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Children who have received radiation therapy for the 

treatment of brain tumors have been shown to experience 

neurocognitive deficits which appear to increase over time. 

The purpose of this study was to examine the memory 

functioning of 22 children irradiated for brain tumor and 22 

healthy children of the same age who had not received 

irradiation. Subjects were administered a brief form of the 

WISC-III, to obtain an IQ, and the Wide Range Assessment of 

Memory and Learning (WRAML), to evaluate visual and verbal 

memory. 

Results indicated that, although there were no 

significant differences between the IQ scores of healthy 

children and children who had been irradiated, children who 

have received radiation therapy for brain tumor evidence 

memory deficits which effect visual and verbal memory 

abilities. Among the children who had been irradiated, as 

time since treatment increased, visual memory 

and overall memory functioning appeared to decline. 

Findings also suggested that children who received total 

tumor resection may evidence greater memory deficits than 



those who received only a partial resection. Visual memory 

was more closely related to IQ in the children irradiated 

for brain tumor than in the healthy children. The overall 

importance of research with this population lies in refining 

the understanding of memory deficits and strengths in order 

to formulate more effective remediation compensation, 

strategies. 
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CHAPTER I 

INTRODUCTION TO THE STUDY 

Tumors of the central nervous system (CNS) present the 

second most frequent malignancy in children under 15 years 

of age. These tumors are surpassed in incidence only by 

leukemia and lymphoma. In the time period from 197 3 to 

1982, 24.5 million children per year were diagnosed with CNS 

tumors, with mortality estimated at approximately 45% 

(Heideman, Packer, Albright, Freeman, & Rorke, 1993) . The 

incidence rate is greater in the Caucasian population than 

African-American and greater in males than females (Golden, 

1987). At the present, the origin of brain tumors cannot be 

linked to a specific carcinogenic or genetic factor. 

Survival of children with brain tumors has increased 

over the past 2 0 years, primarily because of advances in 

surgery, radiation, and chemotherapy (Duffner & Cohen, 

1991). Such medical advances and increased survival rates 

have brought about a growing interest in the acute and 

long-term sequelae of therapies (Bordeaux, Dowell, Copeland, 

Fletcher, Francis & van Eys, 1988). The critical location 

of brain tumors put such children at risk for less than 

optimal behavioral, emotional, and cognitive outcomes as 

compared to children with other malignancies (Ris & Noll, 



1994). In light of the increasing number of long-term 

survivors, concerns have developed regarding quality of life 

issues for these children (Duffner & Cohen, 1991). 

As survival rates have risen, there has been increasing 

concern that many survivors have significant permanent 

cognitive deficits primarily due to the treatment effects.. 

Generally, cranial radiation has been implicated as the 

major cause for cognitive dysfunction (Packer, Sutton, 

Atkins, Radcliffe, Bunin, D'Angio, Siegel, & Schut, 1989; 

Peckham, 1991). More specifically, whole-brain radiotherapy 

has been considered the most likely reason for cognitive 

difficulties. The severity of deficits reported has been 

variable, with mental retardation reported in 10% to 80% of 

children with brain tumors after cranial radiation therapy 

(Packer et al.,1989). Even in the research suggesting a 

lower frequency of mental retardation, milder but 

clinically significant cognitive dysfunction has been 

documented in the majority of patients (Packer et al., 

1989). Overall, several researchers report persistent 

neuropsychological dysfunction, especially in the areas of 

attention and memory (Ellenberg, McComb, Siegel, & Stowe, 

1987) . 

The research literature supports radiation therapy as a 

particularly devastating treatment in terms of cognitive 

sequelae (Ellenberg et al., 1987). Whole brain radiation 

administered to young patients can cause significant 



neuropsychological dysfunction. Packer and his colleagues 

(1987) stated that although radiotherapy has been implicated 

as the major cause of CNS damage, the relationships between 

radiotherapy and the type and degree of cognitive damage is 

unclear. They emphasized the need for additional research 

toward the purpose of characterizing sequelae, developing 

means of earlier detection of such sequelae, and 

investigating ways to ameliorate sequelae and devise less 

toxic treatment. 

Investigators are seeking a better understanding of the 

degree and type of short-and long-term neuropsychological 

impairment in this population. They are also interested in 

gaining a better understanding of important disease, 

treatment, and patient risk factors and how such factors 

relate to the neuropsychological deficits observed in these 

children. Neuropsychological assessment of children 

following irradiation has revealed impairment in such 

abilities as visual-motor integration and visual-spatial 

skills (Duffner et al., 1983), motor speed and fine motor 

coordination (LeBaron et al., 1988), and verbal and 

nonverbal memory (Carpentieri et al., 1993, Dennis et al., 

1991). Such information is critical throughout treatment so 

that children and their families can be informed regarding 

anticipated outcomes and effective rehabilitation programs 

may be developed (Ris & Noll, 1994). 



The purpose of this research was to enhance the 

understanding of memory functioning in children who have 

been irradiated for brain tumor. This study sought to 

determine if differences exist between the memory abilities 

of children who have received radiation and healthy 

children, who have never received radiation therapy. If 

such differences can be identified, it may be possible to 

formulate more effective recommendations for remediation 

strategies to assist compensation. 

Classifications of Pediatric Tumors 

The neuroradiologic evaluation of children is 

difficult. Such difficulty exists because of the complexity 

of developmental neurologic diseases, the constantly 

changing appearance of normal growth, and the significant 

difference in disease processes between childhood and adult 

neuroradiology (Orrison, 1987). Tumors are frequently 

divided into two general classes which include: 

supratentorial, those which are above, and infratentorial, 

those which are below, the tentorium, a membrane 

separating the cerebellum and brain stem from the cerebral 

hemispheres (Mulhern, Crisco & Kun, 1983). Infratentorial 

neoplasms are more common in children than adults and are 

the most common tumors in preadolescent children (Heideman 

et al., 1993). This includes astrocytomas, medulloblastoma, 

and ependymoma. Supratentorial tumors are relatively 

uncommon in children (Orrison, 1987) but have a higher 



incidence during adolescence (Golden, 1987). Supratentorial 

tumors include glioma, neuroblastoma, craniopharyngioma, 

ganglioglioma, teratoma, pinealoma, choroid plexus 

papilloma, and meningioma (Orrison, 1987). As many as 40% 

of the childhood and adolescent tumors are primitive 

neuroepithelial .neoplasms. Pediatric tumors exhibit widely 

ranging histologic features and often do not fit into 

established diagnostic categories (Heideman et al., 1993). 

Radiotherapeutic Treatment 

The general principles for treatment of brain tumors 

are relatively simple. Increased intracranial pressure is 

most directly relieved by surgical removal of as much of the 

tumor as possible without damaging intact neural tissue. 

The surgical approach to tumors rarely allows removal of all 

of the neoplastic tissue, because of the obvious 

impossibility of radical resections, and because many tumors 

infiltrate into surrounding brain tissue and are without 

clear demarcation. Radiotherapy supplements surgery in most 

cases (Golden, 1987). In addition, chemotherapy is 

frequently utilized in conjunction with surgical resection 

and irradiation. 

Radiation Dose and Volume 

Radiation therapy for tumors of the head and neck 

region differs with the tumor site and histology ( Heideman 

et al., 1993). The most important considerations are the 

choice of radiotherapy volume, total dose, and 



dose-fractionation schedule (Freeman & Lehnert, 1991). The 

selection of an optimal treatment volume will depend on the 

tumor type, size, location, and expected pattern of spread. 

Local treatment volumes are used for tumors which tend to 

remain relatively confined to a single anatomic area. On 

the other hand, whole brain fields are used for tumors that 

involve the brain more extensively or multifocally. 

Craniospinal fields (CSI), or irradiation of the 

subarachnoid space, including the intracranial and spinal 

meninges, are used for tumors with a significant propensity 

for neuraxis seeding (Kun & Moulder, 1993) . The choice of 

total dose of radiotherapy will depend on the tumor type and 

tolerance of the CNS (Heideman et al., 1993). Tolerance 

depends on a number of factors, most importantly the age of 

the child and the volume of brain and/or spinal cord to be 

treated (Heideman, 1993). 

Neurological Complications of Radiation Therapy 

Although increases in the five-year survival of 

children with CNS tumors have occurred, many long-term 

survivors have intellectual, endocrine, and neurologic 

deficits which lead to social difficulties and a compromised 

quality of life. Damage to the CNS from several sources may 

play a role in these deficits. Direct distortion and 

destruction of normal brain tissue by tumor as well as by 

increased ICP and surgical trauma may cause some degree of 

irreversible neurologic damage. Also, chemotherapy, 



especially in combination with radiation, appears capable of 

inducing encephalopathy. However, radiation therapy has 

been implicated as the chief cause of the adverse long-term 

sequelae of brain tumor (Heideman et al., 1993). 

Adverse effects of irradiation on the brain may be 

divided into groups according to time of appearance. The 

initial effects are termed "acute" reactions. They occur 

during the course of irradiation and are thought to result 

from edema. Later the "early delayed" reactions appear from 

a few weeks to a few months after irradiation. These 

reactions probably result from demyelination, are generally 

transient, and disappear spontaneously within a few weeks 

(Heideman, et al., 1993). 

The "late delayed" reactions occur from a few months to 

several years following treatment and present the major CNS 

hazard of clinical radiation therapy (McMahon & Vahora, 

1986). Although no consistent CT abnormalities or CSF 

cytology changes are seen, electroencephalographic changes 

of slow-wave activity consistent with diffuse cerebral 

disturbance have been described (Heideman, 1993). Late 

delayed radiation-induced damage to the CNS is thought to be 

due to a combination of direct injury of glial cells, 

especially oligodendroglia, and damage to the vasculature. 

Some damage may lead to radionecrosis, secondary malignancy, 

and endocrine as well as cognitive dysfunction (Heideman et 

al., 1993). Radiation necrosis occurs in less than 1% of 
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patients treated with conventional dose-fractionation 

schedules, and most cases have been associated with the use 

of higher than conventional doses, larger-than-conventional 

daily fraction sizes, or with the use of experimental 

modalities such as neutrons and combined 

radio-therapy-chemotherapy programs (Heideman, et al., 

1993). Symptoms depend upon the location of the lesion and 

may include headache, personality change, seizures, 

obtundation, hemiparesis, ataxia, signs of increased ICP in 

addition to focal neurologic deficits. Differentiating 

radionecrosis from recurrent tumor may be quite difficult 

with the use of CT and/or MRI alone (Heideman et al., 1993). 

Brain tumors with the potential to disseminate within 

the central nervous system are usually treated with CSI 

irradiation. The whole spine is included within the 

radiation field and numerous impairments have been observed 

over time following this type of treatment (Shalet, 1992). 

Such difficulties include impairment of hypothalamic, 

pituitary, or gonadal function. The development of 

hyperpara-thyroidism, thyroid adenomas, or carcinomas may be 

induced. The clinical presentation includes short stature, 

failure of normal pubertal development, precocious puberty, 

hypothyroidism, thyroid tumors, gynecomastia, infertility, 

and varying degrees of hypopituitarism (Shalet, 1992). 

The long-term effects of CNS therapy on intellect and 

learning have been studied in children with both leukemia 



and brain tumors (Duffner, 1991). The advantage of 

studying children with leukemia is that the role of 

treatment can be assessed without confounding variables such 

as increased intracranial pressure, destruction of normal 

tissue due to tumor, seizures, or surgical intervention 

(Duffner, 1991). Despite such complicating factors,numerous 

researchers have attempted to assess the long-term sequelae 

of radiation therapy in children with brain tumors. 

The neuropsychological functioning in children treated 

for brain tumor with radiation therapy has been investigated 

in a variety of areas. Researchers have sought to determine 

the long-term implications of age at treatment (Chin & 

Maruyama, 1984; Danoff, Cowchock, Marquette, Mulgrew, & 

Kramer, 1982; Ellensberg et al., 1987; Spunberg, Chang, 

Goldman, Auricchio, & Bell, 1981). They have examined the 

effects of gender (Janoun & Bloom, 1990); tumor location 

and/or type (Broadbent, Barnes, & Wheeler, 1981; Cavazutti, 

Winston, Baker, & Welch, 1980; Deutsch, 1982; Duffner, 

Cohen, & Thomas, 1983; Hirsch, Rose, Pierre-Kahn, Pfister, & 

Hoppe-Hirsch, 1989; LeBaron, Zeltzer, Zeltzer Scott & 

Marlin, 1988; Mulhern, Williams, LeSure, & Kun, 1986; 

Mulhern, Waserman, Fairclough & Ochs, 1988; Riva, Panteoni, 

Milani & Belani, 1989) and presence or absence of 

hydrocephalus (Danoff et al., 1982; Ellenberg et al., 1987; 

Kun & Mulhern, 1983). 
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Studies have also explored the impact of such treatment 

variables as extent of surgical resection (Cavazutti, 

Fischer, Welch, Belli, & Winston, 1983) and effects of 

chemotherapy (Dowell, Copeland & Judd, 1991; Duffner et al., 

1991; Packer et al., 1989; Riva et al., 1989). Time since 

treatment has been investigated (Kun et al., 1983; Li, 

Winston, & Gimbrere, 1984) as well as the impact of dosage 

and volume irradiated (Danoff et al., 1982; Mulhern et al., 

1986; Spunberg, Chang, Goldman, Auricchio, & Bell, 1981). 

One of the greatest challenges facing the investigation 

of pediatric brain-tumor patients has been the heterogeneity 

of these diseases in regard to tumor location and histology 

(Ris & Noll, 1994) coupled with low incidence. It is 

typical for samples to include various types of tumors 

located in diverse regions of the brain. Including children 

with tumors in various anatomic sites has made it difficult 

to ascertain the relationships between general 

neurobehavioral outcomes and specific locations of tumors 

(Maria, Rehder, Eskin, Hamed, Fennell, Quisling, Mickle, 

Marcus, Drane, Mendenhall, McCollough, and Kedar, 1993). 

Limitations of the Research 

Research in the area of long-term neurobehavioral 

outcomes for children treated for brain tumor has been 

slowed, however, by significant methodological and practical 

complications (Ris & Noll, 1994). Although a number of 

studies have examined neuropsychological sequelae of 
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treatment for brain tumor and the impact of various patient 

and treatment variables, results have been inconsistent many 

times because of methodological problems. Most studies have 

been retrospective and because of the small number of 

available subjects, have been forced to include a wide age 

range and mix patient variables such as tumor type and 

location. They have also combined treatment variables, such 

as extent of surgical resection, type of chemotherapeutic 

agents, and amount and location of radiation therapy. Many 

studies have not employed control groups and are descriptive 

in nature because the small number of subjects precluded the 

use of parametric statistics to extend findings beyond the 

level of description (Duffner & Cohen, 1991; Mulhern, et 

al., 1983; Mulhern, Hancock, Fairclough, & Kun, 1992; Ris & 

Noll, 1994). 

Review of the Literature 

Some of the earlier studies of the neuropsychological 

sequelae of radiation therapy were of a qualitative nature. 

They attempted to describe general functional status or 

measure the intelligence, emotional and/or social competence 

of these children utilizing global indices of functioning 

derived or estimated from unspecified sources or review of 

school records (Mulhern et al., 1983). For example, Li, 

Winston, and Gimbrere (1984) addressed the basic question of 

quality of life following treatment for brain tumor. The 

level of current functioning was assessed by questionnaire 
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in a follow-up study of 102 patients. All subjects had 

survived more than sixty months and had been diagnosed with 

a variety of tumor types which included astrocytoma, 

medulloblastoma, ependymomas and other tumors. Subjects had 

been treated by tumor excision, partial resection, biopsy, 

or a combination of surgery and craniospinal irradiation. 

