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ABSTRACT 

The fields of educational psychology and special education overlap 

when children with special needs are assessed for the purpose of 

designing educational interventions. This study researched 3 special 

needs groups: pure Learning Disordered ( L D ) , pure Attention Deficit 

with Hyperactivity Disordered (ADHD) , and a mixed ADHD+LD sample 

to determine if they perform in significantly different ways on a 

memory test of free recall, to support differential diagnoses and to 

identify group-specific intervention needs. 

Subjects were 30 LDs, 30 ADHDs, and 30 ADHD+LDs between 

the ages of 7 and 10 who had been referred to private clinics with 

presenting problems of learning and/or behavior. ADHD and ADHD+LDs 

were tested off psychostimulant medication. The Children's Auditory 

Verbal Learning Test (CAVLT) was used in conjunction with the 

PPVT-R and Wechsler Digit Span to assess short and long-term 

memory, learning curve, effects of Interference, recognition accuracy 

and the ability to discriminate relevant from extraneous information. 

Evidence of a group-specific CAVLT profile was sought. 

Results of Profile Analyses of Repeated Measures (a MANOVA 

procedure) and correlated t-tests indicated that: LDs performed 

less well than ADHDs, ADHD+LDs, and normals. They demonstrated 

lower learning rate and difficulty sustaining effort over multiple 

tr ials, and were less able to discriminate relevant from extraneous 

data; however, their recognition skills were on par with other groups. 
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Discriminant analysis showed that the CAVLT was able to predict 

LD classification with over 80% accuracy. 

ADHDs performed more like normals than not. They demonstrated 

more problems with short-term memory especially with proactive 

interference effect than any other deficit area. They were able to 

sustain effort over trials and exhibited the strongest learning curve. 

The mixed ADHD+LD group tended to look more like ADHDs 

than LDs. This group demonstrated the most inconsistent learning 

curve suggesting difficulty sustaining effort over multiple trials. 

They were also more susceptible to interference effects. Since 

several earlier studies did not carefully control for LD contamination 

in ADHD studies, it is possible some of the deficits attributed to 

pure ADHDs actually reflect ADHD+LD performance. 

Correlated t-tests indicated that groups differed from each 

other and from the normative sample across trials, but only the LD 

group performed statistically different on scales. It was concluded 

that group-specific interventions are appropriate and that the 

CAVLT can contribute in meaningful ways to a comprehensive 

psychoeducational battery. 
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CHAPTER I 

INTRODUCTION 

Problem 

In 1990, Jack Talley devised the Children's Auditory-Verbal 

Learning Test (CAVLT) , a measure of free recall, in order to "assist 

[educators and psychologists] in determining the presence and severity 

of learning and memory impairment in children" (p . 1) . Early on, 

Talley used the instrument to study homogeneous learning disorder 

subtypes (LD) where he identified deficiencies in learning and memory 

abilities similar to those previously reported (Rourke S Finlayson, 

1978; Rourke & Strang, 1978; Fletcher, 1985a, 1985b), and described 

CAVLT test score configurations which, when combined with theory 

and LD research, were used to develop profile descriptions for both 

deficient and average performances. From these profiles, Talley 

offered score interpretation and suggested appropriate intervention 

strategies to educators. 

Talley acknowledged the importance of better identifying and 

understanding the cognitive systems, especially memory, of the LD 

population, and suggested that a free recall test could be an Important 

component of that evaluation particularly if such basic memory tests 

descriptors as learning rate, resistance to interference, organization 

and learning strategies could be addressed. Talley's research, although 

significant, has limited scope. It is likely, for example, that the CAVLT 

could also be useful in identifying if learning and memory deficiencies 
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exist in another significant disordered population—children with 

Attention Deficit Hyperactivity Disorders (ADHD) . Since this is now 

considered the most common neurobehavioral disorder of childhood 

affecting 10 to 20% of the school-age population (Shaywitz 8 Shaywitz, 

1988; Shaywitz S Shaywitz, 1991), instruments that assess cognitive 

functioning within this population will have an expanding diagnostic 

role. The CAVLT is the only norm-referenced test of verbal learning 

ability designed specifically for children and it would be of value to 

ascertain if there is a typical ADHD profile that differs from both 

the various LD and normal profiles as identified by Talley. Talley 

also fails to adequately follow through on preliminary findings 

regarding the effects of retroactive and proactive interference with 

specific populations and the implications that number of intrusions 

might hold. Interest in investigating these issues instigated the 

present study. 

