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ABSTRACT 

Short-term memory fuinction and learning in children 

with Fetal Alcohol Syndrome/Effects (FAS/E) was examined. 

Participants included twenty school-aged children diagnosed 

with either Fetal Alcohol Syndrome or Fetal Alcohol Effects 

(mean age = 11.13 years) and twenty normal controls (mean 

age = 11.11 years) matched on age and gender, all of which 

were Native American and lived on a rural reservation. All 

participants completed nine core subtests of the Wide Range 

Assessment of Memory and Learning. Results indicated that 

children with FAS/E performed significantly more poorly than 

controls on eight of the nine memory measures, including 

Number/Letter Memory, Sentence Memory, Story Memory, Finger 

Windows, Design Memory, Verbal Learning, Visual Learning, 

and Sound-Symbol. No statistically significant group 

differences were found on Picture Memory. Subsequent 

discriminant function analyses revealed that scores on the 

WRAML subtest provided useful discriminating information for 

children with FAS/E and controls. Scores on Story Memory, 

Design Memory, and Number/Letter Memory most strongly 

discriminated between groups. Implications of these results 

are discussed and recommendations for further research are 

provided. 
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CHAPTER 1 

INTRODUCTION 

Prenatal alcohol exposure (PAE) is a topic of 

widespread concern. This concern is warranted, as this 

exposure has been shown to cause damage to the unborn child 

and the effects may persist through the lifespan. Among the 

adverse outcomes linked to PAE are growth retardation, 

congenital structural malformations (including brain 

structural abnormalities), and functional deficits which 

extend across several domains. 

Although research on the specific effects of PAE on 

subsequent cognitive function is still in its infancy, 

preliminary research has suggested that it may cause central 

nervous system dysfunction which may be manifested by lower 

intelligence (including mental retardation), reduced 

academic achievement, hyperactivity and attention 

difficulties, and problems in several specific cognitive 

processes. There is also evidence for specific memory 

deficits following PAE in both humans and animals, although 

the limited number of studies precludes firm conclusions 

regarding specific aspects of memory which may be affected. 

The paucity of studies regarding memory function in 

individuals with PAE is a problem, given that memory is so 
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important in both education and daily life function. 

Information is needed for planning appropriate and specific 

interventions directed toward affected youth and adults. 

The primary purpose of the present study was to examine 

aspects of short-term memory in children with Fetal Alcohol 

Syndrome (FAS) or Fetal Alcohol Effects (FAE). Secondary 

purposes were to help guide future research involving the 

memory effects of PAE, and to facilitate development of 

assessment and intervention strategies for this population. 

It is hoped that the information gleaned from this research 

can be used to develop appropriate strategies to meet the 

unique needs of these individuals. 
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CHAPTER II 

LITERATURE REVIEW 

Historical Perspective 

Concern about parental drinking during pregrnancy has 

been expressed throughout history (see Shaywitz, 1978, or 

Warner & Rosett, 1975, for historical review). Shaywitz 

(1978) noted that the danger was recognized by ancient 

rulers of Sparta and Carthage, whose laws forbade newlyweds 

from using alcohol in order to prevent conception during 

intoxication. Other authors have noted that biblical 

writings reflect similar concerns (e.g.. Smith, 1979). 

However, Abel (1990) argued that early writings have been 

taken out of context. 

Although there may have been ancient speculation, the 

first surviving observations of developmental problems in 

children prenatally exposed to alcohol date from the English 

Temperance Movement of the mid-17 00s (Warner & Rosett, 

1975). The Movement, which followed a 30-year period of 

excessive gin production and consximption known as the "gin 

epidemic, was marked by societal intolerance of alcohol 

abuse and widespread propaganda about its many dangers, 

including dangers to the offspring of drinking mothers. For 

example, a 173 6 Middlesex Sessions reported that "Unhappy 
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mothers habituate themselves . . . children are born weak 

and sickly, and often look shriveled and old, as through 

they had numbered many years" (as cited in George, 1965, 

p.34). Corbyn Morris (as cited in Warner & Rosett, 1975) 

also attributed increased fetal and infant mortality in 

London to excessive gin drinking during the epidemic. 

American interest in the effects of prenatal alcohol 

exposure (PAE) developed in the 1800s, partly in reaction to 

research findings that alcohol appeared in all tissues of 

drinkers, in fetal blood, and in nursing mothers' milk. 

Although many were deductive in nature, a flurry of studies 

followed suggesting an association between alcoholic parents 

and offspring with developmental problems. By 1904, J.W. 

Ballatyne had proposed that alcohol affected fetal 

development in three different ways "... by causing 

abortion, by predisposing to premature labor, and by 

weakening the infant by disease or deformity" (as cited in 

Warner & Rosett, 1975). However, this line of research came 

to a virtual standstill when Prohibition went into effect in 

1920, and previous findings were subsequently forgotten or 

dismissed as superstition (Shaywitz, 1978). 

Interest in the effects of PAE was revived in 1973, 

when Jones, Smith, Ulleland, and Streissguth reported a 
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distinct pattern of developmental anomalies in a group of 

eight children of alcoholic mothers. The children's 

characteristics included growth deficiency, altered physical 

development, and compromised intellectual fiinctioning -- a 

pattern subsequently labeled the "Fetal Alcohol Syndrome" 

(FAS; Jones & Smith, 1973). A similar syndrome had 

previously been observed among children of alcoholic mothers 

in France (Lemoine, Harousseau, Borteryu, & Meneurt, 1968). 

Since the official recognition of FAS, the effects of 

PAE have become an extremely active research area. Thousands 

of scientific research papers have been published to date, 

including many case reports and animal studies of alcohol 

teratogenicity. However, the effects of PAE on cognitive 

function remain to be elucidated. 

Identification of Individuals with 

FAS and Fetal Alcohol Effects 

Characteristics and Diagnosis 

Children with PAE display a wide variety of clinical 

symptoms and anomalies, sometimes referred to as "alcohol-

related birth defects" (Sokol & Abel, 1988). Growth 

deficiency, specific dysmorphic facial features, and central 

nervous system (CNS) dysfunction are among those most 

commonly observed. Slow growth occurs in the areas of 
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weight, height, axid head circximference, and may be observed 

both prenatally and postnatally. Specific dysmorphic facial 

features include short palpebral fissures (eye openings), 

flattened maxillary (cheek) area and nasal bridge, upturned 

nose, indistinct philtriam (ridges between the nose and 

lips), and a thin upper lip (Clarren & Smith, 1978; Jones & 

Smith, 1973). Central nervous system dysfunction (e.g., 

cognitive effects) is one of the most devastating effects 

and is discussed in detail below. Although in some cases 

specific symptoms may be mitigated with age, including 

height and weight (Coles et al., 1991; Streissguth et al. , 

1991) and maxillary flattening (Aase, 1994), most symptoms 

persist into adulthood. Niomerous other specific symptoms 

have been associated with PAE, including congenital 

anomalies of the heart, kidneys, and musculoskeletal system, 

as well as those in Table 1. See Burd and Martsolf (1989) 

for a comprehensive discussion of associated symptoms. 

While individuals may present with different subsets of 

symptoms, one must display deficient growth, facial 

dysmorphology, and CNS dysfunction in order to receive a 

full diagnosis of FAS. A documented history of maternal 

alcohol consumption during pregnancy is also helpful but not 

necessary to the diagnosis. Those who do not meet all the 
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Table 1 

Symptoms Associated v/ith Prenatal Alcohol Exposure 

Type of Abnormality Symptom 

Physical/Physiological Growth Retardation 

Decreased Head Circumference 

Renal Dysfunction 

Orthopedic Abnormalities 

Cardiovascular Malformations 

Heart Murmurs 

Connective Tissue Abnormalities 

Dermatalogic Abnormalities 

Respiratory Dysfunction 

Neonatal Withdrawal 

Short Palpebral Fissures 

Flat/Long Philtrum 

Low Set Ears 

Epicanthal Folds 

Upturned Nose 

Low Anterior Hairline 

Facial Characteristics Midface Hypoplasia 

Neurological Seizures 

Ptosis 

Abnorinal EEG 

Exotropia/Esotropia 

Strabismus 
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Table 1 {cont.) 

Symptoms Associated with Prenatal Alcohol Exposure 

Cognitive Mental Retardation 

Learning Disability 

Attention Problems 

Hyperactivity 

Speech and Language Problems 

Echolalia 

Note. Adapted from "Fetal alcohol syndrome: Diagnosis and 
syndromal variability," by L. Burd and J. T. Martsolf, 1989, 
Physiology and Behavior, 46, p. 40. 
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criteria for diagnosis of FAS but display some symptoms 

might be diagnosed with "possible fetal alcohol effects" 

(FAE; Clarren, 1981). The dichotomous distinction between 

FAS and FAE has been the subject of much criticism by 

authors who consider it diagnostically inadequate. For 

example, Burd and Martsolf (1989) argue that making this 

distinction is vague and artificial because, as a 

teratogenic substance, alcohol would be expected to produce 

a range of adverse effects rather than a select few. They 

note that expected effects would range from "no effect at 

certain doses at certain times for certain people to embryo 

lethality under other conditions" (p. 39), and that "to 

suggest that (alcohol) has had an effect other than this is 

to argue against most of what is known about teratogenic 

substances" (p. 39). 

Because of the concerns regarding the FAS/E dichotomy, 

a new diagnostic schema has been proposed by the Institute 

of Medicine's Committee to Study Fetal Alcohol Syndrome, 

which appears to more adequately reflect the potential 

variability among clusters of symptoms observed in 

prenatally exposed individuals (Stratton, Howe, & Battaglia, 

1996). This schema includes five categories including FAS 

with confirmed maternal alcohol exposure, FAS without 
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confirmed maternal alcohol exposure, partial FAS with 

confirmed maternal alcohol exposure, alcohol-related birth 

defects, and alcohol-related neurodevelopmental disorder. 

Despite the new schema, however, many clinicians and 

researchers continue to employ the traditional model. 

Incidence 

Maternal drinking during pregnancy is not rare. 

According to information from the federal Center for Disease 

Control (CDC), 1 in 29 women today drinks alcohol during 

pregnancy at levels considered by the CDC to be "risky" (as 

reported in Christensen, 2000). Half of these women report 

drinking the equivalent of more than five glasses of wine on 

any single occasion. Also according to the CDC, drinking 

during pregnancy is on the rise. The proportion of women who 

report drinking at least one glass of wine per day has 

quadrupled over the past decade. 

Some data have been reported regarding the incidence of 

alcohol's effects. In 1987, Abel and Sokol estimated that 

FAS occurs in about 1.9 cases per 1,000 live births 

worldwide. More recently, Abel (1995) estimated that FAS 

occurs in .97 cases per 1,000 births in the general 

obstetric population and 4.3% among "heavy" drinkers. The 

discrepancy between these two estimates may be related to 
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the type of research involved. For example, Abel and Sokol' s 

1987 estimate was based on the average occurrence of FAS 

observed during several prospective and retrospective 

studies, while Abel's 1995 estimate was based only upon data 

from prospective studies. Bloss (1984) noted that 

prospective studies yield lower incidences of FAS, partly 

because no prospective data are available for certain 

populations with elevated risk of FAS. 

The CDC has also assessed the magnitude of FAS. Based 

upon data from the multi-year Birth Defects Monitoring 

Program, the CDC estimated that FAS occurred at a rate of 

5.2 cases per 10,000 live births in the United States in 

1992 (CDC, 1993). This rate represented a sixfold increase 

from the 1979 rate of 1 case per 10,000. The CDC noted that 

these findings may reflect either a true increase in the 

frequency of FAS or increased awareness and diagnosis by 

primary-care clinicians. 

The incidence of FAS appears to vary among populations. 

For example, the general incidence is more than 20 times 

higher in the United States (1.95 per 1,000) compared to 

Europe and other countries (.08 per 1,000; Abel, 1995). 

Incidence rates also vary among U.S. sub-populations; the 

incidences in groups characterized by lower socioeconomic 
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status (e.g., African Americans and Native Americaxis) are 

about 10 times higher (2.29 cases per 1000) than those with 

a predominant middle/upper socioeconomic status and 

Caucasian background (0.26 per 1000; Abel, 1995) . 

Despite these estimates, determination of the true 

incidence of alcohol's teratogenic effects remains extremely-

challenging. Most epidemiological studies have focused upon 

the number of individuals with the full syndrome FAS, rather 

than those with other constellations of features. Since a 

FAS diagnosis requires the presence of the concurrent triad 

of symptoms described earlier, individuals who display a 

subset of the three signs (e.g., those with FAE) may not be 

included in incidence estimates. Furthermore, since the 

prominence of some features changes over time, under-

diagnosis may occur at certain ages (Aase, 1994) . Under-

diagnosis may also result from clinicians' reluctance to 

stigmatize mother and child (Morse, Idelson, Sachs, Weiner, 

5c Kaplan, 1992) . On the other hand, over-diagnosis of FAS is 

also possible, as some symptoms associated with FA.S also 

occur in individuals with other syndromes (e.g., Cornelia de 

Lange syndrome; Aase, 1994) and with prenatal exposure to 

other teratogenic substances (e.g., cocaine, 

diphenylhydantoin; Schenker et al. , 1990). 
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Etiology of FAS and FAE 

It is accepted that FAS and FAE (FAS/E) are caused by 

maternal drinking during pregnancy, but the process by which 

alcohol impairs growth and development remains speculative. 

A primary obstacle to understanding alcohol's teratogenic 

effects in humans is lack of research control over other 

environmental influences that produce developmental 

problems, including poor nutrition, lack of prenatal care, 

and use of other drugs (e.g., cigarette smoking). The 

frecjuent presence of these influences among alcoholic women 

makes it difficult to determine the specific effects of 

alcohol. Variable patterns of drinking among pregnant women 

and differences in biological/genetic makeup compound the 

problem of experimental control. Although Driscoll, 

Streissguth, and Riley (1990) noted that some of these 

extraneous variables may be appropriately managed through 

the use of statistical techniques, under-reporting or 

inaccurate self-report of certain behaviors by pregnant 

women (e.g., drug and alcohol consumption; Sokol, Martier, & 

Ager, 1989) could confound results. 

Animal research is useful to the study of the etiology 

of FAS/E because it allows careful experimental control of 

environmental and biological/genetic variables. Although it 
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is inappropriate to apply animal findings directly to hiunans 

for a number or reasons (e.g., differences in metabolism, 

gestational time lines), animal research has been used to 

substantiate hypotheses based upon clinical observations of 

humans with FAS/E (Becker, Randall, Salo, Saulnier, & 

Wethersby, 1994) . By comparing animal and human data, 

researchers have been able to develop hypotheses about 

specific mechanisms underlying alcohol damage, explore the 

issues of timing and level of alcohol exposure, and study 

brain development in exposed offspring. 

Potential Mechanisms of Damage 

Alcohol clearly reaches the fetus. Ethanol (the 

chemical name for alcohol) crosses the placental barrier, 

and nearly equalizes in maternal and fetal blood in both 

hiomans (Brien, Loomis, Tranmer, & McGrath, 1983) and animals 

(Mann, Bhakthavathsalan, Liu, & Makowski, 1975; Ng et al., 

1982). Ethanol is also present in the amniotic fluid (Brien 

et al., 1983). In the maternal tissues, ethanol is 

metabolized into acetaldehyde, which is further broken down 

and eventually eliminated. Because of its immature hepatic 

system, the fetus is essentially unable to metabolize 

ethanol and must rely upon fetal-maternal transfer for its 

elimination from both blood and amniotic fluid (Brien et 
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al., 1983) . In addition, elimination from the amniotic fluid 

is time-consuming, and fetal exposure continues even after 

ethanol has been virtually eliminated from maternal blood 

(Brien et al., 1983). 

The specific process by which alcohol produces damage 

once it reaches the fetus is less clear, although various 

potential mechanisms have been proposed (see Guerri, 1998, 

Michaelis, 1990, Michaelis & Michaelis, 1994, Schenker et 

al., 1990, or West, Chen, & Pantazis, 1994, for 

comprehensive reviews). Among the most commonly proposed 

mechanisms of damage are direct effects of alcohol on 

cellular processes and/or structure, prostaglandin 

imbalance, and alcohol-induced fetal hypoxia. Michaelis 

(1990) noted that one of the most obvious ways by which 

alcohol may negatively affect growth and development is 

through inhibition of protein synthesis within the cells. 

According to this researcher, such inhibition might result 

from diminished placental transport for amino acids and 

other nutrients, a direct toxic effect of alcohol or its 

metabolic byproducts on ribosomal content or functions, 

and/or malnutrition associated with maternal ethanol intake 

during pregnancy. In addition, Schenker et al. (1990) noted 

that alcohol might negatively affect cells by impairing 
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their growth signaling fxmctions or by membrane 

fluidization. Fluidization of cell membranes could result in 

problems with cell adhesion and migration, 

receptor/neurotransmitter function, and key ion flux 

(Schenker et al., 1990). Both Michaelis (1990) and Schenker 

et al. (1990) suggested that the growth and development 

problems observed in alcohol-exposed offspring are most 

likely the result of an interaction among these events. 

Another commonly proposed mechanism of alcohol-related 

damage involves prostaglandins. Prostaglandins are found in 

virtually all body tissues and fluids and are involved in 

all stages of pregnancy as well as fetal growth and 

development. Since fetal prostaglandin activity has been 

shown to markedly increase following alcohol exposure 

(Anton, Becker, & Randall, 1990) and at least one study has 

linked exogenous administration of prostaglandins with 

teratogenic effects in humans (Collins & Mahoney, 1982), a 

potential involvement of prostaglandins in FAS has been 

suggested (Randall, Anton, & Becker, 1987) . Support for such 

a linkage comes from recent research demonstrating that 

administration of certain prostaglandin antagonists (e.g., 

aspirin) reduced incidence of alcohol-related abnormalities 

in mice (Randall, Anton, Becker, Hale, & Eckblad, 1991). 
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Finally, fetal hypoxia (lack of oxygen) has been 

implicated in the etiology of alcohol-related developmental 

problems. Diminished oxygen may result from either 

prostaglandin increases mentioned above or though direct 

constriction of the umbilical or placental blood vessels 

(Michaelis & Michaelis, 1994), and fetal hypoxic reactions 

following maternal alcohol exposure have been demonstrated 

in monkeys (Mukherjee & Hodgen, 1982) . Since, hypoxia has 

been associated with cellular death, and especially neuronal 

death, the effects of alcohol-induced disruption of fetal 

blood flow warrants further investigation. 