Based on their responses to the questionnaire, subjects were 

classified according to a modification of the scale employed 

by Bloom (1969). These categories included no disabiliites 

(Level I), mild disability (Level II), Moderate disability 

but capable of living independently (Level III), severe 

disability but capable of self-care (Level IVA) or 

institutionalized, incapable of self-care (Level IVB). 

Findings of this study indicated that survivors of 

childhood brain tumors had more functional deficits than the 

survivors of other childhood cancers. Moderate or severe 

disabilities (Levels III and IV) were reported by 29% of the 

respondants as compared with 5% of other cancers. These two 

groups (III and IV) evidenced lower academic and 

occupational levels, were more commonly treated before two 

years of age, and demonstrated a higher incidence of 

cerebral astrocytoma (Li, Winston, & Gimbrere, 1984) . 

As the survival rate increases for children with brain 

tumors, more attention is being focused upon their quality 

of life. Although earlier studies assessed general 

functional status or examined global cognitive factors, more 
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recent studies have attempted to evaluate the specific 

factors of which global measures are comprised (Mulhern et 

al. 1982). Several specific factors have been proposed to 

account for the deficits in these children including site of 

tumor, degree of tumor resection, age of the child, 

hydrocephalus, radiation therapy and chemotherapy (Ellenberg 

et al., 1987). 

Impact of Patient Variables 

Over the past twenty years numerous studies have sought 

to determine the impact of treatment and patient variables 

upon the cognitive and neuropsychological functioning of 

children treated with irradiation for brain tumor. The 

following sections will describe the research related to 

five important issues: tumor location, tumor type, 

hydrocephalus, time since treatment, and age at treatment. 

Tumor Location 

The tumor site is critical in terms of degree and 

nature of functional sequelae in children with brain tumors 

(Ellenberg et al., 1987). The influence of tumor location 

in children receiving focal or central nervous system 

irradiation has been extensively investigated. Several 

studies assessed the cognitive outcome following treatment 

as measured by intelligence testing (Ellenberg et al., 1987; 

and Jannoun & Bloom, 1990). Other studies investigated the 

more specific neuropsychologcial effects of treatment 

(Carpentieri & Mulhern, 1993; Cavazutti et al., 1980; 
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Duffner et al., 1983; LeBaron et al., 1988; and Mulhern et 

al., 1986). 

Intellectual outcome studies. In the Ellenberg et al. 

(1987) investigation, a sample of 7 3 brain tumor patients 

were divided by site into three groups. The groups consisted 

of fourth ventricle tumors, third ventricle tumors, and 

hemispheric tumors. Subject age at diagnosis ranged from 10 

months to 14 years, 7 months. Each subject was administered 

an age-appropriate measure of intelligence; the Bayley 

Scales of Infant Development (Bayley, 1969), for those under 

two; McCarthy Scales of Children's Abilities (McCarthy, 

1972), for children aged two to six; and the Wechsler 

Intelligence Scale for Children - Revised (WISC-R) 

(Wechsler, 1974) for those older than six. Results of 

assessment indicated that, in this sample, the patients most 

likely to be severely impaired were those with anterior 

third ventricle lesions, craniopharyngiomas or hypothalamic 

gliomas (Ellenberg et al., 1987). 

In another study, sixty-two patients between seven and 

thirty-two years of age at the time of testing, were 

administered a measure of intelligence (Jannoun & Bloom, 

1990). Children under sixteen years of age were given a 

WISC-R (Wechsler, 1974) and those over sixteen received the 

Wechsler Adult Intelligence Scale (WAIS) (Wechsler, 1955). 

Findings indicated that the incidence of neurological 

abnormalities and physical disability was significantly 
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greater among patients with supratentorial tumors compared 

with infratentorial lesions (Jannoun & Bloom, 1990). 

Results did not reveal any significant differences in terms 

of average Full Scale IQ of groups with brain stem or 

hypothalamic involvement. However, patients with 

hypothalamic involvement were more likely to have an IQ 

within the below average range than those whose tumors did 

not involve the hypothalamus (Jannoun & Bloom, 1990). 

Neuropsychological outcome studies. Duffner, Cohen, 

and Thomas (198 3) evaluated ten subjects who ranged from 

four to twenty-two years of age. All of them had 

experienced tumors in the posterior fossa and had been 

treated with radiation and chemotherapy. Subjects were 

administered a measure of intelligence which included either 

the Wechsler Preschool and Primary Scale of Intelligence 

(WPPSI) (Wechsler, 1967), a WISC-R (Wechsler, 1974) or 

Stanford-Binet (Terman & Merrill, 1960). They were also 

administered a Wide Range Achievement Test (Jastak & 

Wilkinson, 1978), and a Bender-Gestalt (Bender, 1938). 

Findings indicated that the majority of the cognitive 

deficits in their subjects were in performance rather than 

verbal abilities. The most frequently found abnormalities 

were in visual-motor integration and spatial placement. In 

addition, they stated that all subjects showed evidence of 

dementia, learning disability or mental retardation (Duffner 

et al., 1983) . 
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LeBaron et al. (1988) evaluated fifteen brain tumor 

patients, six to nineteen years of age, previously treated 

for posterior possa tumors. Subjects had been diagnosed 

with medulloblastoma, ependymoma, and astrocytoma. Eleven 

of the subjects had received radiation therapy as part of 

the treatment regimen and one had received chemotherapy in 

addition to radiation treatment. All subjects were assigned 

a global rating according to Bloom's functional rating 

system. They were also given a measure of intelligence, the 

WISC-R (Wechsler, 1974) or WAIS-R (Wechsler, 1981); a 

measure of school achievement, the Peabody Individual 

Achievement Test (Dunn & Markwardt, 1970); a 

neuropsychological test battery, the Halstead-Reitan 

Neuropsychological Test Battery for Children and Allied 

Procedures (Reitan & Davison, 1974)? a lateral dominance 

exam; the Wisconsin Motor Steadiness Battery (Reitan & 

Davison, 1977); and a measure of social and behavioral 

assessment, the Child Behavior Checklist (Achenbach & 

Edelbrock, 1983). Results revealed that more than one-half 

of the children experienced problems in academic, motor, 

sensory, cognitive, and emotional function whether or not 

they had been irradiated. Neuropsychological deficits 

involved abstract reasoning, tactile sensation, motor speed, 

and fine motor skills. Finger-tip sensation and fine motor 

coordination were particular areas of difficulty (LeBaron et 

al., 1988). 
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Carpentieri and Mulhern (1993) compared cognitive 

functioning in seven children with left and seven children 

with right temporal lobe tumors one year post-treatment. 

Thirteen of the children had undergone resection with one 

receiving biopsy only. Six had undergone radiation therapy 

following resection. Time since treatment ranged from. 1.5 

to 5.5 years. All children were administered a measure of 

intelligence, the WISC-R (Wechsler, 1974); a measure of 

academic achievement, the Wide Range Achievement Test -

Revised (Jastak & Wilkinson, 1984); a parent report of 

behavioral and emotional functioning, the CBCL (Achenbach & 

Edelbrock, 1983) ; and a measure of memory abilities, the 

Learning Efficiency Test (LET) (Webster, 1981). The LET 

measures immediate, short-term, and long-term recall of 

visual and auditory stimuli. 

Results indicated that VIQ and PIQ were not 

significantly different in comparing left and right temporal 

lobe tumors. Also, age at treatment did not correlate with 

IQ parameters. Problems with verbal memory were noted in 

three children with left temporal lobe tumors and four of 

those with right temporal lobe tumors. Five of the children 

had difficulties with both visual and auditory receptive 

modalities. Higher performance on the freedom from 

distractibility factor was associated with higher 

performance on visual immediate and auditory immediate 
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memory tests but not short-term or long-term tests 

(Carpentieri & Mulhern, 1993). 

Cavazzuti et al. (1980) examined twenty patients, ages 

6 to 33, with temporal tumors both pre-and post-operatively. 

Ten of the patients were diagnosed with left temporal lobe 

tumors and ten with tumors of the right temporal lobe. 

Eleven of the patients received postoperative radiotherapy. 

Each subject was administered a neuropsychological test 

battery during the week before surgery, 8 to 10 days 

postoperatively and 10 to 12 months following surgery. The 

test battery consisted of a measure of intelligence, an age-

appropriate Wechsler Intelligence Scale; a measure of 

memory, the Wechsler Memory Scale (Wechsler & Stone, 1965) ; 

a measure of short-term recognition of meaningful and 

nonsense shapes which was not described; the Corsi (Corsi, 

1972), a test for temporal and hippocampal functions; a 

measure of verbal fluency, the Thurstone Word Fluency Test; 

and a test of higher cortical functioning, the Wisconsin 

Card Sorting Test (Chelune & Baer, 1986). In addition, 

subjects were administered the Rey-Osterrieth or Taylor 

Complex Figure tests and asked to reproduce simple geometric 

shapes. A series of 193 slides with verbal and nonverbal 

visual stimuli were projected for 10 to 20 msec and the 

duration of exposure required for the perception of each 

stimulus and degree of correctness was considered (Cavazutti 

et al., 1980). 
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The researchers reported that the pattern of 

preoperative bilateral deficits, followed by contralateral 

improvement after surgery, was observed in 17 of the 20 

patients. Prior to surgery, the children demonstrated 

deficits in speech, verbal learning, and verbal memory. 

They evidenced anomias, word-finding problems, dyslexia, 

agraphia, spelling errors, low scores on verbal fluency, 

poor verbal associative learning and decreased immediate 

memory and difficulty recalling passages. After removal of 

the tumors, dysfunction in the contralateral temporal lobe 

tended to diminish or disappear. Improvement in verbal 

skills and verbal learning were striking after removal of 

the right temporal lobe tumors. Left temporal lobe removal, 

however, increased verbal dysfunction. They noted, however, 

that the efficacy of radiation could not be assessed in this 

small a sample although there was a tendency for ipsilateral 

temporal deficits to become worse after radiotherapy 

(Cavazutti et al., 1980). 

Mulhern, Williams, Lesure, and Kun (1986) evaluated six 

children diagnosed with cerebellar tumors from one to seven 

years 

postoperative. They had received surgical resection and 

either local or cranial irradiation. All of the children 

were assessed utilizing the Neurological Dysfunctions of 

Children (Kuhns, 1979), a screening inventory; Kaufman 

Assessment Battery for Children (Kaufman & Kaufman, 1983); 
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and the Luria-Nebraska Neuropsychological Battery 

Children's Revision (Golden, 1986). Results indicated that 

all of the children evidenced marginal to significant 

impairment in one or more specific areas of 

neuropsychological functioning although no single area was 

deficient for all of the children. Results of this study 

must be interpreted cautiously because of the small number 

of subjects which restricted the analysis to description and 

may have limited the generalizability of these findings. 

Tumor type 

Riva, Pantaleoni, Milani, and Belani (1989) compared 

two groups of children diagnosed with posterior fossa tumors 

to a group of controls. One group of eight medulloblastoma 

patients, aged nine to fourteen, had received surgery, 

chemotherapy, and irradiation. Another group of seven 

children, aged six to fourteen, had been previously 

diagnosed with astrocytoma and had received surgery alone. 

All children were administered a measure of intelligence, 

the WISC (Wechsler, 1949). They were also given measures of 

attention, the Trail-Making Test, Part A (Reitan, 1969), 

which consists of connecting scattered numbers as quickly as 

possible, and Part B (Reitan, 1969), which requires the 

subject to quickly sequence scattered letters and numbers in 

their proper number-letter order. Attention was also 

measured by a researcher-designed measure of reaction time 

which was not clearly described. Prolonged attention was 
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measured by the Continuous Performance Test, in which a 

computer presents letters in rapid succession and the 

subject is required to press a key as quickly as possible. 

The data were analyzed by one-way analysis of variance 

and results indicated that the medulloblastoma group 

evidenced a lower Verbal IQ than controls. Both groups 

performed worse than controls on Trail-Making A and B 

(Reitan, 1969), although the medulloblastoma group 

demonstrated the greatest difficulty on Trails B. Neither 

group evidenced a difference from the controls on measures 

of attention or reaction time (Riva et al., 1989).It is 

difficult to interpret the impact of tumor type upon these 

findings, however, because it is likely that the results 

were confounded by the type of treatment each group 

received. 

Hydrocephalus 

Another area of investigation has been the presence or 

absence of hydrocephalus at the time of presentation. 

Jannoun and Bloom (1990) compared patients presenting with 

hydrocephalus at the time of diagnosis to those without 

hydrocephalus. They found no significant difference between 

groups in average IQ. However, 28% of those with 

hydrocephalus presented with an IQ below 70, whereas only 

14% of those without hydrocephalus fell into that range, 

which they termed Educationally Subnormal (ESN) (Jannoun & 

Bloom, 1990). 
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In a prospective study, Ellenberg et al. (1987) found 

that although acute hydrocephalus associated with pediatric 

brain tumors was not a potent contributor to long term IQ 

changes, effects could have masked by more potent factors 

such as tumor site and age at diagnosis. Based upon an IQ 

increase for children both with and without hydrocephalus 

from one to four months postoperation, it appears that there 

is at least a temporary impairment of cognitive functioning 

for most children during this period. Children with 4th 

ventricle tumors did, however, show continuing memory 

problems (Ellenberg et al., 1987). 

Time Since Treatment 

Kun and Mulhern (1983) examined neuropsychological 

function in children treated for brain tumor to determine 

late effects of radiation therapy. Subjects were eighteen 

children, ranging from twenty-one months to fifteen years of 

age at diagnosis, with primary brain tumors of mixed 

histology. Tumor sites included posterior fossa and 

supratentorial regions, including hemispheric and 

hypothalamic locations. Treatment consisted of various 

combinations of surgical resection and radiation dose and 

volume. Eighteen subjects were evaluated with measures of 

cognitive functioning on two occasions and nine of the 

eighteen were evaluated on a third occasion. Children under 

six received the McCarthy Scales of Children's Abilities and 

the Personality Inventory for Children (PIC) (Wirt, Lachar, 
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Klinedinst, & Seat, 1982), a parent report of emotional 

functioning. Older children were tested using the WISC-R 

(Wechsler, 1974) and PIC (Wirt et al., 1982). Problems with 

attention were defined by behavioral observations during 

testing or a clinical measurement of attention, 

concentration, and freedom from distractibility which was 

not described (Kun & Mulhern, 1983). 

Results of the initial evaluation, three to seventy 

months post therapy, revealed subnormal Full Scale IQ in 

nine subjects. Time since treatment did not significantly 

correlate with IQ or memory scores, however. The second 

evaluations, ten to twenty-three months after the initial 

assessment, showed Full Scale IQ stability in twelve 

subjects, improvement in three, and deterioration in three. 

Although measurement of serial memory was not described, the 

researchers reported that serial memory scores were improved 

in two subjects, stable in ten, and lower in six. The 

third evaluation, six to twenty-three months after the 

second, documented Full Scale IQ stability in eight of the 

nine subjects studied with improvement in one subject. The 

researchers reported that although the effect of age at 

treatment was suggested in specific, memory-oriented 

functions, there was no significant correlation between IQ, 

a more global measure, and time since treatment (Kun & 

Mulhern, 1983) . 
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Aae at Treatment 

Many studies have investigated the impact of age at 

treatment upon survivors of brain tumor. In an early 

retrospective study, Bamford, Jones, Pearson, Ribeiro, 

Shalet, and Beardwell (1976) assessed the physical and 

intellectual deficits of 30 long-term survivors of cranial 

or craniospinal irradiation for brain tumors. Subjects 

ranged from fourteen months to fifteen years at time of 

treatment and were nine to thirty-three years of age at the 

time of data collection. All subjects were measured for 

height, weight and occipito-frontal circumference; given 

tests of vision and hearing; examined for difficulties 

related to cranial nerves, hand movements, and or gait; 

assessed for level of intellect using a history of 

educational attainment and administration of subtests from 

the Revised Stanford Binet Scale (Terman & Merrill, 1960); 

and evaluated for emotional and social problems, although 

the method utilized was not described. 