Purpose of Study 

The major purpose of this study then is twofold: (1) to determine 

if the CAVLT differentiates among LD and ADHD and normal populations; 

and (2) to determine if performance differences are specific to the 

LD and ADHD disorder or reveal a cumulative deficiency effect in 

ADHD+LDs. An ongoing research challenge has been to identify the 

interrelationship of learning disorders and attention deficit hyperactivity 

disorders. This issue was raised by the Interagency Committee on 

Learning Disabilities (1987) in a recent report to Congress: 



A major goal [of research into A D D ] . . .should be the 
development of a classification system that more clearly 
defines and diagnoses learning disabilities, conduct 
disorders, and attention deficit disorders, and their 
interrelationships. Such information is a prerequisite to 
the delineation of more precise and reliable strategies 
for treatment, remediation and prevention that will 
increase the effectiveness of both research and therapy, 
(p . 4) 

The problem has been hampered by the considerable overlapping 

of the two disorders (Holborow S Berry, 1986; Lambert S Sandoval, 

1980), so that much of the previous memory functioning studies, 

including Talley's, have been contaminated by cross-mixtures such 

as: LD subject pools that did not exclude ADHD or ADHD+LD subjects, 

ADHD subject pools that did not exclude LD or ADHD+LD subjects, 

or ADHD pools that included ADDs both with and without the 

hyperactivity component. Current studies (Lahey S Carlson, 1991; 

August 8 Garfinkel, 1990) suggest that each of these is a distinct 

group with specific cognitive characteristics. This study attempts 

to tease out free recall performance as one of those cognitive 

characteristics and avoid intragroup contamination by comparing the 

performance of pure ADHD, pure LD and combined LD+ADHD groups. 

Through such procedures, it may be discovered that specific recall 

deficits are common to a specific population, could become descriptive 

of that population, and, instruments such as the CAVLT, could assist 

in the differential diagnostic process. 

A primary attention deficit hyperactivity disorder is characterized 

by (1) hyperactivity, (2) distractibility, and (3) impulsivity. It is 

likely that a sensitive instrument would identify effects of distractibility 



and impulsivity over trials in free recall. It seems logical that these 

behaviors would interfere with learning, as they have been documented 

to do; however, the exact impact is not fully understood at this time. 

Do CAVLT results indicate that ADHD children experience inordinate 

problems with short-term as opposed to long-term memory? Does their 

performance decline once interference occurs? Do they produce an 

unusual number of inappropriate responses (intrusions) over trials 

indicating weak response discrimination? Are they able to sustain 

performance (effortful processing) over trials? Learning disordered 

students are also known to experience short-term recall deficits 

(Torgensen, 1975), information processing difficulties (Brown, 1975), 

and academic underachievement (possibly related to long-term memory 

deficits). Are their memory problems more closely related to a less 

efficient cognitive style, format-specific dysfunctions ( i . e . , emphasis 

on language abilities on a word list test ) , or poor retrieval skills? 

This study will respond to these questions in the context of the 

three study groups. 

Research Questions 

This study will attempt to answer the following questions: 

(1) What effect does group assignment to pure LD, pure ADHD 

or ADHD+LD have on free recall performance as measured by the 

Children's Auditory Verbal Learning Test (CAVLT)? Specifically, how 

do groups compare on measures of STM and LTM (across scale effects 

of Immediate Memory Span, Level of Learning, Delayed Recall and 



Recognition Accuracy)? How do groups compare on effects of 

proactive and retroactive interference (as measured by trials and 

Immediate Recall)? Is there a significant difference among groups 

regarding number of intrusions or the ability to discriminate relevant 

from extraneous information? Is there a discrepancy across groups 

in the ability of group subjects to recognize data (respond to memory 

cues) as opposed to recall data? 

(2) Is there a specific pattern (profile) of performance 

descriptive of ADHD subjects? If so, is this pattern evident in both 

pure ADHD and ADHD+LD performances? 

(3) How does performance of this study's LD, ADHD, and 

ADHD+LD groups compare to that of Talley's normative groups? 

(4) How does performance of this study's pure LD group 

compare to that of Talley's LD group (which may have been 

contaminated with ADHD subjects)? 