In summary, many critical biological structures and 

processes appear to be affected by PAE, and it is too early 

to determine which specific mechanisms are the most 

important in producing alcohol's teratogenic effects. As 

several authors have noted, it is most likely an interaction 

among mechanisms (including those presented here) rather 

than any singular mechanism that is responsible for the 

full-range of developmental abnormalities observed among 

exposed offspring (Michaelis, 1990; Schenker et al., 1990; 

West et al., 1994). 
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Critical Dosages 

An important issue in the study of the effects of PAE 

is the level of maternal alcohol consumption necessary for 

an adverse developmental outcome, or minimum threshold dose. 

Researchers have not yet established a "safe" level of 

alcohol consTomption during pregnancy, nor have they been 

able to establish one single threshold dose for all adverse 

effects. Instead, there appear to be multiple thresholds, 

depending upon the specific symptoms or developmental 

domains being studied. For instance, some of the most severe 

effects associated with FAS (e.g., fetal death, craniofacial 

abnormalities, and mental retardation), appear to occur only 

in the most heavily exposed fetuses. Sokol, Ager, and 

Martier (1988) have estimated that dosages of about 21 

ounces of absolute alcohol per week (42 standard drinks) 

near the time of conception would be required to produce 

FAS. However, the threshold-doses for adverse effects on 

neuro-behavioral development appear to be much lower. Based 

upon their research with prenatally exposed infants 

(Jacobson et al., 1993) and findings from the Seattle 

Longitudinal Prospective Study, Jacobson and Jacobson (1994) 

have suggested that seven standard drinks per week may be 

the minimum threshold-dose for alterations in attention. 
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activity level, and information processing speed. However, 

these authors also stressed that exposure below this level 

should not be considered "safe" because some individuals 

could be markedly more sensitive to alcohol's effects than 

others. Sensitivity to alcohol's effects depends upon a 

variety of factors, including maternal and fetal alcohol 

metabolic rates and genetic makeup. Strong evidence that 

genotype affects susceptibility to alcohol was provided by 

Streissguth and Dehaene (1993), who found that FAS/E 

symptomatology was more uniformly expressed in monozygotic 

than dizygotic twins. 

In addition to the total dose of alcohol consvimed over 

a period of time, the pattern of alcohol consiomption is an 

important factor in determining the effects of PAE. Findings 

from various studies have demonstrated that episodic "binge" 

patterns of drinking (i.e., multiple drinks on a single 

occasion) may be more harmful than drinking lesser amounts 

over an extended period of time both in humans (e.g., 

Sampson, Streissguth, Barr, & Bookstein, 1989; Streissguth, 

Barr et al., 1994; Streissguth, Barr, Martin, 1984; 

Streissguth, Sampson et al., 1994) and in animals (e.g.. 

Pierce & West, 1986) . This appears to relate to the higher 
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peak blood alcohol concentrations produced by "binge" 

patterns of drinking (West et al., 1994). 

Critical Periods 

In addition to dose and pattern, the timing of PAE also 

influences outcomes. Since specific developmental processes 

occur at different rates and times during gestation, the 

vulnerability of any single process also changes across 

time. The term "critical period" is used to refer to the 

windows in time when the embryo or fetus is undergoing 

particularly important developmental changes in any single 

structural area (Coles, 1994). It is during these periods 

when a given developmental process is most susceptible to a 

teratogenic insult, including the teratogenic effects of 

alcohol. For example, the first trimester is the critical 

period of organogenesis, or the time when the major organ 

systems form (e.g., heart, arms, legs, facial 

characteristics). Heavy alcohol exposure during this time is 

likely to result in major structural and functional defects, 

as well as facial malformations (Coles, 1994). On the other 

hand, alcohol exposure late in pregnancy is more likely to 

produce growth retardation and behavioral deficits, though 

the critical periods for these areas have yet to be clearly 

established. 
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The Vulnerability of the Developing Brain 

Although all major organ systems may be affected, the 

developing brain is particularly susceptible to damage from 

PAE. Part of the reason for the enhanced susceptibility has 

to do with time. VThile the majority of organ systems appear 

to be most sensitive to teratogenic effects during the 

period of organogenesis (generally in the first trimester), 

brain development continues throughout gestation and is 

vulnerable to alcohol damage during each trimester (West et 

al., 1994). In fact, the brain growth spurt, a period of 

particularly rapid cell growth and differentiation, only 

begins during the third semester in humans (Dobbing & Sands, 

1973), after many other fetal organs have already fully 

developed. Alcohol exposure during the third trimester 

equivalent in rodents produces severe neuronal loss (e.g., 

Bonthius & West, 1991), altered neuronal circuitry (e.g.. 

West, Hamre, & Cassell, 1986) , and extensive gliosis 

(Goodlett, Leo, O'Callaghan, Mahoney & West, 1993). Results 

from one recent study with rodents indicated that a single 

"binge" exposure to alcohol during the period of 

synaptogenesis (i.e., third trimester in humans) produced 

dense and widely distributed patterns of neurodegeneration 

and measurable loss of brain mass (Ikonomidou et al., 2000). 
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These authors noted that similar fetal effects could 

potentially be triggered in humans if a pregnant mother 

imbibes alcoholic beverages for several hours in a single 

drinking episode during this trimester. 

In addition, the brain appears to be vulnerable to 

damage via a variety of mechanisms, including the general 

mechanisms mentioned above. According to West et al. (1994), 

alcohol may directly or indirectly affect brain development 

by interfering with the transport of vitamins and minerals 

(e.g., Vitamin B6, calcium, zinc). These play key roles in 

the modulation of numerous fundamental neuronal functions 

(e.g., cell division and proliferation) by changing the 

structural properties of the cell so as to inhibit their 

migration and adhesion, or by causing vasoconstriction which 

may result in hypoxia and subsec[uent cell death. 

Finally, specific neuronal populations may be more 

vulnerable to certain mechanisms of damage than others. For 

instance, the Purkinje cells of the cerebellum and pyramidal 

cells in certain areas of the hippocampus are considered to 

be very sensitive to hypoxia during gestation (Brierley & 

Graham, 1984) . West et al (1994) note that, because of their 

heightened sensitivity, these areas may be particularly at 

risk for detrimental effects from PAE. 
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Brain Structural Findings 

Most data on brain characteristics of humans prenatally 

exposed to alcohol have come from autopsy studies. Even so, 

very few such studies have been published to date, and these 

have described fewer than 20 cases in total (Clarren, 1981; 

Clarren, Alvord, Sumi, Streissguth, & Smith, 1978; Coulter, 

Leech, Schaefer, Scheithauer, & Brumback, 1993; Majewski 

study as cited in Clarren, 1986; Peiffer, Majewski, 

Fischbach, Bierich, & Volk, 1979; Wisneiwski, Dambska, Sher, 

£c Quazi, 1983). The brains analyzed have been restricted to 

infants and children with severe cases of FAS; almost all 

had died of caused related to alcohol damage (e.g., 

stillbirths, severe CNS problems, cardiopulmonary problems). 

Autopsy analyses have revealed a wide range of 

neuropathological characteristics in children prenatally 

exposed to alcohol. These include microencephaly (small 

brain), severe cerebral disorganization, agenesis (absence) 

of the corpus callosum, incomplete development of the brain 

stem and cerebelliom, and hydrocephalus. Neuroglial 

heterotopias (misplaced clusters of neurons) have been 

observed in various areas of the brains. One recent, very 

detailed autopsy analysis revealed "midline cerebral 

dysgenesis" in an infant with severe FAS, characterized by 
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fusion of the frontal lobes, fusion of the basal ganglia 

(caudate-thalamus), a bulbous hypothalamus, and arrested 

development of the optic nerves and hippocampus (Coulter et 

al., 1993). However, the neuropathological characteristics 

observed during autopsies have varied greatly among 

individual children and no consistent patterns of damage 

have been documented using this techniqpje (Clarren, 1986). 

Brain structural and functional imaging studies have 

been somewhat more fruitful in attempts to identify specific 

regions differentially affected by alcohol-damage. For 

example, a group from San Diego has recently reported 

consistent reductions in the size of the basal ganglia 

(caudate and lenticular nuclei) in four cases of alcohol-

exposed adolescents using magnetic resonance imaging (MRI) 

techniques. Two of the adolescents were considered to have 

severe FAS (Mattson et al., 1992), while two others were 

children of "known alcoholics" who did not display the 

dysmorphic facial features required for a diagnosis of FAS 

(Mattson et al., 1994). Reductions in the size of the 

cerebral and cerebellar vaults were also consistently 

observed, but the disproportional decreases in the basal 

ganglia were not considered secondary to microcephaly. 

Subsequent studies by the San Diego group have also 
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documented reductions in the size of the cerebellum in 

children and young adults with histories of PAE (Sowell, 

Mattson, Riley, & Jemigan, 1995) , as well as decreased 

cerebellar glucose metabolism in preschool aged children 

with FAS (Hannigan, Martier, Chugani, & Sokol, 1995). 

Preliminary evidence for neuropathological differences 

between individuals with full FAS versus prenatally exposed 

individuals (without FAS) has also been offered by the San 

Diego group. In their 1992 MRI study, Mattson et al. 

reported disproportionate reductions in the diencephalic 

structures (i.e., thalamus) of the in the two cases with 

FAS. However, significant diencephalic reductions were not 

present in the two prenatally-exposed cases reported 

subsequently (Mattson et al., 1994). These authors noted 

that this finding was particularly compelling in that it 

suggests that these structures may remain intact in less 

severe cases of PAE, although other studies are clearly 

needed to support this hypothesis. Incidently, abnormalities 

of the corpus callosum were also present in the two FAS 

cases (Mattson et al., 1992), but data on this structure 

were not included for the prenatally-exposed individuals 

(Mattson et al., 1994). 
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Not all MRI studies have reported structural damage in 

individuals prenatally exposed to alcohol, however. In one 

study of high-fxinctioning (IQ > 70) children and adolescents 

with FAS (Knight et al., 1993), no structural abnormalities 

were identified except for one case of pituitary 

underdevelopment. In another study, no abnormalities were 

observed in an adolescent with FAS (Loock, Conry, Li, & 

Clark, 1993). However, positron emission tomography revealed 

dis-regulation of caudate/cortical metabolisms in the latter 

case (Loock et al., 1993). Similarly, while an MRI study 

conducted by Clark et al. (2000) revealed structural 

abnormality (i.e., thinned, diminutive corpus callosum) in 

only one of 19 young adults with FAS, functional studies 

revealed that the FAS participants displayed significant 

differences in regional cerebral metabolic rates in five 

brain areas as compared to controls matched on age. The 

brain areas included the right and left thalami, right and 

left caudate heads, and right caudate/putamen body. Findings 

from these latter two studies suggest that brain functioning 

may be impaired in individuals with FAS, even when 

structural integrity appears normal. 

In siammary, a variety of brain structural abnormalities 

have been documented in individuals with PAE. Among the 
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major findings from human autopsy and neuro-imaging studies 

are microencephaly, neuroglial heterotopias, and incomplete 

development in several structures including the corpus 

callosum, cerebellum, basal ganglia, and the brain stem 

(including the thalamus). Incidently, these findings have 

for the most part paralleled those from animal models of 

prenatal alcohol damage (e.g., see Bauer-Moffet & Altman, 

1975; Bonthius & West, 1988, 1991; Mattson et al., 1994; 

Miller & Dow-Edwards, 1988), though dosage, pattern, and 

timing of alcohol exposure have been important in producing 

specific abnormalities (e.g., see Lundahl & Goodlett, 1995). 

On the other hand, only one hioman study has specifically 

mentioned hippocampal abnormalities following PAE (Coulter 

et al., 1993), and specific abnormalities in this area have 

been repeatedly documented in studies with rats (e.g., see 

Barnes & Walker, 1981; West et al., 1986; West, Hodges, & 

Black, 1981). Clearly, more neuro-anatomic studies of 

hippocampal morphology in humans are needed. 

The above-described brain structural findings have 

important implications for behavioral function in 

individuals with PAE. For example, the cerebellum is 

generally thought of as in important part of the motor 

system and has a specific role in motor coordination (see 
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Kolb Sc Whishaw, 1990) . The basal ganglia are also important 

in motor control (Kolb & Whishaw, 1990), although the 

caudate-putamen have been implicated in memory and learning 

function (Thompson, 1987). The hippocampi have a critical 

role in both verbal and nonverbal (visual and spatial) 

memory (Kolb & Whishaw, 1990). Thus, from a brain-behavioral 

standpoint, neuro-anatomic abnormalities in these areas 

should produce corresponding deficits in the functions 

mentioned above. Clearly cognitive studies could play a 

critical role in further elucidating the effects of PAE. 

Cognitive Functioning in Individuals with PAE 

General Intellectual Functioning 

Mental retardation is considered to be one of the 

hallmark features of FAS (Streissguth, Randels, & Smith, 

1991), and FAS is now accepted as the leading known cause of 

mental retardation in the western world (Abel & Sokol, 

1987). In one of the first published studies examining the 

intellectual development of individuals with FAS, 

Streissguth, Herman and Smith (1978a) reported an average IQ 

of 65 for a group of 20 individuals aged 9 months to 21 

years. The IQs for 60% of these individuals fell more than 

two standard deviations below the mean, or within the 

mentally retarded range of functioning. In a subsequent 
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study, Streissguth, Clarren. and Jones (1985) reported an 

average IQ of 61 for a group of 8 children (ages 10 to 14 

years), with half of the IQ scores falling within the 

mentally retarded range (< 70). 

As a group, individuals with FAE appear to perform 

considerably better on intelligence tests than those with 

FAS. Conry (1990) compared performance on IQ tests among 

groups of school-aged Native children with FAS (n = 13), FAE 

(n = 6) , and age- and sex-matched normal controls (n = 19) 

and found that the Full Scale IQ mean for FAS (M = 60.1) was 

significantly lower than that of the FAE (M = 86.0) group. 

Furthermore, only the FAS score mean was significantly lower 

than that of the control group (M = 87.3) . In a study of 61 • 

adolescents and adults, Streissguth, Aase et al. (1991) also 

found statistically significant group differences in IQ 

between individuals with FAS (M = 66) and FAE (M = 73). 

Intelligence appears to remain quite stable over time 

for individuals with both FAS and FAE. In a preliminary 

study of the stability of IQ in the FAS population, 

Streissguth, Herman, & Smith (1978b) found that 77% of the 

17 children (median age = 6 years, 8 months) studied had an 

IQ within one standard deviation of the initial IQ obtained 

one to four years previously. Stability has also been 
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reported over longer periods. A follow-up study of the first 

11 children to be diagnosed with FAS revealed that IQs 

remained stable over a 10-year period, although one child's 

IQ had markedly increased on retest (Streissguth et al., 

1985). Finally, Streissguth, Randels et al. (1991) reported 

no statistically significant differences in IQ across time 

for a group of 40 individuals with FAS or FAE. In this study 

the average test-retest interval was 8 years, with the 

second test administered during adolescence or adulthood. 

Despite these group findings, it is important to point 

out that intellectual functioning varies greatly among 

individuals with FAS or FAE. For example, in the study by 

Conry described above, the IQ range for the children with 

FAS or FAE was 40 (severely retarded) to 101 (average). 

Similarly large ranges of IQ have been reported in other 

studies of individuals with FAS (Streissguth et al., 1978a) 

and FAE (Streissguth, Aase et al., 1991). 

Perhaps the most complete follow-up data on cognitive 

functioning following PAE have come from the Seattle 

Longitudinal Prospective Study. The Seattle study was 

initiated in 1974 in order to examine the relationship among 

different patterns/levels of PAE, other co-variates, and 

long-term developmental outcomes in a large cohort of 
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children. As part of this study, scores on tests of general 

cognitive functioning (i.e., Bayley Scales of Infant 

Development, WPPSI, WISC) were obtained for large s\ib-

samples of children (nearly 500 for each study) at three 

different ages, including 8 months (Streissguth, Barr et 

al. , 1980), 4 years (Streissguth, Barr, Sampson, Darby, & 

Martin, 1989), and 7 2 years (Streissguth, Barr, & Sampson, 

1990). All mothers of the children had been interviewed 

during their fifth month of pregnancy regarding their 

alcohol use (i.e., quantity, frequency, duration of use), 

demographics, nutrition, and use of other drugs (e.g., 

caffeine, tobacco, marijuana). 

Findings from the Seattle studies indicated that PAE 

was related to cognitive development at each of these three 

ages, even after statistical adjustments for a wide variety 

of potentially confounding predictor variables. At 8 months, 

scores on the Bayley Scales of Infant Mental and Motor 

Development were significantly lower for the group of 

children whose mothers reported drinking about four drinks 

per day during the period prior to pregnancy recognition 

(see also Jacobson et al., 1993). The relationship between 

mental development and PAE later in pregnancy was not 

examined in this study. At age 4 years, an IQ decrement of 
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about 5 points (1/3 standard deviation) was associated with 

maternal consumption of about three drinks per day prior to 

pregnancy recognition. Although IQ was also associated with 

PAE during the mid-pregnancy period, the relationship with 

PAE prior to pregnancy recognition was stronger. Finally, at 

seven years, maternal consiamption of two drinks or more per 

day during mid-pregnancy was related to a 7-point (1/2 SD) 

IQ decrement. In each of the three reports the researchers 

emphasized that the patterns should not be considered 

biologic thresholds for alcohol damage, since lower 

exposures might produce detrimental outcomes within 

individual children. 

Although the Seattle studies have associated reduced 

general intellectual functioning with moderate levels of 

PAE, these findings have not been entirely consistent. For 

example, in another longitudinal prospective study, Greene 

et al. (1991) did not find evidence of an adverse effect of 

PAE on general mental development in one cohort at any of 

several ages (i.e., 6 months, 1 year, 2 years, 3 years, or 4 

years, 10 months), despite multiple analyses. In their Swiss 

sample, Korkman, Autti-Ramo, Koivulehto, and Granstrom 

(1998) reported that alcohol exposure throughout pregneincy 

produced generalized impairment of cognitive function in 2-
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year-olds, but no impairment if the exposure was limited to 

the first trimester. Furthermore, while other researchers 

found that moderate levels of PAE were associated with 

significantly lower scores on the Bayley at ages 2 years 

(Fried & Watkinson, 1988) and 3 years (Fried & Watkinson, 

1990), they did not find a statistically significant 

association at age 4 years (Fried & Watkinson, 1990). 

