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ABSTRACT 

Fetal alcohol syndrome (FAS), a leading cause of mental retardation, was 

initially described in the United States only twenty years ago. Because 

it is likely that fetal alcohol exposure contributes substantially to 

the heterogenously-grouped learning disabled population, it is 

worthwhile to review the known cognitive and neurobiological bases of 

this syndrome, and to test promising neuropsychological hypotheses. For 

example, animal models of FAS indicate neuroanatomical and behavioral 

deficits attributable to dysfunction of the hippocampus, a neural 

structure important in learning and especially spatial memory. In 

addition, although humans with FAS have demonstrated difficulty with 

nonverbal problems that are spatial in nature, no specific tests of 

hippocampal dysfunction have been administered. Thus, fifteen children 

(x age = 9.8 ± 2.32) with alcohol related birth defects (ARBDl, and 15 

control children (x age = 9.7 ± 2.40) were tested on several spatial and 

object memory tasks. These tasks were administered in 1) a small-scale 

desk-work type environment, and 2) a large-scale environment designed to 

parallel animal work. The spatial tasks were presumed to be indicators 

of intact hippocampal functioning, but the object memory tasks were not. 

As expected, individuals with ARBD consistently demonstrated a deficit 

spatial memory performance. 'There was never a significant difference on 

an immediate object recall task, but the children with ARBD tended "to 

forget" more objects after a delay in two of the three experiments. 

Previous research emphasizes the role of the hippocampus in spatial 

memory (Morris, Garrud, Rawlins, & O'Keefe, 1982) as well as in 

visually-mediated delayed object recall. Left neocortical structures 

that sub serve immediate object recall appear to be relatively intact. 

Visuospatial descriptive testing indicated a further disturbance in 

nonverbal information proceSSing that could involve such neuroanatomical 
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structures as the frontal lobe, parietal cortex, basal ganglia, corpus 

callosum, and cerebellum. Further studies that address intact vs. 

deficit performance in children with ARBD could illuminate some specific 

structural-functional attributes in the brains of children. Defining 

the neurodevelopmental role of the hippocampus in learning and memory is 

a priority to be accomplished. 



OBJECT AND SPATIAL MEMORY IN FETAL ALCOHOL SYNDROME: 

AN ASSESSMENT OF HIPPOCAMPAL DYSFUNCTION 

I. INTRODUCTION: 

The Role of the Hippocampus in Development 

The purpose of this dissertation is to study whether or not 

children with alcohol related birth defects (ARBD), specifically 

children identified as either fetal alcohol syndrome (FAS) or fetal 

alcohol effected (FAE), manifest symptoms of hippocampal dysfunction. 

The importance of this study lies in the fact that, although the 

hippocampus has been researched extensively in adults and animals, 

children are seldom studied (see Mangan, 1992; Mangan & Nadel, 1990 
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for exceptions). The importance of this structure in learning and 

memory, however, makes its examination particularly relevant within the 

developmental context. The implications for educational and 

rehabiltative settings could be especially useful. 

The "cognitive map theory" of hippocampal function (O'Keefe & 

Nadel, 1978) states that the role of the hippocampus is to form internal 

representions, or mental models, of the spatial layout of the 

environment. These models then support appropriate and adaptive spatial 

behaviors, such as finding food and safety, returning home, and so on. 

In laborartory situations, spatial cues can be artificially arranged, 

and testing carried out to evaluate 1) the development of spatial 

memory, and 2) its applications to everyday living. The importance of 

spatial behavior is reflected in the 1983 definition of mental 

retardation: "Mental retardation refers to significantly subaverage 

general intellectual functioning existing concurrently with deficits in 

adaptive behavior, and manifested during the developmental period" (p. 

-------------------
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11; Grossman, 1983). One aspect of adaptive behavior is the ability to 

flexibly manipulate spatial information in the environment at a level 

where "standards of maturation, learning, personal independence, and/or 

social responsibility •••• " (p. 11; Grossman, 1983) are commensurate with 

those of one's peers. 

The hippocampus, located in the temporal lobes, is thought to 

process spatial information rapidly and without effort in rats (Hill, 

1978) and possibly in humans (Hasher & Zacks, 1979; Katz & Ellis, 1991). 

Although, deficits in spatial processing have been demonstrated in human 

beings with hippocampal damage, research on this topic has been 

primarily with animals. When humans are studied, they are usually 

adults, for example, amnestic individuals, the elderly, stroke patients 

or individual's with Alzheimer's disease. Direct applications of these 

findings to children are questionable. 

An additional shortcoming of the work with adults regards the 

severity of the hippocampal lesion. The memory deficit in amnestic 

individuals is very conspicuous. Facts and episodes are rapidly 

forgotten, but fortunately, procedural aspects of a task can be 

unconsciously retained after practice (squire, 1987). In Alzheimer's 

disease, the brain lesion, and thus the memory loss, is progressive. 

Similar to the memory alterations demonstrated in the elderly, the 

effects of gestational alcohol exposure lie along a continuum of mild to 

severe, often being expressed only subtly. Due to aging being a natural 

and fully recognized process, elderly individuals have been well

studied. In contrast, the neurotoxic effect of alcohol on the 

developing fetus is only recently recognized, thus this disability is 

poorly characterized. By studying children with ARBD, it may become 

possible to understand and "treat" the broader spectrum of behavioral 

effects associated with hippocampal injury. 
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II. LITERATURE REVIEW 

The identification of fetal alcohol syndrome children is becoming 

an increasingly relevant concern. Fetal exposure to alcohol may have an 

effect on cognitive abilities that ranges from mild to severe. Children 

with severe deficits are not difficult to identify, but children who 

manifest a subtle effect of prenatal alcohol exposure may represent only 

a small fraction of the large (perhaps 3% prevalence; Bullock, 1992) 

population of learning disabled children in the United States. Indeed, 

some children with fetal alcohol effects may elude identification 

altogether. 

Although psychoeducational testing of children in the school 

setting can be informative about learning deficits, neuropsychological 

assessment has the additional benefit of exploring brain-behavior 

relationships and identifying specific brain areas which may be 

responsible for the deficit(s). Neuropsychologically-based intervention 

programs take into account these relationships, as well as information 

from research performed with brain-lesioned individuals, thus optimizing 

the learning opportunities. The integration of the rapidly-growing 

technologies of human brain imaging, the vast body of literature in 

psychology on human potential, and society's ever-increasing desire to 

improve the education of its children has a direct application in 

remedial education efforts for special education children. By 

understanding the neuropsychological and behavioral impairment 

associated with fetal alcohol syndrome and fetal alcohol effects, the 

interdisciplinary link between basic and clinical neuroscience, 

psychology, and education cannot help but be more strongly forged. 

Historical Overview 
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Many authors have asserted that the deleterious consequences of 

maternal drinking were known during early Greek (Haggard & Jellinek, 

1942; Gold & Sherry, 1984; Randall & Taylor, 1979; streissguth, 

Landesman-Dwyer, Martin, & Smith, 1980) and biblical times (Streissguth 

et al., 1980). Abel (1990) disagrees and states that ancient Hebrews, 

Greeks, and Romans were not aware of alcohol's harmful effects, and that 

the roots of these beliefs, taken from such sources as the bible, 

rabbinical literature, Aristotle, and Plato, have all been taken out of 

context (see Abel, 1990 and Warner & Rosett, 1975 for indepth historical 

perspectives) • 

More recently, alcohol's effect on the fetus has been researched 

extensively over the past 250 years, particularly during the period of 

1865-1920. The effects of maternal drinking appear to have been noticed 

during several historical periods. For example, in 1787, one physician, 

also a signer of the Declaration of Independence, advised against the 

use of alcohol as a popular cure for morning sickness; he suggested 

gingerbread or biscuit instead (Warner & Rosett, 1975). 

Characteristically, early studies of alcohol abuse were deductive, 

but by the middle and latter parts of the nineteenth century, empirical 

studies began to be undertaken. For example, in 1899, Sullivan found 

that the rate of stillbirths and infant mortality was 212 times higher 

for female drunkards in the Liverpool jail as compared to non-alcoholic 

controls. The teratogenic effects of alcohol also became obvious in 

studies of chicks, fish, guinea pigs, and dogs (Abel, 1990; Rosett, 

1977) • 

Acknowledgement of alcohol's toxic effect·s, however, was not 

widespread. Most of the experiments were crude, uncontrolled, 

conflicting and unconvincing, and thus largely forgotten (Warner & 

Rosett, 1975). In addition, the increasing emphasis on nature 
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(genetics and heredity), rather than nurture (environmental factors, 

i.e. teratogenesis), in science overshadowed the early empirical 

results. Even as recently as 1965 it was believed that no harm would 

come to the fetus no matter what the amount of prenatal alcohol exposure 

(Abel, 1990). 

Fetal alcohol syndrome (FAS), or alcohol embryopathy (AE; 

Michaelis, 1990) was officially recognized in 1973 when Jones, Smith, 

Ulleland, and Streissguth brought together and simultaneously evaluated 

eight children of chronic alcoholic mothers who had a common pattern of 

altered morphogenesis and function. In that same year, Jones and Smith 

(1973) reported on three additional infants with similar 

characteristics. A follow-up case history published twelve years later 

reported that four of these children had borderline intelligence scores 

and four were severely handicapped. Of the remaining three, two had 

died, and one had been lost to follow-up (Streissguth, clarren, & Jones, 

1985). An important finding in this original study linked the degree of 

growth deficiency and intellectual handicap to the extent of 

craniofacial abnormalities. Six of the original children were Native 

American, three were black, and two were white. 

Although the 1973 reports were the first describing "fetal alcohol 

syndrome" in the United States, Lemoine and coworkers (1968) had 

independently described 127 offspring of chronic alcoholics in France 

several years earlier. Four prominent features, peculiar facial 

appearance, considerable retardation of growth in height and weight, 

increased malformations, and psychomotor disturbances, were all shared 

by these infants (Hanson, Jones, & Smith, 1976). There seems little 

doubt that both groups were describing the same syndrome. 

Since the 1973 identification of FAS by Jones and Smith, FAS has 

become a ,popular area of research. Several thousand studies have been 
t 
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published and a number of animal models have been developed. It appears 

that alcohol's adverse effects on infants and children are finally being 

acknowledged and increased research is now directed at studying this 

potentially preventable cause of mental retardation. 

Incidence 

The teratogenic effects of alcohol are sometimes mild or 

nonexistent, but such devastating consequences as spontaneous abortions, 

still births (Nordberg, Rydelius, Zetterstrom, 1993) craniofacial 

abnormalities, and mental retardation can also result. FAS ranks with 

Down syndrome as a leading cause of mental retardation (Abel & Sokol, 

1987). Studies in the mid-1970s in France, Sweden, and the United 

States estimated the incidence of FAS to be 1 in 500 to 1 in 1000 births 

(Streissguth et al., 1980). The incidence figures are less if only the 

most severely affected cases are considered, but more when milder cases 

are considered. In 1990, the Centers for Disease Control, estimated 

that the full FAS may occur one to three times per 1000 births 

(Holtzman, 1990). FAE (fetal alcohol effects )., or ARBD (alcohol related 

birth defects), a milder form of gestational alcohol exposure, on the 

other hand, may occur with an incidence of three to four infants per 

1000 (Coles, 1992). A final problem for epidemiologists is a third 

group of fetal alcohol exposed individuals that elude identification 

because of absent physical effects and subtle behavioral characteristics 

(Coles, 1992). 

Native American populations have also been examined for incidence 

of FAS. In the Navajo, it is estimated that 1 in 690 births result in 

FAS. In the Pueblo Indians, this figure is 1 in 495, and in the Plains 

Indians, the figure is 1 in 102 births. Maternal characteristics 
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include social maladjustment, high risk life styles, and a high mean 

maternal age (29.7). In addition, whereas social conformity is 

desirable in the Navajo and Pueblo Indians, risk taking, individuality, 

and even flamboyant behavior are encouraged in the tribes of the plains 

(May, 1993; May, Hymbaugh, Aase, & Samet, 1983). In sum, the two larger 

Native American groups, the Navajo and Pueblo Indians, had prevalence 

rates that were similar to that of the general population, but smaller 

Native American communities, such as those of the Plains Indians, had 

higher prevalence rates (May, 1991). 

In one Native Indian community in British Columbia, 123 children 

were examined for the presence of gestational alcohol effects. Of 

these, 54 children had been exposed to alcohol in utero; 22 were 

diagnosed as FAS/FAE. Sixty-four percent of these children were 

mentally retarded. The prevalence of FAS in this study was 190/1000 

(Robinson, Conry, & Conry, 1987). A bias to keep in mind is that 

alcoholic mothers in Native American (Mayet al., 1983; Robinson et al., 

1987) and other (for example German and American; Abel, 1990) 

communities tend to give birth to more than one alcohol-damaged 

offspring. 

Identifying Characteristics 

The combination of certain dysmorphic featutes, growth 

retardation, and CNS damage identifies an infant as having FAS (Coles, 

1992; Sokol & Clarren, 1989). In fact, the facial abnormalities, mental 

and physical retardation, and psychomotor disturbances characteristic of 

FAS were at one time sufficient evidence for a diagnosis of maternal 

alcoholism (Lemoine, Harrousseau, & Bortyru, & Meneurt, 1968). 

commonly, FAS is identified first in the child and subsequently the 
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mother is diagnosed as alcoholic (Rosett, 1977). 

Dysmorphic Features 

Short palpebral fissures (eye slits) are thought to be secondary 

to microphthalamos, abnormally small eyes. Myopic eyes (Hanson et a1., 

1976), ptosis or drooping of the upper eyelid (associated with paralysis 

of the oculomotor or third cranial nerve or of sympathetic innervation), 

strabismus and deviation of the axes of the eye, and an epicanthic fold 

are common eye anomalies in FAS. Other physical characteristics include 

a depressed nasal bridge, short nose, and a long thin upper lip 

(vermillion) with an indistinct or entirely absent philtrum, the groove 

running from beneath the nose to the upper border of the mouth. The 

forehead is typically narrow and the midface region flat and small; the 

lower jaw or mandible is often underdeveloped (Light, 1988). Hirsutism 

has been reported (Jones & Smith, 1973; Smith, 1980), and dental 

abnormalities are often apparent (Barnett & Shustermann, 1985; 

streissguth et al., 1985). Typical dysmorphic features are depicted in 

figure one. 
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Figure 1: Facial features of fetal alcohol syndrome. From Light, W.J.H. 

(1988). Alcoholism and women. Genetics, and fetal development. Illinois: 

Charles C. Thomas. Copyright 1988 by Charles C. Thomas Publisher. 

Reprinted by permission. 

Sometimes, the unusual facial features characteristic of FAS 

children are not prominent enough to be fully diagnostic (Clarren & 

Smith, 1978). This occurs because the effects of fetal alcohol exposure 

occur along a continuum that is dependent upon amount of alcohol 

ingestion, the duration of exposure during gestation, and the timing of 

gestational exposure. In addition, the characteristic facial features 

associated with FAS tend to become less prominent during adolescence 

(Spohr, Willms, & Steinhausen, 1993). Changes in nose growth, 

specifically, changes in the nasal bridge and the ala nasi, the lateral 

walls that form the nostrils, are responsible (Streissguth et al., 1985; 

Streissguth, Aase, Clarren, Randels, LaDue, & Smith, 1991). Early 
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photographs are often a useful aid in the diagnosis of FAS in older 

children. 

Physical Characteristics 

Abnormal heart development, apparent early in the lives of eight 

of the original eleven FAS patients, was resolved when the same patients 

were examined 10 years later (Streissguth et al., 1985). In an 

additional 245 individuals, cardiac murmurs, usually an atrial septal 

defect, were a frequent associated feature of FAS in early childhood 

(Clarren & Smith, 1978). Other features of FAS include abnormal 

development of external genitalia, kidney abnormalities, restricted 

movement of the joints of the fingers and elbows, abnormal palm crease 

patterns, delayed development, heightened sensitivity to sound, and 

diminished muscle tone (Streissguth et ale 1980). 

Craniofacial dysmorphia and congenital abnormalities of the heart 

and eyes are often seen in children with hearing problems. Eustachian 

tube dysfunction has been noted (Streissguth et al., 1985) but not well

studied in children with FAS until recently. For example, in 1988 

Church and Gerkin found 13 of 14 children to have clinically significant 

hearing problems, along with a tendency to serous otitis media. Four of 

the children had clinically significant bilateral sensorineural hearing 

loss, one-third had external ear anomalies, and 13 of the 14 had 

receptive and expressive language delays (Church & Gerkin, 1988). 

Similar figures were also demonstrated in a subsequent study (Church & 

Eldis, 1992). Auditory system dysfunction is currently receiving 

intensive attention in animal models (Church, Overbeck, Holmes, & Tilak, 

1992; Church & Kaltenbach, 1993). 

Low birthweight and permanent somatic growth retardation appear to 

------ ------------------------------ - -
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result from alcohol exposure during the third trimester (Coles, Smith, 

Fernhoff, & Falek, 1985; Coles, 1992): these infants are typically 

below the third percentile in height, weight, and head circumference 

(Jones, Smith, Streissguth, & Myrianthopoulos, 1974). Although the mean 

gestational age for these infants was thought to be 38 weeks (Jones et 

al., 1974), birth length and weight were comparable to an average 33 

week-old fetus. Postnatal catch-up growth, difficult due to reduced 

adipose reserves at birth (Light, 1988; Smith, 1980), weak sucking 

ability, feeding problems, and failure to thrive, does not usually occur 

(Clarren & Smith, 1978; Light, 1988; Streissguth et al., 1980; refer to 

figure two). 
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Figure 2: Height growth (left) and weight growth (right) of eight FAS 

children compared to normal (dotted line) growth rates. From Jones, 

K.L., Smith, D.W., Ulleland, C.N., & streissguth, A.P. (1973). Pattern 

of malformation in offspring of chronic alcoholic mothers. Lancet, 1, 

1267-1271. Copyright 1973 by The Lancet Ltd. Reprinted by permission. 

In addition, relative microcephaly (small head size) is a usual 

concomitant to FAS (Jones et al., 1973; refer to figure three). 
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Figure 3: Head circumference in eight FAS children as compared to a 

normal growth rate. From Jones, K.L., Smith, D.W., Ulleland, C.N., & 

Streissguth, A.P. (1973). Pattern of malformation in offspring of 

chronic alcoholic mothers. Lancet, I, 1267-1271. Copyright 1973 by The 

Lancet, Ltd. Reprinted by permission. 

Prenatal alcohol exposure in rats has variously lengthened the 

gestation period (Miller, 1988b) and extended it (Gianoulakis, 1990). 

Other indications of slowed maturation in rats include delayed eye 

opening (16 to 18 days after birth in alcohol [EtOH1-treated rats, as 

compared to postnatal day [PD1 15 - 16 in control animals), decreased 

litter size, increased stillbirths and neonate mortality (Lancaster, 

Mayur, Patsalos, Samorajski, & Wiggins, 1982; Volk, 1984a). 

Brain Development 

Brain development in the fetus occurs throughout pregnancy 

(Casaer, 1993; Dobbing, 1981; Morgane, LAFrance, Bronzino, Tonkiss, 

Diaz-Cintra, Cintra, Kemper, & Galler, 1993), and is vulnerable to a 

variety of alcohol insults throughout this time (West, Goodlett, 
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Bonthius, Hamre, & Marcussen, 1990). Although the brain continues to 

develop until well into the second decade of life (Chugani, Phelps, & 

Mazziota, 1987; Rabinowicz, 1986) and connective tracts of the 

association cortex continue to mature even in adults (Yakovlev & 

Lecours, 1967), the first two to four years of postnatal life are 

critical. This period, known as the brain growth spurt, is 

characterized by axonal growth, dendritic arborization, a peak rate of 

synaptogenesis, gliogenesis, myelinization, and maturation of synaptic 

neurotransmission (Dobbing & Sands, 1979). In humans, it begins in the 

third trimester (Dobbing & Sands, 1973). Glial cells, particularly the 

oligodendrocytes, proliferate during the first half of the brain growth 

spurt, and the second half is characterized by a period of rapid 

myelinization. General vulnerability to environmental insults is 

enhanced during this time period (Dobbing, 1981). 

In contrast to the work of Dobbing, Morgane and colleagues (1993) 

claim that there are many brain growth spurts and that it is confining 

to view the postnatal period as being most vulnerable to environmental 

insult. For example, in human, adult neuronal cell number has been 

achieved prior to the beginning of the brain growth' spurt (Dobbing, 

1973; 1981), with all of the neurons in human cerebral isocortex 

originating between gestational day (GD) 40 and 125 (Poliakov, 1965; 

Rakic, 1975). The cell division growth spurt, accounting for large 

circuit formations and cerebral architectonics, is comprised of many 

restricted peaks of neuronal replication (Morgane et al., 1993). Other 

species demonstrate similar critical periods of neuron generation 

(Jacobson, 1991). 

Animal models are used to test the effects of ethanol both 

prenatally and during the human third trimester equivalent. The timing 

of alcohol exposure is critical because, in rats, the brain growth spurt 
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occurs entirely postnatally from PD4-S through PD18-20, peaking at 

approximately PDIO-12 (Dobbing & Sands, 1979). Thus, if the teratogenic 

effects of alcohol during the brain growth spurt are to be modeled in a 

rat, alcohol treatment must occur in late neonatal and early postnatal 

development (Ward & West, 1992). In experiments with rats, alcohol is 

typically administered between PD4-11 (for examples, see Bonthius & 

West, 1990; 1991; Samson & Grant, 1984; West, Hamre, & Cassell, 1986). 
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Figure 4: The brain growth spurt of three species, the rat, primate, 

and man. Dobbing, J., & Sands, J. (1979). Comparative aspects of the 

brain growth spurt. Early Human Development, ~, 79-83. Copyright 1979 

by the Elsevier/North Holland Biomedical Press. Adapted by permission. 

The well-ordered anatomy of the hippocampus, a sensitive target of 

prenatal environmental influences, lends itself well to neurotoxicity 

research. However, studies of hippocampal development in rodents cannot 
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easily be applied to humans because of the tremendous species 

differences. Primates may be used as an alternative. Primates, in 

fact, may be the best model system because their neural organization 

more closely approximates that of humans (West, Goodlett, & Brandt, 

1990). However, of concern to the fetal alcohol researcher is that 

neural developmental events in the monkey take longer and occur earlier 

in phylogeny (Rakic & Nowakowski, 1981) than in humans or rodents. As a 

consequence, the primate is born at a more mature stage of development 

(Dobbing & Sand, 1979). An advantage to using nonprimate species in 

fetal alcohol research is a more extensive experimental literature, 

better control over genetic makeup, shorter life cycles, and tighter 

experimental control (west et al., 1990). Again, however, the timing of 

neural developmntal events must be considered. Hippocampal granule cell 

development is one example. In the rat, a small number of granule cells 

continue to be generated through one year (Bayer et al., 1982; 

Schlessinger et al., 1975), but in the primate, granule cells are 

generated at least through three (Rakic & Nowakowski, 1981; Nowakowski & 

Rakic, 1981), and probably through six postnatal months (Eckenhoff & 

Rakic, 1988). In the human, in contrast, granule cell development 

continues into the fifth year (Seress, 1992). 