Definition of Terms 

Attention Deficit Hyperactivity Disorder. A neurobehavioral 

disorder of children characterized by inattention, impulsivity and 

hyperactivity. 

Free recall. A procedure in which a subject is instructed to 

recall as many items as possible from a specified set without regard 

to order. 

Intrusions. On the CAVLT, an intrusion was scored if a word 

was given as a correct response that was not from the appropriate 

list. 



Learning Disorder. A psychoeducational disorder defined by the 

federal government as: 

a condition whereby one exhibits a disorder in one or more 
of the basic psychological processes involved in understanding 
or in using spoken or written languages. These may be 
manifested in disorders of listening, thinking, talking, reading, 
wri t ing, spelling, or arithmetic. They include conditions which 
have been referred to as perceptual handicaps, brain injury, 
minimal brain dysfunction, dyslexia, developmental aphasia, 
etc. They do not include learning problems which are due 
primarily to visual, hearing or motor handicaps, to mental 
retardation, emotional disturbance, or to environmental 
disadvantage.(U.S. Office of Education, 1968) 

Perseveration. During any trial of the CAVLT, a perseveration 

was recorded each time a word was repeated. 

Public Law 94-142. (PL 94-142) the Education for All Handicapped 

Children Act of 1975, designed to ensure the right to education for 

all persons. Including handicapped children, by establishing safeguards 

related to evaluation, placement, programming, access, and due process. 

Proactive Interference. The decremental effect of prior learning 

on the retention of subsequently learned material. 

Recognition test. Actual trial words are presented along with 

distractors and/or new words and the subject is asked to respond 

affirmatively only if the word was on the original presentation list. 

Retroactive interference. The decremental effect of subsequent 

learning on the retention of previously learned material. 

Semantic clustering. The tendency for subjects to organize free 

recall items at output by shared semantic features. 

Serial position effects. The tendency for items from the beginning 

(primacy) and end (recency) of free recall lists to be favored in recall. 



Verbal Abilities Quotient. The standard score achieved on the 

Peabody Picture Vocabulary Test-Revised. Mean is 100, standard 

deviation is 15. 

Hypotheses 

Based on the research questions, the following null hypotheses 

were tested: 

Hypothesis 1: Across CAVLT trials ( 1 - 6 ) , there will be no 

significant difference in mean scores of ADHD, 

LD and ADHD+LD subjects. 

Across CAVLT trials ( 1 - 6 ) , there will be no Hypothesis 2 

Hypothesis 3; 

Hypothesis 4: 

significant difference in mean scores between 

ADHD, LD, and ADHD+LD subjects from this 

study and Talley's normative sample (n=211). 

There will be no significant difference in mean 

scores of ADHD, LD, and ADHD+LD subjects 

across the following CAVLT scales: 

Sub a. Immediate Memory Span, 

Sub b. Auditory Verbal Level of Learning, 

Sub c. Immediate Recall, 

Sub d. Delayed Recall, 

Sub e. Recognition Accuracy, 

Sub f. Number of Intrusions. 

There will be no significant difference in mean 

scores of ADHD, LD, and ADHD+LD subjects 
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from this study and Talley's normative sample 

(n = 444) across the CAVLT scales: 

Sub a. Immediate Memory Span, 

Sub b. Auditory Verbal Level of Learning, 

Sub c. Immediate Recall, 

Sub d. Delayed Recall, 

Sub e. Recognition Accuracy, 

Sub f. Number of Intrusions. 

Hypothesis 5: There will be no significant difference in mean 

scores between the pure LD subjects of this 

study, and the LD subjects of Talley's study 

(n = 68) on the following CAVLT scales: 

Sub a. Immediate Memory Span, 

Sub b. Auditory Verbal Level of Learning, 

Sub c. Immediate Recall, 

Sub d. Delayed Recall, 

Sub e. Number of Intrusions. 

Contributions of the Study 

A more definitive description of how ADHD and LD learning and 

memory deficits differ, and, if they do, the development of deficit-

specific intervention strategies has considerable value. As the United 

States Congress updates PL 94-142 in 1991, Attention Deficit Disorder 

will be considered as a handicapping condition. Studies directed at 

identifying and delineating specific ADHD cognitive deficits will be 



considered, and it is possible that this study could contribute to that 

l i terature. 