Findings indicated that the majority of subjects had 

normal visual and auditory acuity or correctable defects 

while several had severe handicaps. Forty percent had 

cranial nerve palsies with twenty—three percent experiencing 

squint due to nerve palsy and thirteen percent with facial 

weakness. Several children were severely ataxic, several 

were only mildly ataxic and four were hemiplegic. 

Forty-three percent of the subjects were rated as Average or 



25 

Superior in intelligence. Fourteen percent were Below 

Average and forty-three percent were in the Educationally 

Subnormal or Severely Subnormal range. Forty-three percent 

of the subjects reported emotional difficulties. The 

researchers indicated that the most severe cases appeared to 

be those treated before the age of 11 and suggested that 

cognitive difficulties might be progressive. Findings 

seemed to be stated somewhat tentatively, however, because 

of the retrospective nature of the study. 

More recent research also strongly supports the impact 

of age at time of radiation treatment on intellectual 

development (Jannoun & Bloom, 1990). Patients less than 4 

to 5 years of age have frequently been reported to have a 

poorer prognosis than older patients (Chin & Maruyama, 1984; 

Danoff et al., 1982; Ellenberg, McComb, Siegel, & Stowe, 

1987; Kun & Mulhern, 1983; Jannoun & Bloom, 1990; Kun, et 

al., 1983; Mulhern & Kun, 1985; Mulhern, Kovnar, Kun, 

Crisco, & Williams, 1986; Mulhern, Horowitz, Kovnar, 

Langston, Sanford, & Kun, 1989; Packeret al., 1989; Riva, 

Pantaleoni, & Belani, 1989; Silverman, Palkes, Talent, 

Kovnar, & Clouse, 1984; Spunberg, et al., 1981). The 

current research on the effects of age at treatment will be 

reviewed. 

Chin and Maruyama (1984) assessed the physical status, 

endocrine status, growth and stature, and intellectual 

status of ten patients treated for medulloblastoma. All 
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patients had undergone craniotomy and tumor resection before 

radiotherapy. Patients were grouped into three age groups 

according to age at treatment. These groups were Group I, 

less than four years of age; Group II, five to seven years 

of age; and Group III, eight years and older. Intellectual 

functioning was assessed with the WISC-R (Wechsler, 1974), 

Illinois Test of Psycholinguistic Ability (ITPA) (Kirk, 

McCarthy, & Kirk, 1968) , WRAT (Jastak & Wilkinson, 1978), 

Slosson Drawing Coordination Test, Goodenough Draw-a-Man 

Test (Harris, 1963) and Bender Gestalt (Bender, 1938) tests. 

Findings indicated that short stature was common but 

endocrine tests were negative. The study revealed 

age-dependent late effects in learning ability with the 

subjects who were younger at treatment experiencing major 

learning problems. Patients five to seven years of age 

performed at satisfactory to low-passing rates in school 

work and older patients had no major intellectual impairment 

(Chin & Maruyama, 1984). 

Danoff et al. (1982) evaluated thirty-eight patients 

for neurologic, endocrine, psychological and intellectual 

functioning. Subjects were one to sixteen years of age at 

diagnosis and assessment was performed from one to 

twenty-one years posttreatment. The subjects had been 

diagnosed with medulloblastomas, ependymomas, pinealomas, 

craniopharyngiomas, pituitary adenomas, and astrocytic 

gliomas. Thiry-seven had undergone surgery followed by 
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irradiation and one had been treated with radiotherapy 

alone. Patients were classified according to the disability 

groups suggested by Bloom which were described earlier in 

this paper. Intelligence was assessed with the WISC 

(Wechsler, 1949) , WRAT (Jastak & Wilkinson, 1978), and an 

interview. Twenty-two mothers and fourteen fathers were 

administered the Minnesota Multiphasic Personality Inventory 

(MMPI) (Hathaway & McKinley, 1943), a personality measure. 

Findings indicated that seventeen percent of the group were 

mentally retarded with disability related to age under three 

years at the time of treatment and tumor extension to the 

hypothalamus. In addition, behavioral disorders were 

identified in thirty-nine percent of the patients, 

fifty-nine percent of the mothers, and forty-three percent 

of the fathers (Danoff et al., 1982). 

Using IQ data, Ellenberg et al. (1987) performed 

univariate analyses of variance with tumor site, radiation, 

therapy, age at diagnosis, chemotherapy, hydrocephalus and 

amount of surgical resection as factors. They found that 

the age of the child affected outcome as it related to 

radiation. Whole brain radiation therapy was associated 

with cognitive decline, especially in children below seven 

years of age (Ellenberg et al., 1987). 

Kun and Mulhern (1983) performed neuropsychological 

evaluation on children who were twenty-one months to fifteen 

years of age at diagnosis. They stated that results of 
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their analysis indicated no significant correlation between 

age and IQ function. However, the effect of age at 

treatment was suggested in memory-oriented functions with 

deficits in selective attending. Such deficits were 

identified in sixty-seven percent of the children under six 

years of at diagnosis and eleven percent of the group which 

was six years or older at diagnosis (Kun & Mulhern, 1983) . 

Mulhern et al. (1985), reviewed elsewhere in this 

paper, performed neuropsychological evaluation on twenty-six 

children with primary brain tumors. The children ranged 

from two years to fifteen years in age. These researchers 

stated that the most consistent factor associated with 

cognitive changes in their study was the child's age at 

diagnosis and treatment. The performance of the younger and 

older children did not depart from the comparison group at 

initial testing. However, the younger children demonstrated 

a greater tendency toward intellectual deterioration than 

the older group especially with regard to memory functioning 

and selective attention (Mulhern et al., 1985). 

Mulhern et al. (1988) examined seven school-aged 

children who had been treated for temporal lobe astrocytomas 

with surgery and irradiation. They ranged from five to 

thirteen years of age at diagnosis and testing was conducted 

from one month to five years postdiagnosis with follow-up 

examinations from two to seven years postdiagnosis. Tests 

included the WISC-R (Wechsler, 1974), WRAT (Jastak & 
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Wilkinson, 1978) , diagnostic interviews with patients and 

parents, and the PIC (Wirt, Lachar, Klinedinst, & Seat, 

1982). In addition, neurologic assessment was performed 

postoperatively and before radiation and CT scans were 

performed pre- and postoperatively. Neuropsychological 

functioning was adequate in only two of the subjects, with 

the two older patients having the best overall performance. 

The other five children demonstrated either intellectual 

deterioration, learning disability, mental retardation, or 

psychopathology. The deficits were associated with post 

operative performance status, inadequate seizure control, 

tumor recurrence and younger age at diagnosis. 

In a more recent study, Mulhern et al. (1989) evaluated 

fourteen infants and young children with brain tumors who 

were treated with prolonged preirradiation chemotherapy. 

The purpose of the treatment approach was to prevent tumor 

growth with chemotherapy while allowing greater maturation 

of the CNS before initiating cranial irradiation. The 

subjects received a variety of surgical procedures and 

chemotherapeutic approaches. All subjects received cranial 

irradiation between eighteen and forty-six months of age. 

They received irradiation to the full cranium with a boost 

to the primary tumor region. Twelve patients also received 

spinal irradiation. 

Evaluations were conducted at the initiation of 

chemotherapy, at the time of radiation therapy and upon 
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completion of treatment. Subjects were given neurologic 

examinations and assessment utilizing the either Bayley 

Scales of Infant Development (Bayley, 1969) or the McCarthy 

Scales of Children's Abilities (McCarthy, 1972). All 

children were evaluated with the Vineland Adaptive Behavior 

Scales (Sparrow, Balla, & Cicchetti, 1984) with a caretaker 

as the informant. At the initiation of chemotherapy, only 

three of the twelve children demonstrated adaptive 

functioning in the normal range. Data analysis revealed 

declining mental development and adaptive behavior in six 

patients with only two subjects functioning in the normal 

range. The researchers suggested that deficits in 

neurodevelopmental progress are a function of neurologic and 

sensorimotor deficits associated with the tumor, surgical 

intervention, and chemotherapy which preceded the radiation 

therapy. They indicated that delaying irradiation may not 

necessarily improve the child's functional status. 

There is evidence that cranial irradiation has a 

deleterious effect on cognitive functioning, although many 

of the studies to date are flawed. Evaluations of children 

with leukemia or brain tumors strongly suggest that adverse 

neurocognitive sequelae are greatest in children who are 

younger at the time of treatment (Packer et al., 1987). The 

specific difficulties evidenced by these children include 

memory, selective attention, and perceptual and visual motor 

abilities (Duffner et al., 1991). 
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Although earlier age at treatment may increase the 

impact of irradiation upon neuropsychological functioning, 

there may be other factors which have been insufficiently 

explored. One prospective study, which provided 

preirradiation developmental data on infants and children, 

found that most of the children demonstrated below average 

performance status and mental abilities even before the 

initiation of chemotherapy (Mulhern et al., 1989). 

Declining functional status, even in the absence of 

progressive disease, was also common after radiation therapy 

in these subjects. Therefore, the researchers suggested 

that neurodevelopmental progress may be a function of 

multiple factors including neurologic and sensorimotor 

deficits associated with tumor, surgical intervention, and 

chemotherapy which preceded radiation therapy (Mulhern et 

al., 1989). In addition, younger patients appear to have a 

higher incidence of disseminated disease at diagnosis. 

Therefore, age may not be an independent prognostic factor. 

Rather, the poorer prognosis in these patients may related 

to their higher "M"stage, a shorthand system of classifying 

the tumor related to the degree of metastases, and their 

often less aggressive treatment (Heideman et al., 1993). 

Impact of Treatment Variables 

The following section will review the literature 

related to the impact of treatment variables upon the 

long—term neuropsychological functioning of children treated 
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for brain tumor. The treatment factors which will be 

described are: interaction of chemotherapy and irradiation, 

effects of radiation dose and volume, and influence of 

extent of surgery. 

Chemotherapy and Irradiation 

Researchers have attempted to assess such factors as 

the interaction of chemotherapy and radiation in children 

treated for leukemia or brain tumor (Dowell, Copeland, 

Francis, Fletcher, & Stovall, 1991). Results of two studies 

by these researchers indicate that cranial radiation therapy 

is associated with neuropsychologic deficits. Three 

hypotheses were proposed to account for neurobehavioral 

impairments following treatment with cranial radiation 

therapy (CRT) and intrathecal (IT) chemotherapy. They 

hypothesized that CNS treatments exert a synergistic effect 

(AxB), an additive effect (A+B), or a single-agent effect (A 

or B). The four groups studied were: Group I (IT-CRT), 

consisting of 25 leukemia patients; Group II (CRT-no IT), 

consisting of a mixed group of 11 leukemia and brain tumor 

patients; Group III (IT-no CRT), composed of leukemia 

patients; and Group IV (No CRT-No IT), consisting of 

brain-tumor patients only. Nonorthogonal analysis of 

variance showed interaction effects (CRTxIT) on 

tactile-perceptual speed. Main effects were significant for 

a single agent (CRT) across a wide range of measures. 

General intelligence, academic achievement, verbal knowledge 
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and reasoning, and perceptual-motor abilities were found to 

be significantly lower among CRT-treated groups. Results 

must be regarded as tentative because of the mixed diagnoses 

within groups and the small number of patients in each group 

(Dowell et al., 1991). 

In a prospective study (Packer et al., 1989), 

researchers investigated the impact of whole-brain 

radiotherapy and chemotherapy. They utilized 

neuropsychological measures to assess one group of children 

treated with radiation and chemotherapy and a control group 

who did not receive radiation therapy. The researchers 

reported that children treated with radiation therapy 

evidenced a decline in IQ, as measured by the Bayley Scales 

of Infant Development (Bayley, 1969), Stanford Binet (Terman 

& Merrill, 1960), WISC-R (Wechsler, 1974) or WAIS-R 

(Wechsler, 1981), not shown by the other group. They also 

stated that no evidence was noted that implicated 

chemotherapy as a cause of increased intellectual 

dysfunction. Overall, results suggested that children 

become cognitively impaired following radiation treatment 

for brain tumor and that such impairment worsens over time. 

Deficits were reported within the areas of fine motor 

skills, visual motor skills, visual-spatial skills, and 

memory although specific memory measures were not clearly 

described (Packer, et al., 1989). 
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Radiation Dose and Volume 

The impact of radiation dose and volume on intellectual 

or adaptive functioning have also been investigated (Danoff 

et al., 1982, Jannoun & Bloom, 1990; Spunberg et al., 1981). 

Both Danoff et al. (1982) and Spunberg et al. (1981) 

reported no apparent correlation between volume of brain 

irradiated and mental retardation. 

Neither of these studies utilized statistical analyses, 

however, and results were reported as percentages. Jannoun 

& Bloom (1990) also reported no significant differences in 

FSIQ between patients divided according to the site of 

maximum radiotherapy dose and volume treated. The sites 

included whole neuroaxis, posterior fossa, para pituitary, 

and cerebral hemispheres. All groups tended to have higher 

Verbal than Performance IQ. Jannoun and Bloom mixed such 

factors as tumor histology and site; type of surgical, 

radiologic, or chemotherapeutic treatment; and presence or 

absence of shunt. 

Extent of Suraerv 

Some studies have attempted to evaluate the 

contributions of extent of surgery and radiotherapy to 

neuropsychological functioning in children. In a follow-up 

study, Cavazutti et al. (1983), examined two groups of 

children, whose ages were not specified, to determine the 

effects of radiotherapy and extent of resection. One group 

underwent radiotherapy alone or radiotherapy and 
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conservative surgical procedures (Group I). Another group 

(Group II) underwent either radical tumor resection by 

subfrontal exposure or radical resection and radiation 

therapy. An extensive neuropsychological and 

neurophysiological battery of tests was administered. 

Results.indicated that Group I demonstrated less frontal 

lobe and visual perceptual dysfunction than Group II. They 

reported that frontal lobe dysfunction was shown by 

perseverative responses, inflexibility of behavior and a 

lack of inhibitory control in sorting tasks although IQ 

remained relatively unaffected. Immediate memory 

difficulties and decreased manual dexterity were present in 

both groups. The authors concluded that primary irradiation 

of craniopharyngioma appears associated with lower morbidity 

rate and may avoid frontal lobe disorders seen in patients 

who have undergone extensive tumor resection. 

Others have investigated the acute effects of surgery 

alone relative to surgery with radiation therapy (Bordeaux 

et al., 1988) In a prospective study, fourteen children 

received neuropsychological assessment. One group received 

surgery only and another group received both surgery and 

radiation therapy. Results indicated that surgery and 

radiotherapy were not associated with acute effects on 

neuropsychological functioning. These results must be 

interpreted cautiously, however, because of the small sample 

size, heterogeneity of tumor-related factors, heterogeneity 
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of measures and brief interval between time of 

surgery/irradiation and time of testing. 

Radiation Therapy and Memory Deficits 

Memory impairment has been demonstrated in many studies 

of children treated for brain tumor with radiation therapy 

(Dennis, Spiegler, Fritz, Hoffman, Hendrick, Humphreys, & 

Chang, 1991; Dennis, Spiegler, Hoffman, Hendrick, Humphreys, 

& Becker, 1991; Mulhern & Kun, 1985). Children treated for 

other childhood cancers have also evidenced memory deficits 

which have been linked to CNS treatment with radiation 

therapy (Copeland, Dowell, Fletcher, Bordeaux, Sullivan, 

Jaffe, Frankel, Ried, & Cangir, 1988; Fletcher & Copeland, 

1988). The following section will briefly mention 

conclusions from research related to memory abilities in 

other populations of children treated with radiation therapy 

and review research which has evaluated radiation therapy 

and memory abilities in the brain tumor population. 