Animal research, though complicated by the confound of 

interspecies contrasts, promises answers to questions about neurotoxic 

influences on brain development. For example, a long term goal of 

animal research is to determine which times in pregnancy are most 

vulnerable to EtOH exposure. Some general principles of the brain's 

sensitive periods, stages in "which some aspect of development occurs 

with the greatest ease" (p. 109; Smart, 1991) have already been 

outlined: 

i. Those growth processes completed before treatment is applied 
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will be unaffected. 

ii. Only those processes occurring at the time of treatment will 

be affected, plus some later-occurring processes, as a result 

of a cascade of effects. 

iii. As a corollary of (ii), only periods in which some growth 

normally occurs can be sensitive periods for brain growth. 

iv. The extent of the effect on brain growth will depend on the 

intensity (severity) of the treatment and the amount of 

growth that would normally have occurred during the period of 

treatment (pp. 112-113, Smart, 1991). 

Alcohol's Effect on the Fetus 

Despite the 1981 U.S. Surgeon General recommendation that pregnant 

women abstain from alcohol completely, debate about the safety of 

alcohol consumption in pregnant women continued (Light, 1988). 

Pregnancy outcome in most chronically alcoholic women is adverse (Jones, 

et al., 1974) with the risk of FAS being between 30 and 50% (Hanson et 

al., 1976; Coles, 1992). "Even one or two drinks at anytime during 

pregnancy may have irreversible adverse effects on the developing fetus" 

(p. 88; Light, 1988). For example, subclinical but debilitating 

effects have been demonstrated in offspring exposed to moderate amounts 

of alcohol in utero (approximately two drinks per day; Streissguth, 

Barr, Sampson, Bookstein, & Darby, 1989a). It was not until May of 1993 

that the Academy of Pediatrics stated that any alcohol during pregnancy 

was harmful to the fetus. Finally, it was acknowledged that FAS is only 

"the tip of the iceberg" (p. 144, Sokol, Miller, & Reed, 1980). 

Risk Factors of FAS 
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Several factors interact to determine how alcohol affects the 

fetus. These include the amount and duration of alcohol exposure, the 

specific stage(s) of fetal development in which the insult occurs, the 

genetic and constitutional resistance of the fetus, and in animal 

models, interspecific differences in vulnerability to FAS (Light, 1988). 

In utero alcohol exposure does not always result in FAS. Alcoholic 

women of higher social and educational background show lower frequencies 

of FAS infants when compared to lower socioeconomic status alcoholic 

women (Streissguth et al., 1980). The chronicity of the mother's alcohol 

problem rather than the amount of alcohol consumed seems to be related 

to the difference in prevalence (Majewski, Bierich, Loser, Michaelis, 

Leiber, & Bettecken, 1974; streissguth et al., 1980). Additional risk 

factors include smoking, poor nutrition, drug abuse, parity (the ability 

of a woman to carry a pregnancy to a point of viability regardless of 

the outcome), paternal pattern of alcohol abuse, and a history of 

reproductive problems. 

Alcohol Metabolism 

Only a few studies have looked at changes in alcohol metabolism 

with development. In one study, rats between one and 60 days of age were 

administered an acute dose of ethanol (2.5 g/kg) by gastric intubation. 

The older rats (21 days of age and older) were able to metabolize 

alcohol within eight hours, but the younger rats could not (Kelly, 

Bonthius, & West, 1987). These researchers reason that because the 

mother's liver is responsible for eliminating alcohol from the fetal 

rat, both animals are exposed to the same blood alcohol concentration 

(BAC) for the same amount of time (see also Hanson et al., 1976), and 
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that a fetal pup is exposed to less alcohol than a neonatal pup forced 

to metabolize the alcohol on its own. 

Mukherjee and Hodgen (1982) found BAC levels to peak after 15 

minutes in rhesus and cynomolgus monkeys at 120 to 147 days of gestation 

(term is 167 days) and then to decline. Ethanol was injected as a bolus 

into the femoral vein of the mother. Blood samples were obtained from 

the uterine artery of the mother and the umbilical vein of the fetus at 

fifteen minute intervals from 0 to 90 minutes. Collapse of umbilical 

vessels was observed within 10 to 15 minutes of ethanol administration, 

and recovery began to occur about 30 minutes later. The peak BAC 

occurred after 15 minutes in the mother and only slightly thereafter in 

the fetus (see figure 5). Although the BAC concentration in feto-

placental circulation was only 1/3 of that in the mother, it disappeared 

at a slower rate in the fetus (see also Pratt, 1979). Fetal hypoxia 

developed simultaneous to the rising BAC (Mukherjee & Hodgen, 1982). 
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FigureS: Alcohol in maternal and fetal blood. From Mukherjee, A.B., & 

Hodgen, G.D. (1982). Maternal ethanol exposure induces transient 

impairment of umbilical circulation and fetal hypoxia in monkeys. 

science, 218, 700-702. Copyright 1982 by the American Association for 

the Advancement of Science. Reprinted by permission. 
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Time of Exposure 

An important factor determining the teratogenic effect of alcohol 

is the time of exposure. For example, a severe alcohol challenge to the 

fetus during the first two or three weeks of pregnancy will usually 

result in the death or resorption of the zygote. If the challenge is 

not severe, the effects may be overcome, and perhaps even absent (Light, 

1988). Teratogenesis is most likely to occur during the period of 

embryogenesis, a stage of human development that occurs between the 2nd 

through the 8th week of gestation. This is the period of organogenesis, 

the time when the germ layers of the embryonic disk give birth to the 

body's organ systems. Harmful chemicals are particularly toxic between 

gestational days (GD) 13 and 56 (Taber's Cyclopedic Medical Dictionary, 

1985). Alcohol exposure during this time is likely to result in gross 

structural and functional malformations (Light, 1988; refer to figure 

6). 
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Figure 6: Time periods during human development sensitive to 

teratogenesis due to alcohol exposure. Solid black bars denote periods 

of high sensitivity, and the empty bars are periods of less 

susceptibility. From Light, W.J.H. (1988). Alcoholism and women. 

Genetics, and fetal development. Illinois: Charles C. ·Thomas. Copyright 

1988 by Charles C. Thomas Publisher. Reprinted by permission. 

The third trimester is a second period of high risk because metabolic 

enzyme systems are beginning to be defined (Taber's Cyclopedic Medical 

Dictionary, 1985). Behavioral and intellectual impairment can result 

from alcohol exposure during either of these periods (Rosett, 1977). 

Alcohol Dose 
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In animal models it has been demonstrated that a binge-like 

pattern of EtOH-consumption causes higher BACs and a greater amount of 

brain damage (Randall & Taylor, 1979; Kelly, Pierce, & West, 1987; 

Pierce & West, 1986; West et al., 1990). Burns, Kruckeberg, Kanak, & 

Stibler (1986) suggest that episodic or binge-like exposure during the 

brain growth spurt may be as devastating as chronic alcohol exposure 

throughout the duration of the pregnancy. 

Pierce and West (1986) fed a control group of sprague-Dawley rats 

a milk formula in 12 equally spaced feedings over a 24-hour period from 

PD4-PD10. Another two groups received an alcohol dose of 6.6 g/kg/day. 

The milk formula of one group, the constant exposure group, was 2.5% 

alcohol for each of the 12 daily feedings. For the other g~oup, the 

condensed exposure group, the milk formula was 5.0% alcohol for six 

consecutive of twelve feedings and contained no alcohol for the 

remaining feedings. BACs were collected on PD6 at the end of the dark 

cycle, the time coincident to the last alcohol feeding in the 5.0% 

group, and at the end of the light cycle, the end of the alcohol-free 

period. The mean BAC for the condensed exposure group was 270.2 ± 16.9 

mg/dl and 13.8 ± 7.4 mg/dl. In the constant exposure group, these 

values were 46.6 ± 9.4 mg/dl and 52.4 ± 10.8 mg/d1. All animals were 

sacrificed on PD10. The condensed exposure group had a significant 

reduction in both brain weight and brain weight to body weight ratio. 

Body growth was unaffected. The constant exposure group did not 

demonstrate a reduction in any of these measures (Pierce & West, 1986). 

Kelly, Pierce, and West (1987) exposed rats to a similar alcohol 

regimen as in Pierce and West (1986). The rats were sacrificed on 

either PD10 or PD90, and measurements of microencephaly made. At both 

times, the group of rats with the condensed alcohol exposure had 

significantly reduced brain growth. In addition, activity counts on day 
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90 indicated that the animals in this group were more active than the 

group of animals exposed to a uniform amount of alcohol and the control 

group. 

Bonthius and West (1990; 1991) demonstrated that a lesser amount 

of alcohol condensed into two or four feedings produced significant 

microcephaly and cell loss, whereas a higher dose of alcohol distributed 

uniformly across all feedings did not. Similarly, Goodlett, Thomas, and 

West (1991) showed that rats exposed to binge-like drinking patterns 

have significant and persistent decreases in the weight of the 

cerebellum. 

The importance of the pattern of alcohol consumption has also been 

demonstrated in humans. Binge drinking as defined by Little and 

Streissguth (1978) is a period where 1) alcohol consumption was at least 

double the usual amount, and 2) 3 oz. or more of absolute alcohol was 

consumed. (Three ounces of alcohol is equivalent to three shots of 80-

proof whiskey.) Further, binges could comprise no more than seven days 

of any month, and had to be separated by more than 10 days. In a recent 

set of papers, Streissguth and colleagues (Sampson, Streissguth, Barr, 

Bookstein, & Darby, 1989; streissguth et al., 1989a; Streissguth, 

Bookstein, Sampson, & Barr, 1989c) have demonstrated that "binge" scores 

of alcohol exposure were predictive of small perturbations on 

neurobehavioral outcomes in a large cohort of individuals. The authors 

suggest "that massed doses of alcohol are the most damaging to the 

fetus, so that even infrequent occasions of binge drinking can have 

lasting effects" (p. 499, Streissguth, Barr, Sampson, Darby, & Martin, 

1989b). This finding is particularly relevant in light of the finding 

of a 20% increase in binge drinking episodes in pregnant women (Little & 

Streissguth, 1978). 
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Effect of Alcohol Exposure on Brain Weight and Size 

The timing, dose, and BA levels are interacting factors that 

differentially effect regional and subregional vulnerabilities. Samson 

and Grant (1984) found that reduced brain weight occurred when the dose 

of ethanol was greater than 6.0 g/kg of body weight, and that above this 

dose, increasing BACs were correlated with decreasing brain weights. 

Bonthius and West (1990) demonstrated a significant decrease in brain 

weight after a 4.5 g/kg/day condensed EtOH-exposure regimen but not 

after a 6.6 g/kg/day uniform exposure. Microcephaly was most severe in 

the "binge" group fed alcohol in two of twelve feedings, the most 

condensed exposure group. In this study, the correlation between peak 

BAC and brain weight was -0.92. 

When ethanol milk formula was administered to rats on PD4 - PD7 

(1% ethanol formula on the first day, 5% on the second day, 1% on the 

third day, and 5% again on the fourth day), the effect on brain growth 

was marked (19% less than controls) and the cerebellum particularly 

affected (15% narrower and 13% shorter vermes; Diaz & Samson, 1980). 

The fast growth rate of the cerebellum during this period make changes 

in this area particularly evident (see Dobbing, 1974; Dobbing & Sands, 

1973) • 

In rats, prenatal ethanol exposure caused a 9 - 20% reduction in 

brain weight, and postnatal exposure, during the brain growth spurt, 

produced a brain reduced in size by 17 to 19% (Miller, 1992). For 

example, when neonatal rats received a condensed dose of 6.6 g/kg of 

alcohol (PD4 - POlO) in four consecutive of 12 feedings, cerebellar size 

was reduced by approximately 36% and forebrain and brainstem reductions 

ranged from 22% to 29%. Losses were demonstrated in the Purkinje cells, 

the granular layer, and the external granular layer. These results 
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indicate that the brain is not affected equally by the ethanol exposure 

(Pierce, Goodlett, & West, 1989). No catch-up occurred in whole-brain, 

cerebrum, cerebellum, or brainstem weights in animals reared in similar 

conditions (Kelly, Pierce, & West, 1987). 

Nathaniel, Nathaniel, Mohamed, Nahnybida, & Nathaniel (1986) fed 

eight pregnant animals a nutritionally balanced liquid diet containing 

35% EtOH-derived calories. Another group of pregnant animals was 

pairfed an identical liquid diet but with maltose-dextrin substituted 

for EtOH. Sixteen pregnant animals were fed standard rat pellet diet ad 

libitum. The first two groups received their special diet from GD6 

until the end of pregnancy. The brain weights of the pups of the 

alcohol-fed dams were significantly less at each time period studied (5, 

7, 10, 14, 21, 28, 35, and 42 days). 

Effects of Alcohol Exposure on the Cerebral Cortex 

Miller and colleagues have focused their investigations on the 

cerebral cortex. The cerebral cortex alone shrunk in size by 13% after 

prenatal exposure to alcohol (Miller, 1987). The areas most profoundly 

affected contained corticospinal neurons, and included areas 4, 6/8, 3, 

and cingulate cortex. 

After exposing pregnant rats to a diet where 37% of the calories 

were ethanol derived, Miller & Potempa (1990) analysed neurons and glia 

in mature rat somatosensory cortex, and found the volume of this area to 

be reduced by 33% for neurons and 30% for glia as compared to controls. 

Because the whole cortex is only 13% smaller, a selective vulnerability 

to this region is suggested. Miller and Potempa conclude that other 

areas of the cortex, such as the visual areas, may be spared. They 

speculate that the difference may be due to the high packing density of 
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neurons in area 3. The timing and pattern of neuronal generation were 

particularly affected. 

Long Term Effects of EtOH Exposure 

Despite the fact that FAS is a persisting condition, few studies 

have explored the long term effects of gestational alcohol exposure on 

the CNS. One exception is the study of Bonthius and West (1991). Rat 

pups artificially reared over PD4 - PD9 received either a daily alcohol 

dose of 4.5 gjkg (10.2% EtOH solution) in two of 12 feedings, or four of 

12 feedings (5.1% EtOH solution). An additional group received a higher 

daily dose of alcohol (6.6 gjkg) uniformly administered over the 12 

feeding sessions (2.5% EtOH solution). During the brain growth spurt, 

granule cells in both the hippocampus and the cerebellum are being 

generated. Hippocampal CAl pyramidal cells and cerebellar Purkinje 

cells, in contrast, are postmitotic, having been generated previously. 

Using adult rats, Bonthius and West (1991) compared neuronal populations 

generated at the time of alcohol exposure to those neurons previously 

generated. 

When the animals were sacrificed at PD90, significant neuronal 

reductions were observed in animals who had condensed EtOH exposure when 

compared to controls. Permanent deficits were observed in total brain, 

forebrain, and cerebellar weights of both groups with condensed alcohol 

exposure. Markedly enlarged lateral ventricles were also apparent 

(Bonthius & West, 1991). These results provide direct evidence that 

alcohol's effect on a fetus is permanent. 

In another study, Goodlett, Thomas, & West (1991) examined the 

long-term effects of alcohol exposure on cerebellar growth and 

performance on a rotarod balance, a task sensitive to cerebellar 
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dysfunction. Rat pups artificially reared from PD 4-12 were weaned on 

PD21 and then group housed until approximately 405 days of age. The 

animals were sacrificed after behavioral testing. Permanent deficits 

were noted in whole brain weight, cerebellar weight, and rotarod 

performance. Although continued behavioral impairment was demonstrated 

only in adult rats that recieved the most condensed alcohol exposure, 

these results again emphasize the long-lasting consequences of fetal 

alcohol syndrome. 

Although few studies have been performed on adults with FAS, the 

existing data appear to corroborate the findings that fetal alcohol 

exposure manifests itself as a persisting condition (Streissguth et al., 

1978; streissguth et al., 1985). For example, in the Seattle study, a 

longitudinal study initiated in 1974, the data indicate lasting 

neurobehavioral consequences (for example, attention and fine motor 

deficits) from birth to 7 1/2 years of age (streissguth et al., 1989c). 

Adolescent evaluation is presently underway in this cohort. Deficits on 

a stepping stone maze, the Seashore Rhythm test, The Peabody Picture 

Vocabulary test, and the Wechsler Memory Scale have also been observed 

in a small population of adults with FAS (Gray & Streissguth, 1990). 

Cognitive Characteristics of FAS Children 

Fetal alcohol effects (FAE), a milder form of FAS, consist of only 

two signs from the three categories that usually identify an infant as 

having FAS: dysmorphia, growth retardation, or CNS damage (Coles, 

1992). Structural abnormalities are not always apparent in these 

individuals (wilson, 1977); only cognitive and/or intellectual deficits 

may be seen. 
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Identification of FAE individuals is often difficult. Behavioral 

teratology is a relatively new field of study (Hutchings, 1978), and 

when a child has learning or behavioral difficulties without the 

characteristic appearance of an FAS infant, the cause will most likely 

be attributed to some other brain dysfunction (Gold & Sherry, 1984). 

This is because an agent's teratogenicity is traditionally investigated 

in terms of the physical malformations it produces. conversely, in 

lower socioeconomic groups and in Native Americans, learning and 

behavioral problems are more often attributed to FAS and overdiagnosis 

can occur in the absence of medical confirmation (Clericuzio, 1993). 

Although the physical symptomatology is of interest in studies of FAS, 

behavioral manifestations such as mental retardation, learning problems, 

hyperactivity, and attentional deficits provide a wider spectrum of 

effects for investigation. 

School-Related Behaviors 

The study of school-related behaviors has not been of primary 

importance in FAS research, and the topics of attention and cognition 

are studied infrequently (Greene, Ernhart, Ager, Sokol, Martier, & Boyd, 

1991; Nanson & Hiscock, 1990; Streissguth, Martin, Barr, Sandman, 

Kirchner, & Darby, 1984). Hyperactivity and motor problems are among 

the predominant behavioral characteristics in preschool children, while 

poor impulse control, attentional and learning problems predominate in 

the school age years (Streissguth, 1986). School failure was reported 

to be a common early experience in one cohort of 15 children with a mean 

full scale I.Q. of 98.2 (Shaywitz, Cohen, & Shaywitz, 1980). These 

authors suggest that the spectrum of FAS should be expanded to include 

behavioral and learning deficits that arise due to eNS involvement. 

------ ... _-_ .•. _ .. _-----_ .. 
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A study in Sweden (Aronson, Kyllerman, Sabel, Sandin, & Olegard, 

1985) found children of alcoholic mothers to perform 15 to 19 I.Q. 

points lower on the Griffiths Mental Development Scales (111 compared to 

92) and the Wechsler Intelligence Scale for Children (WISC; 114 compared 

to 99). The Griffiths scale indicated weaknesses in "hearing and 

speech", "eye-hand coordination", and "practical reasoning subscales". 

Particularly evident was the perceptual delay, measured with Frostig's 

Developmental Test of Visual Perception, which exceeded one year. Data 

on the perceptual difficulties in FAS have not been forthcoming. 
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Figure 7: A human figure drawn by a boy with FAS (left; age 7.4, I.Q. 

78) and a control boy (right; age 7.4, I.Q. 105). Developmental levels 

derived from Human Figure Drawings were in agreement with intelligence 

and perceptual scores on the Griffiths Mental Development Scale and the 

Wechsler Intelligence Scale for Children (WISC). A disturbed body image 

was also evident. From Aronson, M., Kyllerman, M., Sabel, K.-G., Sandin, 

B., & Olegard, R. (1985). Children of alcoholic mothers: Developmental, 

perceptual and behavioural characteristics as compared to matched 

controls. Acta Paediatr. Scand., 74, 27-35. copyright 1985 by Acta 

Paediatrica Scandinavica. Reprinted with permission. 

The mean reported I.Q. in FAS has been variable. One study found 

the mean I.Q. in FAS to be 65, ranging from 16 to 106 (N = 20; 

Streissguth et al., 1978). In another study, I.Q. ranged from 47 to 103 

(N = 10), with three children having scores within a normal range of 91 

to 103 (Riley, personal communication). These findings highlight the 

---------------------------
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continuum of effects of postnatal alcohol exposure. 

Although intelligence scores seem to be correlated with dysmorphia 

and growth retardation, the relationship is not linear (streissguth, 

1986). Streissguth and colleagues (1978) found that children with the 

most severe manifestations of FAS had an average I.Q. of 55, while 

children with lesser manifestations had an average I.Q. of 82. Scores 

on a dysmorphia index in infancy were found to be correlated to later 

intelligence (Smith, Coles, Fernhoff, Sloan, Pollard, & Falek, 1990). 

Retrospective and Prospective studies of Alcohol Use 

Alcohol studies are usually of two types: retrospective or 

prospective. Retrospective studies look at children with FAS, or at 

offspring of alcoholic mothers who manifest behavioral features of FAS. 

In contrast, prospective studies attempt to chart infant development in 

relationship to the pattern of fetal alcohol exposure. These children 

are not usually classified as FAS, FAE, or as children of alcoholics. 

The purpose of these studies is to examine the subtle effects of 

prenatal alcohol exposure (Coles, 1992). 

A problem with any study of alcohol abuse is that reliable recall 

diminishes with the passage of time. For example, in one prospective 

study of alcohol use during pregnancy, 166 women answered questions 

about their usual, maximum, and minimum quantity and frequency of 

alcohol consumption per beverage when they were four months pregnant. 

An average volume was calculated for the first trimester consumption. 

At seven months gestation, 89 of these women were asked the same 

questions. The remaining 87 women were questioned again at delivery. 

Test-retest reliabilities were r=0.8217 and r=O.5249 respectively. 

--------------
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Because reliable recall diminishes with the passage of time (Robles, 

Day, & Flegal, 1986), retrospective studies probably suffer from a lack 

of clarity. 

A solution: The Seattle Project 

Seattle, Washington has been a major center for the study of FAS. 

In King County, Washington, a program focusing on the interests of both 

the mother and child was designed to treat alcoholism. This program, 

the Pregancy and Health Program, a continuing longitudinal study, was 

established in 1978 (Little, Streissguth, & Guzinski, 1980). Before 

the initiation of this program, the results of a survey indicated that 

over 1/3 of the county's residents believed that three or more drinks of 

alcohol per day was safe during pregnancy. Surprisingly, the public 

reaction to alcohol education was resistance and anger (Little et al., 

1980). 

The focus of the Pregnancy and Health Program, also known as the 

Seattle study, was primarily upon the behavioral consequences of social 

drinking. Initially, 1529 pregnant women were interviewed during a one 

year period about their use of alcohol, nicotine, caffeine, drugs, and 

other life factors. A follow-up cohort consisted of about 500 women. 

Alcohol exposure was measured in the fifth month of pregnancy by 

self-report. Because the effects of alcohol consumption on behavior and 

cognition were unknown a variety of alcohol scales were constructed 

(Streissguth et al., 1989a). The early papers published as a result of 

the Pregnancy and Health Program dealt primarily with a score that 

reflected the overall level of alcohol exposure, the AA score (average 

ounces of alcohol per day). However, an AA score of 10 would apply as 

well to a woman drinking two 1 oz. drinks per evening as to a woman 
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having 14 drinks in one evening. Several BINGE measures yielded 

information regarding the temporal pattern of alcohol consumption: 

BINGE, MAX, and ADOCC. The BINGE variable was dichotomous and applied 

to any woman who had had five drinks or more on one occasion. MAX was 

the maximum number of drinks reported on anyone occasion, and ADOCC was 

the average number of drinks per occasion. A QFV score (quantity

frequency-variability) represented the average of both daily and binge 

drinking, and an MOCC score was a count of the monthly occasions of 

drinking. The final measure, ORDEXC, ordered the various scores 

according to their presumed risk to the fetus. The time periods 

measured were during mid-pregnancy (D) and prior to pregnancy 

recognition (P). Since these authors conducted their interviews before 

alcohol's damaging effects to a fetus were publicly acknowledged, it 

seems more likely that candid self reports were obtained. 

