
33 
27 

x 
47
25

x
59
35

55 
83
29 

x
97 

23 
18 
;g

21 
x

21 
29 

23 
93

27 
x 29 

71 
20 45 43 63 35 x 19 
21 
.-) .-, ,..4 

x 
x 

23 
35 

319 
1 

33 35 

Note. x = error 

7 8 9 10 1 1 12 13 

23 23 
27 25 
27 33 
39 37 
23 21 
23 25 
35 43 
27 27 

x x 

35 
 21 

 3 1
21 23 
37 x 

x x 
x 

21 

41 
23 

x 33
53 53
21 19 

33 45

25 x 19 '1'5 27 
41 33 

 7 JO7 23 29 
41 33 41 31 25 

x x 35 35 x 
29 25 21 21 23 
21 21 21 25 19 

137 41 293 45 35 
35 37 27 23 27 

x 27 37 21 21 

23 43 27 27 77 
JJ 

35 31 27 29 27 

29 29 25 43 49 

x 55 41 49 41 
53 x 51 x 47 

25 15 x x 23 

21 21 31 27 n7 
, -, 

x 4! 29 27 ." 

59 27 ,),.., 77 31 x 

21 19 21 19 21 

35 29 35 39 35 
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DRIT 
Normal 
Subiects 

14 15 16 17 18 

CASE NO. 
95 21 1 9 '77

L. 
.1 35 25 3 ,.., 7 31 .., 

3 35 27 31 29 

4 49 x 49 x 

5 23 21 23 33 
6 23 27 21 
0 27 
7 47 43 47 41 

8 x 27 45 25

9 31 x x 19 

10 25 29 27 25 

1 1 33 29 29 27 

12 23 23 19 21

13 31 49 x 43 

14 41 41 45 45 

15 29 25 29 31

18 27 27 29 23 

! 9 45 x 23 23 

20 45 51 69 39 

21 19 25 19 23 

22 33 31 31 35 

Note. x = error 

29 
23 25 
45 23 
j1 39 
29 23 
25 23 
35 61 
33 31
23 2.3 
27 23 
31 23 
29 27 
37 29 
47 49 
31 27 
25 23 

33 25 
67 

21 21 

33 31

19 20 21 22 23 24 25 

2! x x 2! 29 x 

25 27 25 25 25 -,r 21 

35 39 55 31 x 7C ,, 

x 47 x 53 x 37 

19 37 19 23 23 21 

21 25 27 21 21 21 

45 45 33 43 63 39 

31 37 x 29 23 23 

27 21 23 39 25 x 

23 25 23 27 23 x 
29 33 29 53 33 23 

19 23 25 35 23 23 

53 29 x 49 31 x 

x x 41 95 45 51 

27 31 x 25 x 33 

27 25 21 39 27 ....,, 77 

27 31 29 29 33 ?,3 

41 65 x 7 
c0 r 0 x 

x 25 
21 x 23 23 

31 35 37 33 31 41 
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DRTT 
FAS Suoiect5 BLOCK. NUMBER 1 

TRIAL NUMBER 
3 4 5 6 

CASE NO. 
5! 25 x 31 3! 

52 )( X X X

53 37 x 103 x 

54 61 35 61 53 

55 27 x x x 

56 x x 71 53 

57 31 51 x 31 

58 35 x 27 37

59 x 49 x x 

60 JJ C7 57 x 91 

61 x x x x 

62 x 25 27 x 

63 81 55 49 5 1

65 27 29 2 - . 19 

66 53 35 x 45 

67 x 49 33 x

68 x x x x 

69 109 x x 
x 

70 61 x x 125 

71 29 27 27 25 

Note: x = error 

7 8 9 10 1 1 12 13 

23 23 x 
x x 31 

29 x x 
x 37 49 
x x 23 

31 x 35 

27 x 27 

x 23 59 
61 4 1 x 

x x 45 

x x x 

x 31 37
x 63 255

21 21 1 

x x 45 

47 27 x 

37 89 x 

x 71 237 

x 89 53
25 x 27 

23 23 x x x 
x x x x 75 
x x 45 39 

41 55 47 99 37 
25 25 43 x 109 
29 39 23 43 43 

x x 25 29 29 

53 37 43 39 29 

65 x x 43 45 

61 369 39 x I 1 1 
x x x x x 

x 35 x 23 x 
x 49 65 51 87 

71 
J 

X 25 29x 4251 27x 
X 

x x x 29 

43 x x x 23 

x 195 x x x 
x x 303 67 

x 35 21 31 49 
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DPTT 
5,j o jects