Clearly, more studies of general intellectual functioning in 

individuals with lower levels of PAE are needed in order to 

further elucidate the potential effects of drinking during 

pregnancy. 

Findings in Specific Cognitive 

and Behavioral Domains 

Although studies of global intellectual functioning 

(IQ) are useful in determining broad effects of PAE, studies 

of patterns of specific abilities (e.g., perception, 

attention, verbal skills) among affected individuals are 

also important. Such studies are beneficial because they 

provide a better indication of cognitive strengths and 

weaknesses, facilitate development of hypotheses about which 

brain structures and functions may be differentially 

affected by PAE, and can be used to develop specific 

rehabilitation and educational intervention programs. 
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Unfortunately, as will be seen, relatively few studies have 

addressed specific abilities among individuals with PAE. 

Verbal 10 versus Performance 10 

Some information on differential abilities can be 

gleaned from comparisons of the Verbal and Performance (or 

nonverbal) subscale scores on IQ tests. The Verbal subscales 

on these tests are thought to primarily measure language-

based skills, while the Performance subscales are more 

influenced by visual/perceptual and motor skills. In a study 

comparing abilities among school-aged Native American 

children (age range 5 to 18 years), Conry (1991) reported 

the following VIQ and PIQ means: FAS (VIQ = 58.5; PIQ = 

67.6), FAE (VIQ = 84.3; PIQ = 9 0.2), and controls (VIQ = 

82.3; PIQ = 95.1). Scores on additional measures of language 

abilities coincided with the VIQs for all three groups. 

Conry noted that, while VIQ is typically 8 to 19 points 

lower than PIQ in Native American children, the VIQ-PIQ 

difference was largest the control group in her sample. She 

suggested that this finding might reflect "greater effects 

(of PAE) on visual/spatial problem solving abilities than on 

verbal abilities among the FAE children, but a generalized 

depression of intellectual ability (among) the FAS children" 

(p. 654). The Seattle group reported a similar differential 
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effect of PAE on PIQ in a primarily white, middle class 

cohort of children at age 4 (Streissguth, Barr et al., 

1989), but not at age 7 (Streissguth, Barr et al., 1990). 

However, Streissguth, Aase et al. (1991) reported mean 

Performance IQ was about 10 points higher than Verbal IQ for 

both FAS and FAE groups in their sample, composed primarily 

of Native American adolescents and adults. 

Neuropsychological Evaluations 

Studies employing a variety of neuropsychological 

measures have provided additional information on specific 

abilities among children with FAS and FAE. In one study, 

Janzen, Nanson, & Block (1995) compared neuropsychological 

performance of 10 preschoolers with FAS to 10 normal 

controls matched on age, sex, and race. All children were 

between 3.5 and 5 years of age. The tests were chosen in an 

effort to measure skills in a variety of domains and 

included the McCarthy Scales of Children's Abilities, 

Grooved Peg Board, The Beery Test of Visual Motor 

Integration, and the Test of Early Language Development. 

Findings revealed a specific pattern of cognitive weaknesses 

among the children with FAS, marked by deficits in verbal, 

perceptual-motor, motor and language skills. Quantitative, 

memory, and visual-matching skills were not significantly 
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different from those of the control children. Although the 

FAS group scored significantly lower than the control group 

on a visual-motor (design-copying) test, this finding was 

considered to reflect motor rather than perceptual problems. 

Neuropsychological measures have also been administered 

to older children with FAS and FAE. Conry (1990) compared 

performance of 19 Native American children with FAS or FAE 

(age range = five to 18 years) to that of sex-matched 

controls from the same community on intellectual and 

neuropsychological measures. The intellectual measures 

included age-appropriate Wechsler IQ tests, tests of 

expressive and receptive vocabulary (Expressive One-Word 

Picture Vocabulary Test and Peabody Picture Vocabulary 

Test) , and a test of visual-motor skills (Beery Buktenica 

Test of Visual Motor Integration). The neuropsychological 

measures included tests of reaction time, finger tapping, 

grip strength, finger localization, and motor speed and 

precision. Although some findings have been described 

previously in this paper, results indicated that the FAS 

group scored significantly lower than both the FAE group and 

controls on all intellectual measures. The FAE group and 

control group mecin scores on these measures were not 

significantly different. For the neuropsychological 
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measures, mean scores on grip strength were significantly 

lower for both FAS and FAE groups as compared to controls. 

The FAS group also scored significantly more poorly than 

controls on finger tapping, motor speed, and reaction time 

using their non-dominant hand. The FAS and FAE groups 

significantly differed only on measures of reaction time 

using their non-dominant hand and on finger tapping using 

their dominant hand. No statistically significant 

differences were observed among the groups on reaction time 

using dominant hand or finger localization. Taken as a 

v/hole, this study provides further evidence of motor, as 

well as intellectual deficits among individuals with FAS and 

FAE. 

Prospective longitudinal studies have provided 

additional information about the effects of PAE on different 

areas of cognitive development. For example, in addition to 

the IQ findings mentioned above, the Seattle group has 

documented significant associations between moderate PAE and 

poorer performance on components of the Wisconsin Fine Motor 

Steadiness Battery and balance on the Gross Motor Scale at 

age four years (Barr, Streissguth, Darby, & Sampson, 1990). 

The motor effects were dose-dependent and were considered 

independent of IQ. In contrast. Fried and Watkinson (1990) 
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did not find any significant association between PAE and 

performance on cognitive or motor measures in their cohort 

of 4-year-olds. The measures included the McCarthy Scales 

(composite and subscales), Reynell Developmental Language 

Scales, Tactile Form Recognition, Pegboard test, and the 

Peabody Picture Vocabulary. However, these authors noted 

that the findings must be interpreted cautiously as the 

level of PAE involved in this study were exceptionally low. 

The Seattle group has also examined neuropsychological 

functioning in older children with various levels of PAE. In 

a study of a 7-year-old cohort (Sampson et al., 1989), 

partial least squares (PLS) methods were used in order to 

interpret the pattern of correlations between the alcohol 

measures and the outcome variables (test scores) in terms of 

underlying latent variables (LVs). Findings from one set of 

analyses indicated the Arithmetic and Digit Span subtests of 

the WISC-R were the most highly related to the alcohol LV, 

while scores on Comprehension, Coding, Vocabulary, and 

Picture Assembly showed only a negligible relationship. 

Other PLS findings with 7-year-olds indicated that the 

alcohol latent variable was most related to scores on tests 

of memory, susceptibility to distraction, perceptual-motor 

functioning, and flexibility and organization in problem-
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solving (Streissguth, Bookstein, Sampson, & Barr, 1989). In 

both studies, a binge pattern of PAE (five or more drinks at 

any single occasion) was most predictive of cognitive 

deficits. 

During their most recent series of follow-up studies, 

the Seattle group investigated neuropsychological deficits 

in non-retarded 14-year-olds (Carmichael Olson, Feldman, 

Streissguth, Sampson & Bookstein, 1998). participants in 

this exploratory study included nine adolescents who were 

diagnosed with full FAS and who had borderline to average 

WISC-R Full Scale IQs (> 70), a cohort comparison group of 

174 same-aged controls with either light or no PAE, and a 

subgroup of 52 of these 174 adolescents who had IQs within , 

10 points of the mean for the FAS group. Participants in the 

comparison groups were drawn from the Seattle Longitudinal 

Prospective Study on Alcohol and Pregnancy. Performance of 

the groups was compared on measures of the 

Neuropsychological Research Battery, which is thought to tap 

aspects of attention, memory, and reading decoding, as well 

as measures of intellectual skills, academic achievement, 

and behavior. Although the researchers acknowledged the 

interpretative difficulties associated with such a small 

experimental sample, they did report deficits in the 
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individuals with FAS relative to controls on attention and 

memory tasks tapping visual-spatial skills, short-term 

auditory attention and memory, declarative learning, 

cognitive flexibility and planning, and processing speed. 

Intact performance in the FAS group was observed in the 

areas of procedural memory, as well as some measures of 

reading decoding and reaction time. Comparison to the group 

of individuals without FAS but with the same range of IQ 

also revealed smaller differences, but suggested that 

deficits could not be fully explained by a general lowering 

of IQ. Other findings from the Seattle group will be 

considered in later sections of this paper. 

Academic Achievement 

Although very few studies have addressed academic 

achievement in individuals prenatally exposed to alcohol, 

the available literature suggests that deficits extend into 

this domain as well, and perhaps particularly in the area of 

arithmetic. In a sample of adolescents and adults with FAS 

and FAE, average grade equivalent scores on the Wide Range 

Achievement Test - Revised (WRAT-R) subtests of Reading, 

Spelling, and Arithmetic fell at the fourth, third, and 

second grades, respectively (Streissguth, Aase et al., 

1991) . In their very limited eight-siabject sample of non-
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retarded adolescents with FAS, Carmichael Olson et al.(1998) 

also reported weakest performance on WRAT-R Arithmetic (M = 

83.0) versus Reading (M = 98.9) or Spelling (M = 95.9). 

In the Seattle group's study of PAE at age 7 

(Streissguth et al., 1990), prenatal alcohol correlated with 

both WRAT-R Reading and Arithmetic standard scores, but not 

spelling. Subsequent PLS analyses revealed that Arithmetic 

was most highly affected by PAE. In their 14-year-old 

cohort, scores on both Word Attack from the Woodcock Reading 

Mastery Tests and the WISC-R Arithmetic subtest were related 

to PAE in a dose-dependent manner (Streissguth, Barr et al., 

1994). At both ages a binge pattern of exposure was again 

most predictive of a poor outcome. Furthermore, stability of 

individual performance on Arithmetic was noted among 

children of the heavier drinkers; 91% of those who scored 

below the median at age 7 did so again at age 14 

(Streissguth, Barr et al., 1994). Since only 45% of low-

scoring children of abstainers displayed a similar pattern, 

these researchers have suggested that "the (arithmetic) 

deficits are not a transient response to characteristics of 

the testing situation, but rather reflect some ongoing 

compromise of CNS function not ameliorated by ordinary 
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remedial programming" (Streissguth, Barr et al., 1994, p. 

96) . 

Behavior 

Very few studies have included behavioral assessments 

of individuals with FAS or FAE using standardized measures. 

However, the literature is replete with clinical 

descriptions of behavioral problems in this population 

(e.g., Shaywitz, Cohen, & Shaywitz, 1980; Streissguth et 

al., 1978a; Streissguth et al. , 1985) . Among the most 

commonly reported problems are hyperactivity, 

distractibility, impulsiveness, and disorganization. In 

fact, Abel (1990) noted that attention deficit/hyperactivity 

disorder may be present in the majority of children with 

FAS, although the overt behavioral manifestations of those 

with FAS/E may not be as severe as individuals with ADHD 

without PAE (Coles, Platzman et al., 1997). 

Carmichael Olson et al. (1998) did compare standard 

scores on the Behavior Problems and Social Competence Scales 

from the Child Behavior Checklist in their comparison of 

their small sample of adolescents with FAS (n = 9) and 

cohort (n = 174) and IQ-matched (n = 52) control groups. 

Results indicated that the 3 males with FAS had an average 

Behavior Problem and Social Competence scores that fell well 
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range for that test (means = 72.3, 31.3), while scores for 

the 6 females with FAS fell into the borderline clinical 

range (means = 61.2, 40.5). The average scores for males and 

females in each comparison group fell within the average 

range for both scales. 

Thomas, Kelly, Mattson, and Riley (1998) also reported 

social deficits in school-aged (5- to 12-year-old) children 

with FAS. These researchers compared scores of 15 children 

with FAS to controls matched on Verbal IQ (n = 15) and 

controls with average to above average Full Scale IQ (n = 

15) on the Socialization Domain of the Vineland Adaptive 

Behavior Scales. Results indicated that children with FAS 

demonstrated poorer social behavior as compared to non-

exposed children, and that this effect was not the direct 

result of impaired cognitive ability. The greatest 

difference was in the area of Interpersonal Relations (one 

subdomain of the VABS Socialization Domain) versus VABS 

Coping Skills and VABS Use of Play and Leisure Time. 

Deficits in adaptive behavior appear to extend into 

adolescence and adulthood in individuals with FAS and FAE. 

In one study by Streissguth, Aase et al. (1991) the average 

levels of general adaptive skills, daily living skills, and 
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respectively, despite a subject age range of 12 to 40 years 

(M = 17 years). All of the individuals in this study 

displayed either "significant" or "intermediate" levels of 

maladaptive behaviors. The most frequent of these were poor 

concentration and attention, dependency, stubbornness or 

sullenness, social withdrawal, teasing or bullying, crying 

or laughing too easily, impulsiveness, and periods of high 

anxiety. Of particular interest was the fact that none of 

the individuals were living independently at the time of 

testing, including those with average intellectual 

functioning. 

Finally, Steinhausen and Spohr (1998) examined 

psychiatric and behavioral function in children with FAS as 

part of a larger longitudinal study. Based upon data 

obtained through structured psychiatric interviews and 

behavior rating scales, the researchers reported that 

children with FAS demonstrated an "excess of 

psychopathology" (p. 334) in all of their three samples 

examined at various ages (n = 29; n = 33; n = 28) . Symptoms 

of hyperactive, emotional, and sleep disorders, as well as 

atypical habits and stereotyped behaviors, were observed. 

Hyperactivity was reported as the most frequent diagnosis at 
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all ages of preschool, school age, and adolescence. 

Furthermore, the prevalence of language disorders, sleep 

disorders, anxiety, depression, and abnormal behaviors 

tended to increase with age. Rates of enuresis and eating 

disorders tended to decrease with age in these samples. 

Several prospective longitudinal studies have examined 

behavior in children with PAE. In a study of 4-year-olds 

using observations in the home setting, Lcindesman-Dwyer, 

Ragozin, & Little (1981) determined that children with 

moderate PAE were less attentive, less compliant with 

parental commands, and more fidgety during mealtime than 

were those with lesser levels of PAE or children of 

abstainers. In a study of an 8-year-old cohort, the Seattle 

group found that teacher reports of problems with 

comprehending words, retaining information, grammar, word 

recall, cooperation/impulsiveness, and tactfulness were most 

salient for PAE (Sampson et al., 1989). The most salient 

behaviors at age 11 were distractibility, restlessness, lack 

of persistence, and reluctance to meet challenges 

(Streissguth, Barr et al., 1994). 

Brown et al. (1991) found that a group of 6-year-old 

children whose mothers drank throughout pregnancy displayed 

significantly more "externalizing" behaviors at school than 
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those whose mothers stopped drinking in the second semester 

or whose mothers never drank during pregnancy. The children 

in the first group were rated by their teachers as more 

destructive, inattentive, nervous/overactive, and aggressive 

than those in the other groups. This remained true despite 

matching on maternal average alcohol consumption per week 

during pregnancy (2 PAE groups) and current maternal 

drinking (all groups). 

Attention 

Attention is perhaps the most widely studied cognitive 

domain in individuals prenatally exposed to alcohol and 

several studies have examined attention in those with FAS 

and FAE. Nanson and Hiscock (1990) compared performance 

among 20 children with FAS or FAE, 20 children with 

attention deficit disorder (ADD), and 20 normal control 

children on three attention-demanding tasks. The diagnosis 

of ADD was based upon criteria from the DSM III, and did not 

discriminate between children with and without 

hyperactivity. Children in each group were between the ages 

of 5 and 12 years, had previous IQs above 74, and lived in 

stable homes. The children with ADD were also considered 

free from any sign of FAS/E and history of maternal alcohol 

abuse. The attention tasks were each administered by 
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microcomputer and included Choice Reaction Time Task, Delay 

Reaction Time Task, and a modification of a vigilance task. 

Results from this study indicated that reaction times of the 

FAS/E children were significantly slower on all measures 

than those of the other two groups, but speed improved over 

time. These authors attributed the improvement to a learning 

effect among the FAS/E children. Both FAS/E and ADD groups 

made significantly more impulsive errors on the Delay 

Reaction Time Task than the control children. While these 

results provide some evidence for problems relating to 

impulsiveness and sustained attention among children with 

FAS/E similar to those observed in children with ADD, the 

slower reaction times might also reflect motor problems. 

However, since reaction time findings in this study were 

contradictory to those reported by Conry (1990), additional 

studies of attention in individuals with FAS/E are 

warranted. 

Problems with attention have also been documented in 

individuals with lower levels of PAE. The Seattle group 

found a consistent negative impact of PAE on performance on 

computerized vigilance tasks at ages 4 (Streissguth et al., 

1984), 7 (Streissguth, Barr et al., 1986), and 14 years 

(Streissguth, Sampson et al., 1994). In a subsequent study 
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examining the longitudinal components of vigilance and 

attention across all of these ages (Streissguth, Bookstein, 

Sampson, & Barr, 1995), the researchers noted that the most 

salient vigilance score for PAE was Standard Deviation of 

Reaction Time - a measure of variability in speed of 

responding manually to a target. Impulsive errors, 

reflecting difficulty withholding a response to non-targets, 

were also salient for PAE. The authors speculated that the 

inability to maintain consistent, reliable patterns of 

responding on the vigilance tasks might reflect micro lapses 

of attention or confusion in this population (Streissguth et 

al., 1995). Although the bulk of the research has suggested 

attention difficulties in individuals with PAE, these 

findings have not been entirely consistent. Studies by Boyd, 

Ernhart, Green, Sokolk, and Martier (1991) and Brown et al. 

(1991) did not report significant associations between PAE 

and performance on vigilance tasks after controlling for 

other relevant factors. 

Coles et al. (1997) presented evidence that children 

with FAS/E may display distinctly different profiles from 

those with Attention Deficit Hyperactivity Disorder (ADHD) 

when several different aspects and components of attention 

are measured. They reported that, in their study with 7- to 
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8-year-old children, those with FAS/E performed similarly to 

those with ADHD on measures of general intellect- However, 

while those with ADHD performed significantly more poorly on 

tests measuring the focusing (WISC Coding) and sustaining 

attention (i.e., committed more false alarms on vigilance 

tasks), those with FAS/E performed significantly more poorly 

on measures of encoding (Kinsborne Paired Associates Test) 

and shifting attention (Wisconsin Card Sort Test). They 

reported that as compared to those with FAS/E, those with 

ADHD were rated as displaying more externalizing, 

delinquent, and aggressive behaviors, as well as more 

problems with conduct and attention than children with 

FAS/E. 