The experimental group maximized the number of "heavy" drinkers. 

The control group included both abstainers and infrequent drinkers. The 

follow-up cohort consisted of 177 high priority experimental mothers, 50 

low priority experimental mothers, 68 light-moderate drinkers, 89 

infrequent drinkers, and 109 abstainers (Total N = 493). The children 

of this cohort were examined in a number of substudies; the actual 

number of subjects varied. Primarily, the follow-up cohort were white, 

married, lower middle and middle class mothers 25-32 years of age. 79% 

had graduated from high school and 47% had had at least some college. 

The numbers of primipara were approximately equal to multipara 

(Streissguth, Martin, Martin, & Barr, 1981). Fifteen percent of the 

women interviewed in the original cohort reported binge drinking during 

the prepregnancy period. 

An early substudy result (Streissguth et al., 1980) indicated that 

habituation scores, a measure of interest in novel objects, were lower 
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in infants of mothers who were heavy drinkers. When the infants (N=462) 

were assessed at 8 months, all fetal alcohol-exposed infants had scores 

that remained within normal limits on both the Bayley Mental Development 

Index and the Psychomotor Development Index. The scores of these 

infants, however, were significantly lower than control infants. 

Alcohol use was significantly related to both of these indexes 

(Streissguth, Barr, Martin, & Herman, 1979). 

Children at age four years (N 421) whose mothers had consumed 

three or more drinks per day had an I.Q. decrement of five I.Q. points 

on the Wechsler Preschool and Primary Scales of Intelligence (WPPSI) 

even after the most influential covariates were removed from the 

analysis: the father's level of education and family size. In this 

cohort, a subset of 33 children with an alcohol exposure history of 

greater than 1.S oz. per day (equivalent to about a shot and a half of 

whiskey) were further examined. Ten of these children, manifesting some 

early dysmorphic characteristics, had been classified as FAE at birth; 

the other 23 children, however, had a normal morphology. The FAE 

children had I.Q. scores 10.5 points lower than the other children who 

had had the same level of exposure but no physical characteristics 

(Streissguth et al., 1989b). 

Attention is one cognitive characteristic that has been followed 

since the early examinations. For example, in a vigilance test 

administered at four years of age (N = 452), each subject was required 

to respond to only a specific stimulus. This stimulus appeared 

infrequently, requiring the subject to maintain his attention on the 

task. Poor performance on this type of task has been shown to be 

related to hyperactivity. Both alcohol and nicotine affected correct 

identification of the target stimuli, extraneous button presses, and the 

ratio of correct responses to the total number of responses. Alcohol-
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exposure additionally affected the reaction time rate; their responses 

became significantly slower as the session progressed (Streissguth et 

al., 1984). 

More recently, streissguth and colleagues have studied this same 

cohort with a large battery of psychoeducational and neuropsychological 

tests. They have presented data indicating that "alcohol exposure" 

along with its concomitant "brain damage" might be best understood as 

latent (hypothetical) constructs (Sampson et al., 1989; Streissguth et 

al., 1989a; Streissguth et al., 1989c). In this study, 486 subjects 

were examined; their ages ranged from 6 1/2 to 8 1/2 years with the mean 

being 7 1/2 years. 

Preliminary analyses of this sample of children indicated that 

binge-exposed children had lower I.Q. and achievement scores. Scores on 

the Myklebust Pupil Rating Scale - Revised indicated that these children 

were at risk for developing a learning disability (Myklebust, 1981). 

Partial least square analyses demonstrated that a binge-pattern of 

alcohol exposure, particularly in early pregnancy, was the best 

predictor of behavior and performance in early school age children. A 

consistent negative correlation between alcohol exposure and I.Q. was 

observed. Specific problems included short term memory, impulsivity, 

problems with quantitative functioning, and sustained attention (Sampson 

et a1., 1989). 

In the last paper of the series, Streissguth and colleagues 

(1989c) applied the least squares technique to neuropsychological test 

data. They found that alcohol exposure predicted a pattern of 

neurobehavioral problems that included verbal and visual attentional and 

memory deficits, poor integration and quality of response, poor 

organization, distractibility, inflexible problem solving skills, poor 

arithmetic and poor spatial organizational skills. The two most 
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significant problem areas were perceptual motor and memory problems. A 

decrement of scores on arithmetic but not language tests prompted the 

suggestion of a pattern similar to a "nonverbal learning disability". 

Note, however, that although some other studies have reported no 

language deficits (Greene et al., 1990), others have (Carney & Chermak, 

1991) • 

Several neuropsychological tests were thought to be especially 

useful. These included the Children's Memory Test (CMT) , the Seashore 

Rhythm Test and three subtests from the Reitan Neuropsychologic Test 

Battery: progressive figures, name writing, and the tactual performance 

test. From the CMT, designs 1, 2, 3, and 5 were found to be the most 

useful, and stories 2 and 4 were the most informative from the verbal 

memory component. Qualitative scores (quality, reversals, 

substitutions, integration, sequence, etc) were as meaningful as the 

number of items that were recalled correctly. Several covariates were 

assessed, and parental education was found to be most predictive of 

childhood lear.ning and behavioral disorders. Binge drinking, again 

emerged as the important latent variable, with the prepregnancy 

recognition period being particularly important (Streissguth et al., 

1989c) . 

As suspected, the moderately-exposed children manifested effects 

of alcohol to a lesser (that is, nonclinical) degree than their full

scale FAS counterparts. Some authors (Riley, Barron, & Hannigan, 1986; 

Riley, Lochry, & Shapiro, 1979) suggest that the hippocampus may be a 

primary mediator of certain behavioral deficits (for example, response 

inhibition). Streissguth and colleagues (1989b), however, suggest that 

there is no reason to believe that the hippocampus is solely 

responsible. 
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An Additional Prospective Study: The Atlanta Sample 

Coles, Brown, Smith, Platzman, Erickson, & Falek (1991) used a 

low-income black population (N = 225) to evaluate the effects of alcohol 

exposure beyond infancy. One group included women that continued to 

drink throughout pregnancy, another group stopped drinking before the 

second trimester after an educational intervention, and the third group 

was a control group comprised of non-alcohol-using mothers from the same 

population. The children were five-to-eight years old when tested. 

These authors hypothesized that alcohol-related defects would be most 

obvious in the continued-to-drink group. 

Alcohol dysmorphia scores (Smith et al., 1990) indicated that the 

physical characteristics of the continued-to-drink group differed 

significantly from the never-drank group. In addition, there were more 

females in the groups exposed to alcohol than in the control group. 

Head circumference was also significantly smaller in the continued-to

drink group, 50.25 cm. as compared to 52.27 cm. in the control group. 

MANCOVA procedures on the Kaufmann Assessment Battery for Children (K

ABC) indicated significant differences between the groups in sequential, 

mental composite, achievement, and nonverbal summary scores. In 

achievement, the never-drank group was significantly higher than the 

other two groups, and the continued-to-drink group had significantly 

lower sequential and mental composite scores than the other two groups. 

These authors concluded that alcohol exposed children appear to have 

deficits processing visual and auditory information into short term 

memory. They speculate that hippocampal injury (or dysfunction) may be 

responsible (Coles et al., 1991). 

In a subsequent study, a subset of the same population (N = 68) 

was assessed for attention deficit disorder with hyperactivity (Brown, 
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coles, Smith, Platzman, Silverstein, Erickson, & Falek, 1991) 

Destructive, inattentive, nervous/overactive, and aggressive 

exter.nalizing behaviors were significantly higher in the continued-to

drink than the other groups. Other internalizing factors such as 

anxiety, withdrawal, depression, unpopularity, and obsessiveness were 

found to be related to the caretaker's current drinking level. These 

authors stress the importance of taking into account the present 

environment when interpreting the relationship of behavior with maternal 

alcohol use. 

Although it appears evident that fetal alcohol exposure affects 

learning, some authors have found no direct evidence linking maternal 

drinking to poor cognitive performance (Greene, Ernhart, Ager, Sokol, 

Martier, & Boyd, 1991) or to language development (Greene et al., 1990). 

These studies, however, are a minority, and it seems unlikely that they 

will carry much influence in evaluating the effects of FAS. 

Neuropathology in FAS 

Although brain neuropathology has been substantially characterized 

in animal models of FAS, parallel work in humans is only beginning. 

Very few studies have examined the neuropathological features in human 

FAS. 

In the first necropsy of a FAS infant, major disruptions of both 

neural and glial elements were found (Jones & Smith, 1973). 

Leptomeningeal neuroglial heterotopias, sheets of aberrant neural and 

glial tissue that cover parts of the brain surface and partially 

incorporate the pia mater, were found in the brains of three of four 

human neonates (Clarren, Alvord, Sumi, streissguth, & Smith, 1978). 
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More recently, magnetic resonance imaging (MRI) and 

magnetoencephalography (MEG; Knight, Kodituwakuu, Orrison, Lewine, 

Maclin, Weathersby, Cutler, McClain, Handmaker, & Handmaker, 1993a) 

promise further insight into the neuroanatomy of living FAS individuals. 

Although no abnormalities on MRI scans have been demonstrated in high-

functioning FAS children (Knight et al., 1993b), significant differences 

in the overall volume of the cerebrum, cerebellum, caudate, lenticular 

nucleus, cortical gray matter, diencephalon and cerebral ventricles have 

been demonstrated by Mattson and colleagues (1992a,b). Deficits in the 

corpus callosum and basal ganglia structures were especially prominent 

(Riley, 1993; personal communication). Abnormal activity in the right 

and left parietal lobes demonstrated by the MEG technique does not yet 

have a functional correlate (Knight et al., 1993a). 

Increasingly sophisticated neuroimaging techniques, animal models 

that provide neuroanatomica1 examinations of alcohol exposed offspring, 

and a desire to understand brain-behavior relationships have led to an 

increasing number of neuropsychological examinations of behavior. Since 

neuroanatomica1 knowledge is a necessary prerequisite to the 

understanding of the neural underpinnings of cognition, the focus of the 

remainder of this review will be upon the brain, and in particular, the 

hippocampus. 

Cortical Organization 

In rats, the disturbing effect of alcohol on the spatiotemporal 

sequence of neuronal and glial migration (Miller, 1992) was evidenced by 

thin and disor~~'zed cortex beneath the heterotopias. In fact, Miller 
.,. 'V 

(1986; 1987; 19 ) in his experiments with rats has found that prenatal 

exposure to EtOH delayed neuronal migration by 1-2 days. He estimated 

that EtOH slowed the rate of migration by about 25%. For example, 



58 

although neurons born on GD13 and GD20 will take 4 and 6 days to migrate 

to their respective positions in a control rat, these same neurons will 

take 6 and 8-10 days to migrate in an EtOH-treated rat (Miller, 1990). 

Cortical neurogenesis is also delayed. Normally occurring from 

GD13 to GD21, in EtOH-treated animals this period is delayed by one day 

and extended by two days, occurring from GD14 to GD23 (Miller, 1988). 

And although neurons generated on gestational days 13, 14, and 15 are 

smaller, less round and more polar in EtOH-treated animals as compared 

to controls, they follow the normal inside-to-outside pattern of 

migration (see Angevine & Sidman, 1961). After GD20, however, there is 

evidence of a progressively disorganized distribution of neurons 

throughout the cortex (Miller, 1988). For example, in control animals, 

neurons born on GD20 - GD21 are found in superficial cortex; in ethanol 

treated rats, in contrast, they are found distributed throughout the 

cortical layers (Miller, 1990). Lateral-to-medial and the rostral-to

caudal gradients appear to be unperturbed by gestational alcohol 

exposure (Miller, 1988). 

Normally neurons migrate to their positions in the cerebral cortex 

by migrating along radial glia that extend from the. germinal zones to 

the pial surface (Rakic, 1972). At approximately PD6 - PD9 (Schmechel & 

Rakic, 1979) radial glia of nonhuman primates transform into astroglia. 

Delays in neuronal migration and proliferation may act to uncouple the 

end of neuronal migration from the transformation of the radial glia. 

If the radial glia withdraw their process prematurely, late generated 

neurons are unable to migrate to their proper position in the outside 

layers of the cortex (Miller, 1988). Cortical disorganization can 

result. It is unknown whether these stray neurons form functional or 

aberrant synaptic' connections (Miller, 1988). 

Greater numbers of corticospinal projection neurons in mature 
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EtOH-treated rats as compared to control animals indicate that ethanol 

may affect the pruning process. EtOH-exposed neocortex appears to 

retain these neurons past the normal period of cell death. Altered 

axonal projections such as this may be associated with altered function. 

Sensory experience at critical times in development usually acts as a 

signal to refine (or prune) neuronal connections. In FAS, primary 

sensory information may not have access to more remote areas of 

association cortex, thereby affecting the pruning process. Clinical and 

neuroanatomical correlates of neuronal reorganization, however, are 

poorly understood. Animal research and even more refined imaging 

techniques may provide answers to these difficult questions. 

Glia and Neuron Morphology 

At a microscopic level, changes in myelin, dendritic arborization, 

and cytoplasmic and synaptic maturation have been examined. In 

offspring of pregnant rats fed a diet of 5.15% ethanol (27% of the 

caloric intake), myelin synthesis was retarded by about 30% at 16 days 

of age, 10% at 21 days of age, and not at all by 30' days of age as 

compared to a pair-fed group and well-nourished control animals 

(Lancaster et al., 1982). Myelin synthesis appears to recover after an 

alcohol insult. 

In their studies of glial cells in the optic nerve, Phillips and 

associates have observed that although there is a delay in the 

maturation of the oligodendroglial cells, there was no evidence of 

altered cell structure or in the relative number of glia at 90 days of 

age between control animals and animals gestationaly exposed to alcohol 

(Phillips, 1993; Phillips & Krueger, 1992). As a consequence of the 

delay, however, the thickness of the myelin was permanently thinned 
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(Phillips, 1993; Phillips, Krueger, & Rydquist, 1991). 

Less extensive dendritic arbors in the pyramidal neurons of 

somatic sensory motor cortex were demonstrated after pregnant animals 

were fed an EtOH diet (10% ethanol-containing water before mating and 

then a liquid diet containing 5% alcohol throughout gestation). 

Increases in the dendritic varicosities, putative growth cones, and 

small somata suggested delayed neuronal development (Hammer & Scheibel, 

1981). Localization to this area of cortex may have occurred as a 

result of the EtOH being administered during a sensitive period, or to a 

selective vulnerability of this region as suggested by Miller & Potempa 

(1990). Retarded cytoplasmic and synaptic maturation has also been 

noted in the cerebellum (Volk, 1984b). 

Several authors (Hammer & Scheibel, 1981; Reyes, Rivera, Saland, & 

Murray, 1983; Stoltenburg-Didinger & Spohr, 1983) compared the 

morphology of dendritic spines in EtOH-treated rats and control rats and 

found them to be similar through the first 4 postnatal weeks. Of the 

three types of dendritic spines (thin, mushroom-shaped and stubby; 

Peters & Kaiserman-Abramof, 1983; Purpura, Bodick, Suzuki, Rapin, & 

Wurzelmann, 1982), it is the thin spine with a distinctive round head 

that is found ubiquitously throughout normal development (Marin-Padilla, 

1972). In the EtOH-exposed rats the density of dendritic spines was 

less than in the control animals (Hammer & Scheibel, 1981; Reyes et al., 

1983; Shapiro, Rosman, & Kemper, 1984), and by postnatal day 40, 

abnormal spines with tortuous necks and enlarged heads became the norm. 

These findings are interesting because they parallel findings of 

dysmorphic spines in the brains of mentally retarded persons (Marin

Padilla, 1972; 1974; Purpura, 1974). 
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CHOW CONTROL ETHANOL 

Figure 8: Dendritic spines from chow-fed, control, and ethanol-treated 

animals. Note the tortuous spines and enlarged heads of the ethanol-

treated animals. From Miller, M.W., Chiaia, N.L., & Rhoades, R.W. 

(1990). Intracellular recording and injection study of corticospinal 

neurons in the rat somatosensory cortex: Effect of prenatal exposure to 

ethanol. The Journal of Comparative Neurology, 297, 91-105. Copyright 

1990 by Wiley-Liss, Inc. Reprinted by ,permission. 

Dysmorphic spines may impair neuronal movement and recycling. 

Both of these changes could result in decreased neuronal plasticity 

(Pentney & Miller, 1992). Purpura and colleagues (1982) propose that 

mechanisms regarding the relationship between microtubules and other 

cellular components may be responsible for dendritic dysfunction. 
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Neural Development 

Neural Mechanisms of Facial Dysmorphia 

Facial dysmorphia is most likely the result of heavy drinking 

during the first trimester. Early in development, the mesoderm induces 

the neuroectoderm to differentiate into a neural plate and then a neural 

tube. The mesoderm maintains the formation of the neural plate 

structures and their derivatives. Of particular importance is the 

maintenance of the evaginations on either side of the diencephalon that 

form the retinal cup of the eye. Exposure to alcohol during this early 

fetal period can lead to gross CNS deformities and to developmental 

anomalies of the eyes and associated organs (Light, 1988). Similar 

craniofacial anomalies have been demonstrated in a mouse model of FAS 

when alcohol has been administered during the period of time analogous 

to the third week of gestation (Sulik, Johnston, & Webb, 1981). Sulik 

and colleagues (1981) point out that it is in the early periods of 

embryogenesis, when most women do not yet know they are pregnant, that 

alcohol ingestion can do the greatest damage. 

The Development of the CNS 

The organization of the adult CNS is derived from four fundamental 

zones: the ventricular zone, the subventricular zone, the intermediate 

zone, and the marginal zone (The Boulder committee, 1970). The 

ventricular zone, a pseudo stratified columnar epithelium immediately 

adjacent to the lateral ventricles, probably gives rise to the 

precursors of the infragranular laminae, deep cortical neurons 

(Nowakowski & Rakic, 1981; Rakic, 1975). "The ventricular cells are the 
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ultimate progenitors of all neurons and macroglial cells of the CNS and 

the zone will become attenuated and eventually will disappear as its 

cells become transformed" (p. 258, The Boulder Committee, 1970). 

Figure 9: The five zones in the development of the nervous system. v. 

ventricular zone, M. marginal zone, I. intermediate zone" S. 

subventricular zone, and CPo cortical plate. Note especially the width 

changes in the ventricular and subventricular zones. Refer also to 

figures ten and eleven. From Boulder committee, (1970). Embryonic 

vertebrate central nervous system: Revised terminology. Anat. Rec., 166, 

257-261. Copyright 1970 by Wistar-Liss. Reprinted by permission. 

Although the overall volume of the lateral ventricles was not 

affected by prenatal EtOH exposure, Miller (1989, 1992) observed the 
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ventricular zone to be significantly thinner in offspring of dams fed a 

high-protein EtOH-containing diet (EtOH was 37.5% of the total calories) 

as compared to offspring of dams pair-fed an isocaloric liquid control 

diet (dextrans and maltose) as well as from offspring of dams chow-fed 

during pregnancy. EtOH exposure causes decreased proliferative 

activity. 
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Figure 10: Changes in thickness of the ventricular zone in chow-fed, 

control, and ethanol-treated animals. From Miller, M.W. (1989). Effects 

of prenatal exposure to ethanol on neocortical development: II. Cell 

proliferation in the ventricular and subventricular zones of the rat. 

The Journal of comparative Neurology, 287, 326-338. Copyright 1989 by 

Wiley-Liss, Inc. Reprinted by permission. 

The change in neuron numbers may be due to fewer proliferating cells, or 

a longer cell cycle. In fact, in 21-day-old EtOH-treated fetuses, 

ventricular cells have a cell cycle that is 29% longer (Miller & 

Nowakowski, 1991) and an S-phase (the stage of DNA synthesis) that 
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significantly differs (Miller, Kuhn, & Nowakowski, 1990) from that 

observed in controls. 

The subventricular zone, a stratified neuroectoderm just external 

to the ventricular zone, is active later in development (Miller & 

Nowakowski, 1991), perhaps generating cells which populate the 

superficial laminae, supragranular neurons (Nowakowsi & Rakic, 1981; 

Rakic, 1975). During an early phase of prenatal development (GD13 -

GD15) the incremental growth of the subventricular zone is only about 9 

percent. After GD17, however, the subventricular zone was observed to 

increase by as much as 15 to 55% (Miller, 1989). 
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Figure 11: Changes in thickness of the subventricular zone in chow-fed, 

control, and ethanol-treated animals over time. From Miller, M.W. 

(1989). Effects of prenatal exposure to ethanol on neocortical 

development: II. Cell proliferation in the ventricular and 

subventricular zones of the rat. The Journal of Comparative Neurology, 

287, 326-338. Copyright 1989 by Wiley-Liss. Reprinted by permission. 

The growth in the subventricular zone occurred concurrently with 
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the diminution of the thickness of the ventricular zone (Miller, 1989). 

In contrast to the ventricular zone, this zone has increased 

proliferative activity as a result of ethanol exposure. Ethanol does 

not effect the cell cycle kinetics, but rather increases the growth 

fraction, the proportion of the population that is cycling. 

The late surge of proliferative activity in the subventricular 

zone may be a compensatory mechanism for depressed proliferation in the 

ventricular zone (Miller, Kuhn, & Nowakowski, 1990). Due to the 

subventricular zone be~ng thickened, the overall thickness of the 

neocortical proliferative zone appears unaffected (Kennedy & Elliott, 

1985). Alternative explanations for the increased proliferation in the 

subventricular zone may be an accumulation of postmitotic cells or a 

retardation in the migration of young neurons (Miller, 1989). 

Hippocampal Neurogenesis 

The hippocampus is an attractive system to study because of its 

well-ordered anatomy. For example, the "essential simplicity" of the 

dentate gyrus has "commended itself to several workers as an interesting 

model for the study of cortical structure and development" (p. 149, 

Sclessinger et al., 1975). This simplicity is exemplified by each 

cytoarchitectonic field, that is, the dentate gyrus and the cornu 

ammonis, having one principal cell type, respectively the granule cell 

and the pyramidal cell. The soma of these cells are arranged in one 

fairly compact layer, the stratum granulosum in the dentate gyrus and 

the stratum pyramidale in the cornu ammonis. The dendrites of the 

granule cells can be found in the stratum moleculare of the dentate 

gyrus, and the axons are located in the hilus. The apical dendrites of 

the pyramidal cells are arranged in the stratum radiatum, and the basal 

---------~--~---~'".~~--~--.~. ~~~ .. 
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dendrites are arranged in the stratum oriens. The axons of the 

pyramidal cells bundle and leave the hippocampus via the alveus 

(Gottlieb & Cowan, 1973). The anatomy of the hippocampus is depicted in 

figure 12. 
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Figure 12: Sectors of the hippocampus. 
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infrapyramidal layer. From Angevine, JB Jr. (1965). Time of origin in 

the hippocampal region: An autoradiographic study in the mouse. 

Exp. Neurol. suppl., 2, 1-70. Copyright 1965 by Academic Press, Inc. 

Reprinted by permission. 