Children Treated for Childhood Cancer 

Fletcher and Copeland (1988) reviewed forty-one studies 

of CNS treatment on children with leukemia and solid tumors. 

They reported that studies varied greatly in design, sample, 

and outcome variables. Such variation limited their ability 

to generalize beyond the specific studies. However, results 

of research with these children suggest that CNS treatment 

does impair cognitive development particularly when 

radiation therapy is included in the treatment regimen. 
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Further, they stated that there is evidence of greater 

impairment in children who are younger at treatment. 

Overall, children in this population appear to experience 

greater deficits on attention, memory, and nonlinguistic 

processing tasks, such as measures of nonverbal memory. The 

reviewers suggested that results of autopsy and cerebral-

tomography studies implicate alterations of white matter 

structures, which are susceptible to radiation, as a factor 

in the cognitive and neuropsychological deficits 

demonstrated by these children (Fletcher & copeland, 1988). 

Subsequently, Copeland, Dowell, Fletcher, Bordeaux, 

Sullivan, Jaffe, Frankel, Ried, and Cangir (1988) 

investigated effects of cancer treatment in 124 children of 

unspecified ages. Children diagnosed with leukemia, 

lymphoma, solid tumor, or Hodgkin's disease, were placed 

into one of five groups which were classified on the basis 

of treatment modality and status. All patients received 

systemic chemotherapy and the other modalities included 

intrathecal chemotherapy or intrathecal chemotherapy with 

central nervous system radiation therapy. Treatment status 

was determined by whether the child was newly diagnosed in 

active treatment or a long-term survivor of cancer. 

Subjects were administered a measure of intelligence, 

the WISC-R (Wechsler, 1974), and measures of academic 

achievement, the WRAT (Jastak & Wilkinson, 1984) (spelling 

and arithmetic subtests) and Peabody Individual Achievement 



38 

Test (Dunn & Marakwardt, 1970) (reading subtests). They were 

also given measures of visual-motor skills, the Beery 

Visual-Motor Integration Test and Recognition Test (Beery, 

1982) ; and fine-motor skills, Finger Tapping (Reitan, 1969), 

Grooved Pegboard (Trites, 1977), and Trailmaking A and B 

(Reitan, 1969). They were administered tests of tactile-

spatial skills, the Benton Stereognosis Tests (Benton, 

Hamsher, & Varney, 1983); and language, Rapid Naming 

(Denckla & Rudel, 1974) FAS Word Fluency (Gaddes & Crockett, 

1975), Peabody Picture Vocabulary Test - Revised (Dunn & 

Dunn, 1981), and Token Test (DiSimoni, 1978). Verbal and 

nonverbal memory were assessed utilizing the Selective 

Reminding Test (Buschke, 1974). This test requires the 

child to learn and repeat a lis*- of nouns presented 

auditorially over eight trials and manually reproduce a 

demonstrated spatial sequence over eight trials. 

Multivariate analysis of neuropsychological test 

variables indicated that long-term survivors receiving 

intrathecal chemotherapy and cranial radiotherapy 

consistently obtained lower test scores than the other four 

groups. Differences were observed on a measure of nonverbal 

memory in the areas of long-term storage and continuous 

retrieval. This group also demonstrated deficits in verbal 

long-term storage and verbal continuous retrieval and verbal 

memory (Copeland et al., 1988). 
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occurrence of target words, in which the subject indicates 

whether they have heard the items on a word list in the 

session; the Content Memory test, requiring identification 

of a set of word-picture associations; and the Sequence 

Memory test, assessing the ability to identify the 

presentation order of a set of previously-heard words. All 

three tasks qualify as tests of recognition memory in that 

each provides a list of response alternatives for the 

subjects. The tests differ in the kind of stored 

information elicited, however. The Content and Sequence 

Memory tests assess the stable and overlearned associations 

between words and pictures which have been established as 

part of a semantic memory store. The two tests differ in 

the type of stored information they tap. Content or 

semantic information relates to two items such as words and 

their meanings. Information about serial position concerns 

the order or sequence in which items occur and concerns the 

relationships of items to each other, and does not require 

that elements be updated over trials. The Recognition 

Memory test requires a trial-by-trial update of information 

presented so that previous encounters must be encoded 

systematically and the task, therefore, constitutes a 

measure of working memory (Dennis et al., 1991a). 

The type of memory deficit was analyzed in relation to 

the following factors: age at onset of symptoms, age or 

duration of tumor, sex, pre-tumor developmental 
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disturbances, pre-tumor closed head injury, post-tumor 

anticonvulsant treatment and post-tumor epileptic seizures. 

Results of this study indicated that more than 

three-quarters of the subjects had at least one memory score 

in the impaired range. Variations in verbal intelligence 

accounted for less than one-quarter of the total variance in 

memory scores. This means that verbal intelligence is not 

the principal determinant of recognition memory test 

performance in children and adolescents who have been 

treated for brain tumor. Age at tumor onset proved to be a 

determinant of one type of memory. Recognition Memory and 

Content Memory were insensitive to variation in onset age; 

however, scores on Sequence Memory varied inversely with age 

at tumor onset. In other words, the later the onset, the 

lower the score (Dennis et al., 1991a). This finding 

appears to contradict those studies which suggest that 

children who are younger at onset and treatment evidence 

greater memory deficits (Kun & Mulhern, 1983; Mulhern et 

al., 1985) 

In a second paper, Dennis and her colleagues (1991b) 

described the neuroanatomical substrates involved in the 

memory deficits of the 46 original subjects. CT scans were 

obtained for each subject and rated by a pediatric 

neuroradiologist according to tumor damage, vascular damage, 

non-normal tissue, or changes due to hydrocephalus. In 

these subjects, tumor damage occurred primarily in the 
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diencephalon, that is the thalamus and hypothalamus, limbic 

lobe, basal ganglia and third ventricle. Tumor damage was 

rarely seen in the cortex, midbrain, pons, or cerebellum. 

Associated damage, such as tissue lost to atrophy, necrosis, 

edema, inflammation, infection, or displacement, did occur 

in cortical regions and subcortical white matter but was 

less evident in limbic areas, diencephalon or midbrain. 

Regression analysis was performed to determine whether 

memory scores could be predicted from the sites of brain 

damage. Results indicated that damage to the putamen and/or 

globus pallidus impaired performance on each memory task. 

For the Recognition Memory test, associated damage and tumor 

damage impaired performance on the Content and Sequence 

Memory tests. The memory for serial order of pictures 

corresponding to heard words involved structures in the 

limbic system and hypothalamic-pituitary axis. Working 

memory, where heard words were stored in temporary memory, 

involved the pineal-habenular region and anterior and medial 

thalamic nuclei. Memory for semantically-based word-picture 

associations was unaffected by tumors in several subcortical 

brain regions. The researchers concluded, however, that 

although the anatomical locus of the tumor is important, 

considerable variance in memory scores remains unaccounted 

for. Therefore, factors other than anatomical sites of 

damage contribute to memory deficits in brain tumor subjects 

which remain to be investigated (Dennis et al., 1991b). 
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Dennis et al. (1991b) controlled for many of the 

variables which have proved confounding in many of the brain 

tumor studies. They obtained a substantial number of 

subjects which allowed for statistical analyses. They also 

carefully described all measures and procedures. A 

narrower age range, however, would have allowed the to 

utilize one measure of intelligence across all subjects. A 

more homogeneous group in regard to age would also eliminate 

developmental differences which may confound findings in a 

group ranging from six to twenty years of age. 

Mulhern and Kun (1985) studied twenty-six children, 

ranging from two years, 4 months to 15 years, 10 months of 

age, with primary brain tumors. In serial evaluations, 

conducted pre-irradiation and postirradiation, they 

evaluated sensorimotor, intellectual, academic, and 

emotional functioning. Children were given an age-

appropriate measure of intelligence, either the McCarthy 

Scales of Children's Abilities (McCarthy, 1972) or the WISC-

R (Wechsler, 1974) ; a measure of behavioral functioning, 

either a Louisville Behavior Checklist (Miller, 1977) or PIC 

(Witt, Lachar, & Klinedinst, 1977); and a measure of 

academic skills, the WRAT (Jastak & Jastak, 1978). Problems 

with selective attention, concentration, or distractibility 

were defined by behavioral observations. 

Tests of statistical significance were conducted on 

group data for gender, intracranial pressure, age at 
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diagnosis, tumor site, sensorimotor impairment, and 

irradiation treatment. In addition, to determine if 

cognitive changes had occurred, individual cases were 

inspected for a difference of two standard errors of 

measurement between first and second scores. Results 

indicated that 68% of the younger children deteriorated in 

one or more area of intellectual functioning. The 

researchers reported that prominent difficulties were 

observed in memory and selective attention, although they 

did not describe how memory abilities were evaluated. They 

noted that children less than six years of age with 

supratentorial tumors were less likely than those with 

posterior fossa tumors to improve their cognitive 

performance (Mulhern & Kun, 1985). These results are not 

easily interpreted because of the failure of the researchers 

to depict their method of assessing memory. If one assumes 

that the relevant scores for the two IQ tests were used as 

the indices of memory, then a confound exists because of the 

age differences involved for the two tests. 

Carpentieri and Mulhern (1993), reviewed earlier in 

this paper, evaluated seven children with right and seven 

children with left temporal lobe tumors. Utilizing the 

Learning Efficiency Test (LET) (Webster, 1981), several 

children in each group evidenced difficulties with verbal 

memory. Although the researchers evaluated both verbal and 

visual memory in children with temporal lobe tumors, they 
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failed to include a comparison group. In addition, both of 

the brain tumor groups included a mixture of treatment 

modalities and the small number of subjects prevented the 

use of parametric statistical analysis. Results of this 

study are, therefore, difficult to interpret. 

Another study, which was described in an earlier 

section of this paper, evaluated the neuropsychological 

functioning of individuals treated for temporal lobe tumors 

(Cavazzuti et al., 1980). Although the assessment battery 

included several measures of memory function, results of 

this research were inconclusive because of the small number 

of subjects, the wide age range which precluded the 

utilization of a single measure of memory, and the 

heterogeneity of treatment. 

Numerous studies have documented difficulties in 

intellectual, sensorimotor, academic, and emotional 

functioning following irradiation for brain tumor and other 

childhood cancers (Copeland et al., 1988; Mulhern & Kun, 

1985). Although specific deficits in verbal and nonverbal 

memory have been identified in the brain tumor population 

(Dennis et al., 1991a; Dennis et al., 1991b), the 

variability in memory abilities across subjects and the 

limitations in research design make it difficult to 

determine the exact contribution of such factors as age at 

onset, age at treatment, type of treatment, or tumor 

location to the deterioration of memory function. Another 
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major deficiency in the literature is that the majority of 

research has examined only one aspect of memory, such as 

verbal memory or recognition memory. The complexity of the 

process of memory makes such narrow analyses quite limited 

in explaining the pervasiveness of memory deficits 

experienced by children irradiated for brain tumor. Given 

the extent of memory difficulties in this population, only a 

comprehensive memory battery could provide this information. 

Memory 

The following section will offer a definition of the 

process of memory. The complexity of memory functioning 

will be emphasized and several ways in which memory systems 

have been conceptualized will be discussed. In addition, 

the physiological aspects of memory and neural structures 

involved will also be distinguished. 

Definition 

Kolb and Wishaw (1990) defined memory as a process 

which results in a relatively permanent change in behavior. 

Further, they stated that it is never observed and, 

consequently, is always inferred. The neuropsychological 

study of memory dates back to about 1915, when Karl Lashley 

began a project to identify the neuronal locations of 

learned habits. After hundreds of experiments, he was still 

unable to interfere with specific memories. In 1950, he 

concluded that it was not possible to demonstrate the 

isolated localization of a memory trace anywhere in the 



47 

nervous system. He stated that "limited regions may be 

essential for learning or retention of a particular 

activity, but...the engram is represented throughout the 

region" (Kolb & Wishaw, 1990). 

Memory Systems 

In the 1950's, Broadbent postulated that there were 

separate short-term and long-term memories (Kolb & Wishaw, 

1990). Later, through the work of such researchers as 

Scoville, Milner, and Hebb, the concept of the two memory 

systems, short-term and long-term, became central to 

neuropsychological theory. Hebb developed a theory 

depicting the neurological basis of short-term and long-term 

memory. He argued that short-term memory is an active 

process of limited duration, and that long-term memory 

involves an actual structural change in the nervous system 

(Kolb & Wishaw, 1990). 

In Hebb's theory, each important sensation, percept, 

memory, thought or emotion, presents the flow of activity in 

a neuronal loop. The synapses in a particular path become 

functionally connected to form a cell assembly which is 

capable of continuing its activity after the stimulation has 

ceased. He proposed that after the initial sensory input, 

the assembly would reverberate and repeated reverberation 

could produce structural changes. Therefore, short-term 

memory is the reverberation of the closed loops of the cell 

assembly and long-term memory is more structural, a lasting 
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change in synaptic connections. Further, Hebb suggested 

that for the structural synaptic changes to occur, there 

must be a period in which the cell assembly is left 

relatively undisturbed. This process he referred to as 

consolidation, a period which required 15 minutes to one 

hour (Kolb & Wishaw, 1990). 

Atkinson and Shiffrin (1968) developed a computer-like 

model of the human mental system. It is called a store 

model and views information as being held in three parts of 

the system for processing: the sensory register, short-term 

memory, and long-term memory. Each is limited in the speed 

with which it can process information and both the sensory 

register and short-term memory are limited in capacity. 

They can hold only a certain amount of information for a 

brief period until it fades away entirely (Berk, 1994). 

Bourne (1985) indicated that sensory memory is quite 

brief and persists for only .5 to 2 seconds. He stated that 

for visual stimuli, the effect of stimulus presentation on 

the sensory system is called iconic memory, which gives a 

mental photograph of the stimulus. For auditory stimuli, 

there is a mental echo of the stimulus which is called an 

echoic memory. 

Short-term memory is also temporary and lasts from 15 

to 20 seconds (Bourne, 1985). It is sometimes thought of as 

divided into immediate memory and working memory. Immediate 

memory contains information which can be immediately 



49 

recalled. Working memory processes information in a way 

which changes its nature. It has been shown that short-term 

memory can accommodate about seven "chunks" of information 

when work must be done on the information. A chunk is a unit 

of memory which may contain many pieces of bits of 

information. The reverse of chunking is called decoding and 

is a process required in working memory (Bourne, 1985). 

Long-term memory, however, lasts indefinitely and 

consists of knowledge which is not currently conscious but 

is capable of becoming conscious if the stored information 

can be retrieved. Short-term memory is often called primary 

memory, while long-term memory is sometimes called 

secondary memory following the distinction made by William 

James (Bourne, 1985). 

There are many terms commonly used to distinguish 

different forms of long-term memory. One of the more useful 

distinctions is that between declarative and procedural 

memory. Declarative memories are facts which are accessible 

to conscious recollection. Procedural memories are skills 

and more "automatic" operations which are not stored with 

respect to specific times or places. For example, they may 

be motor skills such as typing (Kolb & Wishaw, 1989). 

Neural Structures Involved in Memory 

As Lashley's work illustrated, no single structure in 

the nervous system can be pointed to as the place where 

memory occurs. Lesions to a number of brain structures 
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disturb memory, but the regions do not house memory. The 

regions can be said only to be more involved in the process 

of remembering than others. It is likely that groups of 

neurons in different parts of the brain, especially in the 

cerebral hemispheres, are important for the remembering of 

different types of information, such as verbal or pictorial. 

Memory may be conceived of as a process of neuronal 

connectivity rather than as a site to be found in the brain 

(Kolb & Whishaw, 1990). 