14 )5 16 17 18 19 20 21 22 23 24 25 

CASE NO. 
5! 79 39 3 x 25 
7 -, 45 47 
_..,_ 47 49 x x 

7, 125 x x 
x 

J --e 

54 45 x 57 79 
49 

55 5 i 33 39 39 x 

56 29 x x x x 

57 17 29 x 27 x 

8 45 x x 21 55 

59 109 1 13 x 43 57

60 x 53 55 65 55

61 x x x x x 

62 x 27 37 49 33 

63 63 55 55 71 5 1

65 19 17 17 17 21 

rir, r. ii 
;17 27

67 x x x 
68 x 49 x x x 

x 35 
69 x x x 

99 71
70 x x x
7 7 7C 

x 3 I 33 43 
....) •J 

( help given) 

Note: x = error 

x 23 x 25 29 19 x 

x x x 61 x x A 

X 
x 83 x 83 49 2:9 

57 x 49 49 47 47 x 

35 
x x x x x 33 

x 219 37 93 269 71 
x

57 x 37 65 x x 45 

27 x x x x x 39
53 x 51 x 51 x 47 

65 x x 6 1 57 x 249
x x x x x x x 

43 35 51 49 J3 41 45 

43 59 57 x x 345 41 
19 17 

17 21 19 17 77

I 4'? 45 x 51 49 x 

43 
85 x x X x x

37 173 
x x x x x 

x x x x i 13 x x 

x 65 t81 139 x x 
199 

x x 57 x 41 x x 
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DRTT 
Ftv, LL NUNBEk 

TP:At. NUMBER 
2 3 4 5 0 

LASE NO 
5! 29 25 91
52 3 I 33  49 
53 39 63 49 
54 45 x 41 
.55 x x X 
56 x x x 
57 29 35 29 
58 x x 47 
59 39 39 x
60 39 37 x
61 x x x 
62 31 35 43 
63 35 1 13 x 
65 27 29 2 1
66 47 g x 
67 35 X X 

68 3 
69 . 

3! 6! 
79

3 
x A 

70 61 x A 

7; ti ! 39 K 

Note. x = error 

x x 
45 39 
41 47 
43 27 

x x 
43 27 
31 x 

x 
79 49 
45 57 
43 51 
33 33 

x x 
19 21 
45 35 

49 
29 53

1 15 
125 X 

39 5

7 8 9 10 1 1 12 1 .3 

23 
x 

5! 
x 
x 

49 
x 

69 
93 

159 
77 

x 
21 

x 
3! 
x 

89 
45 

29 
61 
41 
43 

33 
51 
25 
57 
55 

73 
x 

21 

19 
37 
x 

53 
43 

x 23 2! x 29 
x x 41 39 

77 109 x 33 
31 47 37 107 33 
x 109 x 45 

43 x 21 x 4! 
x 39 x 43 x 

x 
121 45 59 245 57 
47 57 37 41 49 
57 373 65 35 41 
27 51 55 67 69 

x x 53 x x 
29 21 x x 3! 

53 35 x X 

17 x x x 4' 
x 43 x 

75 187 x x 
x x 303 67 x 

33 x 83 29 43 
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DRTT 
FAS Subiects 

14 15 16 

CASE NO. 
5! 23 x x 

52 7 ,^ 
1... 1  x 39 

53 x 25 29 

54 47 71 43 

55 59 x x 

56 29 47 x 

57 x 69 x 

58 39 X 
77 
J.) 

59 127 67 51 

60 41 193 
c u 

61 43 X 55 

62 77 x 43 

63 63 x x 

65 19 17 17 

66 x x x 

67 55 x x 

68 43 x x 

69 x x x 

70 x x x 

71 43 x 43 

Note: x = error 

17 

x 
49 
23 

x 
x 

31 
x 
x 

49 
55 
41 
61 
x 

17 
39 
x 
x 

63 
99 
39 

18 19 20 21 22 23 24 25 

x 
x 
x 

47 
x 
x 
x 
x 

59 
47 

61 
55 
21 

x 
x 
x 
x 

71 
33 

2 19 
x 47 
x x 

29 5 1
x x 

27 79 
41 3 

x x 
75 67 
x 43 

65 
93 43 

19 17 

x 43 

199 
33 

H x x x x 

39 37 43 27 39 
x x 53 x 1. 