The hippocampal neurons are derived from the ventricular zone 

(Angevine, 1965; Nowakowski & Rakic, 1981). Most of the pyramidal cells 
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of the hippocampus in rats are present on G019 being generated primarily 

from G014 through G020 (Bayer, 1980). Schlessinger, Cowan, & Swanson 

(1978) observed a distinct proximo-distal gradient in respect to the 

dentate gyrus with neurons in the hilar region being generated between 

G014 - G017, neurons in CA3, or the regio inferior, being generated from 

G016 through GD19, and neurons in CAlor the regio superior, developing 

last, from G019 through G020. Peak proliferation occurs over a period 

of days; this is in contrast to the dentate gyrus, where cell 

proliferation is maintained at ,a high level for several weeks. 

Granule cells of the dentate gyrus develop along a different time 

course than the pyramidal cells in Ammon's horn. Ten to 15% of the 

granule cells in the rat are generated prenatally in the ventricular 

zone, beginning in the third week of gestation. The remainder (85 to 

90%) are generated postnatally in the intrahilar proliferative zone, 

CA4, throughout the first postnatal year (Miller, 1992; Schlessinger, 

Cowan, & Gottlieb, 1975). In fact, in the rat, there are as many as 8 

to 9% (or approximately 50,000 neurons) of the total granule cell 

population generated on the fifth, the sixth, and the seventh postnatal 

day of birth (Schlessinger et al., 1975). Granule cells in rats 

increase linearly by 35 to 43 percent between one month and one year 

(Bayer et al., 1982). Peak proliferative activity occurs postnatally 

(Schlessinger et al., 1975) from P02 to PD12 (Bayer, 1980). 

Although granule cells continue to proliferate postnatally in other 

regions of the brain, (for example, in the cerebellum and the olfactory 

bulb), the hippocampal granule cells are unique because they actually 

add to the existing population postnatally. This could mean that with 

time more postsynaptic sites are available for hippocampal afferents 

(Bayer et al., 1982). Accelarated synaptogenesis in the dentate gyrus 

is complete at the same time as other brain regions (Crain, Cotman, 
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Taylor, & Lynch, 1973). 

Cellular development in the dentate gyrus is outside-in (Angevine, 

1965); the more superficial cells closest to the stratum moleculare are 

generated early, and the deeper cells, those adjacent to the polymorphic 

zone are generated later. Migration patterns in the dentate gyrus 

differ from the adjacent stratum pyramidale of the hippocampus as well 

as from the rest of the cortex (Angevine & Sidman, 1961). 

Hippocampus Morphology 

The number of neurons in the CAL region is decreased during 

neurogenesis following ethanol exposure. Davies and Smith (1981) found 

a 20% decrease in the basilar dendritic length and a 12.4% decrease in 

the cell bodies of CAL pyramidal neurons following fetal exposure to 

alcohol. AlcohoL comprised 25% of the caloric content of the diet, and 

was administered from GD12 until PD7. The neurons in others areas were 

not affected, and so it was thought that CAL, the. regio superior, 

demonstrated selective vulnerability to the alcohol exposure. 

Barnes and Walker (1981) demonstrated that the CAL pyramidal 

population in the dorsal hippocampus was reduced by 20% in a group of 

animals allowed free access to an ethanol-containing liquid diet where 

ethanol constituted 35% of the calories. CA2-4 cells were not affected. 

Abel, Jacobsen, & Sherwin (1983) exposed pregnant rats to 3 g/kg 

of ethanol two times a day. The mean SAC level on GD17 was 204 ± 11 mg. 

Dendritic spines in region CAL were blindly examined. The control group 

had 68.9 ± 4.7 apical dendrites and 67.02 ± 2 basilar dendrites. In the 

EtOH-exposed group, the number of spines was 47.2 ± 2.2 and 48.8 ± 1.4, 

respectively. The difference between these two groups was significant. 

Type 1 spines, with a long, thin neck, and small end bulb, were 
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more plentiful in the control group (74 ± 1%) than in the EtoH-exposed 

group (58 ± 4%). In the EtOH-treated group, however, type 2 spines, 

with a short, thin neck, and large end bulb prevailed, 36 ± 4% versus 20 

± 1%. The number of type 3 spines, thick, short neck, and large end 

bulb, were similar in both groups, 6 ± 0.3% (EtOH) and 5 ± 0.3% 

(control) • 

When West, Hamre, & Cassell (1986) administered a 3.74% alcohol

containing formula equivalent to 33% of the mean body weight to rats 

during PD4 - POlO in eight daily feedings, the result was a 16% 

significant reduction in hippocampal field CA4 pyramidal cells as 

compared to controls. Consistent but insignificant deficits were 

observed in CAl and CA3, and a 10% increase occurred in the dentate 

granule cells (West et al., 1986). In contrast, Wigal and Arosel (1990) 

have reported an increase in the area of CA4 after postnatal exposure to 

ethanol. 

Mossy Fiber Morphology 

West, Hodges, & Black (1981) exposed rat fetuses to ethanol during 

a period of time equivalent to the human first and second trimester; the 

reported result was abnormally distributed mossy fibers. The mossy 

fiber projection from the dentate gyrus to Ammon's horn occupies a 

portion of the hilus and then extends in a suprapyramidal bundle through 

the stratum lucidum of CA3 (located in between the stratum pyramidale 

and the stratum radiatum) and approaches the border of CAl (refer to 

figure 12, p. 66, for hippocampal elements). The infrapyramidal bundle 

is found primarily in the area of the hilus although in the rostral 

hippocampus it has been observed to extend to area CAl (West, Hodges, & 

Black, 1981; Swanson, Wyss, & Cowan, 1978). 
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Figure 13: The mossy fiber projection in normal animals. In the top 

figure, the infrapyramidal bundle (ipb) is contained within the area of 

the hilus, and the suprapyramidal bundle (spb) extends to the pOint of 

the arrowhead. In the bottom figure, the infrapyramidal bundle with 

extra-hilar components (ipb-eh) extends into area CAl. From Swanson, 

L.W., Wyss, J.M., & Cowan, W.M. (1978). An autoradiographic study of the 

organization of the intrahippocampal association pathways in the rat. 

The Journal of Comparative Neurology, 181, 681-716. Copyright 1989 by 

Wiley-Liss, Inc. Reprinted with permission. 

In animals prenatally exposed to EtOH, the infrapyramidal mossy 

fibers are also found at middle and more temporal levels of the 

hippocampus. These animals, examined by West, Hodges and Black (1981), 

usually lacked obvious external malformations. These authors speculate 

that the alteration in the mossy fiber projection may affect the 

transfer of information from the entorhinal cortex into the hippocampus. 

Altered mossy fiber distribution has been shown to be correlated with 
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performance on two-way avoidance tasks (Schwegler & Lipp, 1981). 

West and Hodges-Savola (1983) showed that altered mossy fiber 

distribution in rats exposed to alcohol GD1 to GD21 continued to be 

apparent in 9-month old animals, and thus appears to be permanent. They 

offer several possible explanations: apical dendrites may be located in 

the stratum oriens rather than the stratum lucidum due to either 

incomplete pyramidal cell migration or misalignment. This arrangement 

could result in an aberrant connectional pattern. Since alcohol 

exposure preceding the period of granule cell development could lead to 

pyramidal cell loss, more synaptic sites may be sought than are 

available, thus causing "extra" mossy fibers in the suprapyramidal 

bundle to terminate on the basilar dendrites on the infrapyramidal side 

of the cell layer. Incomplete development of the apical dendrites could 

lead to a similar result. Altered timing of neuronal elements could 

also produce aberrant terminal fields (West and Hodges-Savola, 1983). 

Cerebellar Neurogenesis 

In addition to the hippocampus, the cerebellum is often damaged by 

EtOH exposure. The cerebellum is comprised of three layers: the granule 

cell layer, the Purkinje cell layer, and the molecular layer. Granule 

and Purkinje cells populate their respective layers, and inhibitory 

local circuit neurons can be found in all three layers. The Purkinje 

cells, as the hippocampal pyramidal cells, are generated prenatally in 

the ventricular zone, and the granule cells of the cerebellum, as the 

hippocampus, are generated postnatally in an auxilliary proliferative 

zone, the external granule cell layer (Miller, 1992). 

In contrast to the neocortex and the dentate gyrus, both 

prenatally and postnatally derived proliferative activity is depressed 

---- ---------------------------
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in the cerebellum. This may occur because both the ventricular zone and 

the external granule cell layer form a surface of the brain that is 

being continually perfused by blood and cerebrospinal fluid. As a 

result, pre- and postnatal proliferative activity is similarly affected. 

Both the subventricular zone and the hilar proliferative zone are not a 

surface area of the brain, and so proliferative activity is stimulated 

and not depressed (Miller, 1992). 

Pyramidal and Purkinje Cell Vulnerability 

Alcohol's selective damage to the pyramidal cells in the CAl field 

of the hippocampus and the Purkinje cells in the cerebellum has piqued 

the interest of a number of researchers. In studies in which ethanol 

has caused significant cell loss, the reductions have occurred primarily 

in area CAl (Barnes & Walker, 1981; Bonthius & West, 1990). In the case 

of Purkinje cells, postnatal ethanol exposure appears to alter the cell 

number through mechanisms of cell death. BACs parallel neuronal loss in 

these cells (Bonthius & West, 1990). In addition, the Purkinje cells 

are more or less vulnerable to the effects of EtOH dependent upon their 

maturational state. The neurons most mature at the time of alcohol 

exposure were most vulnerable to neuronal loss (Bonthius and West, 1990, 

1991). 

Dendritic growth may be one factor that enhances vulnerability to 

the neurotoxic effects of alcohol. Purkinje cells are all generated 

between GD 13-16 (Altman & Bayer, 1978, 1985). Maturation is dependent 

upon the regional location of the cell, and the reason why some regions 

mature earlier than others is unknown (Bonthius & West, 1990). The 

middle of the first postnatal week, the peak of the brain growth spurt, 

appears to be a particularly vulnerable time period for the Purkinje 
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cells (Ward & West, 1992). Regardless, the unambiguous result is that 

many Purkinje cells generated prenatally die as a result of postnatal 

alcohol exposure. Purkinje cells in the group given 4.5 kg/g/day in two 

feedings were decreased by 44.3% in early maturing regions as compared 

to 13.5% in the late maturing regions (Bonthius & West, 1991). 

Granule cells in the cerebellum are not affected the same as the 

granular cells in the hippocampus. In both studies performed by 

Bonthius and West (1990, 1991) there were significant reductions in the 

cerebellar but no changes in the hippocampal granule cells. This result 

may be due to differences in synaptic targets. Whereas dentate gyrus 

granule cells project to CA3, cerebellar granule cells project to the 

Purkinje cells. Decreases in CA3 pyramidal cells have not been observed 

after prenatal EtOH-exposure, and so retrograde transport degeneration 

may cause decreases in the number of cerebellar granule cells due to the 

Purkinje cell synaptic contacts being destroyed (Bonthius & West, 1990). 

Reports of changes in hippocampal granule cell numbers are 

inconsistent. For example, although Bonthius and West (1990, 1991) have 

reported no changes, West, Hamre, and Cassell (1986) have reported a 10% 

increase in these neurons after neonatal rats were exposed to EtOH 

during postnatal days 4 through 10. In contrast, Wigal and Amsel (1990) 

found a decrease in mature granule cell density after prenatal exposure 

to EtOH. Although it is likely that the alcohol regimen, as well as the 

time of exposure, contributes to the conflicting results, more research 

on EtOH -induced changes in granule cell number is needed before a 

conclusion can be reached. Results regarding the number of CA4 

pyramidal cells is also conflicting. This could be due to the fact that 

accurate histological identification of the cells is difficult. 

Hypoxia: A Mechanism for Cell Death 
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One possible mechanism for cell death in the hippocampus and the 

cerebellum is hypoxia, or lack of oxygen. For example, blood vessels in 

a human umbilical cord constrict in a dose-dependent manner when exposed 

to alcohol (Altura, Altura, Carella, Chatterjee, Halevy, & Tejani, 1983; 

Mukherjee & Hodgen, 1982; Savoy-Moore, Dombrowski, cheng, Abel, & Sokol, 

1989). Arterioles in vivo and in vitro also constrict in a dose

dependent manner in response to alcohol exposure (Altura, Altura, & 

Gebrewold, 1983). Ischemic as well as hypoxic episodes in adult humans 

leads to selective cell loss in the exact cell populations that are 

decreased in EtOH-exposed animals, the CAl pyramidal cells of the 

hippocampus and the Purkinje cells in the cerebellum (Jorgenson & 

Diemer, 1982), 

Animal models of ischemia have been focused primarily upon 

glutamatergic excitotoxicity in the hippocampus (Benveniste, Drejer, 

Schousboe, & Diemer, 1984; Benveniste, Jorgensen, Sandberg, Christensen, 

Hagberg, & Diemer, 1989). In contrast, animal models of FAS examine 

cell damage in pyramidal and Purkinje cells, as well as other cortical 

areas. The ischemic influence of alcohol on developing cortical systems 

has not previously been examined. The consequences of EtOH hypoxia can 

be particularly severe due to the fact that fetal circulation "for 

providing maximally oxygenated blood to the most critical tissues of the 

head is marginal at best" (Light, 1988, p. 111). 

Savage and colleagues (Morrisett, Martin, Wilson, Savage, & 

Swartzwelder, 1989; Savage, Montano, Otero, & Paxton, 1991) have found 

that prenatal EtOH exposure reduces the sensitivity of the hippocampi of 

offspring to n-methyl-d-aspartate (NMDA). These authors hypothesize 

that when a fetal animal is exposed to alcohol, excitatory amino acids 

are released and the NMDA channel activated. Nightly repetitions of 

this event lead to a down-regulation of the glutamate receptors. The 



result is a "permanent resetting of the level of glutamatergic 

neurotransmission" (p. 200; Savage et al., 1991) and decreases in both 

glutamate receptor density and NMDA-mediated responses. 

Behavioral Evidence of Hippocampal Dysfunction 
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Given neuromorphological data confirming the deleterious effect of 

early postnatal exposure to alcohol, it is natural to hypothesize that 

hippocampally-associated behaviors will be affected in fetal alcohol 

syndrome. Although this hypothesis has not been specifically tested in 

a human population, a variety of studies with children (Coles et al., 

1991; Streissguth et al., 1989c) and adults (Gray & Streissguth, 1990) 

provide hints that learning deficits in FAS may specifically result from 

hippocampal dysfunction. Many more studies (Greene, Diaz-Granados, & 

Amsel, 1992; Goodlett, Kelly, & west, 1987; Wigal & Amsel, 1990) have 

examined this issue in animal models in respect to reinforcement 

paradigms (Greene et al., 1992; Wigal & Amsel, 1990) and response 

inhibition (Riley, et al., 1986; Riley et al., 1979). The focus of this 

paper, however, will be on spatial memory. 

The predominant role of the hippocampus in spatial cognition, and 

particularly in the "cognitive mapping" of spatial coordinates in the 

environment, has a firm foundation physiologically (O'Keefe & 

Dostrovesky, 1971) and behaviorally in animals (Bingman, loale, Casini, 

& Bagnoli, 1990; Morris, Garrud, Rawlins, & O'Keefe, 1982). Functional 

attributes in the human hippocampus are more tentative focusing on 

memory in general (Squire, 1987) and spatial memory in particular 

(Goldstein, Canavan, & Polkey, 1989; Smith & Milner, 1981). 

Behavioral evidence of hippocampal dysfunction in ARBD has the potential 

to offer insight into the neural basis of the cognitive deficits 
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demonstrated by these children. 

Whether or not children with FAS have hippocampal dysfunction is 

of interest for several reasons. Primarily, FAS is a developmental 

disorder and the study of these children could provide valuable 

information about human hippocampal function. Because the hippocampus 

is a structure vital to learning and memory, a better understanding of 

this area could lead to improved rehabilitative efforts of FAS children 

and to new knowledge about the learning process in normal children. 

Since spatial learning and memory are the most thoroughly studied 

functions of the hippocampus in animals, it is appropriate to determine 

whether children with presumed hippocampal dysfunction demonstrate a 

parallel deficit. 

FAS and Spatial Navigation 

Goodlett, Kelly, & West (1987) tested spatial navigation on the 

Morris water maze in rats exposed to alcohol during the third trimester 

equivalent. This task is thought to be an indicator of hippocampal 

functional maturity. Normal rat pups perform proficiently at PD24; rats 

with neonatal damage to the hippocampus fail to succesfully perform 

(Dyck, Sutherland, & Buday, 1985). Prior to PD24, the performance of 

control, hippocampal-lesioned, and posterior neocortex-damaged rats is 

not distinguishable in the Morris water maze. 

Three groups of animals were tested by Goodlett et ale (1987): 

binge-like or condensed alcohol exposure (CA), uniform alcohol exposure 

(UA), and a control group. BAC was measured in the EtOH-treated groups 

90 minutes after the last alcohol feeding in group CA on PD6 and then 16 

hours later on PD7, after the alcohol-free period. Group CA received a 

7.5% ethanol solution for four of 12 feedings and had a BAC of 407.8 
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mg/dl on PD6 and 42.2 mg/dl on P07. The uniformly exposed alcohol group 

(UA) received a 2.5% ethanol solution for all 12 of the feedings and had 

a BAC of 111.8 mg/dl on P06 and 102.2 mg/dl on P07. 

Group CA had significantly slower latencies, significantly longer 

path lengths, reached criterion at a significantly later age, and had 

significantly fewer criterion days as compared to both the control 

groups and to group UA. Initial heading angles differed from those of 

the control group in both alcohol exposed groups. In general, group CA 

had obvious performance deficits on the Morris water maze, and group UA 

tended toward a poorer performance on all measures. Search paths 

between gastrostomy control and CA rats showed obvious differences. 

Trial 1- Trial ~ Trial 4 

Gastrostomy Control (+ 1492.5) 11 

N N 

~ 
Trial 1 Tn212 Trial 3. Trial 4 

Condensed Alcohol Exposure (+ 1503.2) rf 

Figure 14: Representative search paths of one gastrostomy control 

animal and one animal with condensed alcohol exposure. From Goodlett, 

C.R., Kelly, S.J., & West, J.R. (1987). Early postnatal exposure that 

produces high blood alcohol levels impairs development of spatial 

navigation learning. Psychobiology, 1S, 64~74. Copyright 1987 by the 

Psychonomic society, Inc. Reprinted with permission. 
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The study of Goodlett and colleagues (1987) demonstrated that rats 

with a condensed exposure of EtOH were retarded in their ability to 

locate a target via extramaze spatial cues. Blanchard, Riley, & 

Hannigan (1987) also tested EtoH-exposed rats on the Morris water maze 

and concluded that the ability to process spatial information was 

compromised in these animals. Both studies demonstrate that alcohol 

exposure significantly impacted the capability to learn. The coding of 

spatial information appears to be specifically affected. Similar 

results were demonstrated by Gianoulakis (1990). Interestingly, when 

rats were required to alternate left and right responses to receive a 

reward (spatial alternation), the impairment demonstrated by the group 

of animals prenatally exposed to ethanol was alleviated by the 

introduction of a visual cue that signalled the correct response 

(Zimmerberg, Mattson, & Riley, 1989). Thus it appears that cue learning 

is unaffected in these animals. 

In a radial arm maze study, Goodlett and colleagues exposed rat 

pups to 7.5 g/kg/EtOH/day or 6.6 g/kg/EtOH/day (N=l6) on PD 4-9 and 

measured BAC. Two control groups were included: artificially reared 

gastrostomy controls (N = 16) and normally reared suckle controls (N 

18). Radial maze testing was carried out for thirty days after these 

animals became adults. Six arms of the maze were consistently baited, 

and six arms remained unbaited. Both groups of alcohol treated rats 

made errors on both the working memory (within session repeated arm 

entries) and reference memory (entries into unbaited arms) components of 

the task. The working memory errors were more severe. At 200 days of 

age, these animals were sacrificed and cell counts were performed. A 

decrease (16 to 20%) in the number of CAl pyramidal cells was 

significantly and negatively correlated with the working memory errors. 
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These authors suggest that deficient information processing is 

associated with CAl pyramidal cell loss (Goodlett, Bonthius, Wasserman, 

& West, 1989). 

A Brief Background of the Research Methods 

The vulnerability of the hippocampus in animal models of FAS is 

evident. Hippocampus pathology in humans, however, has been examined 

only superficially. For example, although Streissguth and colleagues 

(1989a) had the good intention to index hippocampal function in their 

neuropsychological test battery, in actuality their tests, Memory for 

Designs, Verbal Memory: Children's Memory Test, digit span subtest of 

the Wechsler Intelligence Scale for Children, and Auditory Memory: 

Seashore Rhythm Test, are nonspecific tests of memory. Problems in 

administration of the Memory for Faces test, a test associated with 

right hippocampal damage in adults only when a distractor visual 

activity fills a short gap between study time and recognition (Milner, 

1968), as well as the difficulty level of the test, precluded 

meaningful results. In a subsequent abstract, Gray· and streissguth 

(1991) refer to Milner's (1965) stepping stone maze as "Milner's 

original test of hippocampal dysfunction" (p. 294). However, Milner 

(1965) found the stepping stone maze to be sensitive not only to 

bilateral hippocampal impairment, but also to lesions of the right 

temporal cortex, right parietal cortex, and frontal lobe. Thus, it 

appears that the spatial memory function of the hippocampus in 

individuals with FAS has not been specifically tested. 

Difficulty in such nonverbal domains as arithmetic, spatial 

organization, perceptual motor skills, and memory have also been 

reported. by Streissguth and colleagues (1989c). However, although their 
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statistics are so~histicated, their report on specific brain dysfunction 

is virtually nonexistent. Instead, test scores and general conclusions 

are reported. An important objective should be the analysis of the 

neurological substrate responsible for task performance. 

Since fetal alcohol exposure causes damage to cell populations 

within the hippocampus, the following experiments were designed to test 

the degree of hippocampal dysfunction in children with FAS (or FAE) on 

several behavioral tasks. First, however, four other visuospatial 

measures were administered to evaluate more fully the spatial abilities 

of children with FAS. These descriptive measures included the Mazes 

subtest from the Wechsler Intelligence Test for Children (WISC-R), the 

Beery Test of Visual Motor Integration (VMI), drawing a clockface, and 

the facial recognition subtest from the Kaufman Assessment Battery for 

Children (K-ABC). 

The target tasks thought to be sensitive to hippocampal damage 

included both small-scale and large-scale spatial tasks. The small

scale spatial tasks included Smith and Milner's (1981) spatial 

localization task, and Ellis and colleagues automatic spatial 

localization task (Ellis, Katz, & Williams, 1987; Ellis, Woodley

Zanthos, & Dulaney, 1989; Katz & Ellis, 1991). Both these tasks are 

both akin to a usual test situation: desk work. The large-scale spatial 

tasks, however, come from an animal tradition: work in an open field. 

These tests were hybrid radial arm maze/place learning tasks. In sum, 

the three experiments of this dissertation were administered to gain 

information about spatial memory in particular, and by inference, the 

hippocampus. The perceptual measures were informative in regard to 

spatial abilities not in the domain of hippocampal function. 

Smith and Milner's 16-0bject spatial Localization Task 
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Smith and Milner (1981) used an incidental spatial recall test on 

their subjects who had undergone a unilateral temporal lobectomy for the 

relief of epilepsy. Seventeen patients had surgery on the left temporal 

lobe, and 17 had surgery on the right temporal lobe. In this task, 16 

small toys were placed on a square board that measured 60 cm x 60 cm. 