Although the CAVLT yields considerable information related to 

immediate memory span, learning curve, immediate and delayed recall, 

recognition, and the effects of proactive and retroactive interference 

on learning, its limitations must also be noted. Memory functioning 

is a complex, multidimensional process of which free recall is one part. 

Performance on this instrument should not be overgenerallzed as 

diagnostic, in and of itself, of memory deficits. Caution should also 

be exercised in drawing inferences about individual or group 

performances from a small sampling. Although this study is limited 

by sample size, age groups, and the use of a single free recall 

instrument, it can provide descriptive data for the ADHD and ADHD+LD 

groups and additional information about a pure learning disabled 

sample for CAVLT studies. If differences are discovered in CAVLT 

scores in groups hypothesized because of definition to differ in these 

abilities, additional evidence in support of the construct validity of 

the instrument is obtained. 

Data regarding the three groups on measures of short-term 

auditory memory for sequential numerical data (Digit Span) and word 

knowledge (PPVT-R) will also be considered in light of previous 

research (Talley, 1986; Keough et a l . , 1973) regarding group 

differences and will be Integrated into an explanation of study 

results. Specifically, this study will explore group descriptors 

related to (a) immediate memory span, (b) auditory verbal level of 
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learning, (c) delayed recall (d) recognition accuracy (e) intrusions 

in recall, and ( f ) effects of proactive and retroactive interference 

on verbal learning. 



CHAPTER II 

LITERATURE REVIEW 

Overview 

Memory contributes to language proficiency, task organization, 

higher-order cognition, and social interaction. It is almost inseparable 

from learning and intimately related to productivity (Levine, 1987). 

Human memory studies date back to the mid-19th century with the 

f irst monograph published by Ebbinghaus (1885), but in the hundred-

plus years since, surprisingly scant psychometric research has focused 

on the memory functioning of children. Given its vital role in learning, 

even auditory memory tests such as Digit Span In the Wechsler 

Intelligence Scale for Children-Revised (WISC-R) (Wechsler, 1981), 

Memory for Names and Memory for Sentences on the Woodcock 

Johnson Psychoeducational Battery Revised (WJEBR), (Woodcock 8 

Johnson, 1990), and Memory for Sentences and Memory for Stories 

on the Stanford-Binet (Terman 8 Merril l , 1960), are limited in the 

scope of memory functioning they measure, and specific memory tests 

norm referenced for children, are rare. The need may be especially 

keen for two groups of children who may experience significant 

learning difficulties. 

Learning disordered (LD) students typically demonstrate 

underachievement in one or more academic areas. This group, 

estimated to include 5 to 10% of the school-age population, is 

reported as the fastest growing special education category (Johnson, 

11 
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1988) and has been studied for many years in hopes of explaining 

why they underachieve. Traditional memory tests such as those found 

on the WISC-R and Stanford-Binet have provided limited information, 

and special educators have been hampered in their desire to meet 

cognitive needs of the learning disordered student in a more focused 

and effective manner. Teachers may be aware that the LD student 

does not "learn" or "retain" or "recall" information as well as his 

classmates, but they generally have no explanation of where the 

process breaks down nor what they can do to remediate it. 

Another group of children who often demonstrate learning 

difficulties are those identified with a primary attention deficit 

hyperactivity disorder (ADHD) . Approximately 10 to 20% of the 

student population are ADHD children (Shaywitz 8 Shaywitz, 1988) 

and many of the identified learning disordered students are described 

as hyperactive, inattentive, impulsive, and distractible as well. 

Without the appropriate interventions including medication, psychotherapy, 

and behavior management, ADHD children are often doomed to academic 

and social failure. There is considerable controversy, however. In 

whether cognitive intervention is also beneficial. Without an 

understanding of the cognitive deficits inherent to the disorder, if 

there are any, individualized cognitive intervention plans fall short 

of meeting student needs. Once more, the need for standardized 

instruments that measure cognitive abilities/disabilities is warranted. 

Memory functioning is a critical part of the comprehensive cognitive 

assessment process due to the vital role memory plays in the learning 
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process. The lag in instrument development may be the result of the 

complexity of memory as well as the disagreements engendered by 

differing models designed to explain the memory system phenomenon. 