43 33 49 x 4! 

x x x x x 

45 47 x 27 x 

x x x 39 x 

x 43 X x x 

x 51 x x 75 

47 49 59 x 51 

3 37 51 63 45 

53 65 69 45 87
x x 

X x 7 

17 21 19 17 23 

x x x 47 31 

x x x 37 TC 
..., 

31 x 47 x 43 

x x x b5 
x 

65 181 139 x x 

45 67 59 37 35 
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DPTT 
ADD ."..ublect.:-, BLOCK NUMBER 1 

TRIAL NUMBER 
, z. 3 4 5 6 7 8 9 10 1 1 12 1 3 

CASE NO
101 27 25 x 23 25 x x x 27 x 29 x 
102 25 27 31 35 39 39 27 29 31 25 29 41 

03 x x x x x x x x 33 27 x x 

104 35 x 43 53 33 37 55 53 x 41 51 x 

105 x 23 
106 

29 27 33 27 41 x x x 33 69 

27 25 25
x 27 21 73 23 25

x x 25 x 29 25 25 23 x

107 
27 23 31 25 27 23 

108 x 37 31 31 33 25 37 39 35 x 31 23 

109 29 x 27 x 33 29 57 31 31 33 3 1 27 

231 10 23 25 27 23 21 19 21 23 27 21 
x 

23 

1 1 1 35 x x 29 33 x 27 47 51 x x 

1 13 27 x 25 x x 25 
25 31 29 x 25 x 

1 14 31 43 41 39 67 43 1 1 1 73 
x 47 103 69

87 83 93 155 x 225 101 
1 15 x 49 31 25 x 45 59 x 37 x 35
1 16 27 27 27 25 35 39 

x x x x 3 1 x x 
...) 1 17 29 x 77 - 47 x 

x 43 x x 
1 18 25 31 

,3 r3 23 25 
LO x 27 25 25 29 a- 

29 
2x3 27 27

1 19   4,) x x 29 33 
39 x 27 

47 x 43 x 
'-if) 71 29 x 35 334 1,  i 

1 2 1 33 29 47 47 59 45 
39 27 31 x 

Note. x = error 
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DRTT 
ADD Sub)ects 

14 15 16 17 18 19 20 21 22 23 24 25 

CASE NO. 
101 35 25 37 43 27 29 39 

102 25 3 1 47 31 
27 39 39 

103 x x x x 
x 33 

x 

51 59,O4 x x 33 41 53 

105 x 
31  

x Si 27 x x x 

i 06 27 27 29 x x x 

107 2 1 25 23 21 21 x 23 

108 23 4 33 37 27 25 27 

109 27 27 25 35 
37 

23 27
33 35 

1 10 x 39 23 
23 29 

1 1 i 33 x x x 
x x x 

1 13 25 23 25 21 
x 33 35

1 14 x x x x x 69 43 
x 

1 16 29 x 45 37 29 x 

1 16 x 33 
45 43 49 37 

37 
63 51

1 17 x x 49 x x 

1 27 29 27

1 18 23 27 33 
31 

29 23 25

1 19 31 25 29 27
120 57 45 33 x 

49 x 2751 

121 x x 39 x 

x x 

Note: x = error 

x 35 27 3 1 49 

x 29 25 -,, 
GI 4:...) 

'IT 

X X X X K 

47 67 23 x - s) ..c,

x x x 23 x 

X 35 x x 7.c. 