The subject was asked to estimate the price of each of the objects, 

after which he was moved to a desk across the room. The experimenter 

removed the toys from the board, and placed a piece of heavy brown 

wrapping paper on top of the board. The subject was returned to his 

original location and allocated one minute to perform a test of object 

recall. After object recall, the subject was given the toys and asked 

to place them in the exact same position they had been earlier. The 

subjects were given two minutes for this task. 

In the object recall task, the results indicated no difference 

between the control group, the left temporal-lobe group, and the right 

temporal-lobe group in the number of objects recalled immediately after 

presentation. In delayed recall, however, the left temporal-lobe group 

performed significantly lower than the other two groups, and the right 

temporal-lobe group performed significantly lower than the control 

group. The right and left temporal-lobe groups were further subdivided 

into subgroups SM and LG. In subgroup SM, either the hippocampus was 

spared or the lesion did not exceed the pes of the hippocampus. In 

subgroup LG, hippocampal removal extended beyond the pes. No subgroup 

differences occurred in immediate object recall, and both left temporal

lobe subgroups had deficits in delayed object recall. In the subjects 

who had undergone a right temporal lobectomy, only the LG subgroup had a 

deficit in delayed object recall. 

In spatial recall, the right temporal-lobe group performed worse 

than the left temporal-lobe group and the control group. The deficit 
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was seen in both the immediate and delayed recall conditions. In 

subgroup analyses, it was demonstrated that only the right temporal-lobe 

subgroup LG had deficits. 

Ellis and Colleagues Quadrant spatial Localization Task 

Ellis and colleagues (Ellis et al., 1987; Ellis, Woodley-Zanthos & 

Dulaney, 1989; Katz & Ellis, 1991) designed a task to test the 

hypothesis that spatial localization is automatic, occurring without 

effort and/or directed attention (Hasher & Zacks, 1984). They used a 

picture book that when opened exposed two pages that were each divided 

in half. A unique picture was located in each of these quadrants. The 

subject was first asked to go through the book and to name each of the 

objects. At the end of the book, the subjects were given four minutes 

to name all of the objects they could remember. In the last part of the 

experiment, the subjects were handed the previously observed pictures 

and asked to place them in the quadrant of the page where they 

remembered them to have been. In several papers, 40, 60, or 100 

locations were used with equivalent results (Ellis et al., 1987; Ellis 

et al., 1989). 

In the object recall task, the performance of subjects with mental 

retardation of a nonspecific etiology (IQ = 62.9, 21% correct of 100 

objects) differed significantly from 2nd grade subjects (16% correct) 

and college students (32% correct), but not from sixth grade subjects 

(19% correct). In contrast, the location recall results indicated no 

significant differences between any of the groups. The college students 

recalled 74% of the locations, and the group with mental retardation 

recalled 73%. These findings, along with those of an earlier study 

(Ellis et al., 1989), illustrate that retarded individuals process 

--------------------------- - ------- ----
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spatial information at a level commensurate to that of college students 

(Katz & Ellis, 1991). 

When Katz and Ellis (1991) examined the performance of Down 

Syndrome (DS) individuals on this same task, though now with only 60 

picture presentations and locations, thirty-two DS subjects (I.Q. = 
46.7) performed at a level that was below college students: 68% correct 

as compared to 84% correct. No significant correlation was found 

between IQ and task performance in the DS group. For example, many DS 

subjects performed at an equivalent level to college students, four os 

individuals with IQs of 41, 46, 48, and 57 performed at a 90% level, and 

one os individual with an IQ of 30 located 100% of the pictures 

accurately. Additionally, although the college group remembered more 

locations than the group with OS, this amount was fractional, 16%. In 

the object recall task, in contrast, the control group performed 234% 

more accurately. 

The results of these two studies indicate a clear dissociation in 

two memory tasks: developmental trends observed in an attention directed 

effortful processing task such as object recall do not apply to non

attention directed automatic processing tasks that require memory for 

spatial location. Spatial locations are recalled much more readily. It 

appears that some location information can be processed equivalently by 

young children, adults, and some individuals with mental retardation. 

Individuals with DS, in contrast, do not appear to automatically process 

spatial information. That object recall tasks are performed better by 

adults is probably due to their ability to utilize strategies. 

Katz and Ellis (1991) asserted that memory for location is a non

attention demanding automatic process and probably mediated by more 

"primitive" brain mechanisms. One interpretation of these results is 

that the "more primitive brain mechanism" may involve the hippocampus, 
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and the heterogenous performance of OS subjects of similar intelligence 

levels may reflect differential damage to the hippocampus in the OS 

population (see Sylvester, 1986). If this line of reasoning is correct, 

then FAS children should demonstrate a deficit on this task. 

Wet and Dry Mazes 

Several tasks have been designed to test hippocampal integrity in 

rats. The Morris water maze (MOrris, 1981), designed to evaluate 

"proximal" or "distal" cue utilization is one, and the radial arm maze, 

often designed to evaluate working and reference memory, is another. 

The Morris water maze consists of a large circular pool filled 

with water. A rat in the pool is motivated to swim to a platform in 

order to escape. An escape platform can be located above the water 

(proximal orientation condition) or below the water level (distal 

orientation condition) to comprise two tests of spatial ability. 

When the platform is proximally visible in the Morris water maze, 

the spatial task is not dependent on hippocampal function. This is 

known as cue learning. In the distal orientation condition, milk is 

added to the water to obscure the platform. Local cues spatially 

cooccurrent with the goal object are not available, and the animal must 

learn (or form a cognitive map) about the spatial location of the goal 

relative to distal cues (Morris, 1981). This is known as place 

navigation, and is dependent upon hippocampal integrity. 

Morris (1981) found that after several trials rats could localize 

the hidden platform almost as rapidly as the visible one. However, 

rats with hippocampal damage could only perform cue-navigation (Morris, 

Garrud, Rawlins, and O'Keefe, 1982). The Morris water maze has been 

used extensively to test the effect of hippocampal lesions. In its 
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original form, however, this task is not readily applied to special 

education children. 

A radial arm maze task, in contrast to the Morris water maze, is 

performed on dry land. Typically, a rat is placed in the center of an 

eight arm maze, and food reinforcement is located at the end of each of 

these arms. The rat, allowed to move freely to each of the arms, must 

attempt to retrieve all eight items of food. Normal rats perform well 

in a four-arm maze after about five trials. It takes about 30 trials 

for a rat to perform well on an eight-arm maze. In another version of 

the task, a subset of arms can be baited. The animal must learn which 

arms are baited and which are not. In a 17-arm maze, normal rats again 

require about 30 tests to perform well (Olton, Becker, & Handelmann, 

1979). 

Working and reference memory is tested in the radial arm maze. 

Working memory errors are made in a single trial: the rat does not 

remember which arm(s) were previously entered on that trial. Reference 

memory refers to remembering the rules of the experiment. For instance, 

information regarding how to obtain reinforcement is useful for many 

trials and usually the whole experiment (Olton et al., 1979). The 

ontogeny of hippocampal development in children has been tested in 

several versions of the radial arm maze (Aadland, Beatty, & Maki, 1984; 

Foreman, Arber, & Savage, 1984; Mangan, 1992; Mangan & Nadel, 1991). 

The findings generally indicate that children younger than about three 

years of age cannot remember relational spatial location. 

In the large-scale space task administered for this dissertation, 

reinforcement is hidden under a subset of either 30 objects or 30 

locations. Similar to the radial arm maze, the subject must try to go 

only to those objects or locations that contain reinforcement. Similar 

to the Morris water maze task, cue and place navigation was tested. To 
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remember that a unique object (for example, a lamp) hides reinforcement 

is cue learning: the object itself cues or directs the memory. Place 

learning, in contrast, occurs when the individual remembers the location 

of reinforcement based upon the configuration of environmental cues, for 

example positions and distance. Immediate and delayed memory 

performance is tested over a series of days. In other words, the 

subject needs to remember what objects hide reinforcement, or where 

reinforcement has been hidden. 

To recap, the two distinct versions of spatial learning utilized 

in this dissertation, the hippocampal-independent and the hippocampal

dependent tasks, should allow an in-depth assessment of spatial 

information processing in fetal alcohol syndrome. In addition, by 

administering both small- and large-scale hippocampal-dependent tasks, 

it will be possible to draw conclusions that are based on previous 

animal and human work. 



III. METHOD 

In the sections that follow, each subset of experimentation, the 

descriptive measures, the 16-object spatial localization test, the 

quadrant spatial localization test, and the large-scale spatial and 

object memory test, is considered separately. Each component has its 

own method section, followed by a section that includes the results of 

relevant univariate analyses. Pearson Correlation Coefficients are 

reported in an "overall results" section that follows the presentation 

of the methods and results of the other experiments. The purpose of 

this latter section is to integrate the results of all subsets of 

experimentation. 

Subjects 
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The subjects were thirty Native American school-aged children with 

a mean age of 9.8 ± 2.32 years. Twelve of these children were younger 

and from a primary school (kindergarten through third grade) and sixteen 

were older and from a middle school (fourth through sixth grade). Two 

additional students were seventh graders. The mean age of the children 

with alcohol related birth defects (ARBD) from the primary school was 

7.9 ± 1.48 years, and the mean age of the control children was 7.6 ± 

1.85 years. There were five males and one female in each group. The 

mean age of the children with ARBD from the middle school was 11.2 ± 

1.79 years; the mean age of the control group was 11.1 ± 1.57 years. 

There were six males and two females in each of these groups. The two 

seventh graders were females. Fifteen of the children (x age = 9.8 ± 

2.32) had previously been identified as FAS or FAE by a University of 

Arizona geneticist/dysmorphologist. School records indicated that some 
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of these children had also been diagnosed by the school psychologist 

after psychoeducational testing with attention deficit hyperactivity 

disorder (n = 2), mild retardation or as educably mentally handicapped 

(n = 5), with low average intelligence (n = 2), learning disability (n 

4), developmental reading disorder (n = 1), and average intelligence (n 

= 2). Most (n = 12) of the students with ARBD were being educated in 

the regular classroom for at least part of the day. 

The fifteen control group subjects (x age = 9.7 ± 2.40 years) were 

chronologically-age and gender matched, and had received no special 

education services in the school district where this study was 

performed. No additional information was available about these 

students. 

The sixteen middle school individuals were given all of the 

components of this research protocol. The twelve primary school 

individuals and the two seventh-grade individuals were given only the 

descriptive measures, experiment one, and experiment two. These 

measures were counterbalanced. Experiment three was administered to the 

middle school individuals only after all previous testing was complete. 

Statistical Analysis 

The descriptive tasks were analyzed individually in multiple 

regression analyses. Age was analyzed a priori in these tasks, followed 

by a grouping variable and then the interaction. In the case of the 

VMI, several qualitative variables were analyzed post hoc in an ANOVA. 

A chi-square analysis was performed on one qualitative measure, a 

frequency count of nominal data, in clock drawing. 

The results of the 16-object spatial localization task and the 

quadrant spatial localization task were analyzed with a repeated 
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measures ANOVA. In addition, multiple regression analyses were used to 

assess for the effect of the subject's age. 

In the large-scale object and spatial memory tasks, multiple 

regression analyses were used to check for the function of learning that 

occurred over days. Next, a linear growth curve analysis was undertaken 

to further explore intercept, linear, quadratic, and dispersion effects. 

Lastly, a repeated measures ANOVA was used to assess for the time of 

administration effect, immediate vs. delay. 

In the overall results section, correlation analyses were 

performed to assess the interrelationship of the experimental measures. 

Descriptive Tests 

Four descriptive measures were administered: the facial 

recognition subtest from the Kaufman Assessment Battery for Children (K

ABC), the Mazes subtest from the Wechsler Intelligence Test for Children 

(WISC-R), the Beery Test of Visual Motor Integration (VMI), and the 

Draw-a-Clock test as described by Spreen & Strauss (1991). 

Method: Facial Recognition 

The facial recognition test is a part of the K-ABC. The test is 

relatively simple and designed for children of pre-kindergarten age. 

For the purposes of this research, the test was used as a screening tool 

to study whether children with ARBD have difficulty with facial 

recognition. Each subject was required to view a face. After five 

seconds, the face was taken away, and the child shown a picture with 

several faces. The child's task was to point to the original face in 

the group of faces. A total of eighteen faces was presented to each 



91 

subject: 12 single face presentations and three double face 

presentations. 

Results 

Out of 18 possible correct, the control group had a mean score of 

14.53 ± 2.13, and the group with ARBD had 13.80 ± 2.04. In a multiple 

regression analysis, there was a significant correlation of facial 

recognition with age (r = .55, P < .01), but not with group (F [1,26J 

.34). See figure 15. 
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Figure 15: Age change in the number of faces recognized in the control 

group and the group with ARBD. 

Method: Mazes 
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The Mazes test of the WIse requires each subject to traverse from 

start to finish on a set of mazes that becomes progressively more 

difficult. Dependent upon the difficulty level of the maze, the subject 

is allowed from 2-5 errors. In addition, the maze must be solved within 

a certain time period. 

Results 

The mean score was 10.93 ± 3.87 in the control group and 9.13 ± 

2.59 in the group with ARBD. In a multiple regression analysis, 

although no main effect of age (F [1,25) = .27) resulted, there was a 

significant interaction (F [1,25] = 8.91, P < .01). The starting value 

or intercept also differed between the groups (F [2,25) = 6.17, P < 

.01). Refer to figure 16. 
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Figure 16: Age change in the standard scores of the Mazes test. 
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Method: The VMI 

The Developmental Test of Visual-Motor Integration, or the Beery 

test, was designed primarily for preschool and elementary school age 

children. It provides age norms through 14 years of age. Twenty-four 

geometric designs are presented in a sequence that follows a 

developmental gradient of difficulty. The subject's task is to copy the 

designs in a space that is equal to that of the original. The 

reproductions are scored as either "correct" or "incorrect". 

Results 

A substantial difference was observed between the control group 

and the group with ARBD (F [1,28] = 13.15, P < .001) in a one-way ANOVA. 

The mean score of the control group was 8.47 ± 2.80, and the mean score 

of the group with ARBD was 5.13 ± 2.20. Although VMI performance was 

not significantly correlated with age (r = -0.12), a multiple regression 

analysis determined that although the intercept value differed between 

the groups (F [2,26] = 6.16, P < .01), the slope did not (F[1,26] 

.01). Refer to figure 17. Several additional variables analyzed post

hoc are described below. 
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Figure 17: Age change in the standard scores of the VMI. 

Although the VMI can be discontinued after three consecutive 

failures, many students opt to complete the test. A significant group 
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effect (F [1,28] = 8.34, p < .01) in a one-way ANOVA indicated that the 

Children with ARBD made fewer attempts (x = 19.93 ± 4.13) than the 

control group children (x = 23.27 ± 1.71). A multiple regression 

analysis additional.ly indicated a significant group x age interaction (F 
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[1,26J 

[1,26J 

5.77, P < .05) and a differing intercept between the groups (F 

10.47, P < .001). Refer to figure 18. 
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Figure 18: Age change in the number of attempted figures on the VMI. 

Correct or incorrect scores on the VMI are uniformative about the 

quality of a reproduction, thus a more thorough analysis of the 

individual drawings became necessary. Upon close examination, two 

difficulites became particularly evident: corner difficuties and 

distortions. 

Corner difficulties included rounded corners, open corners, and 

dog ears (see figure 19). In the group with ARBD, each child had an 

average of 2.67 ± 1.28) designs with a corner difficulty. This number 

was 1.27 ± 1.28 in the control group. The difference was significant (F 

[1,28] = 18.93, P < .001). The older control group had 1.22 ± 1.30 
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corner difficulties and the older group with ARBD had 3.22 ± 1.39 corner 

difficulties. This difference was significant. The younger control 

group had 1.33 ± 1.37 corner difficulties and the group with ARBD had 

1.83 ± 1.72. This difference was not significant, probably due to the 

fact that the fact that the younger group with ARBD reproduced less 

figures. 

The appearance of "dogears" (figure 19 0 - F) was the most 

remarkable corner difficulty. A dogear occurs when a child introduces 

an extra line and an extra angle to a form, and is the result of a child 

having difficulty turning a corner. A reproduction that contains a 

dogear is considered immature (Beery, 1982; 1989). In total, the 

control group produced .40 ± .63 dogears and the group with ARBD 

produced 1.27 ± 1.62. The fact that this difference is of marginal 

significance (F [1,28) 3.71, p < .07) is probably due to the low 

number of stimulus forms reproduced by the younger group of ARBD 

subjects. The majority of dog-eared figures were produced by the 

subjects in the middle school. The older control subjects produced .44 

± .73 and the older group with ARBD produced 2.11 ± 1.62. When these 

data were analyzed, there was a significant difference between the 

groups (F [1,16) = 7.96, P < .02). The difference between the younger 

subjects was not significant (younger control x = .33; younger group 

with ARBD x = 0.00. 

Distortions (figure 19 H - I) were also apparent in many of the 

figures that were examined. A figure was scored as "distorted" if its 

original shape was difficult to discern. Each member of the group with 

ARBD had an average of 1.47 ± 1.76 containing a distortion. This number 

in the control group was .53 ± .74. The difference between the groups 

was marginally significant on this measure (F[1,28) = 3.55, P < .07). 
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Figure 19: Examples of corners difficulties (A - Ci A.= rounded corner, 

B.= corner misalignment, and C.= open corner), dogears (0 - F) and 

distortions (G - H) produced on the VMI by children with ARBO. Subject 

age is listed in the lower right corner of each box. The copy figures 

of A., E., and F. was a diamond that touched a circle at its outer 

center perimeter. Figures C. and H. was a small isoceles triangle 

confined within a large isoceles triangle. The smaller trangle is 

supposed to touch the midpoints of the lines of the larger triangle. 

Figure G. was originally a triangle formed from six circles. Figure I. 

was originally three interlocking circles. 
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Method: Clock Drawing 

Each subject was asked to draw a large clock, and then to draw 

hands that pointed to the time twenty to four (see Spreen & Strauss, 

1991). 

Results 

Clock drawing was scored on a number of dimensions: hand position 

(no correct hands, one correct hand, two correct hands, and before-after 

confusion'), number position (numbers crowded to one side [always the 

right], correctly placed numbers, and aborted attempts), and readability 

of numbers (for example, backwards letters). Examples of these scoring 

indices are shown in figure 20. 

The low number of subjects and the number of ways that a clock can 

be drawn preclude substantial analyses of the above factors. The 

numbers in table 1, however, give an indication that a measure such as 

clock drawing could be informative about spatial memory abilities. 

,. Before-after confusion occurred when the minute hand was after the 
hour, rather than before. 
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Figure 20: Examples of scoring indices on the clock-drawing task. 

a. both hands correct, b. both hands off, c. no hands, d. and e. 

numbers crowded to one side, f. before-after confusion, g. aborted 

attempt. 
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Table 1: Occurrences of scoring variables in clock drawing. 

CO FO CY FY 
(n=9) (n=9) (n=6) (n=6) 

No correct hands 2 4 2 4 

One correct hand 4 5 3 2 

Two correct hands 3 0 1 0 

Before-after 1 1 2 0 
confusion 

Numbers crowded 1 4 3 2 
to one side 

correctly placed 8 4 3 2 
numbers 

Aborted attempts 0 1 0 2 

Backwards numbers 0 2 3 5 

A chi-square analysis was performed for the "correctly placed 

numbers" variable only. This effect was significant in the older group 

(X2 [1] = 4, P < .05). 

Small-Scale Spatial Memory Tasks 

Experiment one 

Method: 16-0bject Spatial Localization 

Immediate Memory. In experiment one, each student was brought to 

the testing room and seated at a table in a seat opposite to the 

experimenter. On the table was a wooden board that measured 60 em x 60 

cm. On top of this board was a piece of brown wrapping paper with 

similar dimensions. The piece of paper was marked with 16 dots that 



were in the configuration of figure 21. 
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Figure 21: Spatial reference system in the l6-object spatial 

localization task. 
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These 16 dots comprised a spatial reference system that was used 

for all of the subjects. The configuration of objects, in contrast, was 

unique for each subject and determined by a random number generator. 

The objects were in place prior to the child's entering the testing 

situation, and the child never saw the sixteen reference points. 

The child's first task was to estimate the price of each object. 

The objects were toys or other objects that are familiar to children: a 

pencil sharpener, paper clip, scissors, tape, toy police car, green 

block, toy teddy bear, small toothpaste tube, toy skateboard, battery, 

------ -------- ------ ------- ---
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baby's bottle top, a spool of thread, screwdriver, lock, a whistle, and 

a plastic spoon. The experimenter directed the subject's attention to 

each object asking "How much do you think the ________ _ costs?". 

This task was not so much a test of frontal lobe dysfunction as in the 

Smith and Milner (1981; 1989) test, but rather an effort to direct the 

child's attention to each object. 

After the child estimated a price for each object, the 

experimenter asked the child to turn away from the testing apparatus. 

After the child complied, the experimenter put all the objects from the 

board into a brown paper bag, and removed the brown wrapping paper that 

contained the spatial reference system. A plain piece of heavy brown 

paper was put in its place. The experimenter instructed the child to 

sit down once again.- "Try to remember the objects that were here in 

front of you. I would like you to name as many as you can think of." 

Each child performed object recall until reaching a point where 

he/she stated that no more could be remembered. Upon completion, the 

experimenter emptied the bag of objects to the side of the wooden board. 

"Here are all the objects that were in front of you. Now I want you to 

put them back to where they were." When the child was finished 

replacing the objects, the experimenter said, "Very nice. Now I would 

like you to take a second look at the way you have put the objects. Are 

there any objects you would like to change or rearrange?" After the 

subject had indicated that he was finished, the experimenter asked "Is 

this the way the objects looked before?". Upon acknowledgement, the 

child was returned to his\her classroom. 

Scoring. In object recall, the number of objects recalled by each 

subject was recorded. In spatial recall, the position of each object 

was marked and labeled. The distance between the marked location and 

the original object location measured in centimeters constituted the 

-----------_. _ ...... _ ..... _ ...... _--
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analysis variable. 

Delayed Memory. Twenty-four hours later and without notice the 

child was brought back to the testing room and seated in the same chair 

in front of the wooden board. This time, however, there were no objects 

on the brown wrapping paper. The experimenter repeated the instructions 

for object and spatial recall as stated for the immediate recall 

condition. 

Results 

Object Recall. Results were analyzed using a repeated measures 

ANOVA with factors of group and time of administration. There was no 

main effect for group (F [1,28) 1.93, N.S.) or for time (F [1,28] = 

3.33, N.S.). A significant group x time interaction (F[l,28] = 7.12, P 

< .OS) indicated a differential pattern of responding between the groups 

in the tasks of immediate and delayed object recall (refer to figure 

22). 
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Figure 22: Number of objects recalled at the immediate and delayed 

times of administration in the 16-object spatial localization task. 

The difference in the number of objects recalled in the immediate memory 

condition is not significant (T [28] = .31). In the delay memory 

condition, the difference is significant at the p < .05 level. However, 

it must be noted that the difference is not significant (actual p 

.028) after the Bonferroni adjustment for alpha slippage (.05/2 .025) • 

Another factor to consider in this task is the large age range, 

9.2 years, of the thirty subjects enrolled in this study. Although a 

significant correlation between age and the immediate object recall task 

(r .48, P < .01), and between age and the delayed object recall task 

(r .56, P < .01), resulted, there was no interaction between age and 

group (F [1,26) = .23, N.S.) in the immediate object recall task or in 
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the delayed object recall task (F [1,26] = .01, N.S.) indicating that 

age facilitated the performance of both groups (refer to figure 23). 
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Figure 23: Age change in the number of objects recalled. 