Brief Overview of Issues in Memory Assessment 

True understanding of memory in hvimans is elusive. Part 

of the difficulty may be that, as in the case of 

intelligence, memory is not a unitary function, but depends 

upon many different cognitive processes and involves many 

neuro-anatomic substrates to various degrees. There are even 

various definitions of the term "memory". Lezak (1995) uses 

the term to refer to the processes used by an organism to 

register, store, retain, and retrieve information regarding 

a specific event or experience (Lezak, 1995). Kolb and 
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Whishaw (1989) define memory as a "process that resultsin a 

relatively permanent change in behavior", further noting 

that "it is never observed and is always inferred (p. 526) . 

Aspects of Memory 

Delis (1989) points out that, as in the case of 

definitions, various models have been proposed regarding how 

memory is structured in hximans. Many describe the different 

aspects or processes involved in memory around the concept 

of time (e.g., short-term versus long-term) and/or by 

attributes of the environmental experience or being learned 

or "remembered" (e.g., verbal versus visual memory) and 

these have been described in the context of various 

conceptual dichotomies. Others describe memory as a 

continuum of steps in a continual sequence of information 

processing (e.g., encoding versus retrieval). While debates 

regarding the validity and interrelationships among these 

concepts are far from fully resolved (Delis, 1989), some of 

the more common concepts will be presented. 

Short-term versus Long-term Memory 

One of the most common distinctions made in the 

conceptualization and assessment of memory is the 

distinction between short-term and long-term memory. Short-

term memory refers to the ability to recall of information 
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immediately after its presentation or during an 

uninterrupted rehearsal (Delis, 1989). It is sometimes 

referred to as "immediate memory". Short-term memory is 

thought to be limited in capacity - an individual can hold a 

finite amount of information in short-term memory at a 

single point in time. The term "memory span" is commonly 

used to refer to this amount. "Working memory" is often used 

when there is a requirement to analyze or mentally 

manipulate information in short-term memory. 

In contrast to short-term memory, long-term memory has 

an extremely large capacity. Delis (1989) defines long-term 

memory as the ability to retain information after a delay in 

which an individual's attention is drawn away from that 

information. The process of moving information from short-

term to long-term memory is called "consolidation" (Lezak, 

1995). Delis (1989) further notes that there is much 

controversy regarding how or when to make a distinction 

between short-term memory and long-term memory, with some 

researchers claiming that these exist along a temporal 

continuum. For this reason, he suggests using discrete 

temporal descriptions in defining performance (e.g., 

immediate recall, 20-minute delay recall). 



61 

Learning versus Memory 

A distinction is also often made between learning and 

memory. The term "learning" is commonly used to refer to the 

actual process of acquiring new information. It generally 

occurs through effortful attention, but may also occur 

without effort, as in the case of incidental learning 

(Lezak, 1995). The amount and pattern of the increase in 

information learned across multiple trials of exposure, or 

learning rate, is one variable of particular interest in 

memory research, as it may give valuable diagnostic 

information. The term "memory" refers to the actual 

persistence of learned information over time. 

Encoding versus Retrieval 

Information regarding encoding and retrieval is also 

very valuable in memory research. While encoding refers to 

the process by which information experienced in the external 

environment is transformed to a mental representation 

(Delis, 1989), retrieval refers to the ability to access 

mental representations by bringing information back into 

mental awareness for use. Whether information has been 

adequately encoded is commonly measured by comparing 

performance on free-recall versus recognition memory tasks. 

If an individual has difficulty retrieving information by 
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free-recall but demonstrates remembrance by recognition, 

there is evidence that the information was encoded. If an 

individual cannot recall information either by free-recall 

or recognition, encoding problems are more likely. 

Interference. Forgetting, and Amnesia 

Forgetting is the loss of or diminished access to 

information previously held in either short-term or long-

term memory. The memory could have been formed recently or 

at a more remote period in time. The process by which 

forgetting occurs remains unclear and various hypotheses 

have been posed. Lezak (1995) notes that what we consider 

forgetting probably reflects lack of access to information 

that continues to exist in memory but is no longer needed or 

is repressed or replaced, as well as actual loss of memory 

through biological degeneration. Memories can become 

inaccessible because of interference from subsequent 

learning (retroactive interference) or from previous 

learning (proactive interference). The broad term "amnesia" 

refers to the actual experience of impairment in new 

learning and/or forgetting. 

Declarative Memory versus Procedural Memory 

Delis (1989) points out that the distinction between 

declarative and procedural memory is one of the most 
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unintuitive and therefore exciting to emerge from 

neuropsychological research. In his definition, declarative 

memory refers to the acquisition of facts, knowledge and 

events which are directly accessible to conscious awareness. 

Lezak (1995) adds that this is the kind of memory that 

patients are typically referring to when complaining of 

memory problems. 

Procedural memory, on the other hand, refers to aspects 

of memory of which people are not consciously aware. This 

type of memory primarily involves perceptual-motor tasks (or 

how to perform skills), although other types of procedural 

memory have also been recognized (e.g., priming, classical 

conditioning; Lezak, 1995). Other terminology commonly used, 

in making the distinction between declarative and procedural 

memory includes declarative/nondeclarative and 

explicit/implicit. 

Episodic Memory versus Semantic Memory 

Delis (1989) notes that declarative memory can be 

further broken down into the two specific subtypes of 

episodic memory and semantic memory. Episodic memory refers 

to memory for information that was learned at a particular 

time and place in one's life. According to Delis (1989), 

examples of this type of memory would include when an 
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individual is asked to recall what he/she ate for breakfast 

that day or asking him/her to recall words from a list 

presented a few minutes earlier. In contrast, semantic 

memory is memory not linked to a particular time and place. 

For example, asking an individual to answer questions 

regarding word definitions or their knowledge about trivial 

information (e.g., '"What is the function of the liver?") 

taxes this type of memory. Delis (1989) notes that some 

researchers think that aunnesia may represent a selective 

disruption of episodic memory with a relative sparing of 

semantic memory, while others think that amnesic patients 

perform well in recall tasks for both types of information 

learned early in life and more poorly on both types in later 

years. 

Stimuli Attributes 

Finally, other distinctions are commonly made in memory 

research related to the attributes of the information being 

learned or remembered. For example, memory for verbal or 

language-related information ("verbal memory") can be 

discriminated from memory for visual-spatial information 

("visual" or "visuo-spatial memory"), both fianctionally and 

in relation to their dominant neuroanatomical substrates. 

Other types of memory that can be discriminated from each 
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other on the basis of attributes include memory for 

location, the ordering of events in time, various types of 

sensory memory (e.g., tactile memory), and memory for 

affective or emotional components of events or information. 

While Kolb and Whishaw (1990) note that though the 

distinctions among these types of memory are by no means 

absolute, with interrelationships among them, each can be 

isolated to some degree. 

Neuro-anatomic Substrates of Memory 

There is no brain structure that can singled out as the 

place responsible for memory. Rather, many different brain 

areas appear to be involved with memory with varying levels 

of importance. Disruptions in any of these areas have the 

potential to negatively impact some aspect of memory 

function. While various brain areas appear to be involved, 

however, several areas appear to be particularly important. 

Contributions of some of the more well-studied brain areas 

will be briefly described. 

The temporal lobes are considered to hold a prominent 

memory role. One of the main temporal structures, the 

hippocampus, is considered to be particularly important in 

the foirmation of new memories. Bilateral resection of the 

hippocampus has been shown to produce a severe axid 
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generalized anterograde amnesic syndrome (e.g., Milner, 

1968). Unilateral hippocampal lesions produce less severe, 

but significant memory deficits which depend upon the 

affected site (left versus right hippocampus). Left 

hippocampal lesions appear to produce relatively more 

problems with the formation of new memories for verbal 

information, while right lesions produce more problems 

related to new memory for visual and spatial material. 

The temporal neocortex is also considered important in 

memoiry. Kolb and Whishaw (1990) note that while lesions of 

the anterior temporal lobes (sparing the hippocampus) do not 

appear to cause a global amnesia, various specific memory 

impairments have been observed. The types of impairments 

also depend upon the particular lobe affected. Right 

temporal lesions may result in long-term deficits on 

nonverbal tests, including recall of complex geometric 

figures, paired associate tests using nonsense figures, and 

recognition of nonsense figures, tunes, and faces. Left 

temporal lesions tend to produce problems with recall of 

stories, paired associates involving words, and recognition 

of words and numbers. 

Diencephalic structures have also been implicated in 

memory, although exact location of impairment remains 
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unclear. Kolb and Whishaw (1990) note that there is evidence 

of involvement of three substructures of the diencephalon, 

including the dorsal medial nucleus, parts of the thalamus, 

and the mamillary body of the hypothalamus. Two of these 

structures, the dorsal medial nuclei and the mamillary 

bodies have been shown to be degenerated in individuals with 

Korsakoff=s syndrome, which is caused by alcoholism and 

produces severe problems with forming new memories 

(particularly with learning paired-associate lists) and with 

remote memory for information extending over their adult 

lives. 

Areas of the basal forebrain are also considered 

important in memory. The basal forebrain is located at the 

junction of the diencephalon and the cerebral hemispheres. 

Heilman and Valenstein (1993) note that this area is 

anatomically complex; it is comprised of several different 

components (e.g., amygdala, with a multitude of connections 

with other brain areas, including the hippocampus, amygdala, 

and neocortex. They further add that, because of this 

complexity, it is difficult to draw firm conclusions 

regarding the pathophysiology of memory problems associate 

with basal forebrain lesions. 
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Finally, the frontal lobes also appear to be prominent 

in memory. They appear to have a specific role in memory for 

the temporal ordering of events. Kolb and Whishaw (1990) 

note that patients with frontal lesions have demonstrated 

difficulty in deterroining which among several stimuli had 

been shown to them most recently. They also have 

difficulties with copying motor movements, seem more 

susceptible to intrusions, and have difficulty with short-

term memory for spatial information. Finally, there is some 

evidence that frontal lobe lesions in either the right or 

left hemisphere may be associated with deficits in 

associative learning (e.g., Dimitrov, 1999). Kolb and 

Whishaw (1990) note that this problem might reflect an 

"inability to regulate behavior in response to external 

stimuli among individuals with frontal damage" or "an 

inability to utilize external cues to guide responses" (p. 

479) . 

Memory Assessment 

The methods and instruments used in the assessment of 

memory are, of course, as broad and varied as the aspects of 

memory themselves. Because of the vast possibilities, most 

researchers and clinicians do not attempt to measure every 

aspect of memory at once. To attempt to do so would 
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unnecessarily stress and fatigue both the examiner and 

subject. Rather, researchers and clinicians tend to focus on 

areas which would provide the most useful information in 

relation to diagnosis and treatment. They then choose 

specific instruments accordingly. 

Some aspects are more commonly assessed than others. 

Standard memory batteries, whether composed of subtests from 

a single battery or from eclectic compilations of individual 

tests, usually include measures of short-term and long-term 

memory, including memory span, both in the verbal and visual 

domains. Specific tests of learning across trials and 

recognition aspects of memory are also often included. 

Qualitative and quantitative review of results from 

assessment of these areas usually provides good screening 

information and allows assessors to make decisions regarding 

if and what types of further assessment is necessary. Should 

the examiner suspect further problems, more detailed 

comparisons between functions, modalities, length, type and 

complexity of content would be warranted (Lezak, 1995). 

In addition, rather than this exploratory approach, 

examiners are often able to choose specific instrximents 

based upon previous hypotheses regarding potential 

diagnoses. It is possible to make an educated choice of 
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specific instiruments since different patterns of memory 

deficits are evident in populations with varying 

neurological and psychological conditions. For example, 

individuals who are depressed tend to demonstrate 

difficulties with immediate memory span and retrieving 

information in a free-recall format. Their performance tends 

to improve greatly in a recognition format. In contrast, 

memory problems in Alzheimer's patients are characterized by 

weak learning over multiple trials with a prevalent recency 

effect and many intrusions. Furthermore, Alzheimer's 

patients do not tend to benefit from a recognition format, 

and typically adopt a liberal response bias committing many 

false-positive errors. 

Issues Specific to the Assessment of Children 

The assessment of specific cognitive processes, 

including memory, is much more complex in relation to 

children than adults (see Obrzut & Hynd, 1986, for 

discussion of issues). For example, special considerations 

must be made for developmental changes that occur in 

childhood. In the adult population brain development is 

generally complete and more stable, making comparisons among 

individuals relatively easy. In contrast, the structures and 

functions of the brain in children are not fully developed. 
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and changes continue to occur throughout childhood. To 

further complicate the issue, different cognitive fiinctions 

do not develop at the same rate and there is variation in 

rates of change even for single cognitive processes (i.e., 

developmental spurts). Thus, the development stage may 

differ somewhat among children even when they are of the 

same age. While raw scores may be quite appropriate for use 

with adults, age-norms are critical when evaluating 

children. The use of age-norms "correct" for normal 

differences in the development of cognitive processes in 

childhood. These allow comparison performance of a single 

child or sample of children to children who would be at or 

near the same level of development. 

Another separate, but related factor in the assessment 

of children has to do with the lack of availability of 

appropriately normed instrximents. It is much easier to find 

well-normed instruments measuring specific cognitive 

processes for adults than children, mainly because research 

and knov/ledge in child neuropsychology has lagged far behind 

research with adults. While the availability of appropriate 

instriiments is continually broadening, it is particularly 

important for researchers to carefully evaluate the validity 

and reliability of these measures. 
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Memory Function in Individuals with 

Prenatal Alcohol Exposure 

One of the most common observations of individuals who 

interact closely with those affected by FAS is that they 

have problems with learning and memory. For example, in her 

discription of one child with FAS, one teacher noted, "She 

reminds me of a piece of Swiss cheese. The information 

slides down one hole in her brain, only to slip out of 

another hole. She often does the work we have gone over that 

morning, but in the afternoon, or the next day, she 

remembers very little . . .If we can fashion a piece of 

cellophane to stretch over the holes so the learning will 

stay in, the memory problems will stop" (Tanner-Halverson, 

1993; p. 207). 

Despite the abundant informal observations, research 

regarding memory fijinction in individuals with PAE is still 

in its infancy, with only a few studies conducted to date. 

Nevertheless, the data from these few do facilitate 

development hypotheses for further research. Carmichael 

Olson et al. (1998) evaluated various aspects of memory as 

part of their larger study of the neuropsychological 

deficits in adolescents with FAS. The performance of 9 non-

retarded adolescents with FAS (WISC-R Full Scale IQ > 70) 
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betv/een the ages of 14 to 16 years was compared to a sample 

of 174 adolescents with minimal or no PAE (Cohort Group) in 

their study. A second comparison group (IQ Group) comprised 

of 52 of the 174 Cohort Group participants, each of whom had 

IQs within 10 points of the mean of the FAS group (M = 91), 

was also included in order to investigate whether any 

deficits in the FAS group might be due to lower IQ. In 

addition to measures of other cognitive functions, scores 

were analyzed from tests considered by the researchers to 

measure short-term or working memory (WISC-R Digit Span), 

short-term memory for tonal patterns and auditory attention 

(Seashore Rhythm Test), visual-spatial reasoning and memory 

(Spatial-Visual Reasoning Test), visual-spatial memory, 

ability to plan, and cognitive flexibility (Stepping Stone 

Maze Test), and procedural and declarative memory and 

response time (Sequence Learning Test). Data analysis was 

based primarily on inspection of plots of individual scores 

for FAS patients versus those from box plots of score 

distributions from the larger comparison groups. Wilcoxon 

rank-sum statistics and n values were also included, 

although the researchers noted that the small sample size of 

the FAS group, large number of the outcomes being 

considered, and nature of the distributions of scores 
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limited their ability to draw firm conclusions from the 

generated statistics. With these concerns in mind, they 

proceeded to report that the adolescents performed more 

poorly than those in the Cohort Group on both the Digit Span 

(Digit Span - Forward: T = 1.96, p = .048; Digit Span -

Backward: T = 1.97, ̂  = -048) and Seashore Rhythm (T = -

1.79, p = .072) tests of short-term auditory memory. The FAS 

participants also tended to do more poorly on Digit Span 

Backwards than those in the IQ Group (T = 1.65, £ = .097) . 

In relation to visuo-spatial memory, results 

demonstrated that the adolescents with FAS took a much 

longer time than individuals in either comparison group to 

reach the criterion (three consecutive errorless runs 

through a maze) on the Stepping Stone Maze test (Cohort: T = 

-3.68, p = .0002; IQ: T = 2.05, pi. 002). This was true 

despite the fact that they took fewer trials than 

individuals in either comparison group to complete their 

first errorless run (Cohort: T = 2.05, p = .039; IQ: T = 

2.55, p = .010). The FAS participants performed more poorly 

than participants in the Cohort Group on the Spatial Visual 

Reasoning Test (T = 2.88, e = .003), but not the IQ Group. 

Finally, analysis of scores on the Sequence Learning 

Test revealed that while the participants with FAS performed 
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significantly more poorly than those in the Cohort Group on 

the Declarative portion of this test, there was no 

statistically significant difference between groups in 

performance on the Procedural portion. The FAS Group and IQ 

Group performed similarly on both portions of the Sequence 

Learning Test. 

Despite this small sample of individuals with FAS, the 

researchers concluded that these results suggest that 

individuals with FAS demonstrate specific deficits in the 

areas of short-term auditory memory, as well as visual-

spatial memory. In addition, they proposed that the findings 

in relation to the Sequence Learning Test provide 

preliminary evidence for a possible dissociation of 

procedural and declarative memory abilities in this group. 

However, in light of the similar performance of individuals 

with FAS and those matched on IQ on both portions of this 

test, they noted that the "declarative memory deficits 

observed herein may arise from multiple causes, including 

alcohol exposure" (p. 2009). 

Uecker and Nadel (1996) specifically examined spatial 

memory in another study. This aspect of memory in 

individuals with FAS has received increased interest in 

light of findings of vulnerability of the hippocampus and 
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hippocampal mediated behaviors, including spatial cognition, 

in animals prenatally exposed to alcohol. In this particular 

study, Uecker and Nadel (1996) compared object recall 

(immediate and delayed) , spatial memory, and visuo-spatial 

function in a group of school-aged Native American children 

with FAS (n = 15) versus a control group of individuals 

matched on age, gender, and ethnicity. The Memory for 16 

Objects test was used as the measure of object recall and 

spatial memory. The visuo-spatial tests included Facial 

Recognition from the K-ABC battery. Mazes from the WISC 

battery, the Developmental Test of Visual-Motor Integration 

(VMI), and the Clock Drawing test. Results from repeated 

measures ANOVA with the Memory for 16 Objects test indicated 

a significant group by time interaction [F(l,28) = 7.12, p = 

.05]. There was no statistically significant difference 

between FAS and Controls for immediate recall of objects, 

while the Controls were able to remember significantly more 

objects after a 24-hour delay (e = .028). There was also a 

main effect of both group [F(l,28) = 4.93, p <.05] and time 

[F(1.28) = 25.81, p < .0001] on the spatial recall portion 

of the memory for 16 Objects. The Control participants were 

significantly better able to remember the locations of the 

16 individual objects immediately after presentation 
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[F(14,14) = 3.01, E < -05, as well as after a 24-hour delay 

[F(14,14) = 3.11, E < -05]. They were better able to 

remember the general spatial layout of the items regardless 

of their individual placement [F(l,28) = 6.03, p < .05]. 