In 1953, a neurosurgeon, William Scoville, found the 

removal of the hippocampus in a patient made him amnesic for 

all events following the operation. The surgery had 

interfered with the process of storing or retrieving new 

memories but had not touched stored memories themselves. 

This case study shifted the emphasis from a search for the 

location of memory to an analysis of the process of storing 

memories (Kolb & Whishaw, 1990). 

The hippocampus is most usually associated with 

learning and memory encoding, the long-term storage and 

retrieval of newly learned information, particularly the 

anterior regions. Many other brain areas, such as the 

mamillary bodies and dorsal-medial nucleus of the thalamus 

are also important in memory functioning. Bilateral 

destruction of the anterior hippocampus results in striking 

and profound disturbances involving memory and new learning 

(Joseph, 1990). 
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Presumably the hippocampus acts to protect memory and 

the encoding of new information during the storage and 

consolidation phase via the gating of afferent streams of 

information and the filtering/exclusion, or dampening of 

irrelevant and interfering stimuli. When the hippocampus is 

damaged, input overload results, the neuroaxis is 

overwhelmed by neural noise, and the consolidation phase of 

memory is disrupted such that relevant information is not 

properly stored or even attended to. Consequently the 

ability to form associations or alter preexisting schemas is 

attenuated (Joseph, 1990). 

It has been argued that significant impairments 

involving memory cannot be produced by lesions restricted to 

the hippocampus. Thus, in some instances with restricted 

lesions, good recall of new information is possible for at 

least several minutes. There is evidence that strongly 

suggests that the hippocampus plays an interdependent role 

with the amygdala in regard to memory. Nuclei such as the 

dorsal-medial region of the thalamus, which have also been 

shown to be important in memory, maintain rich 

interconnections with the amygdala. 

Although psychic blindness is produced by damage to the 

amygdala, striking anterograde deficits in recall do not 

seem to occur. Rather, the role of the amygdala in memory 

and learning seems to involve activities related to reward, 

orientation, and attention, as well as emotional arousal. 
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If some event is associated with positive or negative 

emotional states, it is more likely to be learned and 

remembered. 

The amygdala seems to reinforce and maintain 

hippocampal activity through the identification of 

motivationally significant information and the generation of 

pleasurable rewards, through action on the lateral 

hypothalamus. Reward increases the probability of attention 

being paid to a particular stimulus or consequences as a 

function of its association with reinforcement. However, 

the amygdala and hippocampus may act differentially in 

regard to the effects of positive versus negative 

reinforcement on learning and memory. Whereas the 

hippocampus produces theta in response to noxious stimuli, 

the amygdala increases its activity following the reception 

of a reward. Thus, if errors are made during acquisition, 

it is possible that the hippocampus modulates the 

appropriate reaction, and when presented with a reward, the 

amygdala reinforces the organism's response (Joseph, 1990). 

Therefore, the hippocampus acts to reduce or enhance 

extremes in arousal associated with information reception 

and storage in memory, whereas the amygdala acts to identify 

the social-emotional-motivational characteristics of the 

stimuli abd generate, in conjunction with the hippocampus, 

appropriate emotional rewards to reinforce learning and 

memory. We find that when both the amygdala and hippocampus 
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are damaged, striking and profound disturbance in memory 

functioning result (Joseph, 1990). 

It is now well known that, in adults, lesions involving 

the mesial-inferior temporal lobes, such as destruction or 

damage to the amygdala/hippocampus, of the left cerebral 

hemisphere typically produce significant disturbance 

involving verbal memory, particularly as contrasted with 

patients with right-sided destruction (Joseph, 1990). Left-

sided damage disrupts the ability to recall simple sentences 

and complex verbal narrative passages or to learn verbal 

paired associates or a series of digits. By 

contrast, in adults, right temporal destruction typically 

produces deficits involving visual memory, such as the 

learning and recall of geometric patterns, visual mazes, or 

human faces. Right-sided damage also disrupts the ability 

to recognize olfactory stimuli, emotional sounds and 

passages, sounds from the environment, as well as tactile 

mazes (Joseph, 1990). 

It appears, therefore, that, in the adult brain, the 

left amygdala/hippocampus is highly involved in processing 

and/or attending to verbal information, whereas the right 

amygdala/hippocampus is more involved in the learning, 

memory and recollection of nonverbal, visual-spatial, 

environmental, emotional, motivation, tactile, olfactory, 

and facial information (Joseph, 1990). Based on lesion, 

temporal lobectomy, and electrical stimulation studies, it 
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appears that the anterior temporal region is more involved 

in initial consolidation storage phase of memory, whereas 

the posterior region is primarily involved in memory 

retrieval and recall. Overall, however, it appears 

important that the amygdala and hippocampus be in some 

manner compromised or at least disconnected from the source 

of input for these deficiencies involving memory to arise 

(Joseph, 1990). 

It has long been established in adults that the left 

cerebral hemisphere is "dominant" in regard to linguistic 

memory (Joseph, 1990). Patients with left temporal lobe 

damage, removal, or posterior cerebral strokes have 

significant difficulty recalling short prose or verbal 

narrative passages. They also do poorly on paired associate 

learning, the repetition of digits, and perform more 

deficiently than those with right cerebral dysfunction when 

recalling consonant trigrams or recognizing recurring verbal 

material. Also, verbal memory, and the recollection of 

verbally labeled material is more seriously and 

significantly disrupted after sodium amytal injection to the 

left but not the right hemisphere (Joseph, 1990). 

In contrast, the previous review of literature 

involving children with lateralized brain tumors 

(Carpentieri and Mulhern, 1993; Cavazzuti et al., 1980) did 

not demonstrate such a clear picture. Carpentieri et al. 

(1993) reported that VIQ and PIQ, verbal memory, and visual 
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and auditory receptive abilities were not significantly 

different between children treated for either right or left 

temporal lobe tumors. In addition, Cavazzuti et al. (1980) 

found that, preoperatively, children with right temporal 

lobe tumors demonstrated bilateral difficulties in such 

abilities as verbal fluency, verbal learning, and verbal 

memory. After removal of the right temporal tumors, 

however, subjects evidenced improvement in verbal skills and 

verbal learning. 

Dennis et al. (1991) concluded that among their 

subjects, although the anatomical location of tumors was 

related to specific deficits, considerable variance in 

memory abilities was unaccounted for. They suggested, 

therefore, that factors other than anatomical sites must be 

considered in attempting to gain an understanding of verbal 

and nonverbal memory abilities. 

Assessment of Memory and Learning 

Comprehensive neuropsychological batteries include 

measures of memory and learning which in the past utilized 

such tests as the WISC-R (Digit Span) (Wechsler, 1974), 

Benton Visual Retention Test (Benton, 1974), K-ABC (Spatial 

Memory and Hand Movements subtests) (Kaufman & Kaufman, 

1983) , the Durrell (Durrell & Catterson, 1980), Tactual 

Performance Test (Reitan & Davison, 1974), the Seashore 

Rhythm Test (Reitan & Davison, 1974), and the Selective 

Reminding Test. The majority of these measures, however, 
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assess only one type of memory ability such as auditory 

memory for numbers, visual memory for abstract stimuli, or 

visual or auditory sequential memory. A recently developed 

test of verbal memory is the California Verbal Learning Test 

- Children's Version (CVLT-C) (Delis, Kramer, Kaplan, & 

Over, 1993). Two of the more recently developed 

instruments, the Test of Memory and Learning (TOMAL) 

(Reynolds & Bigler, 199 3) and the Wide Range Assessment of 

Memory and Learning (WRAML) (Sheslow & Adams, 1990), have 

been designed to evaluate more specific aspects of verbal 

and nonverbal memory and learning. 

Wide Range Assessment of Memory and Learning (WRAML) 

Adams and Sheslow (1990) stated that they developed the 

WRAML to provide a standardized instrument to assess 

modality specific competencies, such as visual versus verbal 

deficits in adolescents and children. It was also 

constructed to measure the memory along the continuum of 

episodic-semantic information which would assess the memory 

of non-meaningful information as well as information of a 

more meaningful nature. Additionally, the authors of the 

WRAML included tasks which required a multiple trial 

procedure to evaluate the child's memory strategies. They 

also constructed subtests which measured immediate versus 

delayed recall as well as recognition. 
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Description of the Subtests 

The WRAML is divided into three divisions which consist 

of a Verbal Memory Scale, Visual Memory Scale and Learning 

Scale. There are Delayed Recall subtests included for the 

Verbal Learning, Visual Learning, Sound Symbol, and Story 

Memory procedures (Sheslow & Adams, 1993). 

The subtests which comprise the Verbal Memory Scale are 

the Number/Letter Memory Subtest, where the child repeats a 

random mix of numbers and letters; Sentence Memory Subtest, 

requiring the child to repeat meaningful sentences; and 

Story Memory Subtest, where the child is read two short 

stories and asked to recall as many parts of each story as 

possible (Sheslow & Adams, 1993). 

The three subtests comprising the Visual Memory Scale 

proceed along a continuum of increasingly meaningful 

material. The subtests are: the Finger Windows Subtest, 

which asks the child to manually reproduce a demonstrated 

spatial sequence; Design Memory Subtest, which requires the 

child to draw designs following a brief presentation and 

10-second delay; and the Picture Memory Subtest which asks 

the child to look at a complex meaningful scene and indicate 

how the scene differs from a similar scene. 

The three subtests make up the Learning Scale evaluate 

performances over trials. These subtests are: the Verbal 

Learning Subtest, which evaluates a child's ability to learn 

a list of non-related words; the Visual Learning Subtest, in 
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which the child is asked to recall a fixed number of visual 

designs presented over four trials; and the Sound Symbol 

Subtest, which is a paired-associate task requiring the 

learner to recall sounds associated with various abstract 

figures. 

Development of the WRAML 

Sheslow and Adams (1990) have stated that the 

construction of the WRAML was guided by cognitive, 

neuropsychological and developmental influences. Cognitive 

theorists depict memory as a storage system which can be 

divided into a set of stages. The stages consist of 

encoding, storage and retrieval and were suggested by such 

theorists as Broadbent and, later, Atkinson and Shiffrin 

(Sheslow & Adams, 1990). 

The developers of the WRAML also report the influence 

of Craik and Lockhart, who hypothesize that memory is a 

continuum where past knowledge, learned rules and other 

information processing operations allow information to be 

efficiently handled and retained. Based upon this 

conceptualization of memory, more recent developmental 

investigators employ a "levels of processing" framework to 

look more closely at strategies employed by the learner 

(Sheslow & Adams, 1990). 

Neuropsychological influences on the conceptualization 

of memory provided WRAML developers with evidence for a 

multi-store model of memory. That is, the study of patients 
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with brain lesions suggested lateralization of short-term 

memory function while at the same time, there was also 

evidence of non-localized memory function. Sheslow and 

Adams have written that an integrative conceptualization of 

memory led to the development of the framework for the 

WRAML. They stated that their uppermost concern was the 

goal of evaluating memory across developmentally and 

educationally relevant areas (Sheslow & Adams, 1990). 

Little research is available on the WRAML because of 

its recent publication. In the standardization sample, 

twenty-one age groups were utilized between the ages of 5 

years and 17 years, 11 months. A minimum of 110 children 

were selected for each age group. The 1980 U.S. Census 

Bureau figures were employed to formulate gender, age, race, 

and regional membership of each age group. In addition, the 

overall metropolitan versus non-metropolitan residence for 

all ages in a particular U.S. region was developed using the 

1988 Rand McNally Commercial Atlas and Marketing Guide. The 

socioeconomic make-up of the normative sample was assessed 

by taking a 10% random sample of the 2 3 63 children and 

adolescents included in the standardization of the WRAML. 

Reliability, or the tendency toward consistency found 

in repeated measures of the same ability, was reported in 

the Administration and Scoring Manual of the WRAML (Sheslow 

& Adams, 1990). They stated that the median subtest 

coefficients ranged from .78 to .90 for the nine individual 
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subtests. For the Verbal Memory Index, Visual Memory Index, 

and Learning Index, the median coefficients are .93, .90, 

and .91, respectively. The General Memory Index coefficient 

alpha is .96. Criterion-referenced validity, or how well 

the test results correlate with an accepted criterion of the 

domain under study, was assessed by three studies. Results 

of one study indicates that the General Memory Index of the 

WRAML and the Memory Index of the McCarthy correlate at the 

level of .72. In a second study, a coefficient of .80 

represented a high degree of relationship between the 

General Memory Index of the WRAML and the Memory Index of 

the Stanford Binet. The third study provided a correlation 

of .54 between the WRAML General Memory Index and the 

Wechsler Memory Scale-Revised. 

The WRAML indices and WISC-R Verbal, Performance and 

Full Scale IQ scores were correlated (Sheslow & Adams, 

1990). Results indicate that the WISC-R Full Scale IQ is 

significantly correlated with Verbal Memory (.382), Visual 

Memory (.456), Learning (.362) and General Memory (.558) 

indices although the relationships are moderate. 

Hypotheses 

The purpose of this study was to determine whether 

there are differences in the memory and learning abilities 

between children irradiated for brain tumor and healthy 

children who have not been treated for brain tumor. The 

WRAML was utilized to determine if there are verbal and/or 
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nonverbal memory deficits in the brain tumor group. Such 

difficulties may be related to the age at treatment, time 

since treatment, and amount and type of radiation dose 

received. In addition, the study was designed to evaluate 

the role of IQ as a factor in verbal memory and nonverbal 

memory abilities. 

Several design considerations eliminated some of the 

most serious confounding variables experienced by 

researchers in this area. Whereas previous studies have 

failed to include a control group and have focused upon one 

or two limited aspects of memory functioning, this study 

examined memory as a comprehensive entity involving both 

visual and verbal memory of children irradiated for brain 

tumor and healthy controls. The wide age range of the 

subjects in several studies necessitated the utilization of 

a number of tests. In this study, however, it was possible 

to employ one comprehensive measure because age was 

restricted to those children between 9 and 14. The 

purpose of this study was to enhance the understanding of a 

number of aspects of memory functioning in the brain tumor 

population and assist in the formulation of more effective 

methods of remediation and instruction. The following 

research hypotheses were tested: 

Hypothesis 1. There will be a significant difference 

in the General Memory Index scores between the children 

treated for brain tumor with radiation therapy and the 
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healthy children. That is, the children irradiated for 

brain tumor would score more poorly than the healthy group. 

The rationale for this hypothesis was based upon 

research which suggests that children previously treated for 

brain tumor and other childhood cancers have been found to 

evidence difficulties in intellectual, sensorimotor., 

academic, and emotional functioning (Copeland et al., 1988; 

Mulhern & Kun, 1985). Specifically, children irradiated for 

brain tumor have demonstrated problems with verbal and 

nonverbal memory abilities (Dennis et al., 1991a; Dennis et 

al., 1991b; Mulhern & Kun, 1985). 

Hypothesis 2. There will be a significant difference 

in the General Memory Index scores between the children 

treated for brain tumor with radiation therapy before the 

age of seven and those treated after seven years of age. 

That is, subjects treated before the age of seven would 

perform more poorly than those children treated after that 

age. 

This hypothesis was formulated because of evidence 

presented earlier in this paper which indicated that 

children treated under the age of six or seven evidence a 

tendency toward greater deficits in memory functioning. 

Memory deficits have been demonstrated by both children 

treated at younger ages for brain tumor (Ellenberg et al., 

1987; Kun & Mulhern, 1983; Mulhern et al., 1985) as well as 

other types of childhood cancer (Duffner et al., 1991). 
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Hypothesis 3. There will be a significant difference 

in the General Memory Index scores between children three 

years or more post therapy and those children less than 

three years post therapy. Children treated three or more 

years ago would be expected to perform significantly more 

poorly on measures of memory functioning than those treated 

more recently. 