12 13 15 

spatial Recall. The spatial task was also analyzed in a repeated 

measures ANOVA. There was a main effect of both group, F (1,28) = 4.93, 

p < .05, and time, F (1,28) = 25.81, P < .001. The lack of an 

interaction effect indicaced that both groups responded similarly at 

both time periods (refer to figure 24). Figure 25 illustrates the 
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object-location layouts produced by some control children and some 

children with ARBD. 
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Figure 24: Centimeter displacement in location recall at the immediate 

and delayed times of administration. 



Figure 25: Object-location reproductions in control children and 

children with ARBD. TOP = a top performer. MIDDLE = a middle 

performer. BOTTOM = a bottom performer. The filled in circles 

represent the original object location, and a line is extended to the 

student-defined location. 
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There was no significant correlation with age in either the 

immediate spatial recall task (r = -0.15) or in the delayed spatial 

recall task (r = -0.12, N.S.). Figure 26 depicts the spatial 

displacement scores of the subjects with respect to the school of 

origin. Note the similarity of the displacement scores in the older and 

younger subjects in both the control group and the group with ARBO. 
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Figure 26: Centimeter displacement in respect to. the school of origin. 

CO = older control group, FO = older group with ARBO, CY = younger 

control group, and FY = younger group with ARBO. (Refer to the 

description of subjects). 
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The standard deviations of the displacement scores are also of 

interest (see table 2). 

Table 2: Means and standard deviation for spatial recall. 

Control ARBD 

Immediate 7.74 ± 2.36 9.80 ± 4.10 

Delay 9.54 ± 3.23 13.57 ± 5.70 
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In both groups, the standard deviation becomes larger in the delay task. 

Although this variability is noted, the difference between the standard 

deviation in the immediate and delayed recall tasks is not significant 

as determined by the Hartley F-Max test (Glass & Stanley, 1970). The 

difference in the standard deviations between the two groups is 

significant in both immediate location recall (F [14,14] 3.01, P < 

.05) and in delayed location recall (F [14,14] 3.11, P < .05). 

The range of responses in the group with ARBD is 15.84 cm in the 

immediate location condition and 21.08 in the delayed recall condition. 

corresponding numbers in the control group are 7.93 and 10.50. Thus, 

because the range and therefore the standard deviation is large in this 

task, it would be unwise to attribute a blanket "spatial memory deficit" 

to all children with ARBD. Also, in a rank order correlation analysis, 

no relationship was found between the number of objects recalled in the 

object memory task and the centimeter displacement in the spatial 

location recall task. 

Although spatial displacement scores were informative in regard to 

whether or not subjects were able to remember the position of an object, 
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this measure does not show how the subjects perceived the gestalt 

spatial layout (see figure 21). Thus, a spatial distortion variable was 

used to assess whether or not the children with ARBD remembered place, 

even when they could not remember the object-place association. 

Distortion was scored as follows. The subjects' placement of the 16 

objects was examined and compared to the experimenter-determined spatial 

reference positions. Each object was designated as belonging to a 

location based upon distance. The location that was positioned the 

shortest distance from the object determined the object-location pair. 

In several cases, more than one object claimed a single location. This 

left several locations unclaimed by objects, indicating, perhaps, that 

these locations were not represented in visual memory (see figure 27 for 

example). This possibility was analyzed with a repeated measures ANOVA . 
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Figure 27: Object-location reproduction that had six missing locations. 
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When the number of unclaimed locations was analyzed, there was a 

significant group effect (F [1,28) = 6.03, P < .05), but no effect of 

time (F [1,28) = 1.79, N.S.) and no interaction (F [1,28) = 0.00, N.S.). 

Means and standard deviations are presented in table 3. As with the 

displacement measure, the distortion variable indicates that spatial 

memory is more severely affected in some individuals with ARBD than 

others. 

Table 3. Means and standard deviations for the number of "missing 
locations" • 

Control ARBD 

Immediate 2.07 ± 1.03 3.47 ± 2.20 

Delay 2.47 ± 1.30 3.87 ± 2.20 

The difference in the standard deviations between the groups is 

again significant in both the immediate location recall condition (F 

[14,14) 

[14,14) 

4.54, P < .01) and in the delayed location recall condition (F 

2.85, P < .05), indicating more variability around the mean in 

the group with ARBD than in the control group. 

In sum, distortion scores indicate that both groups demonstrate 

uniform forgetting from the immediate memory condition to the delay 

memory condition.. Thus, although the location perception remains 

stable, the significant group effect indicates that the spatial gestalt 

is less accurate in the group with ARBD. It appears that the spatial 

memory deficit on this task does not apply only to the matching of 



objects to their locations, but also to location in general as well. 

Some examples of location distortion are shown in figure 28. 

---- --------

113 
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Figure 28: Some examples of location distortion in control children and 

children with ARBD. Compare the spatial layout in these figures to that 

of the actual spatial layout in figure 21. 
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Experiment Two 

Method: Quadrant Spatial Localization 

Immediate Memory. Experiment two was conducted in the same 

location as experiment one. After the student entered the room, he was 

directed to a seat at the end of a table and adjacent to the 

experimenter. In front of the child was a large book that was 

constructed of heavy black posterboard entitled "Quadrant Spatial 

Localization". This book was constructed after the experiments of Ellis 

and colleagues (Ellis et al., 1987; Ellis et al., 1989; Katz & Ellis, 

1991). Each page of the book measured 31 cm x 56 cm and was divided in 

half with a piece of·2 cm wide white tape. A Frank Schaffer Easy Vowel 

or Easy Consonant flashcard (7 cm x 16 cm) containing a picture of a 

colorful, familiar object was placed on one half of the page, and a 

second flashcard was placed on the second half. When the book was 

opened, four pictures were visible (refer to figure 29). The book 

contained 48 pictures. 
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Figure 29: Illustration of the apparatus used in Quadrant Spatial 

Localization. 

The subject's first task was to name the first eight pictures in 

the book. Completing this, the experimenter closed the book and showed 

the subject sixteen unbound pictures. Eight of these were the pictures 

previously viewed, and eight pictures were new. "Here are several 

pictures. If you remember seeing the picture in the book, say'yes'. 

If you did not see the picture, say 'no'." Each subject was shown the 

16 pictures in a random order. The purpose of this task was to 

introduce the child to the test setting and to get him familiar with the 

test materials. It was also a probe of recognition memory. 

Next, the subject was asked to perform an object recall task and a 

spatial recall task. "Now I would like you to name the rest of the 

pictures in this book. When you are finished I am going to ask you 

about 'what' you saw and 'where' you saw it. This means that I want you 

to try to remember 'what' you see and 'where' you see it. That is 

because this is a 'what' and a 'where' remembering experiment. You may 
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begin to name the pictures when you are ready." Each child was allowed 

to name the pictures in the book at a self-paced rate, and the 

experimenter assisted each child in turning the pages of the book. 

When the child was finished, the experimenter closed the book. 

"Now I want you to remember and name for me all the pictures that you 

just saw." Each subject was allowed to perform object recall until the 

point where he/she stated that no more could be remembered. 

spatial recall immediately followed object recall. "Now I am 

going to ask you about where you saw each picture. I will show you a 

picture and I want you to point to the section of the book where you 

remember seeinn it." The pictures were presented in random order. 

Scoring. The number of objects and correct locations was 

recorded. 

Delayed Memory. Twenty-four hours later and without notice, the 

child was brought back to the testing room, seated in the same chair, 

and told not to look in the experiment book. After asking whether 

he/she remembered the experiment yesterday, each child was asked to 

remember and name the pictures that he saw the day before. Again, each 

child was allowed to perform object recall until he/she stated that he 

could remember no more. The spatial recall task was administered after 

object recall. Upon completion, the subject was walked back to his 

classroom. 

Results 

Object Recall. The results of the object recall task were 

analyzed in a repeated measures ANOVA. There was no main effect of 

group (F [1,28] = 0.06, N.S.) and no interaction (F [1,28] = 0.69, 

N.S.). A main effect of time (F [1,28] = 10.15, p < .01) indicated that 
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both groups recalled less objects during the delay period (refer to 

figure 30). 
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Figure 30: The number of objects recalled at immediate and delayed 

times of administration. 

There was not a significant correlation with age on this task (r .34, 

N.S.). 

Spatial Task: The spatial task was also analyzed with a repeated 

measures ANOVA. The effects of group (F [1,28] = 8.19, p < .01) and 

time (F [1,28] = 75.05, p < .0001) were both significant. The 

interaction was not significant (F [1,28] = 1.97, N.S.). Refer to 

figure 31. 
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Figure 31: The number of locations recalled at immediate and delayed 

times of administration in Quadrant Spatial Localization. 

In the immediate memory condition, the control group remembered an 

average of 29.07 ± 6.04 (73%) locations and the group with ARBD 

remembered 21.87 ± 7.34 (55%). In the delay memory condition, the 

control group remembered 19.73 ± 5.97 (49%) and the group with ARBD 

remembered 15.13 ± 5.34 (38%). Refer to figure 32 for the distribution 

of the scores. 
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Figure 32: Distribution of scores in the spatial memory component of 

Quadrant spatial Localization. 

The interaction of age with group was significant at both times of 

administration (imm: F [2,26J = 6.56, P < .01; del: F [2,26] = 3.75, p < 

.05). Thus, although age facilitated the performance of both groups, it 

did so at different levels between the groups (refer to figure 33). 
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Figure 33: Age change in the number of locations recalled in Quadrant 

Spatial Localization. 

In a rank order corelation analysis, there was a significant 

relationship between the number of objects recalled and the number of 

locations recalled in both the immediate memory administration (r=.42, p 

< .05) and the delayed memory administration (r=.50, p < .01). 
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Experiment Three 

Method: Large-Scale spatial and Object Memory Task 

Experiment three involved the 16 subjects from the middle school: 

8 individuals with ARBD and 8 control subjects. 

Immediate memory. In contrast to the preceding two experiments, 

experiment three was performed outdoors and utilized the spatial cues 

that were available in the physical environment. Two tasks were 

performed, an object memory task and a spatial memory task. 

Object memory. In the object memory task, 30 objects were placed 

in an area of approximately 50 ft x 50 ft. The 30 objects were junk 

objects that could not readily be described by a single name. 

Generally the objects could be divided into five categories: coral, 

wooden objects, long objects, plastic objects, tall cylindrical objects, 

and boxes. These objects are pictured in figure 34. 
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Figure 34: Photograph of objects used in the large-scale object memory 

task. 

The objects were placed randomly in the spatial configuration shown in 

figure 35. 
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Figure 35: Spatial configuration in the large-scale A. object and B. 

spatial memory task. The arrows on A. indicate the direction in which 

the subject visited the objects. The filled in boxes in B. are proximal 

cues. 

Each subject was tested on five consecutive days. On day one, the 

procedure of the task was explained. "Here is a bag with 30 balloons. 

___________ ._. ___ • ______________ -0 __ -
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Fifteen of the balloons are pink, and 15 are not pink. A lot of objects 

are in the field behind the cafeteria. At each object, you will pick a 

balloon from the bag. If the balloon is pink, you will hide it under 

the object. If the balloon is not pink, you will hand it back to me. 

When you are finished, I will give you a chance to go back and find the 

balloons. For every balloon you find, I will give you a nickel." Each 

subject was also instructed not to talk during the experiment. This 

instruction was given to facilitate the subject's concentration. 

The experimenter guided the subject (refer to the arrows in figure 

35) to each object. After all of the objects had been visited and the 

15 balloons hidden, the experimenter blindfolded the subject and sat 

him/her facing away from the objects. "You will need to wear this 

blindfold for about a minute and a half. When I tell you, you will have 

fifteen trys to find the balloons." After the subject received these 

instructions, the experimenter scrambled the position of the objects, 

maintaining the integrity of the object balloon relationships. After 

scrambling at least 15 objectsl, the experimenter returned to the 

subject. "Here is a bag of 15 pink balloons. Put a balloon on each 

object where you remember hiding a balloon." After the subject had 

placed 15 balloons on 15 different objects, he/she returned to the 

experimenter and was rewarded a nickel for each balloon successfully 

placed. The subject was then returned to his classroom. 

Delayed Memory. Three and one half hours laterl , the subject 

returned to the testing area. "The balloons are under the same objects 

as this morning. Here is the bag of pink balloons. Put a balloon on 

I. The results of pilot studies indicated that if the experimenter 
randomly scrambled objects for a time period of one minute and 30 
seconds, an average of 17 objects could be scrambled. In addition, the 
destinations of the objects (that is, balloon to balloon position, 
balloon to nonballooon position, nonballoon to nonballoon position, and 
nonballoon to balloon position) was evenly distributed (x = 4.25, S.D. = 
.34). 
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top of each object where you remember hiding a balloon." Each subject 

was again rewarded a nickel for every balloon correctly placed. 

scoring. The experimenter recorded the name of each object as 

it was visited. If the object hid a balloon, the object's name was 

circled on the score sheet. In the memory phase of the experiment, the 

experimenter recorded the name of each object on which the subject 

placed a balloon. 

Spatial Memory. With four exceptions, the spatial task was the 

same as the object task. First, the 30 objects in the spatial task were 

identical not unique: 2x4x6 inch wood blocks painted bright orange. 

Second, four proximal cues were contained within the testing 

environment. These prevented the subject from having to rely soley on 

distal environmental cue information (refer to figure 3Sb). Third, the 

spatial objects were never scrambled. And fourth, pilot testing 

determined that choosing balloons from a bag sometimes resulted in a 

location bias. For example, more balloons were placed in rows 4 and 5 

than in the other rows. For this reason, the experimenter predetermined 

the locations of the pink balloons. The subject, as in the object 

memory experiment, was responsible for hiding the balloons. 

scoring. The same score sheet was utilized in the spatial task as 

in the object task. However, because there were no object names, the 

experimenter consecutively numbered each location that the subject 

placed a balloon. 

I. An exception to this delayed period occurred on the fourth day of 
testing due to a weekly occurring early dismissal. The delay period on 
this day was about two hours. 



128 

Results 

Separate multiple regression analyses were used to analyze each of 

the four components of the experiment: the immediate spatial memory 

task, the delayed spatial memory task, the immediate object memory task, 

and the delayed object memory task. Significant results occurred only 

in the immediate spatial memory task. 

Immediate Memory Large-Scale Space Task. A significant main 

effect of day (F [1,10] = 16.60, p < .01) indicated that there was a 

linear increase in performance over testing, thus documenting an effect 

of learning in both groups. The group effect was not significant (F 

[1,10] = 0.73), and the lack of an interaction effect (F [1,10] = .12) 

indicated that both groups learned the tasks at an equivalent rate. 

In addition to the linear effect, a significant quadratic effect 

(F [1,10] = 6.83, p < .05) indicated that the increase in performance 

was not systematically distributed over the five trials of the task. A 

significant interaction of the quadratic effect wit~ group (F [1,10] 

6.99, P < .05) indicated that the learning rate differed between the 

groups. As figure 36 illustrates, the control group had a big 

performance jump on day 2 and a steady increase in the number of spatial 

locations recalled until day 4. In contrast, the performance of the 

group with ARBD actually dropped on day 2, recovered on day 3, and then 

jumped to a level that is just slightly less than the control group on 

day 4. There was a performance decrease in both groups on day 5. The 

amount of variance explained by the group, linear, and quadratic effects 

was .77. 



Figure 36: Number of objects/locations recalled in a. the immediate 

spatial memory task, b. the delayed spatial memory task, c. the 

immediate object memory task, and d.the delayed object memory task. 

(For explanation of dotted line in d., refer to note on p. 134). 
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A disadvantage to the multiple regression approach described above 

is that the analysis is performed at the group level and the pattern of 

the individual differences is lost. A more useful approach, individual 

regression analysis, fits regression parameters from data obtained from 

each individual (petrinovich & Widaman, 1984). This mode of data 

analysis results in the generation of "individual growth curves" for 

each subject. The data, represented in terms of change over time, 

allows for an assessment of learning rate at the level of the 

individual. Because average or population growth curves are often not 

applicable to single individuals, the preservation of data from each 

subject is an important advantage in individual regression. 

For this analysis, four parameters were examined: the intercept, 

linear slope, the quadratic slope, and dispersion. The intercept is a 

measure of the initial proficiency of each subject, the starting value 

on day one of testing. The linear slope is the learning rate or the 

rate of change that occurs with each successive observation. The 

quadratic slope is a quantitative estimate of the curve of the line. 

Quadratic functions occur when the learning rate is not systematic over 

all of the trials. The dispersion variable is a measure of variability 

that describes how well the data fit the estimated slope (Figueredo, 

Brookes, Leff, & Sechrest, submitted). 

Several significant effects were found in the individual 

regression analyses of the immediate memory version of the large-scale 

spatial memory task. For example, there was a group difference in the 

intercept value (F [1,10] = 5.47, P < .05), the linear slope (F [1,10] 

7.67, p < .05), and the quadratic slope (F [1,10] = 7.62, p < .05). 

There was no difference in the variability of the fit of the regression 

lines in either group (F [1,9] = 1.77). Table 4 lists the average 

values for each of these variables. 



Table 4: Mean individual regression parameters for the immediate 
spatial large-scale environment task. 

Intercept Linear Quadratic Dispersion 
Slope Slope 

4.82 3.77 -0.54 3.73 
Control ± 2.26 ± 2.32 ± 0.38 ± 0.94 

8.31 0.38 0.06 4.96 
ARBD ± 2.87 ± 1.89 ± 0.38 ± 2.04 

Delayed Memory Large-Scale Space Task. In the group multiple 

regression analysis, no significant effects occurred. There was no 

significant effect of group (F [1,10] .49), linearity (F [1,10] 

1.41), or of quadratic form (F [1,10] .05). In addition, no 

interactions' occurred (F [1,10J = 1.61). Similarly, no Significant 

effects occurred in the individual regression analyses: intercept (F 

[1,10] 

[1,10] 

2.08), linear slope (F (1,10) = 1.30), quadratic slope (F 

1.09), and dispersion (F [1,9] = .17). See table 5 for the 

mean values from the individual regression analyses. 
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Table 5: Mean individual regression parameters for the delayed spatial 
large-scale environment task. 

Intercept Linear Quadratic Dispersion 
Slope Slope 

6.44 1.46 -0.22 4.33 
Control ± 2.60 ± 2.40 ± 0.38 ± 4.14 

8.40 0.03 0.01 3.52 
ARBD ± 2.09 ± 1.90 ± 0.38 ± 1.36 

Effect of Time, Immediate vs. Delay, in the Spatial Memory Task. 
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The average number of successful locations visited per subject was 

analyzed in a repeated measures ANOVA to assess for the effect of time, 

immediate vs. delay. Although the group effect was not significant (F 

[1,10] = .01), time was (F [1,10] = 23.00, p < .001). No interaction 

occurred (F [1,10] = 2.57, N.S.). Refer to figure 37. 

Vl 
Z 
o 
~ 

12 

II 

g 10 

..J 

o 
W 
..J 
..J 

c5 9 
W 
C!:: 

o 
z 

A 

- c 

IMMEDIATE 

TIME OF RECALL 

Figure 37: Number of recalled locations in the immediate and delayed 

memory conditions of the large-scale spatial memory task. 

Large-Scale Object Memory Tasks. No significant effects occurred in the 

multiple regression analysis for group effects in either immediate or 

delayed object memory. The lack of a group-effect (imm: F [1,12] ? .79, 

N.S.; del: F [1,12) = 1.65, N.S.) indicated that children with ARBD 

performed at a level commensurate to that of control children. In 

addition, the lack of any systematic increase of performance over day of 

the task indicated that practice did not enhance learning at either the 

immediate or delayed administrations. I 
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Similar to the multiple regression analyses for group effects, 

individual regression analyses for immediate object recall indicated no 

effect of intercept (F [1,12] = .06), linear slope (F [1,12] = 1.04), 

quadratic slope (F [1,12] = 1.20) or dispersion (F [1,8] = 1.16). These 

values are shown in table 6. 

Table 6: Mean individual regression parameters for the immediate object 
recall large-scale environment task. 

Intercept Linear Quadratic Dispersion 
Slope Slope 

10.44 1.10 -0.16 3.85 
Control ± 3.24 ± 2.15 ± 0.32 ± 2.27 

10.80 0.13 0.02 2.67 
ARBD ± 2.15 ± 1.30 ± 0.30 ± 1.55 

Essentially, these results were duplicated in the individual 

regression analyses for delayed object recall. No effects were found 

for the intercept (F (1,12) = .06), linear slope (F [1,12] = 1.34), 

quadratic slope (F [1,12] = 1.17), or dispersion variables (F [1,9] 

.19). The values for these variables are listed in table 7. 

lIn delayed object recall, the appearance that the performance of 
the children in the group with ARBD is erratic, might be deceiving. On 
day two of the task, two individuals with ARBD were absent. However, if 
one considers how these individuals performed on the other days of the 
task, the line becomes smooth. For example, the first individual 
retrieved an average of 10.33 ± 1.15 balloons per day, and the second 
individual retrieved an average of 12.75 ± .96 balloons. If both of 
these individuals had been present on day 2 and performing at their 
average, the mean score of all subjects on this day would have increased 
to 9.58 + 2.18. 

on-day 4, the large rise in performance can also be explained by a 
school event that prevented the testing of three individuals on delayed 
object recognition. The averages of these boys on delayed object 
recognition was 8.25 ± .5, 8 ± .82, and 6.25 ± .96. Had these 
individuals been tested on day 4 and performing at their average level, 
the overall group performance on day 4 would have been 9.93 ± 2.38, thus 
eliminating departures from a line that could otherwise be considered as 
flat (refer to points in figure 37). These values when considered as 
data points in the analysis, did not change the outcome of the study. 
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Table 7: Mean individual regression parameters for the delayed object 
recall large-scale environment task. 

Intercept Linear Quadratic Dispersion 
Slope Slope 

9.98 1.12 -0.18 2.80 
Control ± 2.60 ± 1.62 ± 0.35 ± 1.37 

9.59 0.07 0.01 2.49 
ARBD ± 3.23 ± 1. 74 ± 0.32 ± 1.23 

Effect of Time. Immediate vs. Delay. in the Object Memory Task. 

When the average number of objects recalled per subject was analyzed in 

a repeated measures ANOVA, there was no effect of group (F [1,12] 

1.03), a significant effect of time (F (1,12) = 25.90, p < .001), and a 

significant interaction (F [1,12] = 6.06, P < .05). Children in the 

group with ARBD recalled fewer objects than the control group children 

after a delay. Refer to figure 38. 
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Figure 38: Number of recalled objects in the immediate and delayed 

memory conditions of the large-scale object memory task. 

Rank order correlation analyses revealed no significant 

relationships between the number of objects recalled and the number of 

locations recalled. 

Overall Results 

To interpret the results of the previous sets of experiments, 

correlation analyses were performed to evaluate the tests' 

interrelationships. Results of the correlation analyses for the 

spatial tasks can be found in tables 8a - c. Large-scale space task 
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correlation coefficients are not included in these tables because they 

were very difficult to interpret. In all likelihood, this can be 

explained by the fact that the object recall task in the large-scale 

environment, recognition, was easier than the effortful object recall 

task required in the small-scale environment. In contrast, the spatial 

recall task in the large-scale environment was more difficult than the 

spatial memory tasks performed in the small-scale environment. 