21 27 23 21 27 

31 31 29 39 31 

33 31 33 31 29 

31 31 23 27 25 
x x x x 39 

21 x 27 31 23 

x x x x 71 

x x x x x

x S1 35 37 59 

x x x x x

33 x 27 27 41 

23 25 35 27 33
x 69 x 25 x 

41 49 x x x 
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DIM 
ADD ,uolects FLOCK NUMBER 2 

TPA_ NUMBER 
2 3 4

CASE NO. 
101 21 39 31 
102 37 27 39 
103 x 23 x 
104 33 x 47 

105 x 3i 51 

106 x 29 27 

107 23 x 21 

108 21 25 33 

109 73 33 21 

1 10 23 23 23 

1 1 1 43 x x 

1 13 23 29 261 

1 14 63 x x 

1 1 5 33 7C ...,..., 29 

1 16 41 37 39 

1 17 x x x 

1 18 25 29 25 

1 1 .E 23 L
,-1

J
7 25 

120 x x 29 

121 x 45 x 

Note x = error 

5 6 7 8 9 10 1 1 12 13 

23 
29 
23 
35 
x 
x 

25 
25 
x 

23 
x 

31 
x 

33 
41 
x 

29 
23 

27 

73 x 
27 29 
23 27 

41 
x 29 
x x 

53 21 
25 35 

x X 
25 x 

x x 
23 33 
x x 
x x 

47 75

23 
25 

23 33
37 49 

23 33 37 33 29 33 

23 23 29 33 x 33

21 x 33 x x 4 

43 71 39 59 93 47 

27 x x x 29 x 

x 25 x x x x 

23 23 25 21 29 21 

x 23 x 23 21 23 

x Z5 x 25 27 x 

25 45 x 23 27 23 

x x x x x x 

41 33 29 29 27 x 

327x 6659 xx 45x xx 
x 

69 

65 39 37 35 79 51 

x x x x x x 

43 x 33 23 25 x 

23 
31 

3125 25 x 35 25 

3 
35 x 

x1 23x 25x ; 



227 

DPTT 
ADD .Suotw.s 

14 15 16 17 18 19 20 21 22 23 24 25 

CASE NO 
101 29 31 x 29 x 33 27 

102 7 7 
O 29 23 29 37 37 51

J 

103 27 27 x x 
x x x 

104 33 x 55 71 47 
53 

29 
109 

105 x x x x x x 

106 --)c 23 x x x 31 25 
:.__, 

107 27 21 x 31 29 27 27 

108 31 23 25 25 27 31 27 

0, x 33 25 27 x 33 45 

1 10 x 23 27 21 23 21 21 

1 : 1 x x x x  x x 

i 17, 37 25 23 25 27 21 x

14  x x x x x x 
is 67 

15  x 71 x x 
35 67 

1 16 31 35 37 39 x 

1 17 1 17 x x x x x x 

1 18 23 27 33 31 27 
23 

29 27
27 31

1 19 27 x 25 25 29 31

120 3: x 25 25 55 x x 

121 239 37 33 x x 

Note. x = error 

21 x. 31 35 35 
43 21 x 37 ,.) nc 

4. 

x 47 57 51 x 

89 77 1 13 71 37 

x 41 x x x 

x 29 x x x 

x x 23 x 21 

35 23 25 25 x 

31 29 49 25 27 

29 21 21 i9 
x 

35 93 61 x x 

x x 23 29 31 

x x x 73 x 

x 93 x x 61 

x 181 63 31 35 

x 139 x x :-., 

33 x 27 27 41 

25 25 23 25 
•ir 
4 ,.) 

33 41 31 37 nr. 
4:.,

47 81 x x x 
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CP rT 

Nor mat 
Subjects 

CASE NO. 

BLOCK NUMBER 1 
TRIAL NUMBER 

I 2 3 4 5 6 7 8 9 10 

35 x 32 23 36 32 69 36 53 29 
21 18 20 23 24 24 31 28 23 31 

x 23 26 23 32 34 x 34 27 25 
4 27 24 24 47 28 24 29 x x 23 

x x 18 19 20 20 23 24 19 21 
6 25 18 20 25 28 30 19 24 25 21 

7 85 120 48 63 48 x 53 68 27 35 

2I 32 24 29 30 x x 30 29 33 

9 3I 18 18 35 26 32 25 28 29 x 

10 29 20 24 27 26 28 25 32 23 
21 

21 
23 

1 1 21 26 20 23 32 30 27 28 
17 25 

'2 
13 

15 
18 
19 
20 
2; 