Results from the visuo-spatial measures revealed that the 

controls performed better on the VMI [F(l,28) = 13.15, p < 

.001] than the children with FAS; there was no significant 

difference in the groups' performance on the Facial 

Recognition test. Scores on mazes showed a significant 

interaction for age by group [F(l,25) = 8.91, p = <.01], 

with younger Controls performing better than those with FAS. 

Chi square analysis of performance on Clock Drawing 

revealed that only the older control children (n = 9) 

performed better than their matched pairs with FAS LX^d) = 

4, p = <.05]. 

From these results, the researchers concluded that 

there does appear to be impairment in spatial memory 

function in individuals with FAS, particularly functions 

which are mediated by the right hippocampus. Because 

impairment on functions thought to be mediated by the left 

hippocampus was not found, the results only partially 

support predictions from animal models related to 

hippocampal vulnerability. The researchers also concluded 



78 

that the findings on the visuo-spatial tests suggest that 

children with FAS demonstrate problems with constructional 

apraxia. Since several different brain areas are thought to 

mediate constructional abilities, including the parietal 

cortex, frontal lobe, and cerebellum, these results suggest 

that alcohol damage is not restricted to the hippocampus. 

Finally, the researchers concluded that children with FAS do 

not appear to have difficulty with facial recognition. This 

assertion warrants additional study, as Uecker and Nadel 

(1996) note that problems with facial recognition have been 

identified in individuals with right hippocampal damage. 

Kaemingk and Tanner Halverson (in press) also examined 

spatial memory in children with PAE. They compared the 

performance of 20 children diagnosed with FAS or FAE to 20 

controls matched on age and sex. All children were Native 

American and were between the ages of 6 and 16 years. 

Measures of spatial location memory included Visual Learning 

from the WRAML, as well as an experimental quadrant 

localization task. Both tasks measured the ability to 

remember where previously presented visual stimuli had been 

seen. Additional measures of verbal memory (i.e.. Verbal 

Learning and Story Memory from the WRAML) and visual 

perceptual skills (i.e.. Judgment of Line Orientation and 
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Facial Recognition) were also included in order to examine 

whether any detected deficits in the FAS/E children were 

restricted to the area of spatial memory or could be 

attributed to visual perceptual or general memory problems. 

MANOVA and post-hoc ANOVA analyses with Bonferroni 

corrections revealed statistically significant group 

differences (p < .008) on tests of spatial memory, including 

both Visual Learning [F(l,38) = 16.35, p = .000] and 

Quadrant Localization [F(l,38) = 9.42, p = .004). 

Statistically significant group differences were also 

revealed on Judgment of Line Orientation [F(l,38) = 11.26, p 

= .002], Verbal Learning [F(l,38) = 9.97, p = .003] and 

Story Memory [F(l,38) = 34.09, p = .000]. There were no 

statistically significant group differences on the Facial 

Recognition task. However, when perceptual and verbal memory 

task performance was taken into account statistically using 

MANCOVA, the significant differences in performance on the 

spatial location memory tasks did not persist [F(2,37) = 

2.76, p= .078]. This latter finding led these researchers 

to conclude that, while individuals with FAS/E may 

demonstrate deficits on spatial locational memory tasks, the 

difficulties cannot be isolated to this particular aspect of 

memory. Evidence of perceptual difficulties, which may also 
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negatively impact performance on spatial locational memory 

tasks, and verbal memory deficits suggest more diffuse 

processing difficulties in this population. 

Verbal learning and memory in children with FAS have 

also been examined in a few studies. Mattson, Riley, Delis, 

Stern, &. Jones (1996) conducted a unique study which 

included two separate control groups, one with children 

matched on chronological age (CA) and one matched on mental 

age (MA). The reason for mental age matching was to 

eliminate the possibility that differences between groups 

may reflect decline in general intellect. Twenty children 

with FAS and 2 0 controls matched on gender, ethnicity, and 

age were included in the first analysis (FAS-CA). Seventeen' 

children with FAS (15 from the first analysis and 2 new 

children) were included in the second analysis (FAS-MA), as 

well as 17 children matched on gender, ethnicity, and mental 

age regardless of chronological age using the Verbal IQ from 

the WISC-R or the WPPSI-R. The California Verbal Learning 

Test for Children (CVLT-C), a list-learning test which 

provides information regarding learning rate and other 

aspects of memory for verbal information (10 measures in 

total), was administered to all participants. Results from 

the FAS-CA analyses revealed a specific effect for Group 
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using MANOVA [Pillai=s F(9,28) = 3.78, n < .01]. Follow-up 

comparisons using F tests indicated that, specifically, CA 

controls remembered more items from a list of words after 

five learning trials [F(l,38) = 25.50, n < .0001] and could 

remember more of the words after a delay of 20 minutes than 

children with FAS, either with [F(l,38) = 20.98, e < .001] 

or without semantic cues [F(l,38)= 16.64, p < .001]. 

Furthermore, the CA controls were better able to 

discriminate words on the list from false positives during 

recognition testing [F(l,38) = 20.66, p < .001], made fewer 

false positive errors during recognition testing [F(l,38) = 

20.58, p < .001] and fewer perseverative responses during 

the learning and recall tasks [F(l,38) = 7.69, p <.01]. 

Trends (.01 < p < .05) were also observed for the Controls 

performing better on number of items recalled after the 

first learning trial and on number of errors of intrusion 

during the learning and recall tasks (i.e., responses of 

non-target items). A separate ANOVA did not identify 

statistically significant group differences in the 

improvement in nvimber of words from the original list 

recalled at recocfnition testing. Furthermore, no 

statistically significant difference was found between 
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groups in the percentage of previously learned words 

recalled after a 20-minute delay. 

Comparisons made in the FAS-MA analysis revealed no 

main effect for group using MANOVA. Subsequent F tests and 

non-parametric tests performed because of the exploratory 

nature of the study, did indicate that the Controls matched 

on mental age were significantly better able to discriminate 

words on the list from false positives during recognition 

testing [F(l,32) = 13.05, p < .005], made fewer false 

positive errors during recognition testing [F(l,32) = 12.26, 

p < .005], and made fewer perseverative responses during the 

learning and recall tasks [F(l,32) = 14.15, p < .005]. 

Based upon these results, the researchers concluded 

that, as compared to normal controls, children with FAS have 

deficits in learning and recalling verbal information. More 

specifically, they demonstrate slower acquisition of 

material over repeated exposure (i.e., a slower learning 

curve), remember less of the presented information over 

time, and have difficulty monitoring their accuracy of 

recall as evidenced by increased perseveration. However, 

they also noted the children with FAS did not forget more 

previously learned information after a 20-minute delay than 

did the controls, suggesting the memory problems in children 
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with FAS may relate more to encoding than retrieval. They 

noted that encoding deficit was also suggested by the higher 

number of false-positive responses, although this could also 

relate to problems with attention and impulsiveness. They 

further concluded that, even when mental age is controlled, 

children with FAS are deficient in some aspects of learning 

and memory, although some may be related to a '^global 

intellectual decline". Persistent problems with 

perseveration, false-positive errors, and lack of 

improvement in recall following recognition testing were 

evident even when mental age was controlled. In addition to 

hippocampal dysfunction, they suggested that these latter 

findings might be explained by problems with response 

inhibition and may implicate the frontal lobes and/or the 

basal ganglia as dysfunctional. As mentioned previously, 

basal ganglia abnormalities have been reported in children 

with FAS (Mattson et al., 1992). 

Mattson, Riley, Gramling, Delis, and Jones (1998) again 

used the CVLT-C to examine verbal learning and memory in 

their study comparing the neuropsychological characteristics 

of alcohol-exposed children with and without the physical 

features of FAS. Their groups included 5- to 16-year-old 

children with FAS (n = 15), prenatally exposed children 
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without the full-syndrome FAS (PEA; n = 10) , and normal 

controls (n = 25) matched with individuals from the other 

two groups on gender, age, and ethnicity. Two MANOVA 

analyses were conducted, with the retention measures 

considered separately. The first MANOVA revealed a 

significant main effect for group [Pillai's F(14,84) = 3.22, 

E < .001], with statistically significant differences on all 

measures per \mivariate F tests or variance t tests 

(conducted in cases where heterogeneity of variance was 

identified). Group comparisons revealed that the FAS and PEA 

groups learned a significantly fewer total nximber of words 

from the list than Controls during five learning trials 

[F(2,47) = 6.10, n < .005], after a distractor list was 

presented [F(2,47) = 5.37, p < .01], and after a delay of 20 

minutes [F(2,47) = 9.88, s < .001]. Both alcohol-exposed 

groups also made more errors of intrusion of non-list words 

during the learning and recall tasks [F(2,47) = 7.10, e < 

.005]. Only the FAS group made more perseverative errors 

during the learning and recall tasks [F(2,47) = 3.84, e < 

.05] and false positive errors during the recognition 

testing [F(2,47) = 6.11, p < .005] or had more difficulty 

discriminating target words from other words during 

recognition testing [F(2,47) = 7.29, p < .005]. As in the 
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previous study by Mattson (1996), the second MANOVA revealed 

no statistically significant difference among groups in the 

proportion of words recalled after the fifth trial that were 

also recalled either immediately after a distractor list was 

presented or after a 20-minute delay. Furthermore, 

additional exploratory analyses using simple correlations 

conducted to examine the relationship between Full Scale IQ 

and these results indicated that IQ was only significantly 

related to two measures from the CVLT-C in the FAS group and 

none in the PEA group. The two measures from the CVLT-C were 

number of items remembered after a 20 minute delay (r = .57) 

and ability to discriminate target words from false 

positives during recognition testing (r = .55). Thus, the 

researchers concluded that "IQ, in and of itself, is not 

sufficient to account for the group differences . . ." (p. 

150) . 

In another study focused upon aspects of verbal memory, 

Dunkle (1997) compared performance of thirteen children 

diagnosed with FAS (n = 11) or FAE (n = 2) between the ages 

of 8 and 16 years of age to that of controls matched on 

gender and age on five memory tasks. Participants were not 

matched on ethnicity. Measures included scores from three 

verbal memory subtests (Story Memory, Sentence Memory, 
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Number/Letter Memory) and one visual memory subtest (Visual 

Learning) from the Wide Range Assessment of Memory and 

Learning (WRAML), as well as the CVLT-C. All participants in 

the FAS/E group had Full Scale IQ scores previously measured 

to be above 72. Preliminary analysis using ANOVA revealed 

statistically significant differences between scores on 

several tests, with the Controls performing better on 

Sentence Memory (F= 9.5, p< .01), Story Memory (F = 7.82, 

p < .01), and the number of original target words correctly 

identified from a list of 45 words during recognition 

testing (F = 7.21, p < .02). Sxibsequent analyses were 

conducted on other measures using the nonparametric Kruskal-

Wallis H test because of findings of non-homogeneity of 

variance. Results indicated that the Controls also performed 

significantly better on Story Recognition (H = 5.60, p < 

.01), and several measures from the CVLT-C, including number 

of words recalled after the fifth learning trial (H = 6.3, p 

< .02), total number recalled during all five learning 

trials (H = 5.21, p < .05), nxamber recalled when semantic 

cues are provided (H = 8.74, p = .01), number recalled after 

a 20-minute delay when semantic cues are provided (H = 4.64, 

p = .05), and ability to discriminate between original and 

false-positives during recognition testing (H = 4.1, p = 



87 

.05). No statistically significant between-group differences 

were identified using ANOVA for Number/Letter, Visual 

Learning, or the following CVLT-C scores: number of words 

remembered after the first learning trial, number of 

interference words remembered from the interference list, 

number of original words recalled after an interference 

list, difference between number recalled after the fifth and 

immediately after interference list, number of words from 

the original list remembered after a 20-minute delay, the 

difference between nxomber of original words remembered after 

an interference list and after a 20-minute delay, number of 

intrusive errors during learning and recall trials, or 

number of perseverative errors during learning and recall 

trials. Furthermore, nonparametric testing failed to reveal 

statistically significant differences between groups on 

number of false-positives identified as from the original 

list during recognition testing. 

In discussion of these findings, Dunkle noted that 

results do support the assertion that individuals with FAS 

remember less auditory information over multiple trials. 

Comparison of the percentages of the increase between trials 

suggests that the groups displayed a similar rate of 

learning (i.e., both increased the nximber of words recalled 
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43% between Trial 1 and Trial 2 and 73% between Trial 1 and 

Trial 5). This latter finding does not coincide with 

findings from Mattson et al. (1996), who reported a slower 

rate of learning in their FAS sample using the same 

instriiment. Furthermore, Dunkle added that, in his study, 

the FAS participants were comparable to the Control 

participants in their ability to retain previously learned 

words from the list after short and long delays and in the 

number of intrusions and perseverations. This latter finding 

also contradicts other findings presented here (Mattson, 

1996; Mattson, Riley et al.,1998). Amount of visual 

information learned over four trials was less for the FAS 

participants as compared to the control participants, as 

evidenced by their significantly lower scores on the Visual 

Learning task in this study. 

While this study provided evidence for intact short-

term auditory attention and memory in at least this sample 

of individuals with FAS, they did have more difficulty than 

controls on tasks requiring immediate memory for more 

complex information (i.e.. Sentence Memory and Story 

Memory). Dunkle also noted that, since the deficiency 

persisted on the Story Recognition task, the problems appear 

to relate to the amount learned rather than merely 
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reflecting a retrieval deficit. However, since individuals 

in the groups were not matched on ethnicity and no language 

information was provided (except that all individuals with 

FAS/E were living in adoptive homes where English was the 

dominant language) it is possible that ethnic and/or 

language differences confounded this study. 

Kodituwakku, Handmaker, Cutler, Weathersby, and 

Handmaker (1995) included two memory measures from the WRAML 

(Design Memory and Story Memory) along with measures of 

Ageneral intelligences (Standard Progressive Matrices; 

Peabody Picture Vocabulary Test - Revised), attention 

(Attentional Capacity Test), planning (Progressive Planning 

Test) , Aregulation of behaviors (Delayed-Response Tasks; 

Controlled Oral Word Association; Subject-Ordered Task), and 

Autilization of feedbacks (Wisconsin Card Sorting Test; 

Competing Motor Programs), in their study of self-regulation 

in children with FAS/E. Ten children with FAS/E were and 10 

matched controls were included in this study. In contrast to 

Dunkle (1997), these researchers did not report 

statistically significant group differences on the WRAML 

Story Memory subtest. Neither were their significant 

differences in performance on WRAML Design Memory. However, 

the children with FAS/E did perform significantly more 
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poorly on Progressive Matrices, the Attentional Capacity 

Test, the Progressive Planning Test, Wisconsin Card Sort 

Test, and one aspect of the Controlled Oral Word Association 

test. The researchers concluded that these results suggest 

that children with FAS/E may display an inability to Ahold 

and manipulate information and to manage goals in working 

memorys (p. 1563) . 

Mattson and Riley (1999) have compared implicit versus 

explicit memory function in children with PAE. These 

researchers noted that comparing these particular aspects of 

memory was warranted in light of neuroanatomic findings of 

specific basal ganglia abnormalities in some individuals 

with PAE and the presumed behavioral roles of these 

structures. According to these authors, association between 

implicit and explicit memory function, with intact skills in 

the former aspect, has previously been suggested in 

individuals with Huntington's Disease -- a population with 

known basal ganglia involvement. Thus, these researchers 

aimed to determine whether a similar dissociation might be 

found in individuals with PAE. 

In their study, Mattson and Riley (1999) compared 

performance among three groups. One was comprised of 21 

children with FAS (ALC Group), a second was comprised of 21 



non-exposed children matched to the ALC Group on age, sex, 

and ethnicity (NC Group), and a third was comprised of 11 

children with Down Syndrome (DS Group) who were similar to 

age to the ALC group. The latter group had significantly 

lower IQ than the ALC group and was included to determine 

whether any potential patterns of performance in the ALC 

group might reflect lower intellect versus the effect of 

PAE. All children were between the ages of 8 and 18 years. 

Group performance was compared on tasks of lexical priming, 

free recall and recognition memory, and verbal fluency. 

Priming is thought to be a subtype of implicit memory 

because it reflects unconscious learning of information. On 

the lexical priming task included in this study, the 

children were first read a list of words twice without being 

instructed to try to remember the words, and then given a 

series of word stems (i.e., first two letters of words), 

some of which could be completed using words from the 

initial list. The children were subsequently asked to 

complete the word stems without being instructed to use 

words from the initial list. Priming was measured by 

comparing by the number of words provided by the children 

which were on the initial list versus those which were not 

on the list. If there is a priming effect (i.e., high 
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percentage of words from the initial list) this would imply 

unconscious learning because the children did not 

consciously learn words from the initial list and were not 

actively trying to retrieve these words from memory. Results 

from this study revealed that, statistically, the children 

with DS Group displayed significantly less priming than the 

ALC Group, but the ALC Group did not differ from the NC 

Group. ALC Group performance on the free recall task was 

statistically lower than for the NC Group, but there was no 

statistical difference between ALC and NC Group performance 

on the recognition task. The DS Group performed 

statistically lower than both other groups on each of these 

explicit memory tasks. Performance on the letter fluency 

task, which was included to rule out general problems with 

word fluency which might impact ability to complete stem 

completion tasks, was stastically lower for the DS group 

than the ALC group, who performed statistically lower than 

the NC group. 

Based upon these results, Mattson & Riley (1999) 

concluded that children with histories of PAE may not be 

globally impaired on tests of memory function, namely 

implicit memory (as measured by priming tasks) . They further 

noted that the ALC Group's intact performance on the 
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recognition task in this study suggest retrieval deficits in 

addition to previously documented encoding difficulties. 