Key in Reading Correlation Analyses 

AGE=age of subject. MAZE= Mazes test. FACE=Facial recognition test. 

VMI=Test of Visual Motor Intgration. SPOBIM=16-object spatial 

localization test, immediate object recall. SPOBDEL=16-object spatial 

localization 

localization 

localization 

localization 

localization 

test, 

test, 

test, 

test, 

test, 

delayed object recall. QUOBIM=Quadrant spatial 

immediate object recall. QUOBDEL=Quadrant spatial 

delayed object recall. SPSPIM=16-object spatial 

immediate spatial recall. SPSPDEL=16-object spatial 

delayed spatial recall. QUSPIM=Quadrant spatial 

localization test, immediate spatial recall. QUSPDEL=Quadrant spatial 

localization test, delayed spatial recall. 
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IV. DISCUSSION 

Subjects 

The predominance of males in this study sample deserves comment. 

After a review of 39 studies from Europe and the United States, Abel 

(1979) concluded that alcohol is not more toxic to males than females. 

In contrast, the study of Spohr, Willms, & Steinhausen (1993) indicated 

that gestational alcohol exposure affected the morphometric variables of 

height, weight, and head circumference to a greater extent in males than 

in females. If this is so, then identification of children affected by 

alcohol in utero may thus be biased. 

In addition, in the school setting, identification for 

psychoeducational testing, especially when considering a diagnosis of 

FAS or FAE, is likely to be influenced by behavioral variables. Acting 

out students are more likely to be targeted. Indeed, FAS/FAE children 
.. 

share similar attentional problems with children diagnosed with 

attention deficit disorder (Nanson & Hiscock, 1990). Again, this 

problem may be more noticeable in males than in females. 

Descriptive Measures 

Facial Recognition. There was no difference between the groups on 

facial recognition. The significant correlation with age suggested that 

the ability to recognize faces appears to develop with age: older 

children are better at facial recognition than younger children. This 

test indicates that children with ARBD do not have difficulty with 

facial recognition. However, in light of the fact that facial 

recognition has previously been shown to be related to spatial memory 

difficulties (Landis, Cummings, Benson, & Palmer, 1986), a more complex 

test of facial recognition might illuminate which aspects of facial 



recognition and memory are spared, versus which aspects, if any, are 

dysfunctional. 
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Mazes. Although children with ARBD perform at a level that is 

significantly lower than control children on the Mazes task, a spatial 

task that requires planning, this effect appears to be due primarily to 

the performance of the younger subjects. The standard scores of the 

control subjects on this task become less with increasing age. In 

contrast, the scores of the group with ARBD remain stable. This pattern 

of results indicates that although this task may be to easy for the 

younger control subjects, it presents a similar challenge to subjects 

with ARBD at all ages. The fact that children with alcohol related 

birth defects had an overall lower mean than control children indicates 

an inability to plan a route through a maze. Executive functioning of 

the frontal lobe may be compromised. 

VMI. "Constructive activity is one of the most important forms of 

visual thinking." (p. 95, Luria & Tsvetkova, 1964). The reproductions 

from the VMI are striking illustrations of a disability in children with 

ARBD. Corner difficulties and distortions are most apparent. Factors 

such as degree of corner angle, complexity and/or size of figure, and 

number of corners to replicate likely play a role in determining whether 

or not a figure can be accurately reproduced. 

A drawing disability on a copying test such as the VMI can be 

regarded as a constructional apraxia, "an impairment in the reproduction 

or construction of designs and/or shapes due to an inadequate perceptual 

analysis of the visual model or an inability to translate the perception 

into an appropriate motor action (Benton, 1962)" (p. 111, Black & 

Bernard, 1984), and is classically associated with parietal lobe damage 

(Critchley, 1953). Although the right parietal cortex is implicated 

more often than the left parietal cortex, the right-left asymmetry is 
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not striking (Villa, Gainotti, & DeBonis, 1986). In fact, the left 

hemisphere has also been implicated in drawing deficits (Kirk & Kertesz, 

1989). 

Pinpointing the neural system responsible for the deficit, 

however, is difficult. The task is neuropsychologically complex, and 

many processing steps are involved. For example, since visual input 

must be converted into a plan of action, the pathologic disability may 

lie at the level of visual or visuo-spatial perception and analysis, or 

because a motor response is required, the disability may be at the level 

of visual motor integration, motor skills, and monitoring responses 

(Villa et al., 1986). The exact mechanisms underlying constructional 

apraxia are poorly understood. 

In contrast to the perceptual processing deficit that follows the 

parietal lobe lesion, a "planning" disorder is thought to account for 

the drawing deficits of frontal lobe patients (Grossman, 1988). Pillon 

(1981) suggests that visuoconstructive deficits due to parieto-occipital 

lesions of the right or left hemisphere and characterized by a loss of 

spatial organization can be compensated for by the presence of visual 

cues. Drawing disabilities in patients with frontal lesions, in 

contrast, are due to a loss of programming and the regulation of 

sequential behavior (see also Luria & Tsvetkova, 1964). 

Due to the fact that the cerebellum has also been demonstrated to 

be a sensitive target of gestational alcohol exposure neuroanatomically 

(Pierce et al., 1989) and behaviorally (Goodlett et al., 1991; Meyer, 

Kotch, & Riley, 1990) in animal models, as well as behaviorally in 

humans (Kyllerman, Aronson, Sabel, et al., 1985; Marcus, 1987), its role 

must also be considered. In the cat, both the motor cortex in the 

frontal lobe and the parietal association cortex send mossy fiber 

volleys into the cerebellum via the pontine nuclei. There are similar 
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but more extensive projections in the monkey (Sasaki, 1979). It is 

thought that the mossy fibers communicate context information to the 

Purkinje cells (P-cells) of the cerebellum. Mossy fibers synapse with 

granule cells. The axons of the granule cells are the parallel fibers. 

200,000 of these fibers synapse with each Purkinje cell. The P-ce1l, 

upon learning the context, can issue a motor command (Marr, 1969; 

Albus, 1971). "The abruptly and enormously developed neocerebellum and 

forelimb motor area of primates suggest that the revolutionari1y 

skillful hand movements with precisely controlled muscle tone in 

primates must be integrated by the intimate interactions between them." 

(p. 117, Sasaki, 1979). 

Additionally, both the motor cortex and the parietal cortex enter 

the cerebellum through the inferior olive. Climbing fibers originate 

from the inferior olivary nuclei, and appear to respond to integrated 

information that is the product of higher brain centers. In contrast to 

the mossy fibers, each climbing fiber has extensive contact with one 

purkinje cell. Marr (1969) thought that the 1:1 contact between 

climbing fiber and P-cell communicated a single elemental movement that 

was converted by the eNS into an instruction for a precise movement. 

The theories of Marr (1969) and Albus (1971) can be used to begin 

to understand how the cerebellum integrates visual and motor 

information. For example, Albus (1971) envisioned the cerebellum as a 

form of conditioned reflex. The unconditoned stimulus, elemental 

information about the motor requirements of the task are delivered by 

the climbing fibers. The conditioned stimulus is context information 

(position, velocity, and tension information of the muscles, tendons, 

and joints) delivered by the mossy fibers. The conditioned and 

unconditioned response is the behavior. The role of the cerebellar P

cell is to learn the context of the movement so that it can perform 

------- -------------------------
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automatically. After learning is accomplished, activity in the olivary 

nucleus should become unnecessary, thus freeing the cerebrum from 

routine matters (see Albus, 1971; Bartha, Thompson, & Gluck, 1991; Ito, 

1982; Marr, 1969; Sears & Steinmetz, 1991; Steinmetz, LaVond, & 

Thompson, 1989 for further explanation and examples) and making 

movement, in this case drawing, automatic. 

The cerebellum is crucial in permitting movements to appear 

smooth, skillful, or well-learned (Lalonde & Botez, 1990), in motor 

learning itself (Sanes, Dimitrov, & Hallett, 1990), and in the prompt 

and proper initiation of movements (Holmes, 1917). In fact, it is the 

smoothening of the contractions of movement that is probably one of the 

foremost responsibilities of the cerebellum (Sasaki, 1979). On the 

basis of both theory and empirical data, it is possible to think about 

the contribution of specific cerebellar neuron-types in motor-behavioral 

deficits. For example, in animal models of FAS, a reduced number of 

granule cells and P-cells have been observed in the cerebellum after 

gestational alcohol exposure. If generalized to humans, then children 

with ARBD could be deficit not only in the learning of fine motor 

sequences (P-cell), but could also be missing important contextual 

information (granule cells via the mossy fibers) as well. These 

individuals may experience difficulty in learning and performing 

automatic, especially complex, movements. Only further work will allow 

elaboration of these hypotheses. 

Clock Drawing. The results of clock drawing indicate that 

individuals with ARBD have difficulty reproducing an object with spatial 

dimensions. All of these subjects could maintain the clockwise 

orientation of the numbers, begin the numbers of the clock in the 

vicinity of the correct starting point, and with the exception of two 

subjects with aborted attempts, number their clocks from one to 12. 



These observations indicate that children with ARBD are knowledgeable 

about the essential features of the object that is to be replicated. 
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The problem, however, was a lack of regard for the spacing of the 

numbers. Although this could indicate a lack of advance planning, it 

could also indicate that a firm trace of the spacing of the numbers was 

missing in visual memory. Thus, although the children "remember" what a 

clock looks like, they are either 1) unable to organize this memory into 

an accurate reproduction, or 2) deficient in the ability to note spatial 

relationships. 

In common with the VMI, clock drawing is an index of 

constructional apraxia and is thought to be reflective of parietal lobe 

function (Critchley, 1953). In addition, this measure is similarly 

complex and requires abilities that extend beyond constructional skill 

(Tuokko, Hadjistavropoulos, Miller, & Beattie, 1992). For example, it 

is likely that clock drawing requires the ability to understand the 

concept of time. Thus one shortcoming of this test was the absence of a 

pretest that determined whether or not the subject could tell time. 

Visuomotor problems were not so apparent in this task as in the 

VMI. Instead, the problem seemed to be with visuoorganizational 

processes. Clock drawing is often used to screen for dementia patients 

(Mendez, Ala, & Underwood, 1992; Tuokko et al., 1992). Patients with 

Alzheimer's dementia (DAT) have difficulty recalling and reproducing on 

command the elements of a clock. They can, however, copy a clock 

without any evidence of graphic, motor, or even visuoperceptual 

deficits. Patients with Huntington's disease (HD), in contrast, 

demonstrate planning deficits in the spatial layout of numbers (ROuleau, 

Salmom, Butters, Kennedy, & McGuire, 1992). Thus, the tendency of the 

children in the present study to have either wide gaps between the 

numbers or to write all of the numbers on the right side of the clock 

------------- ------------ --------
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might be attributed to their inability to plan or sequence their motor 

responses. The evidence for spatial neglect is negligible. 

Patients with DAT have dementia associated with the limbic

cortical regions, in contrast, the dementia of patients with HD is 

associated with the basal ganglia and corticostriatal dysfunction. That 

children with ARBD perform similarly to patients with HD is consistent 

with the finding of basal ganglia dysplasia in an MRI study of children 

with FAS (Mattson, et al., 1992a; 1992b). These findings, however, do 

not agree with findings of neuron loss in the limbic structures of 

animal models of FAS. Thus, although the clock drawing task might be 

regarded as a potentially informative test, the results of the present 

task should be regarded as inconclusive and merely speculative. Further 

tests are needed to evaluate limbic-cortical vs. basal ganglia and 

cortical striatal dysfunction in these individuals. 

Small-Scale Spatial and Object Memory Measures 

Experiment One: 16-0bject localization: 

In the 16-object spatial localization task, the children with ARBD 

performed almost identically to those patients that had undergone a 

right temporal lobectomy with large lesions to the hippocampus (see 

Smith & Milner, 1981). For example, in the Smith & Milner experiment, 

there were no differences between any of the groups in the immediate 

object recall condition. In the present experiment, there was also no 

difference between the group with ARBD and the control group. In 

delayed recall, patients that had a right temporal lobectomy and an 

extensive hippocampal excision did more poorly on delayed object recall 

when compared to control subjects. It was concluded that the right 

hippocampus was implicated "in the delayed recall of visually-presented 

material" (p. 790). In contrast, on the basis that both left temporal 

subgroups (SM and LG) recalled fewer objects than the control group, 
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Smith and Milner (1981) concluded that "removal of the (left) temporal 

neocortex alone seems to be sufficient to cause a deficit in the delayed 

recall of objects" (p. 790). Thus, the finding that children with ARBD 

also perform more poorly on the measure of delayed object recall when 

compared with control children is consistent with an interpretation of 

right hippocampal dysfunction. Extrahippocampal damage, perhaps to the 

perirhinal cortex or parahippocampal gyrus, however, might be considered 

as an alternative explanation in Smith and Milner's patients (1981). 

The results of the spatial localization task further corroborate 

this conclusion. Children with ARBD perform at a level that is 

significantly worse than control children when required to return 

objects to their original location. The lack of an interaction effect 

indicates that the deficit is similar at both the immediate and delayed 

time intervals. In the Smith and Milner (1981) task, it was again the 

patients with right temporal lobectomies and extensive lesions to the 

hippocampus that demonstrated the similar deficit. Thus, children with 

ARBD perform in a similar fashion to patients with right hippocampal 

lesions in both the object and spatial location recall tasks. 

spatial localization performance variability in the group with 

ARBD deserves further comment. specifically, the standard deviation 

differed significantly between the control group and the group with ARBD 

in both the immediate and delayed recall conditions. A larger standard 

deviation in the group with ARBD might be expected due to the fact that 

gestational alcohol exposure results in a continuum of effects. For 

example, the amount of alcohol the fetus is exposed to and the time 

period of exposure will influence the CNS and behavioral enactment of 

teratogenicity. 

To elaborate, children exposed to alcohol in utero at different 

gestational ages are likely to manifest different behavioral and 
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cognitive effects. West and associates (Thomas, Goodlett, Wasserman, & 

west, 1993) have recently demonstrated that a deficit in a spatial 

conditional alternation task resulted after Sprague-Dawley rats were 

exposed to alcohol in a short binge-like manner on PD6 of the brain 

growth spurt but not on PD4 or PD8. This finding emphasizes that the 

behavioral deficits produced by fetal alcohol exposure are dependent 

upon the timing of alcohol exposure during brain development. At 

present, the time periods most sensitive to alcohol toxicity in human 

development is unknown. However, it is important to note that the 

constricting effect of alcohol on the blood vessels of the umbilical 

cord (Altura, Altura, Carella, Chatterjee, Halevy, & Tejani, 1983; 

Altura, Altura, & Gebrewold, 1983; Mukherjee & Hodgen, 1982) combined 

with the sensitivity of hippocampal subfield CAl to hypoxia (see Diemer 

& Siemkowicz, 1981; Pulsinelli, Brierly, & Plum, 1982) could mean that 

the hippocampus is always sensitive to alcohol exposure. 

In addition to the fact that children with ARBD could not replace 

objects to their original locations, they substantially distorted the 

spatial arrangement of the objects (see figure 28). This significant 

effect was similar in both the immediate and delayed recall conditions. 

It indicated that a memory for the spatial organization of the original 

stimulus was severely disrupted, and perhaps encoded only superficially. 

Spatial representation is thought to be encoded automatically 

(Hasher & Zacks, 1979). Evidence for this hypothesis in this experiment 

is the fact that there were no age-related differences in centimeter 

displacement in the within-group performance (see figure 26). One 

theory of cognitive dysfunction in individuals with amnesia is that of a 

selective deficit in the remembering of contextual information (Mayes, 

Meudell, & Pickering, 1985). That is, a selective dissociation between 

automatic (contextual) and effortful (other) processes. Automatic 
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processing, such as that occurring for the encoding of spatial 

information, requires minimal attentional capacity and is possibly 

mediated by limbic-diencephalic structures. Disproportionate 

demonstrations of a spatial memory deficit versus object memory deficits 

in amnesia have received mixed support (see Cave & Squire, 1991; Hirst & 

Volpe, 1984; MacAndrew & Jones, 1993; Mayes, Meudell, & MacDonald, 1991; 

shoqeirat & Mayes, 1991 for examples). However, on the basis of the 

results presented here, it could be argued that context cues ~ 

selectively deficit in children with ARBD. Further data are needed to 

substantiate this hypothesis. 

Experiment Two: Quadrant Spatial Localization 

In quadrant spatial localization, children with ARBD performed 

similarly to control children on tests of object recall , but 

significantly worse on tests of spatial memory. The finding that 

children with ARBD have difficulty remembering locations but not 

.pictures of objects suggests injury or dysfunction of the brain 

structure that is responsible for processing this information. 

In 1989, Ellis and colleagues found that individuals with mental 

retardation of a nonspecific etiology were able to remember locations 

but not objects at a level commensurate to that of an adult control 

group. In contrast, individuals with Down syndrome remember locations 

at a level that is significantly below that of control individuals. 

Neuroanatomical findings indicate that the hippocampus of Down syndrome 

individuals is reduced in size (Jernigan, Bellugi, Sowell, Doherty, & 

Hesselink, 1993; Sylvester, 1983) probably due to the smaller number of 

neurons found there (Ball & Nuttal, 1981; Ferrer & Gullotta, 1990; 

Suetsugu & Mehraein, 1980). Suetsugu and Mehraein (1980) have concluded 

that dendritic spine loss is a specific change that occurs in OS and 

cannot be generalized to the mentally retarded population at large. 
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Thus, Ellis and colleagues (1989) speculate that a deficient hippocampus 

might be responsible for the poor performance on the location memory 

task. 

The difficulty that Down syndrome individuals have on the object 

recall task attests to their more widespread brain damage. Individuals 

with ARBD, in contrast, do not have difficulty with either the immediate 

or delayed object recall tasks. This finding indicates that the brain 

damage in the group with ARBD is more focal, perhaps localized to a 

specific functional system. In addition, it is well-advised to note 

that the children in this study were high functioning, being educated in 

the mainstream school setting for a majority of the day. Testing 

individuals with full-blown FAS could elicit an alternate performance 

profile. 

One disadvantage in using the present task as a neuropsychological 

assessment tool is the fact that it has not been administered to any 

subjects whose brain damage is specifically known. Thus, although this 

task is thought to be sensitive to hippocampal dysfunction, the link is 

tenuous. The finding that children with ARBD have a deficit on the 

location memory portion of this task that is similar to the deficit 

demonstrated by OS subjects, as well as the suggestion of hippocampal 

dysfunction on the 16-object spatial localization task, is convergent 

evidence that implicates this task as being sensitive to hippocampal 

dysfunction. 

Age invariance in spatial memory. Experiment one but not 

experiment two resulted in age invariance in the spatial task. Ellis 

and colleagues (Ellis et aI, 1987; Ellis et al., 1989; Katz & Ellis, 

1991), however, claim that this task is age invariant. The age variance 

in this task could be due to several reasons. First, the task may not 

be identical to that administered by Ellis and colleagues. For example, 
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in this experiment, the subjects pointed to the location on a blank page 

where he/she remembered a picture to have been. In the original 

experiment, the subjects placed the picture in the remembered quadrant. 

It may be that plaCing a picture in a quadrant cues a salient visual 

memory because more of the original context is present. By pointing to 

a location, however, the subject must rely solely on the visual image of 

the context. From the results of this experiment, it appears that 

younger children may derive greater benefit from the more salient cue. 

Von Wright, Gebbard, & Kartunnen (1975) used 4-object arrays to 

study the development of spatial recall. Specifically, each subject was 

shown a 20 cm x 20 cm card that contained four pictures for five 

seconds. Ten cards were shown, and a total of 40 pictures were viewed. 

The experimenter then showed the subject individual pictures. The task 

of the subject was to point to the quadrant on a blank card that had 

originally contained the picture. Similar to the findings of the 

present experiment, task performance and age were positively correlated. 

Ellis and colleagues adapted the task of von Wright and associates 

(1975) and made it more salient. For example, the size of the stimulus 

cards were enlarged, colored photographs of objects'against their 

natural background instead of line drawings were used, and the subjects 

named and studied the pictures at a self-paced rate. The task 

administered in this experiment may have lacked some of this salience. 

Mandler, seegmiller, and Day (1972) have commented that 

individuals handle location information similarly across the lifespan. 

In their pilot work, they found that if 12 instead of 16 objects were 

used for spatial localization, young children often performed with 100% 

accuracy. With 16 objects, however, kindergarten subjects remembered 

fewer objects and locations than 3rd grade level, 6th grade level, and 

adult subjects. 
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Just as task salience and mode of task presentation affect task 

performance, task instructions may also play a role. Younger children 

may need more instructions. For example, in the task of Ellis, Katz, & 

Williams (1987), subjects received a practice task to insure an 

understanding of the instructions. In this task, the subjects practiced 

neither object nor spatial recall, and instead were allowed a brief 

period of familiarization with the test materials. Automaticity of 

spatial memory skills can possibly be affected by the instructions that 

the subjects receive. 

Lastly, the possibility that the control children had gestational 

alcohol exposure cannot be definitively ruled out. Although these 

children had received no special educational services, life stresses 

associated with living on the reservation often lead to alcohol abuse. 

Children gestationally exposed to alcohol often go undetected in the 

absence of severe learning or behavioral difficulties. 

Large-scale object and spatial memory measures 

Experiment three 

The results of this study indicate a consistent deficit in the 

spatial memory of children with ARBD. In addition, . children with ARBD 

do not appear to learn differently on object recall tasks, but they do 

tend to remember less after a delay. Results of the spatial memory task 

performed in the large scale environment is similar to results of tests 

administered to rats with hippocampal lesions. Generalization of the 

results between rats and humans is thus facilitated. The corresponding 

results between small scale spatial memory tasks and large scale spatial 

memory tasks seems good. The fact that spatial memory is affected 

equally in both of these settings provides converging evidence that the 

hippocampus does appear to be affected in children who have been exposed 

to alcohol in utero. In addition, the finding of differential 
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forgetting in delayed objec~ recognition agrees with the finding of a 

deficit on delayed object recall in the 16-object spatial localization 

task, also an indicator of hippocampal dysfunction. 

Pilot work. The intent of experiment three was to test subjects 

in a large space that had naturally-occurring environmental cues. An 

unforeseen result was that the spatial task was very difficult for the 

subjects. In the original version, the subjects had 15 tries to find 15 

hidden balloons, but only one minute in which to do so. In addition, 

the subjects lifted (15) individual objects and looked underneath for 

the balloons they had hidden. Four control children and four children 

with ARBO tested on the object memory version of this task had no 

difficulty. However, when four other control subjects and four other 

children with ARBO performed spatial recognition, problems were apparent 

immediately and testing was discontinued after day 2. Essentially, 

these subjects demonstrated stereotypic responses. They chose one place 

to begin their search, usually the beginning point or the end point (S 

and F in figure 39), and then generally proceeded to pick up fifteen 

adjacent blocks. 
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Figure 39: An example of the stereotyped response of both control group 

members and children with ARBD in the original version of the large-

scale spatial memory task. S=start, F=finish. The numbered X's denote 

the order in which the blocks were picked up. 

There was little attempt to "remember" spatial locations in either 

of the groups, and when attempted, the subjects were usually incorrect. 

It was concluded that the location information offered by distal 

environmental cues was not sufficient to solve the task. In addition, 

the imposed time limit appeared to prevent the students from trying to 

remember. 