27 
x 

1 19 
67 
45 
3 ! 
75 

263 

20 
278 

70 
78 
48 
20 
36 
16 

28 
26 
72 
22 
56 
6 

32 
18 

.28 

17 
35 

x 
29 
39 

x 
79 
23 
37 

22 
38 

x 
32 
56 
26 
74 
24 
32 

22 
38 
82 
56 
30 
28 
44 
24 
92 

21 
57 

103 
29 
39 

x 
39 

37 

24 
54 
80 
50 
36 
40 
70 
22 
38 

37 
93 
69 
37 
35 
55 
21 
43 

49 
x 

39 
25 
29 
51 
19 
37 

Note. x = error 
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(;PTT 

Nor mai BLCZK NUMBER 2 
subjects TRIAL NUMBER 

1 1 12 1 3 14 15 16 17 1 8 1 9 70 

CASE NC. 
1 33 30 32 29 

19 22 .0 26 •- t 7 
g 

3 25 34 26 27 

,.. 75 46 36 x 

5 19 -,-, 
L 4. 

L6 21 

6 39 70 23 29

7 x 82 62 79 

8 x 30 x 31 

9 x 24 26 27 

10 29 26 30 29 

I 1 23 34 22 27 

12 21 50 28 25 

13 43 x x 53 

14 75 62 62 83

15 29 x 24 x 

18 43 30 16 25 

10
 43 98 26 29

20 x 24 64 35

21 21 34 
24 27 

22 37 46 36 39

1\10.& = error 

27 31 25 
21 19 25 
23 x 31 

x x 27 

17 29 21 
21 17 27 

1 15 x 69 
x x x 

25 25 21 

23 21 23 

31 29 25 

17 35 23 
45 35 x 

71 65 61 

35 69 27 

19 17 37
27 27 x 

41 37 39

21 ~7 51 

31 59 37

31 32 27

LJ 24 3,3 
SI 30 29 

x x 29 
23 i6 19 
25 26 25 
79 62 63 
37 x 53 
25 28 35 
27 22 23 
25 26 23 
25 18 23 
33 38 43 
x 72 99 

25 x 23 
17 22 27 
25 x 29 
31 x 37 
19 24 
31 32 37 
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CDTT 

Nor mai 
Lugc ec:s 

BLOCK NUMBER 3 
TRIAL NUMBER 

21 22 23 24 25 26 
27 28 29 .30 

CASE NO. 
28 34 34 32 25 

2 23 20 z.,-, . 
J0 27 

3 25 30 28 38 35 

4 x 48 48 56 
37 

5 28 24 26 38 23
6 24 20 76 30 23 

7 66 72 x 64 1 1 1 

8 x x x 32 25 

9 40 26 
26 x 41

10 24 26 26 32 21

1 i 28 36 36 28 31

12 30 26 
30 30 27

13 46 30 A 
x x 

14 86 C 90 x 75 

)5 32 32 38 26 
19 

x 

i 8 22 7 
,.,,:. 26 28 

, 9 68 x 24 
30 45

20 34 48 
x 28 3 1

-); ,-)r, 62 30 30 23
..., 

27 .1-) 34 j6 44 33

Nete x = error 

27 25 
29 25 
33 27 
31 x 
23 39 
21 27 

101 97 
x x 

47 27 
21 23 
31 25 
17 27 
39 45 
x 79 

31 39
21 37

49 x
37 23 
j 3 37 

J4 36 32 
26 56 28 
26 28 30 

x 32 x 
22 18 18 
20 24 28 
76 76 60 

x 30 48 
28 26 22 
26 24 24 
30 38 28 
20 18 20 

172 S8 78 
68 74 68 
38 30 42 
28 32 A:4 

32 28 26 
x x x 

24 28 20 

54 52 34 
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r:P TT 
ADD ::,,ublects 

CASE NO. 
10) 
102 
!03 
!0.4 
105 
106 
107 
108 
'09 
1 10 
I I 1 
1 13 
1 14 
1 15 
1 16 
1 17 

H9 
20 

1 -)1 

BLOCK NUMBER I 
TRIAL NUMBER 

1 2 3 4 5 6 7 8 9 to 

33 26 
x 20 

21 18 
31 30 
41 22 
23 x 
23 22 
19 26 
25 18 
19 20 
35 24 
25 24 
37 32 
45 28 