This hypothesis was suggested by evidence that 

radiation reactions occur from a few months to several years 

following treatment (McMahon & Vahora, 1986). Packer et al. 

(1987) has stated that neurocognitive deficits are 

progressive and may not become evident until three years or 

more after treatment. Although the effects of time since 

treatment have been studied (Kun & Mulhern, 1983), findings 

may have been confounded by the inclusion of subjects from 

eighteen months to fifteen years of age who ranged from 

three to seventy months post surgery. 

Hypothesis 4. There will be a significant difference 

between the General Memory Index scores between those 

children treated for brain tumor with whole brain radiation 

and those treated with focal radiation. That is, the 

children receiving whole-brain radiation would perform more 

poorly on measures of memory than either the children 

receiving either focal irradiation or the healthy children. 

This hypothesis has been suggested by Ellenberg et al. 

(1987) who reported an IQ decline following whole-brain 
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irradiation in their subjects. In addition, Spunberg et al. 

(1981) reported that patients receiving lower doses for less 

malignant and less invasive tumors demonstrated few 

abnormalities although Danoff et al. (1982) found no 

apparent correlation between the volume of brain irradiated 

and intelligence. 

Hypothesis 5. As measured by the WISC-III IQ and the 

Verbal Memory, Visual Memory and Learning Indices of the 

WRAML, IQ would account for no more of the variance in 

verbal and visual memory and learning scores in children 

irradiated for brain tumor than in healthy children of the 

same age. 

The rationale for this hypothesis was suggested by 

Dennis et al. (1991). In this study, variations in verbal 

intelligence accounted for less than one-quarter of the 

total variance in memory scores in subjects treated by 

surgery, irradiation, and chemotherapy for brain tumor. 

The answers to these questions are important to the 

understanding of memory and learning patterns in children 

who have been treated with radiation therapy. Enhanced 

description of these factors may enable patients and 

families to better understand the memory and academic 

difficulties which have been documented in the literature. 

In addition, the need for specific types of remediation in 

academic instruction may be clarified. 



CHAPTER II 

METHOD 

Subjects 

The records of seventy children previously irradiated 

for brain tumor in a teaching hospital were evaluated by a 

graduate student to identify potential subjects. Each of 

the children had received radiation therapy at some time 

from January, 1988 to December, 1993. The ages of the 

individuals ranged from six to twenty-one years. Data 

recorded from hospital records included the current age, age 

at treatment, gender, ethnicity, tumor type and location, 

presence or absence of hydrocephalus, type and extent of 

surgical procedure, radiation volume and dose, and amount 

and type of chemotherapy. To limit confounding 

developmental considerations, subject selection was 

restricted to children in the age range of nine to fourteen. 

Such a limitation, however, restricted potential subjects to 

thirty. 

A control group of children between nine and fourteen 

years of age was utilized. These subjects were selected 

from the outpatient pediatric clinic of the same hospital. 

Children are followed in this clinic for regular well 

checkups and other minor illnesses not of a chronic nature. 

65 



66 

Following the evaluation of the tumor subjects, healthy 

children were contacted who were equivalent to the tumor 

children on the basis of age. An attempt was made to match 

the tumor subjects' gender and ethnicity whenever possible 

(see Tables 16 and 17). No child was selected for the 

control group who had been diagnosed or treated for a 

serious or chronic medical condition such as head injury, 

diabetes, or lupus. Children previously diagnosed or 

treated for psychiatric illness were also excluded from the 

healthy group. 

Instruments 

Wide Range Assessment of Memory and Learning. The 

older children's version of the WRAML (Sheslow & Adams, 

1990), previously described in this paper, was utilized to 

evaluate the memory and learning in both groups of subjects. 

Each WRAML subtest yields a scaled score of 10 with a 

standard deviation of 3. There are a total of nine subtests 

from which the index scores are derived. In each scale, 

three subtests comprise the index score. The indices 

include the Visual Memory Index (VISI), Verbal Memory Index 

(VERI), and Learning Index (LRNI). The three indices are 

presented as standard scores with a mean of 100 and standard 

deviation of 15 and combine to constitute the General Memory 

Index (GMI), which also has a mean of 100 and standard 

deviation of 15. 
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Wechsler Intelligence Scale for Children - Third 

Edition (WISC-III). A short form of the WISC-III was 

utilized to determine the IQ of subjects in both groups. 

The subtests included Information, a measure of the child's 

range of general knowledge; Similarities, a measure of 

verbal concept formation; and Vocabulary a measure of word 

knowledge, from the Verbal Scale and Block Design, a measure 

of nonverbal analysis/synthesis, from the Performance Scale. 

Sattler (1992) reported that examiners may use the 

abbreviated forms of the WISC-III for research purposes to 

describe the intellectual level of a group. The 

reliabilities and validities of the short forms are high and 

have been reported as .944 and .886, respectively, for this 

group of selected subtests. 

Procedure 

Parents of all children with brain tumors, in the 9 to 

14 age range, received a letter stating the purposes of the 

study and informing them that they would be contacted by 

telephone to determine if they would allow their child's 

participation in the study. To obtain healthy subjects, 

parents of 9 to 14-year-olds were told about the study as 

the children were brought for their regular clinic 

appointments. The number of children in the desired age 

range who came into the clinic was quite limited, however, 

and the attending physician found it necessary to complete 
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subject selection by obtaining the names of healthy subjects 

from the master patient list. 

The subjects were tested utilizing the WISC-III and 

WRAML. Examiners were doctoral level graduate students who 

had been trained extensively in administration of both the 

WISC-III and WRAML. The examiners were blind to the group 

membership of the subjects, although in many cases, physical 

appearance revealed whether the subject had been irradiated 

for brain tumor. A WISC-III and WRAML were administered to 

each of the assigned subjects, with the exception of one 

child who had been administered a WISC-III within the past 

several months. Tests were scored by each of the examiners 

and checked and recorded by a third examiner and a licensed 

psychologist. Archival data were used for nine subjects. 

Children were offered five dollars upon completion of 

testing and parents received a brief report of the 

evaluation results. This report was in written form (See 

Appendix C) and parents were also offered the option of 

verbal feedback. 

Analysis 

Means and standard deviations for all scores have been 

reported. To test the research hypotheses, several 

statistical procedures were performed. To test hypotheses 

one and two, Student's t tests and Pearson Correlation 

Coefficients were computed. For hypotheses three and four, 

only Student's t-tests were performed. Hypothesis five 
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investigated by the utilization of Student's t-test, Pearson 

Correlation, and Fisher's Z Transformation of Pearson 

Correlation Coefficients. 



CHAPTER III 

RESULTS 

Following a brief presentation of various aspects of 

the subject variables, results which address the specific 

hypotheses are discussed. Comparisons between tumor and 

healthy patients were made for demographic purposes. An 

alpha level of .05 was used for all statistical tests. 

Gender and ethnicity were compared by chi-square, 

substituted by Fisher's Exact Test when cell sizes were 

small. Neither gender (X = 376, p = 0.54 0) nor ethnicity 

(Fisher's Exact Test p = 0.821) were judged statistically 

significant between the tumor and healthy subjects. Gender 

and ethnic membership of tumor and healthy subjects are 

summarized in Appendix B, Tables 16 and 17, respectively. 

Among the children who experienced brain tumors, there 

were 11 types of tumors represented (summarized in Table 

12). The majority of the 22 children received total tumor 

resection and approximately one-third of them received both 

chemotherapy and radiation. Subjects were almost evenly 

divided between those receiving whole brain and those 

receiving focal treatment. Treatment variables are 

summarized in Table 13 and radiation amount and type are 

listed in Table 15. Table 11 lists additional demographic 

data for the children irradiated for brain tumor. 

70 
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Table 1 lists the means and standard deviations for IQ 

and WRAML indices of both groups of children. The children 

with brain tumors, as a group, displayed IQ in the Low 

Average range. Overall memory abilities for this group were 

found to be well below average. The group of healthy 

children, as a group, demonstrated IQ and overall memory 

abilities within the Average range. 

The first hypothesis stated that children irradiated 

for brain tumor would score more poorly than the healthy 

group on the General Memory Index of the WRAML. Student's 

t-tests were performed comparing all indices of the WRAML 

between the tumor and healthy groups. Results of this 

analysis revealed significant differences between the groups 

on all measures which include the VERI, VISI, LRNI, and GMI. 

These findings are summarized in Table 1. 

The second hypothesis stated that tumor subjects 

treated before the age of 7 would perform more poorly on the 

GMI than children treated after that age. Analysis by 

Student's t-test did not yield significant results. Table 2 

summarizes these findings. When age of the tumor subjects 

was treated as a continuous variable, although a directional 

trend was observed, there were no statistically significant 

differences (See Table 3). 
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Table 1 

T-Test Comparisons for the 10 and WRAML Memory Indices 

Variable Mean Standard Standard Score 
Deviation Error Range 

Full Scale IQ 

Tumor Group 88.364 17.919 3.820 46 - 109 

Healthy Group 96.682 17.203 3.668 64 - 130 

(t = 1.57, df = 42, E = 0.124) 

VERI 

Tumor Group 78.955 14.214 3.030 55 - 117 

Healthy Group 94.773 17.287 3.686 53 - 121 

(t = 3.31, df = 42, E = 0.002*) 

VISI 

Tumor Group 80.091 20.026 4.270 47 - 119 

Healthy Group 97.591 12.018 2.562 79 - 121 

(t = 3.51, df = 42, g = 0.001*) 

LRNI 

Tumor Group 82.318 15.505 3.306 55 - 107 

Healthy Group 95.909 10.179 2.170 72 - 116 

(t = 3.44, df = 42, E = 0.002*) 

GMI 

Tumor Group 76.000 16.816 3.585 45 - 102 

Healthy Group 95.000 11.402 2.431 65 - 112 

(t = 4.39, df = 42, E = 0.0001*) 



73 

Table 2 

Summary Table for Student's T-Test Analysis of Age at 

Treatment and WRAML Indices 

Measure Age N Mean Standard Standard Significance 
(Years) Deviation Error Value 

VERI 

7 10 74.8 11.4 3.6 

7 12 82.4 15.8 4.6 0.219 

(t = 1.27, df = 20) 

7 10 76.7 25.6 8.1 

7 12 82.9 14.4 4.2 0.482 

(t = 0.72, df = 20) 

LRNI 

7 10 78.3 19.7 6.2 

7 12 85.6 10.6 3.0 0.278 

(t = 1.12, df = 20) 

GMI 7 10 71.4 21.1 6.6 

7 12 79.8 11.8 3.4 0.251 

(t = 1.18, df = 20) 

VISI 
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Table 3 

Pearson Correlation Coefficients for Age at Treatment as a 

Continuous Measure 

Measure Correlation 
With Age 

Significance 

VERI 0.272 0.220 

VISI 0. 312 0. 157 

LRNI 0. 268 0.228 

GMI 0.334 0.130 

The third hypothesis stated that children treated with 

radiation therapy three or more years prior to assessment 

could be expected to perform more poorly than those treated 

within three years of assessment. Results of statistical 

analysis utilizing Student's t-test revealed no significant 

differences between children three or more years 

post-therapy and those treated more recently (See Table 4). 

When the time since treatment was treated as a continuous 

variable, however, a significant negative correlation was 

found between time since treatment and two of the WRAML 

indices, the VISI and GMI. As the time since treatment 

increased, children appeared to experience greater deficits 

in visual memory and overall memory functioning (See Table 

5) . 
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Table 4 

Summary Table for Students T-Test Analysis of Time Since 

Treatment and WRAML Indices 

Measure Time N Mean Standard Standard Significance 
(years) Deviation Error 

VERI 

VISI 

LRNI 

GMI 

3 15 78.6 14.2 3.7 
3 7 79.7 14.7 5.5 0.869 

(t = 0.17, df = 20) 

3 15 77.9 22.7 5.8 
3 7 84.71 12.7 4.8 0.473 

(t = 0.73, df = 20) 

3 15 81.4 16.6 4.3 
3 7 84.2 13.6 5.1 0.695 

(t = 0.40, df = 20) 

3 15 74.66 18.3 4.7 
3 7 78.8 13.6 5.1 0.599 

(t = 0.54, df = 20) 

Table 5 

Pearson Correlation Coefficients for Time Since Treatment as 

a Continuous Measure 

Measure Correlation Significance 
With Time 

VERI -0.330 0.134 

VISI -0.497 0.019 * 

LRNI -0.377 0.084 

GMI -0.477 0.025 * 
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The fourth hypothesis stated that among subjects with 

tumors, children treated with whole brain radiation would 

score more poorly than children treated with focal 

radiation. Analysis by Student's t-test revealed no 

significant relationship between focal and whole brain 

radiation and the WRAML indices. Table 6 summarizes this 

analysis. 

The fifth hypothesis stated that the relationship 

between IQ and the WRAML indices would be no different for 

the irradiated versus the healthy children. Student's 

t-Test revealed no significant difference between the IQ of 

subjects with tumors and healthy subjects (see Table 1). 

Pearson correlation coefficients and Student's T-Test on 

Fisher's Z Transformation of the correlations (see Table 7) 

were computed for IQ and all memory indices of both groups. 

Results of the Student's t-test indicated a significant 

difference between the irradiated subjects and healthy 

subjects in the relationship between VISI and IQ. That is, 

the visual memory and IQ scores of the subjects with tumors 

were more closely related than the visual memory and IQ of 

the healthy subjects. 

Additional Analyses 

In addition to analyses investigating the original 

research hypotheses concerning memory in children who have 

been irradiated, analyses of several other variables were 

performed (see Tables 13 and 14). The memory functioning of 



77 

children who have received only radiation was contrasted 

with children receiving both radiation and chemotherapy. 

Student's t-test revealed that no significant differences 

Table 6 

Summary Table for Student's T-Test Analysis of Focal and 

Whole-Brain Radiation and the WRAML Indices 

Measure N Mean Standard Standard Significance 
Deviation Error 

VERI 

Focal 12 80.0 13.3 3.8 

Whole 10 77.7 15.8 5.0 0.715 

(t = .37, df = 20) 

VISI 

Focal 12 83.3 22.2 6.4 

Whole 10 76.2 17.2 5.4 0.419 

(t = 0.83, df = 20) 

LRNI 

Focal 12 84.8 15.0 4.3 

Whole 10 79.3 16.2 5.1 0.418 

(t = 0.83, df = 20) 

GMI 

Focal 12 78.75 16.0 4.6 

Whole 10 72.70 17.9 5.6 0.414 

(t = 0.83, df = 20) 



78 

Table 7 

Students T-Test on Fisher's Z Transformation of Pearson 

Correlation Coefficients With 10 and WRAML Indices 

Measure Correlation Fisher's Z Significance 
Coefficient 

VERI 

Tumor 0.559 0.632 

Healthy 0.460 0.497 0.678 

VISI 

Tumor 0.655 0.785 

Healthy -0.115 -0.115 0.006 * 

LRNI 

Tumor 0.493 0.539 

Healthy 0.255 0.261 0.390 

GMI 

Tumor 0.67 0 0.810 

Healthy 0.345 0.360 0.165 

existed between these groups. Results are summarized in 

Table 8. 

Differences in memory between children with and without 

hydrocephalus were investigated. Although Student's t-tests 

revealed no significant differences, a notable trend was 

observed on the Visual Memory Index between these groups. 
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Table 8 

Summary Table for Student's t-test Analysis of Type of 

Treatment (Radiation Only and Chemotherapy and Radiation) 

and WRAML Indices 

Measure N Mean Standard Standard Significance 
Deviation Error 

VERI 

Radiation 14 76.0 14.9 3.9 

Both 8 84.0 12.0 4.2 0.216 

(t = 1.27, df = 20) 

VISI 

Radiation 14 78.7 22.9 6.1 

Both 8 82.3 14.6 5.17 0.696 

(t = 0.39, df - 20) 

LRNI 

Radiation 14 78.2 15.8 4.2 

Both 8 89.5 12.8 4.5 0.101 

(t = 1.71, df = 20) 

GMI 

Radiation 14 72.5 18.2 4.8 

Both 8 82.0 12.8 4.5 0.214 

(t = 1.28, df = 20) 
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Children experiencing hydrocephalus evidenced lower scores 

than those without hydrocephalus. The results are summarized 

in Table 9. 