The test was redesigned in an attempt to maximize distal cue 

utilization. The stimuli of the task were rearranged into a circular 

configuration with a diameter of approximately 55 feet. The procedure 

for this task was identical to that for the hexagonal arrangement but 
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performed on only two days. At each object, the students chose a 

balloon and hid it if it was pink. After all the objects had been 

visited, the subject was blindfolded and the objects were scrambled. In 

the spatial memory task, the balloon locations were predetermined. The 

students' task was to place a balloon on top of each object (or 

location) where they remembered hiding a balloon. The students were 

given a nickel for every correct guess. This was the immediate memory 

version of the test. Twenty-four hours later, the students were asked 

to place a balloon on top of each object where they remembered hiding a 

balloon the day before. This was the delayed memory version of the 

task. 

In the object recognition portion of this test, there were no 

significant effects. Though similar results occurred in the spatial 

memory portion of the task, time of recall did make a difference. 

Performance was better in the immediate recall condition. In sum, the 

results indicated that the group with ARBD performed no differently than 

the control group on either of the circular configuration large-scale 

object or spatial memory tasks. Distal environmental information proved 

no more useful in a circular than hexagonal arrangement of objects. 

For theoretical reasons it was decided that a readministration of 

the original 5-day large-scale space task would be worthwhile. 

Modification included 1) no time limit when remembering the locations of 

the hidden balloons, and 2) the addition of proximal spatial cues to the 

interior or immediate vicinity of the test environment. The test was 

reenacted, and the results reported in experiment three. 

Cue Use in Large-scale Space. The experiments performed in the 

large scale environment demonstrate that children with ARBD begin the 

spatial memory task at a level that is no different than control 

children. In fact, in both the circular arrangement and a hexagonal 
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arrangement, the children with ARBD began at a slight, but not 

significantly higher level than control children. A significant 

difference in the intercept value in the immediate memory version of the 

large-scale space task is reflective of the steeper learning rate of the 

control children. Children with ARBD have a flatter slope that is 

indicative of less learning. In the delayed memory version of the 

large-scale task, recall performance declined significantly. Place 

information was no longer useful to either group. Utilization of 

environmental cues appears to be very difficult in the large scale 

setting. This is probably a developmental phenomenon that needs further 

testing. 

In the hexagonal arrangement spatial learning task, control 

children steadily improve, but children with ARBD do not. It is only 

after several repetions of the task that environmental cue or place 

information becomes useful to the children with ARBD. If children 

tested in the large-scale circular task demonstrated a similar 

improvement, then the distal relational cue information, place 

information, could be thought to be processed and utilized. 

Cue Use in Small and Large Scale Space. The ability to remember 

locations appears to be compromised when the subject with ARBD is 

required to focus upon relational information in a specific visual 

scene, for example in the small environment setting. In other words, 

"place" information does not appear to be accurately encoded. In 

contrast, a gestalt memory is not needed in object recall. An 

individual can be successful by retrieving pieces or fractions of the 

gestalt. Objects remembered by themselves, apart from other objects, 

are cues. Thus, cue memory appears to be spared. This is the case in 

both the small- and large-scale environment. 

In the large-scale space learning task, children with ARBD 
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eventually do perform at a level equivalent to control children. 

However, this may not be due to their more effective utilization of 

place information. Instead, this may be because in the larger space, 

the visual image of the environment has to be fractionated. Pieces of 

the visual scene are continually presented to the individual, and he is 

not given an opportunity to form a whole gestalt. Thus, the pieces of 

the scene may be retrieved more easily than whole-scene information, 

thus allowing children in the group with ARBO to "catch-up" by forming 

object-cue associations as opposed to relational-cue associations. 

Conclusion. In sum, the results of experiment 3 imply that 

although "place" navigation can be learned or improved upon, "cue" 

navigation remains constant. In the more difficult delayed spatial 

memory task, and in both object memory tasks, the rate of learning is 

constant and there is no difference in the performance of the groups. 

The main result of experiment three is that although both groups of 

children can improve their performance on an immediate spatial memory 

task, the rate of improvement is slowed in the group with ARBO. In 

addition, the finding that children with ARBO remember less objects 

after a delay is consistent with an interpretation of hippocampal 

dysfunction. 

Visuospatial Tests and spatial Memory Tests in Small and Large Scale 

Space 

Although all the tests in this dissertation provided an assessment 

of spatial abilities, they did not all measure a unitary aspect of 

spatial cognition. The two descriptive tasks that were most 

informative, the VMI and the clock-drawing task, are thought to be 

mediated by the right posterior parietal cortex. The deficit 

performance of the children with ARBO, however, cannot necessarily be 

interpreted with this neuroanatomical structure in mind. Cerebellar and 
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possibly frontal lobe damage may be indicated by the VMI, and basal 

ganglia or frontal damage, by virtue of a planning deficit, is indicated 

by the clock drawing task. Although the results of both of these tasks 

indicate that children with ARBD manifest symptoms characteristic of 

constructional apraxia, further evaluation is needed before making a 

conclusion about the neuropsychological locus of responsibility. 

Patients with lesions to the temporal cortex do not demonstrate 

difficulty on constructional tasks (Villa et al., 1986). Thus, the 

difficulty on the 16-object spatial localization task might not 

appropriately be thought of as "constructional" in nature. However, the 

inability to remember spatial relationships is at once apparent upon 

examination of figure 29. Thus, it is important to examine 

circumstances that will result in impaired recall of "relational 

information". A rich body of neuropsychological literature in humans 

and animals should be used to decipher intact and deficit 

neuroanatomical systems. 

The results of the I6-object spatial localization task are 

consistent with the prediction that children with ARBD have hippocampal 

damage. The dissociation between spatial and object recall performance 

on the quadrant spatial localization task is also suggestive of 

hippocampal dysfunction. The findings of these two experiments 

encourage the development of further hypotheses. For example, the 

contextual deficit hypothesis mentioned earlier should be further 

explored in nonverbal as well as verbal learning situations and the 

taxon and locale learning systems outlined by O'Keefe and Nadel (1978) 

could offer an additional framework in which to build and test 

hypotheses. 

The spatial memory theory of hippocampal function was not 

originally construed in small-scale space. Rather, animals, 
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specifically rats, that moved about in large scale space, had neurons 

that fired preferentially when the animal was in one location but not 

another (O'Keefe & Dostrovesky, 1971; O'Keefe & Nadel, 1978). Thus, 

although one group of neurons (called place cells) could be demonstrated 

to be selective for one corner in an environment, another group would be 

selective for the center of the environment, and still other groups 

would be selective for all the locations in between and around these two 

locations. Cell recording, to date, is accomplished most readily in 

small animals, in this case rats. Thus, the spatial memory theory of 

hippocampal function was founded primarily upon rat work performed in 

large-scale space. 

The large-scale object and spatial memory task provided results 

that were similar to the small-scale tasks. Work with animal models are 

usually performed in a large-scale space that requires movement and 

learning over successive trials. Similarly, in this experiment, the 

subjects had to move about and remember locations in a large environment 

over multiple trials. The spatial coordinate system differs between 

small-scale space and large-scale space. The main difference is that 

small-scale space is bounded and can be perceived at once as a whole. 

The bounds of these environments offer relational information about 

object location. In the large-scale space, location can only be 

remembered relative to other objects in the environment. Boundaries are 

not available. Object information in both environments, in contrast, is 

remembered on the basis of a single cue, itself. 

The object (or cue) and spatial (or place) memory tasks in the 

large-scale environment were similar to the Morris water maze (Morris et 

al., 1982) in which intact rats successfully perform both the cue and 

place variants of the task. Animals with hippocampal lesions, in 

contrast, can perform only the cue task. In the object memory task of 

------ ----------------
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this experiment, location was defined by a single cue. In the spatial 

task it was necessary to define location in relation to more than one 

environmental cue. Children with ARBD were able to retrieve the cue 

information at a level similar to that of control children, and were 

eventually able to retrieve place information. Isolated pieces of 

information may be more accessible to these children than relational 

and/or contextual information. The demonstration of a dissociation in 

spatial and object recall in the large scale environment is important 

because it parallels 1) findings that would be expected of humans with 

damage to the hippocampus, 2) findings that would be expected of animals 

with damage to the hippocampus, and 3) the results of experiments one 

and two. 

Despite the fact that behavioral evidence consistent with 

hippocampal damage is offered in the preceding experiments, it must be 

kept in mind that FAS/FAE/ARBD can be described as a complex multisystem 

developmental condition characterized by a great deal of variation 

between individuals. As such, it is unlikely that one cognitive, 

neuropsychological, or neurobiological theory will explain all the 

evidence. A similar state of affairs exists for Parkinson's disease, 

Alzheimer's disease, and Huntington's disease. 

The brain is a complex entity which works through the interactive 

effect of an array of different systems. If we are to understand 

how this is achieved then we cannot avoid studying instances where 

these interactions go wrong. Provided we remind ourselves of the 

complexity, [ARBDJI provides us with a valuable test-bed to 

explore these hypotheses" (p. 28, Brown & Marsden, 1990). 

I Originally Pa,rkinson' s disease. 
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Other Brain Systems 

Although spatial deficits can not be thought to be within the 

exclusive domain of the hippocampus, its role in the processing of 

spatial information is becoming more firmly entrenched (Wilson & 

McNaughton, 1993) with passing years (see O'Keefe & Nadel, 1978 for a 

beginning). Still, other systems are thought to be involved in spatial 

memory, producing deficits on both the radial arm maze and the Morris 

water maze. In particular, the interacting roles of the parietal 

cortex, basal ganglia, frontal cortex, and corpus callosum, not to 

mention the rest of the brain, need to be considered. A more thorough 

examination of which neuroanatomical areas are affected in FAS must of 

necessity await further experimentation. Some important avenues for 

investigation are highlighted below. 

The Elderly 

Similar to the neurotoxic effect of alcohol to the developing 

fetus, the hippocampus is among the earliest structures that undergoes 

neurodegenerative changes in the elderly (Ball 1977; 1978). Spatial 

memory deficits have been demonstrated in a variety of settings in 

humans (Light & Zelinski, 1983; Pezdek, 1983; Sharps & Gollin, 1987) as 

well as in animals (Barnes, 1979; 1991). In fact, a direct correlation 

was found between the deficit performance of aged rats on the circular 

platform spatial reference memory task (Barnes, 1988) and the reduced 

synaptic response of hippocampal cells in the dentate gyrus (Barnes, 

1979). Parallel symptamotology between children with ARBD and the 

elderly, especialy in regard to spatial memory deficits, deserve further 

characterization. 

The Right Hemisphere Hypothesis 

The neuropsychological deficits demonstrated by elderly and 

alcoholic individuals is sometimes described as being right hemisphere 

-----------_ .. _ .. _--------
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in origin (Oscar-Berman, 1992). An impressive body of literature indeed 

exists demonstrating verbal-nonverbal performance discrepancies, 

especially in alcoholics. However, Ellis and Oscar-Berman (1989) assert 

that this evidence is usually offered ex post facto, and have attempted 

to disconform this theory. 

Similar to elderly and alcoholic individuals, children with ARBD 

have been described as having a nonverbal learning disability 

(Streissguth et al, 1989c). Although a theory such as this is 

overinclusive, it nonetheless offers a fertile ground for hypothesis

testing. A nonverbal learning disability, alternatively described as a 

"developmental learning disability of the right hemisphere" (Weintraub & 

Mesulam, 1983), "social-emotional learning disability" (Denckla, 1983), 

or "nonverbal perceptual-organization-output" disability (Rourke & 

Finlayson, 1981) , has been described as involving deficits in 

arithmetic, visuospatial constructive, and social skills (see also 

Semrud-Clikeman & Hynd, 1990; 1991). 

This pattern of disability fits well with what is known 

behaviorally about children with ARBD. For example, visuospatial 

constructive deficits are demonstrated in the present study, and 

arithmetic deficits (Streissguth et al., 1989c) as well as interpersonal 

and emotional difficulties (streissguth et al., 1991) have been reported 

previously. 

A distinction such as right versus left hemisphere function is 

probably not realistic due to the interactive nature of the brain. 

However, in children with ARBD this problem could be viewed from two 

perspectives: 1) alcohol has a predilection for those structures 

traditionally associated with spatial processes, or 2) there may be an 

impairment of information transmission across the corpus callosum (for 

MRI evidence see Mattson, 1992a; 1992b; Riley, 1993) that prevents 
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aggravating nonverbal information processing in general (Fletcher, 

Bohan, Brandt, Beaver, Thorstad, Brookshire, Francis, Davidson, & 

Thompson, 1993) as well as spatial memory (Crowne, Novotny, Maier, & 

Vitols, 1992) and visual motor skills (Jeeves, 1981). Clearly, these 

possibilities need to be addressed further. 

The Role of the Visual System: What vs. Where 
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Miller and Potempa (1990) state that although certain portions of 

the cortex are compromised in rat models of FAS, other areas, such as 

the occipital cortex are spared. In contrast, occipital lobe 

involvement has been reported in primate models of FAS (Clarren & 

Bowden, 1984). Incoming visual information goes through a variety of 

processing steps before reaching the occipital cortex. Simply, visual 

signals travel through the retinal layers, cross the optic chiasm, and 

travel to the lateral geniculate nucleus or superior colliculus before 

reaching the occipital cortex (Schiffman, 1990). Eye abnormalities are 

a consistently reported consequence of FAS. In addition, the myelin in 

the optic nerve of rats has been observed to be permanently thinned 

after gestational alcohol exposure (Phillips, 1993; . Phillips, et al., 

1991). Abnormalities of the visual system reported in FAS could have 

profound implications for sensory and perceptual processing (Pettigrew, 

1986). 

From the visual cortex, information that travels dorsally along a 

occipitoparietal projection eventually reaches the hippocampus. This 

visual pathway is presumed to be responsible for the processing of 

"where" information. A second ventral visual pathway that also reaches 

the hippocampus travels ventrally along an occipitotemporal route and 

processes "what" information (Mishkin, Ungerleider, & Macko, 1983; 

ungerleider & Mishkin, 1982). In this study, it appears that "where" 
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but not "what" visual information is adversely affected by prenatal 

alcohol exposure. The inferior temporal cortex, the last exclusively 

visual region in the cortical system for object recognition (Desimone & 

Ungerleider, 1989), may be responsible for object memory (Miller, Li, & 

Desimone, 1991). Other areas of temporal cortex might also be 

responsible (Miyashita & chang, 1988). The role of the hippocampus in 

this complex processing scheme is not fully understood. However, in the 

view here, it is thought that the hippocampus adds yet another layer of 

complexity to previously processed visual information: it adds in 

location information. 

At this time, MRI studies in the few children with FAS studied 

have offered no gross evidence of anatomic abnormalities in the 

hippocampus. However, structural or functional abnormalites could still 

exist at the microscopic level. In high-functioning children with FAS, 

no brain abnormalities were present on MRI scans (Knight et al., 

1993a;b). In contrast, Mattson, Riley, Jernigan, & Jones (1992a) found 

evidence of significant differences in the overall volume of the 

cerebrum, cerebellum, caudate, lenticular nucleus, cortical gray matter, 

diencephalon, and cerebral ventricles. Abnormalities of the corpus 

callosum and neuronal migration defects were also present (see also 

Mattson et al., 1992b). The findings from the experiments reported in 

this study as well as the recent results from MRI scans suggest several 

relevant hypotheses. For example, if children with FAS do have a 

disproportionately "right-sided disability", it could be important to 

try to determine whether or not there are deficits in the early stages 

of visual information processing. Priming tests might be of interest in 

children with ARBD. Direct or repetition priming, memory for previously 

processed material that later facilitates recall of the same material, 

is thought to occur in early-stage perceptual processing systems in the 
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right hemisphere before hippocampal involvement (Marsolek, Koss1yn, & 

Squire, 1992; Squire, Ojemann, Miezan, Petersen, Videen, & Raich1e, 

1992). Eye movement studies might also be informative about attention 

to visual stimuli (see for example Christianson, Loftus, Hoffman, & 

Loftus, 1991; Viviani, 1990), and about the subject's construction of 

spatial coordinates of visual stimuli (Stark & Ellis, 1981; Teichner, 

LeMaster, & Kinney, 1977; Yarbus, 1967). Eye movement information could 

be thought to involve such structures as the superior colliculus, the 

inferior parietal cortex, and the hippocampus (Andersen, 1989; Pandya & 

Yeterian, 1984). 

A variety of parietal lobe tasks should be administered with an 

intent to further characterize the intellectual deficit seen in FAS. 

Whereas individuals with amnesia should exhibit scores within a normal 

range on both intelligence tests and language tests (Janowsky, 

Shimamura, Kritchevsky, & Squire, 1989), the fact that children with 

ARBD have a wide range of intelligence scores attests to the involvement 

of more than one neural structure. In particular, the involvement of 

the parietal lobe in FAS could profoundly affect the outcome on an 

intelligence task (Kolb & Whishaw, 1991). Since some information is 

processed in the parietal cortex before reaching the hippocampus, it 

would be of interest to determine the quality of information 

transmission. Thus it appears necessary to test simple to complex 

stages of visual processing in the "where" visual system. Ideally, 

performance on these measures could be contrasted to performance on 

"what" measures. The end objective is to evaluate the role of the 

hippocampus. If spatial information is not being processed adequately 

before reaching the hippocampus, a reevaluation of the role of the 

hippocampus in FAS could become necessary. 

The corpus Callosum and the Basal Ganglia 

-----------------------------
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Corpus callosum and basal ganglia abnormalities have been 

demonstrated in MRI studies of children with FAS (Mattson, 1992a; 1992b; 

Riley, 1993). If the corpus callosum is abnormal in children with FAS, 

then one could expect degraded information transmission across the 

hemispheres of the brain. Callosum section itself has been shown to 

result in an impairment in 1) orientation toward a target, and 2) 

formation and maintenance of a spatial representation of a target 

(Adelstein & Crowne, 1991). In addition, brain bisection has produced a 

significant loss in monocular capaci-ty for performance on complex 

discrimination tasks while leaving performance on simple discrimination 

tasks unaffected (Robinson & Voneida, 1970). These authors have 

concluded that "the amount of cortex participating in the mediation of 

performance on abstract discriminatuons determines the maximum level of 

accuracy attainable." (p. 82). Findings such as this have also been 

explained by interrupting the "mass action" facilitation of the corpus 

callosum (Jeeves, 1981) or of "halving the neuronal pool" (Butler, 

1981). Thus, visual tests that incorporate monucular and binocular cues 

could be informative about 1) neural communication across the corpus 

callosum and 2) perception of visual cues. In addition, tachistoscope 

presentations that are limited to the right vs the left visual field 

could be informative about how the respective hemispheres process 

information in ARBD. Further hints about the neural underpinnings of 

the behavior in this developmental disorder could be discovered. 

The basal ganglia's role in spatial cognition must also be 

unraveled. In .the brain, the basal ganglia is situated between the 

thalamus and the limbic system (Angevine & Cotman, 1981; Carpenter, 

1985) and has an indisputable role in movement. Amnesic individuals are 

impaired in declarative memory, information about specific facts, data, 

or personal experience. Their procedural memory, the development of new 
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sensory-motor and cognitive skills, however, is preserved. Declarative 

knowledge is thought to be stored in the medial temporal and 

diencephalic regions of the brain, so clearly, procedural memory must 

lie in a functionally distinct memory system, perhaps the basal ganglia 

(Phillips & Carr, 1987). This hypothesis has been supported in animal 

models: rats with lesions to the caudate nucleus had impaired 

performance in reference memory on a 12-arm radial maze, but normal 

working memory (Colombo, Davis, & Volpe, 1989). Animals with caudate 

lesions are also impaired on tasks that involve cue learning in at-maze 

(Columbo et al., 1989) and in the Morris water maze (Packard & McGaugh, 

1992). 

The demonstration of a dissociation between spatial locational or 

place information and object or cue information in the experiments 

reported in this dissertation makes it unlikely that the basal ganglia 

mediated the deficit performance. However, the demonstration that the 

caudate nucleus is reduced in volume in FAS raises several interesting 

theoretical questions. For example, if procedural knowledge only and 

not declarative knowledge is deficient in individuals in ARBD, then 

basal ganglia dysfunction would be implicated. The claim that the 

hippocampus is a structure primarily responsible for the general 

learning of facts and episodes could be substantially weakened. On the 

other hand, if further work demonstrates a deficit in space and place 

information, but not in egocentric or cue information., then the 

modality specific role of the hippocampus would be strengthened, thus 

leaving basal ganglia function to be best explored on procedural 

grounds. 

The Important Role of the Hippocampus 

A memory disorder that has a magnitUde equal to that of amnesia is 

not common in childhood. Instead, lesions of the hippocampus that occur 
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continuum that ranges from mild to severe. Despite the fact that 

hippocampal dysfunction in humans, often adults, lacks a direct 

application to children, using the elderly as a model or comparison 

system might facilitate the understanding of learning and memory 

impairments that result across the lifespan. 
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To learn and to remember is the primary developmental task of the 

school years. "Exceptional" children who may have hippocampal damage 

include those who sustained a hypoxic insult at birth, those with 

prenatal viral infections such as CMV, children with epilepsy, and 

malnourished children. An assessment of hippocampal dysfunction could 

benefit these children by providing ideas for neuropsychologically based 

intervention programs. Children with ARBD, in particular, have great 

potential to contribute to this knowledge base due to 1) the existence 

of an animal model of FAS, and 2) the fact that these children are 

identifiable on the basis of their physical characteristics. 

In the view taken here, a "content memory approach", it is 

believed that the hippocampus has a selective role in spatial learning 

and spatial memory (see Nadel, in press). That children with ARBD have 

a problem with contextual encoding could be quite correct. O'Keefe and 

Nadel (1978) distinguish between two processing systems: the locale 

learning system and the taxon learning system. Locale learning is 

thought to be an all-or-none system that shows rapid acquisition, 

similar to the automatic processes discussed by Hasher and Zacks (1979). 

Taxon learning, in contrast, is thought to be incremental and show 

slower acquisition. That is, representations in the taxon systems 

should be strengthened with such repeated activation (Nadel, in press; 

O'Keefe & Nadel, 1978) as rehearsal. Taxon systems consist of 

noncontextual information, for example, concepts and categories, and the 
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locale system consists of the spatio-temporal context that surrounds 

knowledge acquisition. Information acquired by the taxon systems is 

thought to be embedded in the locale system. Further work is needed to 

clarify the depth of the apparent dissociation demonstrated between 

place, contextual, or locale information on the one hand and cue, 

effortful, or taxon information on the other. 

Conclusion 

The findings of the experiments reported in this paper confirm 

previous reports of a deficit in spatial skills and abilities in 

children with ARBD (Aronson, et al., 1985; Streissguth et al., 1989c) 

and extend them by utilizing tasks known to be sensitive to hippocampal 

dysfunction. In addition, the findings of this experiment confirm 

similar findings from the animal literature, i.e. behavioral impairment 

in spatial memory and spatial learning (Blanchard et al., 1987; 

Gianoulakis, 1990; Goodlett et al., West, 1989; Goodlett et al., 1987). 

Specific structural alterations already demonstrated in the rat 

hippocampus, have yet to be observed in the human hippocampus. 

The continued study of children with ARBD can contribute not only 

to the better understanding of learning and memory, ·but also to a better 

understanding of interacting neuroanatomical systems. The results of 

this study should not be interpreted as suggesting that only one 

structure is affected in ARBD. Rather, it is thought that it is in the 

study of the spatial informational processing systems in general, and 

the hippocampus in particular, that enlightenment might be obtained. 
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