x 32 
35 36 
25 

I I I 28 
x 24 

43 24 

Note: x = error 

22 23 38 34 
20 23 24 44 
20 27 x 42 
86 59 52 46 
38 x x 32 

x 25 x 22 

24 21 30 26 

24 
22 

33 26 32 
35 24 50 

26 19 x 218 
28 x 
26 

56 164 

30 
3335 26 24 

5 
42 31 x6 

3
)6( 

28 51 62 46 

24 55 70 64 

30 25 26 30 

30 27 
28 x 2632 30x 

30 35 x 34 

37 x 41 29 
31 22 25 17 

x x x 27 
x 80 99 37 
x 48 47 39 
x x 47 43 

29 32 31 43 
31 34 19 29 
37 48 23 27 
31 22 29 39 

x x x 39 
21 26 25 23 
x 54 65 x 
x 68 25 33 
x 36 41 33 
x x x 43 

25 28 25 27 

29 L6 25 25 
x 1 14 x 33 

Z9 44 45 37 
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-::upiects 

CASE 1,10 

5LOCK NUMBER 2 
TRIAL NUMBER 

1 1 14 15 16 17 18 19 20 

10! x x 52 25 47 33 29 31 28 39 
102 19 20 26 29 17 ..., 77„) 31 27 24 29 
103 x 24 68 41 63 31 x x x 37 
104 27 54 x 47 37 33 35 29 54 69 
105 35 x x 37 x 27 39 x x x 
106 x x 46 31 35 41 x 51 56 x 
107 33 30 26 x 19 29 29 35 20 27 
108 21 36 26 23 21 23 27 23 28 25 

109 
1 10 
1 1 1 

x 
35 

x 

30 
32 

x 

26 
x 
x 

27 
33 
55 

27 
25 
3! 

47 
21 
41 

35 

3!29 

x 
25 
49 

26 
26 

x 

27 
27 

x 
25 1 13 25 24 30 31 23 37 23 197 34 

48 1 14 
1 15 

1 16 
1 i7 
1 ! 8 
►! 9 
-srs 

'21 

x 
37 
31 
35 
29 
7'1 

J7
X 

x 

x 
30 

x 
38 

x 
X 

36 
60 

62 
42 
80 

x 
26 
26 
7.8. 

x 

279 
135 
39 
53 
25 
33 

159 
33 

x 
145 
25 
37 
27 
G3 

27 
23 

x 
89 
53 
41 
27 
35
25 

x 

59 
x 

125 
x 

19 

27
x 

27

x 
43 
43 
29 
25 

27
51
37

30 
52 
38 
28 

28
33
38

x 
39 
41 

x 
2! 

31
X.

4! 

Note: x = error 
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CPTT 
AD[ 3ub1ect5 BLOCK NUMBER 3 

TRIAL NUMBER 
21 22 23 24 25 

26 27 28 29 30 

CASE NO 
101 40 24 30 28 25 

37 

102 30 x 24 18 21 29 

103 72 28 x x x x

' 04 30 24 x 34 29 33

105, A 60 28 x x 29 

.06 7-) 42 x 72 21 41 
..,,L 

107 40 22 x 28 
4 1 27 

108 26 26 28 28 
-7 
,53 23 

'09 34 24 44 26 27 
27 

1 10 40 40 34 36 25 31 

1 1 1 42 x x 32 3 x 

X 13 36 38 24 50 23 41 7 

1 14 x X 
 

x x X

! 15 38 32 26 56 23 37 

1 16 70 63 44 x 93 
41 

x 177 
1 17 x 50 

x 90 

! ! 8 24 32 20 18 25 27

1 19 7 4. 74 26 28 29 31
u.) '") 23 3S 

120 34 26 24 
24 x x 

121 102 x x 
x 

Note x = error 

39 26 24 49

x 24 22 20 

x x 44 44 

81 68 52 36 

45 28 26 22 

35 30 32 30 

21 28 30 20 

37 24 20 i8 

97 40 24 x 

33 30 x x 

x 52 82 x 

29 28 46 30 

x x x x 

x x x x 

37 46 76 96

x x x 54 

23 24 28 30 
20 26 22

23 
34 x 32

x 34 x x 
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cprr 
FAG. Sutp!ec;ts 

Ya NO 
5' 

7 

54 

'35 
56 
57 

59 
60 
61 
62 
63 
65 
66 
67 
68 
69 
70 
7! 