Table 9 

Summary Table for Student/s t-test Analysis of Presence/ 

Absence of Hydrocephalus and WRAML Indices 

Measure N Mean Standard Standard Significance 
Deviation Error 

VERI 

No 16 79.8 13.3 3.33 

Yes 6 76.5 17.4 7.12 0.632 

(t = 0.48, df = 20) 

VISI 

No 16 84.9 19.8 4.9 

Yes 6 67.1 15.2 6.2 0.062 

(t = 1.97, df = 20) 

LRNI 

No 16 85.5 15.1 3.7 

Yes 6 73.8 14.2 5.8 0.118 

(t = 1.63, df = 20) 

GMI 

No 16 79.4 15.9 3.9 

Yes 6 66.8 16.9 6.9 0.120 

(t = 1.62, df = 20) 



81 

The extent of surgery was investigated. The memory 

abilities of children receiving a total resection were 

compared, by Student's t-test, with those receiving a 

subtotal resection. Significant differences were found on 

the LRNI and GMI (summarized in Table 10). Children who 

received a total surgical tumor resection obtained lower 

LRNI and GMI scores than the chidren who received subtotal 

resection. 
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Table 10 

Summary Table for Students t-test Analysis of Extent of 

Resection and WRAML Indices 

Measure N Mean Standard Standard Significance 
Deviation Error 

VERI 

Subtotal 6 84.1 13.8 5.6 

Total 16 77.0 14.2 3.5 0.303 

(t = 1.05, df = 20) 

VISI 

Subtotal 6 88.3 22.3 9.1 

Total 16 77.0 18.9 4.7 0.246 

(t = 1.19, df = 20) 

LRNI 

Subtotal 6 94.8 16.4 6.7 

Total 16 77.6 12.6 3.1 0.016 * 

(t = 2.62, df = 20) 

GMI 

Subtotal 6 86.3 18.0 7.3 

Total 16 72.1 15.1 3.7 0.077 

(t = 1.86, df = 20) 



CHAPTER IV 

DISCUSSION 

The purpose of the current study was to evaluate the 

memory abilities of children irradiated for brain tumor when 

compared to a group of same-aged, healthy children. The 

impetus for the study grew from the recognition that little 

research has been directed toward the investigation of 

memory in children previously treated for brain tumor, yet 

this population is reported to experience significant memory 

deficits. This project was pursued to accomplish a variety 

of goals. The first goal was to offer a comprehensive 

assessment of memory abilities which would yield a more 

thorough depiction of their strengths and deficits than is 

currently found in the literature. A second goal was to 

provide preliminary data that may, in the future, assist in 

the formulation of strategies for educational planning and 

techniques for remediation of any deficits which might be 

observed in children who have been irradiated. A third goal 

was to highlight weaknesses in the literature, as well as in 

the present study, which may indicate directions for future 

research. 

Research hypotheses were proposed which predicted that 

children irradiated for brain tumor would evidence 

83 
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significant memory deficits. In addition to the research 

hypotheses, analyses were performed based upon the 

literature which suggests that differential memory abilities 

may be observed among subgroups of tumor patients. The 

subgroups might be differentiated by certain patient 

variables, such as presence or absence of hydrocephalus, or 

treatment variables, such as extent of surgical resection or 

type of CNS treatment. The five original hypotheses and 

additional analyses will be discussed in the following 

section as well as limitations of the study, implications 

for remediation of memory deficits, and suggestions for 

future research. 

The first experimental hypothesis was supported. There 

were significant differences between the tumor subjects and 

healthy subjects on all indices of the WRAML (See Table 1). 

This suggests that, relative to healthy children, those 

children who have been irradiated for brain tumor may have 

deficits in both visual and verbal memory abilities. This 

finding is consistent with other research (Dennis et al., 

1991; Mulhern & Kun, 1985; Carpentieri & Mulhern, 1993) 

although the magnitude of agreement between this study and 

previous studies is difficult to assess. The principle 

impediment to offering a clearcut comparison between these 

findings and those of previous research is that most studies 

have either examined only one or two aspects of memory or 

have described memory more as a general ability. 
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Because brain development in younger children is less 

complete and more sensitive to toxicity (Brown et al., 

1992), the second hypothesis implied a relationship between 

age at treatment and memory functioning. This hypothesis, 

was not supported (see Tables 2 and 3). When approached as 

a discrete variable, age at treatment was not shown to be 

related to memory abilities. That is, differences between 

the two groups did not reach significance even though 

children treated before 7 years of age scored lower on every 

memory index (see Table 2). When analyzed as a continuous 

variable, although not significant, a directional 

relationship was evidenced between the age at irradiation 

and overall memory functioning as measured by the VERI, 

VISI, LRNI, and GCI of the WRAML (see Table 3). Many 

studies have suggested that age at treatment may impact 

neuropsychological functioning; however, a critical age has 

not been identified. For this study, the age of 7 was 

arbitrarily selected as the critical age. These results 

indicate that although a relationship between age at 

treatment and memory functioning may exist, as suggested 

elsewhere in the literature (Ellenberg et al., 1987; Kun & 

Mulhern, 1983; Mulhern et al., 1985; Duffner et al., 1991), 

there appear to be other currently unidentified factors 

which interact with age to influence the acquisition or 

retention of memory abilities in this population. 
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The third experimental hypothesis, that children 

assessed more than three years post-therapy would 

demonstrate greater memory deficits than those treated more 

recently, was supported. These findings are consistent with 

earlier research (Packer, 1987) which suggested that 

neurocognitive deterioration may be progressive. These 

results are summarized in Tables 4 and 5. Late delayed 

reactions to radiotherapy have been described in the 

literature (McMahon et al., 1986; Heideman, et al., 1993) 

which suggest that CNS damage may continue to occur from a 

few months to several years following treatment. 

When categorical variables, greater versus less than 

three years post-therapy, were examined, no relationship was 

indicated; however, when time since treatment was examined 

as a continuous variable, a negative correlation was 

demonstrated with significant differences between the two 

groups on the VISI and GMI. As the time since radiation 

treatment increased, visual memory and overall memory 

functioning appeared to become increasingly impaired. This 

suggests that, over time, memory deficits in these children 

may intensify and become more problematic. Such 

difficulties may indicate that the effects of CNS treatment 

for brain tumor are progressive in their impact upon memory. 

It has been suggested, however, that if development is 

arrested by CNS treatment, memory abilities these children 

may appear to decline while, in reality, their abilities may 
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be more static and continue to develop, but at a slower rate 

than that of their same-aged, healthy peers. The 

possibility also exists that this finding may not illustrate 

a true relationship but, instead, may be an artificial 

characteristic or statistical artifact. 

The fourth research hypothesis, that children treated 

with whole-brain radiation would perform more poorly, was 

not supported. Table 6 summarized the results. Although 

memory scores of the whole-brain subjects were in the 

hypothesized direction on every measure, the differences 

were not significant. Investigation in this area may have 

been compromised by the small number of subjects and such 

factors as tumor location, extent of resection, presence or 

absence of hydrocephalus, and type of CNS therapy. 

As suggested by Dennis et al. (1991), the fifth 

hypothesis was marginally supported. The magnitude of the 

memory-intelligence relationship appears to be greater in 

children with pediatric brain tumors than in healthy 

children. That is, the visual memory abilities and IQ of 

children with brain tumors appear more closely related than 

in the healthy children. This relationship may be accounted 

for by certain physiological alterations which accompany the 

presence of brain tumors and CNS therapy. 

The human brain receives roughly 15% of cardiac output 

and accounts for 20% of the body's oxygen consumption (Berg 

& Linton, 1989). Brain cells are, therefore, highly 



88 

sensitive to alerations in their energy supply and can 

become easily impaired in function and integrity. When 

parts of the brain are damaged, cognitive and sensorimotor 

abilities may be effected even though other organ systems 

may or may not be disrupted (Berg & Linton, 1989). Children 

who have been treated for brain tumors evidence sensory and 

processing deficits which impact IQ by impairing 

attention/concentration, cognitive flexibility, concept 

formation, and speed of processing. 

The small number of subjects in this study makes it 

impossible to determine the contribution of tumor location 

to these results. It is possible that the specificity of 

the relationship of visual memory or verbal memory and IQ 

might vary according to tumor location or any of the other 

patient or treatment variables. On the other hand, visual 

memory tasks on the WRAML require WISC-III Performance Scale 

abilities, such as visual-mtoor integration and visual-

spatial perception. Wilkening (1989) noted that Performance 

skills appear not to recover as well as Verbal skills 

secondary to diffuse lesions. It remains to be investigated 

whether visual memory abilities impact Performance Scale 

outcomes and, thus, may be closely related to certain 

aspects of intellectual functioning. 

Additional Analyses 

Additional statistical analyses revealed no significant 

differences between subjects who had radiation only and 
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those who received both radiation and chemotherapy. 

Although no significant differences were found in the 

present study, the children receiving only radiation therapy 

received lower scores on all WRAML indices. With this 

limited a sample of tumor subjects, it is not possible to 

determine the additional contribution of other factors such 

as early age at treatment, time since treatment, type of 

tumor, or tumor location which may have interacted with the 

type of CNS treatment. 

Consistent with the findings of Jannoun et al. (1990) 

and Ellenberg et al. (1987), the presence or absence of 

hydrocephalus did not appear to significantly effect memory 

functioning in the tumor children. However, the children 

with hydrocephalus scored below those without hydrocephalus 

on every WRAML index score with a notable difference between 

the two groups on VISI. 

Extent of resection was demonstrated to be 

significantly related to LRNI and GMI scores. Children who 

received total resection scored significantly lower than 

those who had received subtotal resection. This is in 

contrast to Cavazutti et al. (1983) who found immediate 

memory deficits in children who had received conservative 

surgical procedures or radiotherapy alone as well as those 

receiving radical resection. It is difficult to generalize 

these results because of the small number of subjects in 

this study, as well as the Cavazutti research, which 
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prohibits analysis of the specific deficits as indicated by 

individual subtest scores or patterns of subtest scores. 

Limitations of the Study 

Several relevant limitations of this study must be 

identified which were unanticipated and influenced the 

subject selection. The number of potential tumor subjects 

was restricted for a number of reasons. Some children were 

not testable at the time of evaluation because of visual 

impairment, medical instability, or mental retardation. 

Another unexpected factor effecting subject selection 

was ethnicity of the tumor subjects. The issue of ethnicity 

created some difficulty in matching the tumor patients with 

equivalent healthy children. This was true because of the 

over-representation of white children within the tumor group 

and the ethnic makeup of the clinic population which offered 

fewer white patients. This difficulty precluded matching 

for gender and ethnicity in several cases. 

The three WRAML scales, Verbal, Visual, and Learning, 

with their nine subtests and delayed recall and recognition 

components, offer a thorough evaluation of children's memory 

abilities. In reference to the use of the WMS -R (Wechsler, 

1987) with adults, Gass (1995) stated that the joint use of 

free recall and cueing and/or recognition assist in 

assessing the relative efficacy of encoding and retrieval 

processes. In the WRAML, free recall is assessed by the 

Story Memory subtest and cueing/recognition is evaluated by 
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the Verbal Learning and Story Recognition subtests. 

Although these processes cannot be fully separated because 

retrieval success is partly dependent on quality of 

encoding, generally, successful storage of information is 

indicated by a high recognition, or cued, score. This may 

be true regardless of the free recall performance. 

Retrieval operations are indicated by a high score on 

delayed free recall (Gass, 1995). 

Although the WRAML measures visual and verbal encoding 

and retrieval processes, the small number of subjects 

prevented further comparisons of memory performance. Such 

comparisons may offer valuable information about the 

specific patterns of memory strengths and deficits in 

children who have been irradiated. 

To address the contribution of relevant variables to 

the memory functioning of irradiated children, a stepwise 

regression analysis on the WRAML means could have been 

employed. To perform such an analysis, however, at least 10 

subjects per variable would have been needed to include all 

of the variables previously discussed in this paper. Such 

variables include: ethnicity, gender, age at treatment, time 

since treatment, type of CNS treatment, presence or absence 

of hydrocephalus, extent of resection, tumor location and 

IQ. 

Interpretation of findings in this study may be 

difficult because of insufficient statistical power which 
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limits the generalizability of these results. For example, 

to recognize a true difference between the mean VERI scores 

of those subjects three years or more post-therapy and 

children treated more recently, with a power of 0.80, many 

more subjects would be needed in each of the groups. Based 

upon the means obtained in this study, at least 2135 

subjects per group would be needed in to recognize a 

difference in the VERI and 364 subjects per group would be 

required to demonstrate a difference in the LRNI (see Table 

4) . 

Further, a large number of t-tests were computed for 

the WRAML indices. Given the number of t-tests, it would be 

possible to find significant differences based upon chance 

alone. If a stringent correction, the Bonferoni correction 

for family wise error rate, were employed, none of the 

differences observed in this study would have been 

significant. On the other hand, a closer inspection shows 

that on all measures, scores were in the predicted 

direction. Mean scores of the children treated for brain 

tumor were lower than the scores of the healthy children on 

every WRAML memory index. In addition, the groups of 

children treated for brain tumor scored in the predicted 

direction as well. Although the differences were not 

significant, children treated at earlier ages earned lower 

mean scores than those children treated later (See Table 2); 

children treated longer ago than three years achieved lower 
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mean scores than those treated more recently (See Table 4); 

and children treated with whole brain radiation evidenced 

lower memory scores than children treated with focal 

radiation (See Table 6). These findings indicate that with 

a larger number of subjects, it may have been possible to 

reach a significant level of difference. 

Suggestions for Remediation 

Improved treatment for brain tumors has increased 

survival among children. Greater longevity brings concerns 

about the quality of life. That children who have been 

irradiated for brain tumor may experience a number of 

specific deficits, is of concern to parents, educators, and 

medical care providers. Several programs for remediation of 

neuropsychological deficits may be effective with these 

children but, at the present time, most offer no specific 

training in the area of memory abilities. At the present 

time, there are particular areas of cognitive retraining 

which are available but such rehabilitation efforts are in 

their infancy (Gray & Dean, 1989). These methods of 

training address language and verbal deficits; difficulties 

with abstract thinking, reasoning, and problem-solving; or 

problems in the areas of visual-spatial, motor, and 

sequencing/processing abilities (Teeter, 1989). 

Deficits in memory abilities have the potential to 

negatively impact a child's academic achievement and skills 

of independence. Remediating memory difficulties has 
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occupied neuropsychological research and clinical efforts 

(Gray & Dean, 1989). To date, although some programs 

address specific academic deficits, and informal suggestions 

may be offered to assist with encoding and retrieval of 

information (i.e., giving information in small amounts, 

supplying children with visual and verbal cues, offering 

recognition items whenever possible), no specific, research-

based program exists for remediation of memory deficits in 

children. 

Remedial efforts in the area of memory have often 

focused on systematic instruction of children in the 

effective use of mnemonic strategies such as rehearsal 

because it is hypothesized that children with 

neuropsychological^ based learning disorders may fail to 

spontaneously utilize such strategies (Gray & Dean, 1989). 