They added that, in light of these findings, alternative 

testing strategies for this population may be warranted 

(e.g., choice tasks to address retrieval problems, hints to 

address intact priming). Furthermore, they considered the 

ALC Group's memory pattern observed in this study to be 

consistent with patterns observed in individuals with 

"subcortical dementia" (e.g., patients with Huntington's 

Disease), thus shedding light on possible neuroanatomical 

bases for the memory abilities (i.e., caudate of the basal 

ganglia). Reductions in caudate size such as those found in 

individuals with FAS have previously been shown to increase 

priming abilities (Jernigan and Ostergaard, 1993). Further 

study of implicit versus explicit memory function in 

individuals with PAE is clearly warranted. 

Finally, the Seattle group has included a limited 

battery of tests in an effort to assess memory in their 

longitudinal study of the neuro-behavioral effects of PAE. 

In 7-year-old children. Digit Span scores from the WISC-R 

were found to be one of the most salient tests in indicators 

of prenatal exposure to alcohol among various tests of IQ, 

achievement, behavior and attention/vigilance using partial 
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least squares methods (Sampson, Streissguth, Barr, and 

Bookstein, 1987). Digit Span is generally thought to measure 

short-term or immediate memory. The Seattle group more 

closely examined the relationship between memory and PAE in 

a subsequent two-block PLS analysis (Streissguth et al., 

1989). Along with 13 alcohol-exposure variables, they 

included eight blocks from a total of 158 neuro-behavioral 

outcome scores in this analysis. Among these was a block of 

18 "miscellaneous tests of memory" (Memory for Faces, 

Seashore Rhythm Test, Tactual Performance Test, Animal 

Naming, and Incidental Learning), three blocks of scores 

derived from the Verbal Memory (20 scores) , Memory for 

Designs (42 scores), and Copying Designs (42 scores) 

subtests of the Children's Memory Test, and four blocks from 

a total of 36 other scores on "miscellaneous 

neuropsychologic", perceptual-motor and behavior measures. 

Results indicated that, along with errors on the Seashore 

Rhythm Test, certain scores from the Memory for Designs and 

Verbal Memory subtests of the Children's Memory Test were 

among the most salient outcome variables related to PAE. 

Memory and Location from the Tactual Performance Test were 

also particularly sensitive. The Seashore Rhythm Test is an 

auditory discrimination test with a memory component during 
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which examinees must discriminate whether or not pairs of 

rhythmic patterns are the same. During Memory for Designs, 

the examinees must recreate line drawings from memory 

immediately following presentation, while during Verbal 

Memory they must recall elements from stories immediately 

following their oral presentation. The researchers noted 

that these results indicate that, in at least 7-year-old 

children, memory problems from PAE are not limited to a 

single type. Problems appear in auditory and verbal memory-

domains (WISC-R Digit Span, Seashore Rhythm, and CMT Verbal 

Memory) , as well as in the visual and spatial memory domains 

(CMT Memory for Designs and TPT) . 

The Seattle group examined the relationship between PAE 

and attention/memory in their 14-year-old cohort using the 

same method (Streissguth, Sampson, et al., 1994). They 

included Seashore Rhythm Test and Stepping Stone Maze as 

their measures of short-term memory. They also included 

Digit Span from the WISC-R, identifying it as their measure 

of the encoding aspect of attention along with measures of 

three other aspects of attention. Stepping Stone Maze was 

identified as a short-term memory involving the use of 

complex spatial information to navigate through a path. The 

relationship between a total of 13 alcohol exposure 
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variables and 52 outcome score variables from these tests 

were analyzed. This time score on Stepping Stone Maze, a 

test not included in the battery administered to the 7-year-

old cohort, was identified along with two scores on 

attention measures as having the highest salience for 

alcohol exposure. Seashore Rhythm was moderately salient, 

but less so than for the 7-year-old cohort. Digit Span, 

which was one of the most salient outcomes in the younger 

cohort was only mildly salient with this sample. The 

researchers suggested that this lack of consistency in 

findings might reflect a need for more complex tasks to 

identify the long-term effects of alcohol exposure in older 

individuals or that the salience of these two tests was 

diminished because the tasks lack a complex motor component 

- a function commonly impaired in this population. 

While research on memory function in individuals with 

PAE is limited at best, some tentative patterns seem to be 

emerging from findings reported so far. For example, 

preliminary evidence generally supports the idea that these 

individuals have particular difficulty on tasks requiring 

memory for location, or the "where" aspect of memory, 

including those aspects of memory required during the 

navigation of complex visual pathways (see Uecker & Nadel, 
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1996, Sampson et al., 1987, in relation to Location portion 

of the TPT, and various findings in relation to Stepping 

Stone Maze), although this finding is not entirely 

consistent (see Dunkle, 1997, in relation to Visual 

Learning). Immediate memory for simple visual information, 

or the "what" aspect of visual memory, may be intact (e.g., 

Sampson et al., 1987 in relation to Animal Naming, 

Incidental Learning; Uecker & Nadel, 1996 in relation to 

Memory for 16 Objects; various tasks measuring memory for 

faces)- This may not be the case when the task requires a 

constructional component (e.g.. Memory for Designs, Memory 

portion of the Tactual Performance Test), as performance on 

these tasks seems to be salient for PAE at least in young 

children (Sampson et al. , 1987) . This latter finding may 

also reflect problems with visuo-spatial skills, in general 

(e.g., Uecker & Nadel, 1996). However, Kodituwakku et al. 

(1995) did not find that individuals with FAS/E in their 

study performed more poorly on this type of task. 

In the domains of auditory and verbal memory, results 

are mixed about whether immediate recall for simple 

information (i.e., span) is affected. While studies 

including Digit Span (Carmichael Olson et al., 1998; Sampson 

et al., 1987) and Seashore Rhythm (Carmichael Olson et al., 
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1998; Sampson et al., 1987; Streissguth, Sampson et al-, 

1994) as measures of short-term auditory memory have 

revealed problems, studies using other measures have not 

(e.g., Dunkle, 1997). Results are also mixed about whether 

problems with perseveration and intrusions interfere with 

learning (e.g., Dunkle, 1997 versus Mattson et al., 1996) 

and regarding the relationship of IQ to these results (e.g., 

Mattson et al., 1996; Mattson et al., 1998). Preliminary 

evidence does seem to suggest that individuals prenatally 

exposed to alcohol do learn less over multiple trials 

(Dunkle, 1997; Mattson et al., 1998) and may have more 

difficulty with immediate verbal memory for more complex 

information, like sentences and stories (Dunkle, 1997; 

Sampson et al., 1987). However, even these results are 

mixed, as Kodituwakku et al. (1995) did not report reduced 

scores on Story Memory for individuals with FAS/E versus 

controls 

Finally, there is very limited initial evidence that 

individuals with PAE may have a relatively intact ability to 

retain information once it has been learned, at least 

following a 20-minute delay. This is true despite their 

problems with initial encoding of the information (Dunkle, 

1997; Mattson et al., 1996; Mattson at al. , 1998). 
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Additional preliminary evidence suggests a possible 

dissociation of declarative and procedural memory in at 

least some individuals with FAS (as measured by the Sequence 

Learning Test), with intact performance on tests of the 

latter aspect (Carmichael Olson et al., 1998). Furthermore, 

there is very preliminary evidence for a possible sparing of 

certain subtypes of declarative memory (i.e., the implicit 

memory ability of priming; Mattson & Riley, 1999), although 

additional study of this subskill is needed. 

Summary 

As this discussion has shown, the niimber of women 

drinking alcohol during pregnancy is siobstantial and, if the 

trend from the last decade continues, will continue to 

increase. This is problematic, as evidence shows that 

alcohol clearly reaches the developing fetus and can impair 

its growth and development through one or several different 

mechanisms. Damage from PAE is evidenced by observations of 

physical and behavioral abnormalities which range in nature 

from very overt to subtle. 

Brain development appears particularly vulnerable to 

insult from PAE, as abnormalities in several brain areas 

have been docxamented in exposed individuals. Importantly, 

the problems with brain development are manifested by 
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various cognitive and behavioral eODnormalities in childhood 

and adulthood. For example, mental retardation is commonly-

found in individuals with FAS, the identifiable syndrome of 

physical and central nervous system symptoms associated with 

heavy PAE. Furthermore, PAE appears to have a differential 

impact on various aspects of the brain structure and 

cognitive function. 

Memory function is one area that appears to be 

negatively affected by PAE. Neuroanatomic findings of 

abnormalities in brain areas important in memory in animals 

and humans suggest that memory might be vulnerable. 

Furthermore, while research is still in its early stages and 

is plagued by contradiction and design problems (e.g., very 

small sample sizes with corresponding reductions in power) , 

studies of memory in exposed individuals suggest that 

various aspects of memory might be differentially influenced 

by alcohol. Considering the importance of memory in daily 

life and education, additional data on memory function in 

this population is clearly needed. Such information would be 

helpful, not only for better understanding of the danger of 

drinking during pregnancy, but for educational and 

therapeutic plaxining with affected individuals. 
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Puirpose 

One purpose of the present research was to add to the 

current knowledge base regarding memory function in 

individuals with FAS/E. This was done by comparing the 

performance of children diagnosed with FAS/E on various 

tests of memory to that of unexposed children matched on 

important variables. A secondary purpose was to determine 

if, in the case where memory deficits are identified, 

various aspects of memory are differentially affected. 

Hypotheses 

There will be a difference between children with 

FAS/E and controls on memory and learning tests. 

Hj Scores on certain memory tests will better predict 

membership in the FAS/E group than others. 
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CHAPTER 3 

METHOD 

Participants 

Forty Native American children between the ages of 6 

years, 9 months and 14 years, 11 months of age served as 

participants in this study. The mean age of participants was 

11 years, 1 month. All participants lived on a reservation 

near a large southwestern city and attended either an 

elementary or junior high school. Twenty of the participants 

(12 males and 8 females) had previously been diagnosed with 

either Fetal Alcohol Syndrome (n = 11) or Fetal Alcohol 

Effects (n = 9) by a geneticist/dysmorphologist. School 

records indicated that four had the additional diagnosis of 

emotional disability, three were mildly mentally retarded, 

one was physically disabled, and 11 were learning disabled. 

Twenty additional participants matched with children in the 

FAS/E group on chronological age (within two months) and 

gender served as controls. None of the additional 

participants had been diagnosed FAS/E or with other 

learning, emotional, or physical problems. There was no 

statistically significant difference between children with 

FAS (M = 63.45, Sfi = 10.81) and FAE (M = 68.78, SD = 10.10) 

in general intellect, as measured by the Wechsler 
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Intelligence Scales for Children- Third Edition [t,(18) = -

1.128, E = ."2.1 A, two-tailed]. All participated with 

permission of a parent or guardian and all participants 

provided assent. Over 90% of the participants initially 

solicited for participation in this study were allowed by 

their parents to participate, enhancing the degree to which 

the samples may represent the population intended for study. 

Instruments 

The Wide Range Assessment of Memory and Learning 

(WRAML; Sheslow & Adams, 1990a) was chosen for use in this 

study because it is one of the most well-accepted, 

relatively comprehensive measures of memory function 

available for children. The only other comprehensive measure 

of memory function in children, the Test of Memory and 

Learning (TOMAL; Reynolds & Bigler, 1994), had only recently 

become published at the time of data collection and was not 

chosen for use because only very limited information 

regarding the measurement characteristics of this instrument 

was available. Before the development of the WRAML, 

researchers were forced to piece together subtests and 

subscales from various instruments to measure children=s 

memory skills. As Sheslow and Adams {1990b) point out, these 

tests were often standardized on different samples and/or 
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had unknown or inadequate psychometric precision. Thus, the 

WRAML was chosen for administration to reduce the potential 

for these problems, thereby facilitating accurate 

interpretation of data. 

Another reason that the WRAML was chosen as the 

instriiment in this study was that the structure of the test 

allows the examiner to assess various aspects of memory. 

Specifically, subtests of the WRAML. were constructed to 

allow assessment of memory in children and adolescents 

across specific modalities (i.e., verbal versus visual 

memory) , levels of meaningfulness, time and type of 

criterion (i.e., immediate versus delayed recall versus 

recognition), and over multiple trials. The specific aspects 

of memory measured by this instrument were those considered 

by Sheslow and Adams (1990b) to provide the most clinical 

utility and relevance. While not all inclusive, the 

conceptual distinctions reflected in the structure of this 

test are in alignment with some dichotomous memory 

distinctions described previously in this paper. 

A final reason the WRAML was chosen for this study was 

that this particular instrximent has proven to be useful in 

describing the differences between normal populations and 

those with characteristics similar to those foiand in 
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children prenatally exposed to alcohol. For example, results 

from two separate studies indicated that certain scores on 

the WRAML could be used to discriminate between groups of 

children diagnosed with Attention Deficit/Hyperactivity 

Disorder clearly (ADHD) and normal controls, and that the 

results were consistent with the types of memory problems 

one would theoretically expect to find in the ADHD 

population (Adams, Sheslow, Robins, & Wilkinson, 1990; 

Mealer, Morgan & Luscomb, 1996) . 

Ultimately, a total of nine subtests comprises the main 

battery of the WRAML. These are divided in subsets of three, 

each of which comprises a composite subscale measuring 

Verbal Memory, Visual Memory, or Learning. The subtests 

comprising the Verbal and Visual Scales are constructed 

along the dimension of meaningfulness, with tests varying in 

the amount of semantic complexity involved. The subtests of 

the Learning Scale all evaluate performance over a nximber of 

learning trials, but vary in the modality of interest (i.e., 

verbal learning versus visual learning versus cross-modal 

learning). Besides these subtests, five subtests measuring 

aspects of delayed recall and recognition memory were 

administered, although scores from these were not considered 

as part of this study. Administration time for the entire 
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battery including recall and recognition tests is 

approximately one hour. Table 2 provides information on the 

specific nature of the WRAML subtests and subscale variables 

included in this study. 

The Verbal Memory Scale consists of three svibtests that 

measure a child=s ability to remember increasingly 

meaningful verbal information. For Number/Letter Memory, the 

child is asked to repeat a random mix of nijmbers and letters 

after the examiner. These range from two to 10 units in 

length. For Sentence Memory, the child is asked to repeat a 

series of meaningful sentences that increase in length. The 

authors noted that they chose sentences that reflect 

contemporary content relevant for 

children of various cultural backgrounds. For both 

Number/Letter Memory and Sentence Memory, the children 

continue until a discontinue criterion is met. During Story 

Memory, two short stories of different developmental levels 

and complexity are read by the examiner. The child is 

subsequently asked to recall via free-recall format as much 

of the story as he or she can, and is scored on the niomber 

of details he or she can recall. 

The Visual Memory Scale is made up of three subtests 

measuring a child's ability to remember increasingly 
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Table 2 

Rripf m<?rriDt:inn of the WRAMT. 5^iihtP<=;t 

Variahlpc; f Adapted from Sheslow IggQ 1 

Variable Description 

Verbal Memory Scale 

Number/Letter Memory 

Sentence Memory 

Story Memory 

Visual Memory Scale 

Finger Windows 

Design Memory 

Picture Memory 

Learning Scale 

Verbal Learning 

Visual Learning 

Sound Symbol 

General Memory Index 

Composite of three subtests 
measuring the ability to remember 
verbal information. 

Rote memory for progressively 
longer strings of randomly mixed 
numbers and letters. 

Memory for progressively longer 
meaningful sentences. 

Memory for information from two 
stories. 

Composite of three subtests 
measuring the ability to remember 
visual information. 

Rote memory for progressively 
longer pointing sequences of 
visual patterns. 

Memory for line drawings requiring 
motor reproduction. 

Memory for elements of a complex 
meaningful scene. 

Composite of three subtests 
measuring learning over trials. 

Memory for a list of unrelated in 
a words over four consecutive 
trials free-recall format. 
Memory for locations of abstract 
visual designs over four 
consecutive trials in a free-
recall format. 
Memory for a series of pairs of 
sounds and abstract figures. 
Composite of scores on all nine 
subtests. 
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meaningful visuo-spatial information. During the Finger 

Windows subtest, the child is asked to reproduce a series of 

"rote" visual patterns presented by the examiner. First, 

the examiner points to increasingly longer series of 

locations on a card and then the child is asked to do the 

same. A discontinue rule applies to this test. For Design 

Memory, the child is sequentially presented with a series of 

four line drawings. After each design is presented, a 10-

second delay is initiated, followed by a request for the 

child to reproduce the design using pencil and paper. The 

child is scored on the number of design characteristics 

reproduced correctly. Finally, during Picture Memory the 

child is shown a series of four complex, but meaningful 

scenes. After each scene is exposed for 10 seconds, a second 

scene is immediately presented which is similar to the first 

scene, but in which certain elements have been changed or 

added. The child is asked to put an "X" on each element of 

the second scene changed or added and is scored on the 

number of changes or additions correctly identified. The 

number of elements incorrectly identified as changed or 

added (false positives) is not considered in the scoring 

procedure. 
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The Learning Index consists of three subtests that 

measure learning over multiple trials. During the Verbal 

Learning subtest the child is read a list of simple non-

related words and is immediately asked to recall the words 

via free-recall. The number of words presented varies by 

age. Three additional presentation and recall trials follow. 

The child is scored on the total number of recalled words 

over the four trials. During the Visual Learning subtest the 

child is presented with a board containing series of either 

12 (8 years of age and younger) or 14 (9 years of age and 

older) designs arranged on it. Each design is covered by a 

foam cover. Each foam cover is lifted for one second and 

then replaced until all the designs have been revealed. 

Immediately after all the designs have been revealed, the 

chid is shown a sequence of pictures of the designs from a 

spiral book and asked where that design is on the board. 

Incorrect responses are immediately corrected by showing the 

child the true locations. The designs in the spiral book 

shown three more times in the same manner as the first 

trial, but no corrections are given during the fourth trial. 

The child is scored on the number correctly remembered 

across all trials. During the Sound Symbol subtest, the 

child is shown a series of shapes paired with a sound and 
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are asked to repeat each sound immediately after each is 

presented. The number of sound-symbol pairs presented varies 

by age. After the initial presentation, the child is shown 

the shapes again and is asked to provide the correct sound. 

Incorrect responses are corrected by the examiner. Three 

more trials follow with administration the same as the first 

trial, but no feedback is given on the fourth trial. The 

child is scored on. the total number of correct responses 

over all four trials. 