BLOCK NUMBER 1 
TRW, NUMBER 

2 3 

43 
41 
47 

147 
127 

x 
69 
x 
x 

247 
53 
x 

181 
x 
x 
x 

49 
37 
63 
29 

Note. x = error 

20 
36 

28 
66 
32. 

180 
34 
72 

132 
32 

120 
98 
18 
x 

96 
42 
40 
54 
34 

26 

7"1 

40 
74 

82 
i8 

128 
x 

40 

220 
14 
58 
54 
32 
x 

50 
x 

4 5 6 7 8 

x 
33 
43 
37 
45 

41 
25 
51 

141 
71 
x 

19 
37 
43 
41 
x 

67 
29 

28 
32 
32 
44 
78 
x 

42 )( 
28 48 

x 124 
x 

126 
x 106 

1 16 88
30 38

x 34 
52 62
32 32

x 294
76 
38 38

34 
34 

38 
34 
x 

23 
43 
47 
35 
91 

41 
91 

105 
x 

43 
x 

105 
25 
x 

39 
41 

45 
31 

9 

, 6 31 
29 

38 77 

36 49 
50 x 

x x 
32 25 
34 27 

x x 
100 95 

x 41 
182 
80 101 
22 21 
34 x 
S0 63 
38 35 

81 
34 35 

32 

10 

33 

39 
45 
x 
x 

8
x 

83 
55 

121 
I i i 
23 

41 
37 
99 
59 
3! 
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CP Tr 

F&. Sub; ect E).

CASE NC 

53 
54 
55 
56 
57 

CLUCK NUMBER 2 
TRIAL NUMBER 

1 1 12 13 14 

29 36 20 23 
x 56 32 35 

25 44 58 45 
31 32 32 41 
69 66 32 x 

x 50 242 x 
3.3 28 68 37 

A 
7^ Ji.: X 

59 x x x 
60 1 13 152 154 
6 ; 43 70 40 
62 
63 i i 7 142 94 
55 !q 26 26
66 x 40 32 
67 49 48 34 
68 41 40 32 
69 x x x 
70 59 46 34
7! 37 x 24

Note. Y. = error 

27 
x 
x 

37

103 
19
33 
27
33 

(l3 

15 

x x x x x x
x x x x 

16 17 18 19 20 

29 33 29 27 x 33 

41 x 51 x 32 31 
41 x x 55 42 x 
33 27 33 31 26 73 

63 29 25 35 x 59 

x x 235 x 188 x 

45 33 63 39 44 51 

21 x x x x x 
37 x x 79 58 99 

149 107 139 1 15 106 103

41 39 
43 47 56 29 

H I 

35x

10
9 
9 

2 
31 

x 
33 

x 

97 
21 

x 

102 
26 
36 

1 1 1
25
49 

8143 
43 

33 
41 

47
41 

33
43 

56
36 43

x
x
x 

103 77 

133 
45 

x 
47 

192
x 

42 
x

3929  
39 x x 27 
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CDTT 

FAS Sub)ects 

CASE NO. 
51 
52 
ry 

54 

Cg 

57 
58 
59 
60 
61 
62 
63 
65 
66 
67 
68 
69 
70 
71 

BLOCK NUMBER 3 
TRAL NUMBER 

2I 22 23 24 25 26 27 28 29 30 

28 24 26 32 39 19 43 30 30 ?4

X 26 x 34 x x x 40 34 26 

38 x 38 46 35 x x 52 106 90 

32 30 44 25 4! 41 .- 1 62 32 24 

64 84 34 38 147 41 37 A 48 X 

X X X X x x )( X X X 

28 40 38 .30 35 33 45 40 40 34 

53 
X 

7'1 ...., 26 30 x x x 40 36 

x 1 12 94 80 x x 
! 13 x '38 86

92 88 100 88 1 15 141 159 x x 138 

34 
41 49 46 x 36

40 x 36 53 
x x x 4 x x 

x 38 42 x 

1 10 104 258 x x 99 1 19 106 136 1 10 

22 20 22 44 21 25 29 x 22 20 

46 x x 102 x x x 54 34 x 

42 48 52 39 39 49 64 44 46 

64 30 40 58 45 43 47 64 38 62 
x x 

212 x A 1 18 .x X X X 
x 36 

x 42 
r- n 
DL 18. 55 43 y 

-: b 34 28 

x 38 46 x x 35 .2)..) 

Note x = error 