Research suggests that ordered information may serve as a 

cueing device so that patients will be better able to 

retrieve information if it has been presented in an 

organized way. Also, research findings indicate that visual 

imagery was effective in improving paired-associate 

learning. That is, if word pairs were accompanied by 

drawings depicting the two words interacting with one 

another, after practice trials, patients were able to 

develop their own images for each pair of words and 

continued to use the technique on a daily basis. 
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It is clear that children in this population experience 

memory deficits which have yet to be adequately and 

specifically described. These deficits effect academic 

success and impact the ability of some children to function 

independently in everyday life. There exists a significant 

need for continued efforts to obtain an accurate description 

of the memory abilities of these children and offer 

prescriptive methods of intervention. The following section 

will discuss possible directions for future research. 

Directions for Future Study 

Evaluation of procedures used to assess memory have 

highlighted the need for an approach which would investigate 

attention/concentration, immediate memory, verbal and visual 

learning and retention, and remote recall (Larrabee et al., 

1992). With the exception of a measure of attention/ 

concentration, the WRAML provides a description of each of 

these areas of memory functioning in children. Results of 

this study present clear evidence of memory deficits in 

children irradiated for brain tumor. While the small sample 

size may limit the generalizability of the present findings, 

these results may provide some evidence of the memory 

deficits experienced by children as a side-effect of this 

life-saving component of the treatment. 

Future research on the memory abilities of children who 

have been irradiated for brain tumor must be designed to 

include a group of children who have received tumor 
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resection only. Without the addition of children who have 

never been irradiated, it will be impossible to obtain a 

definitive description of the effects of CNS therapy upon 

memory functioning. 

Results of this study suggest a relationship between 

visual memory abilities and IQ. To further investigate, the 

visually loaded elements will need to be sorted out from 

other factors influencing this relationship. It may be of 

benefit to examine the relationship of verbal memory and 

Verbal IQ and the relationship of visual memory and 

Performance IQ. It will be important for these 

relationships to be investigated in children who have 

received only tumor resection as well as those who have 

received tumor resection and radiation therapy. 

Obtaining an adequate number of subjects within a 

developmentally similar age range is very difficult when 

subjects must be drawn from one clinic or hospital 

population. It will be necessary for treatment centers to 

collect parallel data, to allow the possibility of 

meta-analysis, and to cooperate in sharing data so that 

archival investigations may be carried out with sufficient 

numbers for statistical analyses. 

Further, children who have received radiation therapy 

are at risk for academic difficulties and other problems in 

their everyday life. It will be important for investigators 

to combine memory research with investigations of academic 
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achievement and cognitive training to obtain a clear 

understanding of the relationship between memory deficits, 

academic problems, and methods of remediation. 

Although neuropsychological evaluation can provide 

ssome description of memory abilities, it is not always an 

accurate predictor of an individual's success in daily life. 

In talking with parents following the data collection, many 

children were depicted with greater memory deficits than 

their testing would suggest. It appears that objective 

indices of neuropsychcological processes do not provide 

sufficient detail to be predictive of the kinds and 

frequency of everyday problems which are likely to be 

confronted (Wilson, 1993). It is imperative that future 

research take into account factors such as motivation, 

personlity, individual styles, family support and previous 

reinforcement history to enhance the information offered by 

neuropsychological measures (Wilson, 1993). 

Finally, children treated for brain tumor have 

typically undergone serial MRI and CT scans. In a survey by 

Heaton and Bigler (1993), from 1971 to 1991, 60% of the 

articles published by five of the major neuropsychology 

journals contained no neuroimaging data. The effectiveness 

of using computerized volumetric methods in relating 

ventricle volume, cortical atrophy, and lesion site with 

neuropsychological performance has been demonstrated in 

researching neurological disorders of adults (Cullum & 
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Bigler, 1985). Future research relating neuroiraaging and 

neuropsychological data will be necessary to maximize the 

utilization of available technological resources to the 

benefit of children. Such investigations may offer an 

amplified source of information needed to understand 

treatment effects and assist in program planning for this 

group of children. 
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Table 11 

Summary Table Including Demographic Data for 22 Tumor 

Subjects 

Subject 
ID 

Gender Ethnicity Age Age at 
Treatment 

Time Since 
Treatment 

1 male White 13 12.082 1.088 

2 female White 10 6.929 3.819 

3 male Black 12 9.743 2.452 

4 male White 10 5. 767 4 .912 

5 female White 12 10.638 1.836 

6 male White 10 5. 592 4.570 

7 female White 10 9. 658 3 .921 

8 male White 12 8.003 3 .786 

9 male White 9 3 . 195 6.121 

10 male White 12 9. 063 3.553 

11 male White 10 9.827 1. 112 

12 female Hispanic 12 8.0960 4.238 

13 male White 9 2.6 6.915 

15 male Hispanic 12 7.249 4.855 

18 female White 9 7.866 1.901 

19 male White 12 4 . 271 8.356 

20 male White 10 2.578 7 .855 

21 female Black 14 1.093 3 .367 

22 male Black 11 8.871 2 .497 

29 female White 10 2. 118 8.559 

33 male Black 11 9.8 1.474 

34 female Black 13 2.285 10.827 
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Table 12 

Pathological Tumor Substrates in 22 Tumor Subjects 

Pathology Frequency Percent 

Ependymoma 

Astrocytoma 

Medulloblastoma 

Glioma 

Craniopharyngioma 

01igodendroglioma 

PNET 

Glioblastoma Multiforme 

Germinoma 

Germ Cell 

Optic Glioma 

4 

3 

4 

2 

1 

2 

1 

1 

2 

1 

1 

18.2 

13.6 

18.2 

9.1 

4.5 

9.1 

4.5 

4.5 

9.1 

4.5 

4.5 
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Table 13 

Summary Table of Treatment Variables for Tumor Subjects 

Variable Frequency Percent 

Extent of Resection 

Total 16 72.7 

Subtotal 6 27.3 

Type of Radiation 

Focal 12 54.5 

Whole Brain 10 45.5 

CNS Therapy 

Radiation only 14 63.6 

Radiation and Chemo- 8 3 6.4 

therapy 
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Table 14 

Summary Table for Presence/Absence of Hydrocephalus in Tumor 

Subjects 

Variable Frequency Percent 

Yes 6 27.27 

No 16 72.73 
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Table 15 

Summary Table of Radiation Dose for all Tumor Subjects 

Subject # Type of Radiation Amount of Dose 
(in cGys) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

15 

18 

19 

20 

21 

22 

33 

34 

Focal 

Focal 

Focal 

Whole Brain 

Whole Brain 

Focal 

Whole Brain 

Focal 

Whole Brain 

Whole Brain 

Whole Brain 

Focal 

Focal 

Focal 

Whole Brain 

Whole Brain 

Focal 

Focal 

Focal 

Focal 

Whole Brain 

5220 

6600 

5400 

4000, 1440 boost 

2520 

5400 

3600, 1800 boost 

5220 

4000, 1440 boost 

3650, 1800 boost 

3520, 1800 boost, 

960 boost 

5440 

5400 

5400 

5120 

400, 1440 boost 

5040 

5040 

5040 

6960 

3523, 1440 boost 
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Table 16 

Summary Table of Gender in Tumor and Healthy Subjects 

Gender Frequency Percent 

Males 

Tumor 14 63.64 

Healthy 12 54.55 

Females 

Tumor 8 3 6.36 

Healthy 10 45.45 
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Table 17 

Summary Table of Ethnicity in Tumor and Healthy Subjects 

Ethnicity Frequency Percent 

Black 

Tumor 6 27.27 

Healthy 6 27.27 

White 

Tumor 14 63.64 

Healthy 12 54.55 

Hispanic 

Tumor 2 9.09 

Healthy 4 18.18 
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Table 18 

Summary Table of Subject Aae for Tumor and Healthy Groups 

Age in Years Frequency Percent 

9 Tumor 3 0.14 

Healthy 3 0.14 

10 Tumor 6 .27 

Healthy 6 .27 

11 Tumor 2 .09 

Healthy 2 .09 

12 Tumor 8 . 36 

Healthy 8 .36 

13 Tumor 2 .09 

Healthy 2 .09 

14 Tumor 1 .05 

Healthy 1 .05 
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June 9, 1995 

Dear Parents, 

I am a doctoral student at the University of North 

Texas and will be conducting a dissertation research project 

designed to study the memory and learning abilities of 

children nine to fourteen years of age who have received 

radiation therapy for brain tumor and children of that age 

who have not received radiation. The study consists of one 

session of approximately one and one-half to two hours in 

length for each child. During the session, screening of 

intellectual functioning and evaluation of memory and 

learning abilities will be performed. You will be contacted 

by telephone within the next week to determine your 

willingness to allow your child to take part in this 

project. At that time, you will also be scheduled for 

testing should you wish your child to participate. 

To preserve confidentiality, children will be referred 

to by number for identification purposes. If at any time 

your child expresses a desire to discontinue, he/she wil be 

brought back to you in the waiting area and all testing will 

stopped. At the end of this project, parents will be mailed 

a brief summary report of their child's assessment results. 

A summary of the project, at its completion, will be made 

available to interested parents upon request. Should you 

have further questions, please call me (214-640-5924). 
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You are making a decision whether or not to participate 

in this study. You should not sign until you understand all 

of the information presented in the previous pages and until 

all of your questions about the research have been answered 

to your satisfaction. Your signature indicates that you 

have decided to participate having read (or been read) the 

information provided above. 

Sincerely, 

Sarah McCormack, M.S. 

Investigator 

Cheryl Silver, Ph.D. 

Faculty Sponsor 

Printed Name/ Signature of Subject Age of Subject 

Signature of Parent/Guardian (Date) 

Signature of Witness (Date) 

Reviewed by the University of North Texas IRB 
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June 9, 1995 

Dear Participant, 

I am a student at the University of North Texas. I am 

studying memory in children nine through fourteen years of 

age. For this study, children will be asked to do a series 

of tasks which will take about one and one-half hours. If 

you take part in this study, you have the right to stop at 

any time. You may tell the adult you are working with that 

you wish to stop, and you will be returned to your parent in 

the waiting room. At the end of your testing, you will be 

given five dollars. If you agree to take part in this 

research project, please sign on the line below. 

Signature of Subject 



112 

June 9, 1995 

Dear Parent, 

There is evidence which indicates that cranial 

irradiation may have a significant negative impact on 

children's cognitive functioning. The specific difficulties 

experienced by some children who have been treated with 

radiation therapy may involve memory abilities. I am a 

doctoral student at the University of North Texas and will 

be conducting a dissertation research project which is 

designed to study the memory abilities of children, aged 

nine to fourteen, who have been irradiated for brain tumor. 

The purpose of the study is to determine whether there 

are differences in the memory abilities between children who 

have received radiation therapy and healthy children who 

have not been treated. Previous studies have focused upon 

one or two limited aspects of memory functioning. This 

study will examine memory as a comprehensive entity. It 

will investigate visual and verbal immediate, short-term, 

and long-term memory of children who have been irradiated 

for brain tumor and a group of healthy children who have not 

been irradiated. The study will involve one and one-half to 

two hours of testing for each child. At the conclusion of 

the study, parents will receive a brief written report 

discussing the results of their child's memory testing and 

verbal feedback may be requested. 
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This study should be able to enhance the understanding 

of a number of aspects of memory functioning in children who 

have been treated for brain tumor. When specific memory 

functions are better understood, more effective methods of 

teaching and remediation of deficits may be developed. 

Please read over the attached consent forms. You will 

be contacted by telephone over the next few days to 

determine whether you wish your child to take part in this 

study. At that time, you will also be scheduled for testing 

if you choose for you child to participate. 

Sincerely, 

Sarah McCormack, M.S. 
Investigator 

Clinic 

Cheryl H. Silver, Ph.D. 
Neuropsychology Consultant 
Neuro-Oncology Comprehensive 
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THE UNIVERSITY OF TEXAS SOUTHWESTERN MEDICAL CENTER AT DALLAS 
SUBJECT CONSENT TO PARTICIPATE IN RESEARCH 

TITLE OF STUDY: Mcaory and Learning Among Child ran Irradiated for Brain Tusor 

SPONSOR: 

INVESTIGATORS: OFFICE PHONE # NIGHT/WEEKEND # 

1 . MfCiyrmack . M.S. 6 4 0 - ^ 2 4 W W ^ Q l 

2. 
3 
4. 

You are being asked to participate in a research study. Persons who 
participate in research are entitled to certain rights. These rights 
include tout are not limited to the subject's right to: 

1. Be informed of the nature and purpose of the research; 

2. Be given an explanation of the procedures to be followed in the 
research, and any drug or device to be utilized; 

3. Be given a description of any attendant discomforts and risks 
reasonable to be expected; 

4. Be given a disclosure of any benefits to the subject reasonable to 
be expected, if applicable; 

5. Be given a disclosure of any appropriate alternatives, drugs, or 
devices that might be advantageous to the subject, their relative 
risks and benefits; 

6. Be informed of the alternatives of medical treatment, if any, 
available to the subject during or after the experiment if 
complications arise; 

7. Be given an opportunity to ask any questions concerning the 
research and the procedures involved; 

8. Be instructed that consent to participate in the research may be 
withdrawn at any time, and the subject say discontinue 
participation without prejudice; 

9. Be given a copy of the signed and dated consent form; 

10. And be given the opportunity to decide to consent or not to 
consent to participate in research without the intervention of any 
element of force, fraud, deceit, duress, coercion, or undue 
influence on the subject's decision. 

Page 1 of ^ Pages 

IRB File # />c£9S' fSTJOQ 

Date Approved WE H BBS 

( 0 2 / 9 3 ) 
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SAMPLE REPORT 

July 15, 1995 

Mr. and Mrs. xxxxx 
xxxxx 
xxxxx 

Dear Mr. and Mrs. xxxxx, 

Thank you for allowing xxxxx to participate in our study of 
the effects of brain tumors and their treatment upon 
children's memory abilities. As we promised, we wish to 
give you the results of Darren's testing, xxxxx was 
administered the Wide Range Assessment of Memory and 
Learning. Overall, she displayed memory abilities which 
were in the Average to Low Average range with notable 
variability. 

On Verbal Scale tasks, xxxxx demonstrated immediate and 
short-term memory for meaningful material which was in the 
Average range when compared to others of her age. After a 
short delay period, her memory for verbally presented 
material was in the Low Average range. On the other hand, 
her immediate auditory memory for numbers and letters, which 
reflects rote learning, was below average. 

On Visual Scale tasks, xxxxx evidenced average to low 
average memory and retention of both meaningful and 
nonmeaningful information. This includes her visual memory 
for complex pictures, abstract designs, and rote visual 
patterns. 

On Learning Scale tasks, xxxxx demonstrated a relative 
strength in her ability to organize and learn verbally 
presented material over several trials although she 
evidenced some difficulty with long-term retention of the 
material. She displayed an adequate ability to connect 
sounds with abstract symbols and retain such information 
over time. Her performance on these tasks was within the 
Average range. She evidenced a relative weakness, however, 
in his ability to learn visually presented nonmeaningful, or 
more abstract, material over several trials. Her 
performance on this task was below average. 

In light of these findings, the following recommendations 
are made: 
1) It may be helpful to give xxxxx information in words and 
pictures along with written instructions or directions in 
order to add to the number of cues she can use. 
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2) When information is abstract, or less meaningful, it may 
also be helpful to give xxxxx cues or reminders to assist 
her retention of the material. 

3) To reduce any frustration which may be associated with 
memory difficulties, it may be helpful to give xxxxx 
information or instructions in small chunks rather than all 
at one time. It may be helpful to assist her in creating 
reminders to be reviewed from time to time. For example, to 
help her remember important information, she might make a 
simple outline of the material, highlighting or underlining 
key concepts, and review it briefly every day before her 
class. 

Thank you again for your contribution to our study. If you 
would like more information about xxxxx's testing, please 
call me at (214) 640-5924. 

Sincerely, 

Sarah McCormack, M.S. Cheryl H. Silver, Ph.D. 
Investigator Faculty Sponsor 
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