The WRAML was standardized on 21 groups of children 

between the ages of 5 years, 0 months and 17 years, 11 

months for a total of 2,3 63 children. Half-year, one year 

and two year intervals were used to form groups depending 

upon age, with 110-119 in each group. Smaller (1-year) age 

intervals were used for younger children (5- to 13-year-

olds) to ensure adequate measure of developmental changes 

that may occur during that time. The normative sample 

represented the national population in relation to gender, 

race, regional residence, metropolitan/non-metropolitan 

residence, and socioeconomic factors based upon the 

information in the 1980 U.S. Census and Rand McNally 1988 

Commercial Atlas and Marketing Guide. Normative data for the 

individual WRAML subtests are presented as scaled scores 
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with a mean of 10 and standard deviation of three. Standard 

scores and percentile ranks are available for the Verbal, 

Visual, Learning, and General Memory Indices, each with a 

mean of 100 and standard deviation of 15. Guidelines are 

provided for making a nominal determination of performance 

level (i.e.. Bright Average, Average, Low Average, 

Borderline, Atypical) for the recall and recognition tests. 

The WRAML administration manual (1990b) provides some 

data regarding the instrument's reliability and validity. 

The WRAML has shown favorable reliability upon initial 

testing, suggesting it would permit stable estimates of 

individual ability. Coefficient alpha indices computed as a 

measure of internal consistency yielded minimal variability 

across the age groups for any specific subtest or index, 

suggesting that the median is an appropriate way to describe 

reliability of each measure. The median subtest coefficients 

ranged from .78 to .90 for the nine individual subtest, and 

Verbal, Visual, Learning, and General Memory Index 

coefficients were .93, .90, .91, and .96, respectively. 

Person separation statistics for the subtests were 

acceptable, ranging from .79 to .94. Test-retest was 

conducted over periods of more than 60 days (M = 108 days, 

SD = 56 days) and stability coefficients for the indexes 
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were .84 for General Memory, .82 for Verbal Memory/ .61, for 

Visual Memory, and .81 for Learning. The test authors were 

careful to outline their concerns regarding possible "carry

over effects" possibly inherent in test-retest using memory 

measures, and further noted that "since individuals may 

retain differing cimounts of learned information, the 

correlation of these two measures may not accurately reflect 

the ability of the test to estimate the true score" (£. 85). 

Standard error of measurement using the coefficient alpha 

measures for the subtest scaled scores ranged from .9 to 

1.3, while the range for the index and composite standard 

scores was 3.0 to 4.5. 

The predictive validity of the WRAML has been evaluated 

in relation to both cognitive ability and academic 

achievement. Correlations between WRAML Index and Composite 

scores and WISC-R Subscale scores (i.e.. Verbal IQ, 

Performance IQ, Full Scale IQ) revealed moderate positive 

relationships between Full Scale IQ and Verbal Memory (r = 

.382), Visual Memory (r = .456), Learning (r = .362), and 

General Memory (.558) which were significant at the e <.05 

level. This is consistent with the test authors' predictions 

that, since memory is a different, but related, concept than 

general cognitive ability, low to moderate correlations with 
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standardized tests of intelligence would exist. Studies 

examining the relationship of WRAML and achievement, as 

measured by the WRAT-R, indicated that different aspects of 

memory were more highly related to achievement at younger 

versus older ages. For example, while the General Memory 

Index was significantly related to WRAT-R Reading (r = 

.349), Spelling (r = .393), and Arithmetic (r = .458) at the 

E < -05 level in 6- to 8-year-old children, it was only 

significantly related to Arithmetic (r = .378) in 16- to 17-

year-old children. The relationship between the other WRAML 

Index Scores (i.e.. Verbal Memory, Visual Memory, and 

Learning) and WRAT-R scores also varied by age. In light of 

these findings, the test authors noted that additional 

research regarding the relationship of memory, academic 

achievement and age appears warranted. 

In relation to content validity, the authors indicated 

that "item and person separation statistics indicated that 

the selected items for respective subtests define variable 

lines which effectively separate persons according to skill 

level" (p. 89). They added that the "consistently high 

level of these indexes is strongly supportive evidence for 

the WRAML's content validity" (p. 89). 
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Recently, questions have arisen regarding the construct 

validity of the WRAML. Most of this attention has been 

focused on the validity of the three indexes comprising the 

test (i.e.. Verbal Memory Index, Visual Memoiry Index, 

Learning Index). While the authors completed a principal 

components analyses using varimax rotation with the subtest 

data that provided evidence of three distinct factors, the 

subtest loadings do not appear to support the actual 

construction of this test in relation to the sxibscales. For 

example, the Visual Learning subtest loaded more strongly on 

a factor with Design Memory, Finger Windows, and Picture 

Memoiry, than with the other "learning" tests. Furthermore, 

the Story Memory subtest loaded more strongly on the factor 

with Verbal Learning and Sound Symbol than with the other 

two "verbal memory" tests. Despite these findings, the 

authors maintained these subtests on the Visual and Verbal 

Indexes, respectively, because of the "logical consistency" 

offered by their original test structure. However, since 

subsequent factor analytic studies have not called into 

question the subtests per se, but the underlying factor 

structure for various populations (e.g., Aylward, Gioia, 

Verhulst, & Bell, 1995; Burton, Mittenberg, Gold & Drabman, 

1999; Gioia, 1998 Phelps, 1995), it is probably important to 
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look at scores from each subtest as individual measures 

rather than relying in the Index scales for interpretation. 

Procedures 

The present study was part of a larger research project 

investigating neuropsychological function in children with 

Fetal Alcohol Syndrome/Effeets. Since the research samples 

were drawn from a Native American population living on a 

reservation, an appeal to conduct the research was made to 

the tribal school board at a board meeting in order to gain 

access to the population and obtain cooperation from 

educational staff. Consent to conduct the research was also 

obtained via review from a university Human Subjects 

Committee (see Appendix A). 

After permission to conduct the research project was 

granted, one investigator compiled a list of children who 

had been previously identified by a 

geneticist/dysmorphologist as meeting the criteria for a 

diagnosis of Fetal Alcohol Syndrome or Fetal Alcohol Effects 

using the standard diagnostic criteria. This investigator 

had access to a list of diagnosed individuals as she was 

also employed as a school psychologist for the public school 

district on the reservation and coordinated routine 

screenings for FAS/E on the reservation. The parents of age-
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appropriate children with FAS/E diagnoses were then 

contacted by an outreach worker, either by phone or in 

person, who explained the nature of the study and solicited 

their participation. All parents who agreed to allow their 

children to participate signed an informed consent form that 

outlined the study, their right to withdraw, and information 

regarding confidentiality (see Appendix B). It was made 

clear that participation was voluntary and that there would 

be no repercussions should they choose to deny their child's 

participation. It was also explained that each family would 

receive $20.00 compensation for participation, which they 

would receive even if they chose to withdraw their child 

from the study. 

After the FAS/E children who were allowed permission 

for participation in the study were identified, each was 

matched by gender and birth date (within 2 months) to a 

control child who attended the same school. This matching 

was completed by the investigator who was a school 

psychologist on the reservation. The parents of the 

potential matched control participants were then contacted 

following the same procedure as for the parents of the FAS/E 

participants. These parents also signed informed consent and 

were also compensated. In the case where parents denied 
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participation, an alternative matched control was identified 

and the procedure was repeated. 

A comprehensive battery of neuropsychological tests, 

including the WRAML, was administered to each subject at 

his/her respective school during a school day. Testing was 

completed in an area conducive to obtaining accurate 

measures with minimal interference. Measures in the larger 

battery were counterbalanced in that they were not 

necessarily administered in the same order for each child. 

Furthermore, three examiners, including the author (a 

certified school psychometrist) and two other qualified 

examiners (a licensed psychologist and another school 

psychometrist), administered the individual tests to the 

participants. The subtests of the WRAML were administered 

and scored in a manner consistent with standardized 

procedures as outlined in the test manual (Sheslow & Adams, 

1990b). Completion of the WRAML took approximately one hour 

per child, while completion of the entire battery took 

approximately 3.5 to four hours per child. Testing generally 

occurred over two to three sessions. Upon completion of the 

larger test battery, each child was thanked and returned to 

his or her respective classroom. 
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Statistical Analyses 

The first hypothesis, that there is difference between 

children with FAS/E and matched controls on memory measures, 

was tested using two-way mixed design ANOVA procedures with 

repeated measures. Sxibsequent post-hoc comparisons were 

completed as appropriate using univariate ANOVA. This design 

was chosen in an effort to the minimize the chance of Type 

II error associated with multiple planned comparisons. 

Repeated measures designs also offer the advantage of 

greater sensitivity, which results from the smaller error 

term required for the assessment of certain treatment 

effects (Keppel & Zedeck, 1989). The second hypothesis, that 

scores on certain memory test better predict membership in 

the FAS/E group than scores other memory tests, was tested 

using a discriminant function analysis. 
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CHAPTER 4 

RESULTS 

Analysis of Variance Procedures 

A series of three 2x3 ANOVA analyses were completed 

with group membership as the between-participants variable 

(FAS/E vs. Controls) and subsets of WRAML subtests as the 

repeated measures. The subsets of WRAML subtests reflected 

test construction, with each WRAML sxibscale constituting a 

separate within-participants variable. Subsequent to overall 

analyses, post hoc comparisons were carried out using one

way ANOVA and t tests where appropriate. There were no 

violations of the ANOVA assiimptions. Bonferroni correction 

was used to decrease probability of Type I error from 

multiple comparisons. The beginning p value of < .05 was 

divided by the number of comparisons (3) in each of the 

three separate analyses. Thus, for the post hoc 

comparisons, group differences with p < .017 were considered 

significant. Magnitude of the calculated effect sizes (i.e. 

small, moderate, large) were estimated using guidelines 

provided by Cohen (1998). Because Cohen's guidelines for 

interpretation are more liberal than are guidelines from 

many other authors, they will be used here as strict 

criteria. 
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Verbal Memory 

The verbal memory data were analyzed with a 2 x 3 ANOVA 

with repeated measures on the second factor. Group (FAS/E 

and Controls) served as the between-participants factor, 

while verbal memory measure (Number/Letter Memory, Sentence 

Memory, and Story Memory) served as the within-participants 

factor. The analysis revealed that there was no 

statistically significant interaction for group x verbal 

memory [F(2,76) = 2.20, E = .117] despite moderate effect 

sizes (eta = .24). 

Subsequent analysis of main effects revealed a 

statistically significant [F(l,38) = 46.74, e = -000, p < 

.05], strong effect for group (eta = .74). The nature of the 

main effect was such that overall performance on the verbal 

memory measures was stronger for the Control participants (M 

= 8.33) than for the participants with FAS/E (M = 4.82). 

Group means, standard deviations, and effect sizes for the 

differences in group means (Cohen's d) for each of the three 

verbal memory measures are provided in Table 3 . A line graph 

of the score means by group is provided in Figure 1. 

Inspection of the effect sizes indicates that the mean 

differences are consistently strong. 
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Figure 1: Verbal memory score means for participants with 

FAS/E and controls. 

Table 3 

Grniip MRans. Standard Deviations, and Effect Sizes for 

VftrhaT Memory Measures 

FAS/E Control Effect Size 

Measure HTSD) mTsD) I 

Number/Letter 4.85(2.32) 7.85(1.90) 1.58 

Sentence Memory 4.05(2.37) 7.05(1.91) 1.57 

Story Memory 5.55(2.52) 10.10(2.40) 1.90 
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An additional statistically significant main effect was 

observed for verbal memory test [F(2,76) = 14.67, ̂  = .000], 

which was strong in nature (eta = ,53). This effect was more 

fully explored using post hoc pairwise comparisons using a 

GLM model. Results showed that all subtest scores differed 

significantly from one another (p < .017 for each 

comparison). The pooled participants performed most strongly 

on Story Memory (M = 7.83, SE = .39), then N\imber/Letter 

Memory (M = 6.35, SE = .34), with weakest performance on 

Sentence Memory (M = 5.55, SE = .34). 

Visual Memory 

The visual memory data were analyzed by a 2 x 3 ANOVA 

with repeated measures procedure similar to that described 

for Verbal Memory. Group again served as the between-

participants factor, while visual memory subtest (Finger 

Windows, Design Memory, and Picture Memory) served as the 

within-participants factor. A significant interaction was 

observed for group x visual memory test [F (2,74) = 31.59, p 

= 007.] that was moderate in magnitude (eta = .36). 

Post hoc one-way ANOVA tests were conducted to explore 

the nature of the group x visual memory test interaction. 

Group means, standard deviation, ANOVA results, and effect 

sizes (Cohen's d) are presented in Table 4. A line graph of 
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Figure 2: Visual memory score means for participants with 

FAS/E and controls. 

Table 4 

Group Means, Stcindard Deviations, ANOVA Results, and Effect 

Sizes for Visual Memory Measures (1,38 DF) 

FAS/E Control ANOVA E.S. 

Measure M(SD) 

Finger Windows 6.73(3.11) 

Design Memory 6.21(2.80) 

Picture Memory 8.53(2.76) 

M(SD) F p d 

1.86 

1.39 

.44 

11.15(2.37) 27.25 .000 

9.65(2.48) 16.55 .000 

9.45(2.09) 2.10 .155 
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the score means by group is provided in Figure 2. There were 

statistically significant group differences (p < .017) on 

Finger Windows [F(l,38) =27.25, p = .000] and Design Memory 

[F(l,37) = 16.55, p = .000], with Control participants 

performing more strongly than those with FAS/E. Effect sizes 

for the group differences on these two subtests were strong 

(1.86 and 1.39, respectively). No statistically significant 

group difference was observed on Picture Memory [F(l,38) = 

2.10, p = .155]. The effect size was small for the group 

differences on this subtest (.44). 

Learning Subtests 

A third 2x3 ANOVA test with repeated measures was 

completed with group as the between-participants factor and 

learning subtests (Verbal Learning, Visual Learning, and 

Sound Symbol) as the within-participants factor. No 

significant interaction was observed for group x learning 

test [F(2,76) = 1.72, n = .186), with small effect size (eta 

= .21). 

Subsequent analysis of the main effects revealed a 

statistically significant (p < .05) effect for group 

[F(l,38) = 17.99, p = .000]. The effect was large (eta = 

.57). Overall performance on the learning tests was stronger 

for the participants in the Control group (M = 10.10) as 
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compared to those in the FAS/E group (M = 7.22). Group 

means, standard deviations, and effect sizes for the 

difference in group means (Cohen's d) for each of the three 

verbal memory measures are presented in Table 5. A line 

graph of the score means by group is provided in Figure 

3. Inspection of the effect sizes indicates that the mean 

differences are variable, but consistently strong. 

An additional statistically significant main effect was 

obseirved for learning test [F(2,76) = 12.04, p = .000]. The 

nature of this main effect was more fully explored using 

post hoc pairwise comparisons using a GLM model. Overall 

means and standard errors for each test were as follows: 

Verbal Learning M = 9.35, ̂  = -45; Visual Learning M = 

9.15, SE = .46; and, Sound Symbol M = 7.48, ̂  = .34. 

Results indicated statistically significant differences 

between the pooled participants' scores on Sound Symbol and 

scores on both Verbal Learning (p = .000) and Visual 

Learning (p = .001). Their overall scores on Verbal Learning 

and Visual Learning did not differ statistically (p = .662). 

Classification Procedures 

Results of the discriminant function analysis for the 

WRAML are presented in Table 6 and Table 7. In the structure 

matrix for the computed function presented in Table 6, each 
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Figure 3: Learning test means for participants with FAS/E 

and controls. 

Table 5 

Group Means. Standard Deviations, and Effect Sizes for 

Lieamina Measures 

FAS/E Control Effect Size 

Measure M(SD) MfSD) d 

Verbal Learning 

Visual Learning 

Sound Symbol 

7.95(2.68) 

7.30(3.15) 

6.40(2.19) 

10.75(2.92) 

11.00(2.62) 

8.55(2.14) 

.96 

1.41 

1.00 
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Table 6 

Structure Matrix- from the Pi sr-r i m i nan t Function Analysis on 

WPAML Subtest Scores 

Variable Function 1 Correlations 

Story Memory .580 

Finger Windows .517 

Number/Letter Memory .438 

Sentence Memory .432 

Design Memory .420 

Visual Learning .400 

Verbal Learning .302 

Sound Symbol .300 

Picture Memory .122 
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Table 7 

St;=indard i 7:i=>d r:^nnnir;=i1 Di ??rr i m i n t: Funrtion Coefficient?? 

for the WRAMT. V^ariables 

Variable Function 1 Coefficient 

Design Memory .511' 

Finger Windows .264 

Sentence Memory .128-

Sound Symbol -.256 

Story Memory .698 -

Visual Learning .262 

Picture Memory -.265 

Verbal Learning .068" 

Number/Letter Memory .394 -
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variable is ranked according to the strength of its 

contribution to the overall classification. As indicated by 

these data, performance on Story Memory defines this 

function to the strongest degree (correlation = .580), 

followed closely by performance on Finger Windows 

(correlation = .517). Scores on Number/Letter (correlation = 

.438), Sentence Memory (correlation = .432), and Design 

Memory (correlation = .420) had lesser influence. However, 

when the standardized coefficients were examined (see Table 

7), it became evident that only the Story Memory 

(coefficient = .698), Design Memory (coefficient = .511), 

and Number/Letter Memory (coefficient = .394) variables were 

not redundant in the presence of other variables. The Finger 

Windows (coefficient = .264) and Sentence Memory variables 

(coefficient = .128) were redundant with others in the set. 

Using the computed discriminant function with prior 

probability set at .5 for each group, 92.3% of the cases in 

the two groups were classified correctly (see Table 8). This 

represents an improvement of 42.3% over the prior 

probabilities. While 89.5% of the individuals in the FAS/E 

group were correctly classified, 95% of the matched controls 

were correctly classified. 
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Table 8 

CI as<?i fi ration Results from Discriminant: Funrtinn Analysis? 

on WRAMF. 5^iihtest Scores 

Predicted Group Membership 

FAS/^ Control 

Actual Group n. % R % 

FAS/E (H = 19) 17 89.5 2 10.5 

Control (n = 20) 1 5.0 19 95% 

Note. Percentage of grouped cases correctly classified = 
92.3%. Prior probabilities were set at .50 for each 
group. 
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CHAPTER 5 

DISCUSSION 

Few studies have explored memory function in 

individuals with PAE. As predicted, results from the present 

study do provide evidence for memory dysfunction in this 

population, at least in those diagnosed with FAS or FAE. 

Furthermore, scores on some specific memory measures 

discriminate between individuals with and without FAS/E 

better than others. Specific results and their implications 

will be discussed in turn. 

Memory Results 

The FAS/E children in this study displayed significant 

weaknesses in short-term memory for both verbal and visual 

information. They attained significantly lower scores than 

their matched peers on all three of the verbal memory tests, 

and two of the three visual memory tests. Furthermore, as 

evidenced by their significantly lower scores on all of the 

learning subtests, they recalled less information than 

normal peers even with the benefit of repeated exposure. The 

learning problems persisted whether the information was 

visual or verbal in nature. These findings suggest that 

their memory disability extends across major functional 

domains. 
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In the verbal domain, children with FAS/E in this study 

displayed a reduced span of memory for rote strings of 

auditory information. They performed significantly lower 

than their matched peers on a task where they were required 

to recall strings of intermixed numbers and letters 

immediately after their presentation. This finding is 

consistent with results from several other studies that 

included measures of memory for strings of digits (e.g., 

Carmichael Olson et al. , 1998; Sampson et al., 1987) and 

sounds (Carmichael Olson et al., 1998; Sampson et al., 1987; 

Streissguth, Sampson et al., 1994). Problems with this type 

of task could reflect deficits in encoding and/or retrieval 

from immediate memory. Furthermore, the encoding problems 

could also suggest an attention deficit in this population. 

However, these results do contradict those reported by 

Dunkle (1997), who found no differences in scores between 

groups of children with FAS/E and controls on the same 

measure from the WRAML included in this study. Dunkle also 

reported that his groups recalled a similar number of words 

from a word list after first presentation. 

Memory for more complex verbal information was also 

compromised in the children with FAS/E in this study. The 

children in the FAS/E group were significantly less able 



133 

than their normal peers to accurately repeat sentences and 

stories immediately after presentation. These findings 

coincide with those reported by Dxinkle (1997) , who used the 

same measures, and with those from Streissguth, Bookstein, 

et al. (1989), who employed a similar measure of story 

memory from another test battery. Problems with this type of 

task imply that, besides the difficulties with immediate 

recall for less meaningful information described in the 

previous paragraph, the problems persist when the 

meaningfulness of the information is increased. Reduced 

language development in this population, as reported in 

previous studies (e.g., Conry, 1990; Janzen et al. , 1995), 

could also negatively affect their ability to benefit from 

enhanced verbal meaningfulness. In effect, the stories and 

sentences may not be ̂  meaningful for the FAS/E children as 

their noirmal peers because of the lower language 

development. Expressive language problems may also 

negatively affect the ability to repeat the stories 

successfully. On the other hand, Kodituwakku et al. (1995) 

did not report differences between their samples of children 

with FAS/E and matched controls on WRAML Story Memory, 

although their power to detect group differences may have 
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been hampered by their very small sample size of 10 

individuals per group. 

In relation to the visual domain, the children with 

FAS/E attained significantly lower scores on a test where 

they were asked to replicate pointing sequences. As with 

strings of numbers and letters, problems on this task could 

reflect difficulties at either the encoding or retrieval 

stages of memory. These findings contradict results from 

other studies that have suggested that individuals with PAE 

or FAS/E may have intact immediate recall of simple visual 

information, at least in the form of faces (Kaemingk & 

Tanner Halverson, in press; Streissguth, Bookstein et al., 

1989; Uecker & Nadel, 1996), and objects (Uecker & Nadel, 

1996). However, since this particular test has a locational 

component (i.e., they must recall where they saw the 

individual components of the pattern) rather than what they 

saw (i.e., the actual stimulus remained the same), this 

finding may reflect problems with memory for location rather 

than simple visual memory per se. Previous studies have 

suggested that individuals with FAS/E have less difficulty 

with immediate memory for what they saw than where they saw 

it (e.g., Uecker & Nadel, 1996). 
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The children with FAS/E in this study also had 

significantly more difficulty reproducing line drawings from 

memory 10 seconds after their presentation than did their 

normal peers. This finding is consistent with results from 

other studies using similar types of tasks (Streissguth, 

Bookstein et al., 1989). However, since different processes 

are involved in this task, there are also several different 

potential causes of their problems here. The reduced 

performance could reflect a memory deficit. However, it 

could also reflect visual-perceptual or visuo-spatial 

problems (Kaemingk & Tanner Halverson, in press; Uecker & 

Nadel, 1996). Another possibility relates to the 

constructional component involved in this test. Since 

children with PAE and FAS/E have also been shown to have 

substantial difficulties reproducing line drawings from a 

model when memory is not required (Uecker & Nadel, 1996), it 

is possible that their difficulties reflect constructional 

apraxia rather than memory problems per se. Likewise, the 

poorer scores could result from problems with remembering 

location. Since scores on this test depend both upon the 

individual's ability to remember and reproduce specific 

aspects of the designs (i.e., "what" aspect), as well as the 

correct placement of various design components in relation 
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to one another (i.e., "where" aspect) deteirmining where the 

problem lies is difficult. It is plausible that the reduced 

performance could reflect a combination of any of the above 

factors. 

Children with FAS/E attained scores similar to their 

matched peers on a task assessing immediate memory for 

elements of a complex meaningful scene. As a group, they 

correctly identified as many aspects of the scenes that had 

been changed or added in a subsequent presentation. It is 

possible that the children with FAS/E benefited from the 

increased meaningfulness of the information in this task. 

However, it is also possible that their comparable "hit 

rate" in correctly identifying the changed or added 

components was the coincidental result of a tendency to 

identify aspects randomly as changed or added (i.e., a 

tendency for a positive response bias) which resulted in 

both correct and incorrect responses ("false positives"). 

Positive response bias and poor discriminability between 

correct and incorrect answers have been documented in other 

studies involving memory for verbal material (Dunkle, 1997; 

Mattson et al., 1996; Mattson et al., 1998), and may suggest 

problems with impulsive responding. 
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Consistent with previous studies using similar measures 

(Dunkle, 1997; Mattson et al., 1998), children with FAS/E in 

this study remembered significantly fewer words from a word 

list across four trials than their normal peers. The same 

was true in relation to their memory for pairs of sounds and 

symbols and locations of abstract visual designs. This 

latter result is consistent with previous findings of 

problems with memory for location after a single trial in 

this population (Uecker & Nadel, 1996). It also suggests 

that these deficits persist even with the benefit of 

repeated exposure to locational information. 

Aside from the findings related to group differences, 

the results demonstrated that Native American children in 

this study demonstrated particular patterns of performance 

on the subtests of the WRAML which could be generalized 

across groups. For example, in relation to the verbal memory 

measures, the pooled participants performed significantly 

better best on the task where they were required to recall 

stories versus tasks where they were required to repeat 

sentences and this difference was statistically 

significant). This could imply that both groups, to some 

degree benefited from the enhanced meaningfulness of the 

stories. It could also imply that, although the participants 
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might have had difficulty remembering each successive word 

in the sentence (i.e., scores depended on the nxamber not 

type of errors), they may experience more success in 

remembering the gist or main points of what has been heard. 

Statistically significant differences were also identified 

on the pooled participants' performance on the task where 

they were required to repeat strings of numbers and letters 

versus both the sentence and story recall tasks. However, 

the group means for these tests were so similar as to limit 

clinical applicability of this finding. 

The pooled Native American participants in this study 

also demonstrate a consistent pattern of performance on the 

learning subtests. While they attained similar scores on 

the visual learning and verbal learning subtests, they 

attained significantly lower scores on the task where they 

were required to recall pairs of abstract sounds and 

symbols. The potential causes for the problems on this task 

could be either intrinsic (e.g., reflecting a different 

learning or thinking style in the Native American culture) , 

or extrinsic (e.g., less direct instruction involving sound-

symbol relationships in the schools). 

Results from the present study suggest that scores on 

the WRAML can successfully discriminate between children 
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with FAS/E and their normal peers. In fact, nearly all of 

the children were correctly classified as either FAS/E or 

normal based upon scores on the nine subtests of the WRAML. 

Scores on tasks requiring immediate recall of stories, 

designs, and intermixed numbers and letters best 

discriminated between the groups when redundancy among tests 

was taken into account. However, considering the previous 

discussion, the reason at least two of these tests could 

discriminate between groups remains unclear. Immediate 

recall for the stories and designs was certainly different 

between individuals in these two samples. However, as 

mentioned previously, both tests involve other cognitive 

processes besides memory for which there is at least 

preliminary evidence of dysfunction in the FAS/E population. 

Thus, the tasks might be good discriminators because of 

their memory components, language development component (in 

the case of the stories), constructional component (in the 

case of designs), or because of problems with integration of 

these processes. 

Finally, a few researchers have previously suggested 

that reduced performance on memory tests in individuals with 

PAE may actually reflect general intellectual deficits 

rather than specific memory difficulties per se (e.g.. 
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Mattson et al., 1996). This assertion has been based on the 

failure to identify statistically significant group 

differences between individuals with FAS/E and controls on 

memory measures when IQ is controlled. In light of this 

concern, it is relevant to note that the groups in this 

study did demonstrate statistically significant differences 

in IQ [F(l,38) = 91.86, p = .000] and post hoc analysis with 

FSIQ covariance also failed to reveal persistent group 

differences on any of the memory subtests except Design 

Memory [F(l,36) = 6.75, p = .013], one must be careful not 

to infer that this necessarily precludes the possibility of 

a specific memory deficit. As other authors have pointed 

out, rather than tapping a unitary variable, IQ tests tap 

many discrete cognitive processes with some processes 

contributing more strongly than others (Lezak, 1995). 

Because of this, information gleaned from IQ measurement may 

be redundant with that obtained from measurement of more 

specific cognitive processes (Hynd & Obrzut, 1986). Given 

the central role memory and learning in many other cognitive 

functions, it would not be infeasible that IQ tests also tap 

these skills to a strong degree. Thus, the very practice of 

covarying IQ in studies of memory performance may be 
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inappropriate, as one may be inadvertently controlling for 

the very ability of interest. 

Implications 

Results from this research have several practical and 

theoretical implications. In the educational setting, 

having knowledge of the short-term memory impairment and of 

other common cognitive problems in children with FAS/E is 

important for professionals. Secondly, although diffuse 

short-term memory deficits seem common in this population, 

formulation of an appropriate individual educational plan to 

address the deficits would require a thorough and 

comprehensive assessment of the various specific memory 

abilities of each individual child. Such an assessment 

should include measurement of abilities in the language 

development, visuo-spatial, visuo-motor, and attention 

domains. This is particularly important because of the 

different potential causes of poor performance on memory 

tasks that might not reflect memory problems per se. Only by 

first determining why an individual fails on any given 

memory measure, or what memory or non-memory factors 

underlie the failure, can an appropriate educational 

strategy be developed. 
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Because of the potential severity of the short-term 

memory problems in children with FAS/E, teaching 

compensation strategies may be appropriate. These could 

include the use of external memory aids such as 

organizational devices (e.g., memory notebooks, calendars), 

memory reminders (e.g., alarms, buzzers), and environmental 

modifications (Sohlberg & Mateer, 1989). In the classroom, 

environmental modifications might include reducing the 

amount of information presented at any single time, 

presenting information in a written form so that the 

children can refer back to it, providing repetition, 

encouraging the children to paraphrase information after it 

is presented to assess understanding and facilitate memory 

consolidation, and/or providing visual cues. Internal memory 

aids, including teaching mnemonic strategies, might also be 

considered, although the appropriateness of trying to teach 

mnemonic strategies would depend upon the cognitive 

abilities of the individual child. 

Another possible approach to addressing the short-term 

memory deficits involves attempts to restore or improve the 

brain's actual memory capacity. Unfortunately, Sohlberg and 

Mateer (1989) point out that the most commonly used approach 

to memory restoration today involves procedures that have 
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repeatedly failed to produce memory change either inside or 

outside the experimental setting. These procedures, called 

"memory retraining", attempt to enhance the brain's 

physiological memory capacity through repetitive practice, 

exercise, and drills using list-learning and paragraph 

recall tasks. They further note that, considering the 

failures of these techniques, many researchers have 

concluded that damaged memory cannot be restored or 

improved. As an alternative to memory retraining, Sohlberg 

and Mateer (1989) recommend the use of other strategies that 

have yielded some positive results with specific patient 

populations with memori' problems. These include attention 

training and Prospective Memory Process Training (p. 157-

159). However, the effectiveness of either of these 

techniques has not been thoroughly established. 

From a neuroanatomic perspective, results from this 

study suggest possible involvement of several different 

cortical and subcortical areas as a result of PAE. For 

example, the observed difficulty on both new learning for 

both verbal (e.g., word lists) and non-verbal stimuli (e.g., 

locations of designs) implicates the left and right 

hippocampi, respectively. Also, the observed difficulty on 

the paired associate (Sound Symbol) task could implicate 
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either the frontal lobes (Dimitrov, 1999) or the temporal 

neocortex (e.g., parieto-temporal jimction; Rourke, 1989), 

as both appear to play a role in this type of memory. 

However, these results may also reflect dysfunction in other 

brain areas, including those involved in language, visual 

perception, and/or constructive tasks, each of which is 

tapped by the WRAML measures. Thus, it is quite likely that 

the disability observed in individuals with FAS/E reflects 

problems in several brain areas and/or their connections. 

Finally, results from this study have implications for 

the practical utility of the WRAML. To establish the 

usefulness of any new test, it is critically important that 

it demonstrates the ability to aid in the diagnosis and 

evaluation of impairment in special populations. Results 

from this study do imply that the WRAML is diagnostically 

useful in this regard, at least in relation to children with 

FAS/E. While the reasons for the specific types of memory 

impairments remain to be elucidated, the WRAML does seem 

able to identify differences between children with FAS/E and 

their normal peers. 

Limitations 

Certain constraints limit the generalizability of these 

results. One constraint is that, while representing an 
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improvement in size over many other studies of this 

population, the sample included in this study remains 

relatively small. Because measurements of characteristics of 

the true population become more closely approximated with 

increases in sample size, it is possible that results may 

have been altered with larger samples, at least in relation 

to the non-significant finding. 

Another set of constraints relates to the 

characteristics of the participants. First, since all 

participants in this study were Native American children who 

lived on a relatively rural reservation where the 

socioeconomic status is generally depressed, 

generalizability to populations of individuals from other 

ethnic and socio-economic groups may be inappropriate. 

Second, since this study was conducted with school-aged 

children, generalizability to adults may not be appropriate. 

Third, this study only included alcohol-affected children 

who had previously been diagnosed with either FAS or FAE. 

The same study with prenatally-exposed children without 

these diagnoses might yield different results. Fourth, while 

their medical diagnoses of FAS/E likely reflect higher 

levels of PAE among participants in this study, their 

individual patterns and levels of exposure are probably 
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variable. No information regarding individual exposure 

patterns is available and it would not be feasible to obtain 

accurate information regarding maternal patterns of drinking 

during pregnancy in this type of retrospective study. The 

lack of this information makes it impossible to link 

specific patterns or levels of exposure to the patterns of 

memory deficits described here. To do so would require a 

prospective longitudinal design similar to that utilized by 

the Seattle group (e.g., Streissguth, Barr, Sampson, et al., 

1994). However, even their studies involved children of 

mothers who were considered "social drinkers" and exposure 

may not approximate levels in individuals actually diagnosed 

with FAS/E. Prospective longitudinal studies with highly 

exposed samples would be questionable from an ethical 

standpoint, given the severity of potential outcomes. 

A final constraint relates to use of the WRAML with 

this sample of Native American children. Although a 

representative number of Native Americans were included in 

the noirm sample for the WRAML based on U.S. census data, the 

norm sample was composed primarily of individuals with very 

different racial and socioeconomic background than the 

sample included in this study (i.e., white, higher 

socioecononomic status). Because of this, care must be taken 
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when interpreting results. The matching procedure in this 

study permits between group comparisons of skill levels 

since all are of similar backgrounds. However, 

identification of deficits based upon comparisons of scores 

between these participants and the normative sample may be 

inappropriate. 

Recommendations for Future Research 

Results from this study do advance current knowledge 

regarding cognitive function in children with FAS/E. 

However, much more research is needed to further clarify the 

consequences of alcohol consumption during pregnancy. 

Specific investigation of memory function in this population 

is clearly in its infancy, and the few available studies 

render any conclusions tenuous at best. Nevertheless, 

several recommendations can be made for further research 

based on the preliminary data, including those presented 

here. One recommendation is for repetition of this study 

with individuals of other ethnic and socioeconomic 

backgrounds. This would increase confidence that these 

results may reflect actual characteristics of the FAS/E 

population as a whole. 

Another recommendation is to further explore potential 

reasons for the differences between groups on various memory 
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subtests. For example, it would be helpful to determine 

whether individuals in this sample do, in fact, display 

problems with visuo-motor, language, attention, or other 

cognitive skills that could provide alternative explanations 

for their lower performance on certain WRAML subtests. One 

possible strategy is to include measurement of the non-

memory processes and conduct further statistical analyses 

examining the relationship between performance on these 

measures and on the memory subtests. Another strategy would 

be to further refine the choice of memory measures to 

eliminate some confounding cognitive processes that may be 

involved. For example, it would be worthwhile to conduct 

further memory assessments using instruments that isolate 

the "what" versus "where" aspects of visual memory. In the 

present study, it is difficult to determine the factors 

underlying observed deficits on the Finger Windows and 

Design Memory Subtests. This is because Finger Windows 

appears to incorporate a memory for location component in 

addition to simple span of visual memory. Performance on 

Design Memory may be negatively affected by visuo-motor 

problems as well as memory problems per se. Further research 

is needed to isolate these factors to better understand the 

nature of the memory deficits observed in this study. While 
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Uecker and Nadel's (1996) study may represent the best 

effort to isolate "what" versus "where" aspects of memory in 

children with FAS/E, even their measure of "what" using the 

Memory for 16 Objects test is potentially confounded by 

verbal encoding since the objects involved are relatively 

common. Development of a similar test using unfamiliar 

designs with a "what" versus "where" component would be 

useful. The use of locational quadrants may facilitate 

measurement of an individual's ability to remember location 

(Kaemingk & Tanner Halverson, in press). Also, additional 

research is warreinted to determine whether the observed 

memory deficits reflect encoding difficulty or retrieval 

difficulty in this population. 

Another recommendation is to conduct further analyses 

comparing the responses of children with FAS/E and controls 

on the Picture Memory^ subtest from the WRAML. It would be 

worthwhile to determine whether the lack of statistical 

difference between groups reflects a positive response bias 

and poor discriminability on the part of the children with 

FAS/E rather than intact memory for elements of complex 

scenes. 
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