Memory System Models 

Two distinct theoretical models have evolved regarding the memory 

system, and although f irst applied to adults, they have recently been 

used to explain the memory system of children as well. The multi-store 

model, one of which was described by Atkinson 8 Shiffrin (1968), 

suggests at least three types of memory storage: sensory register, 

short-term and long-term. Information enters the sensory system 

through short-term store and then, if attended to, rehearsed, and 

encoded into long-term store. The individual exercises conscious 

control over certain processes or strategies to maintain and process 

information. Not all information is retained in STM; some may be 

lost because of decay, some by displacement of information by other 

incoming data. Information may be lost from LTM due to interference 

or temporary irretrievability (Naus et a l . , 1978). Whether the 

irretrlevability is due to ineffective or inefficient recall or the failure 

to have encoded the information appropriately in the f irst place is an 

ongoing research question. STM is also highly susceptible to 

interference both prior to registration (proactive) and during attempts 

to recall what has been stored (retroactive). STM is characterized 

by a strong "recency effect" so that data most recently received 

( e . g . , the items at the end of a word list) are more likely to be 

recalled. 
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Multi-store Model 

The multi-store model asserts that STM has a remarkably limited 

capacity but LTM is essentially unlimited. Information is held in STM 

in an auditory-verbal-linguistic code, but LTM storage is primarily 

semantic (Naus et a l . , 1978). With this model, storage and retrieval 

which are under the subject's conscious control require rehearsal, 

coding and search strategies. Like the computer model, STM and 

LTM stores are considered fixed hardware; the more flexible control 

processes are the software. A final feature of the multi-store model 

is the concept of episodic and semantic memory. Episodic memories 

are those recalled as specific, temporally dated events which are 

personalized. They can be lost or transformed in which case they 

no longer represent actual events. Semantic memories are language 

based and represent recall of generalized knowledge. 

Level-of-Processinq Model 

The level-of-processing model proposes that incoming information 

is interpreted in terms of the existing contents of the long-term 

memory system. Initially this is "shallow" sensory processing but 

progresses to deeper and deeper levels of abstract and semantic 

processing. The retention of data is related to the depth of processing; 

in other words, information processed at the more shallow levels will 

not be retained as easily as information processed to greater depths. 

An essential concept of this model is the notion that the manner of 

studying the data is critical for ultimate retrieval. Structural features 
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( i . e . , short-term and long-term stores) are less important with this 

model; whereas, the control processes are viewed as central. How 

one retains and retrieves information is largely dependent on the 

nature of the activity at the moment of learning and it is hypothesized 

that material that has been deeply processed will be recalled more 

effectively. Recognition memory, which involves the realization that 

some bit of information has been previously encountered, requires 

discriminating that specific information from other data and effective 

registration in STM and then, LTM. Tests of recognition are often 

used to assess depth of processing, coding and rehearsal because 

recognition memory, unlike recall, allows for partial learning. 

Memory Schema Model 

When Naus et al . (1978) reviewed both systems to determine 

which might be more applicable to the understanding of children's 

memory, they concluded that the two models could "serve as alternate 

metaphors which are differentially useful to assessment of memory 

development" (p . 225). If the multi-storage model is followed, there 

may be no structural age related changes, but substantial control 

processes development. Therefore, increased recall is presumed 

to reflect an increased use of mnemonic strategies or control processes 

Children of different ages will differ in these processes so that by 

the age of 12, Naus proposed their use of organizational and 

rehearsal techniques will have grown into a series of task-appropriate 

strategies. A major shortcoming of this model, however, is its failure 
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to adequately explain incidental learning and recall (Corsale 8 

Ornstein, 1977). 

In the levels-of-processing model, children develop better, more 

efficient skills in the processing of information and can encode data 

to deeper levels as they age. Memory improves because of greater 

semantic depth in processing. Because it is concerned with the 

semantic knowledge base, this model views memory as a by-product 

of other activities, and emphasizes semantic and conceptual knowledge 

and its influence on successful encoding. 

Norman (1979) proposed a third model—a memory schema model--

which attempts to combine research in perception, memory and mental 

processes within a framework of cognitive processing. He asserted 

that data-driven analysis of incoming sensory information and 

conceptually-guided analysis are not necessarily conflicting models. 

Further, he claimed that both are necessary and neither is sufficient. 

He noted that thought, language, and problem solving all "result 

from processes that operate on knowledge structures; and because 

only the outcome of the processing is observable, psychological 

studies cannot distinguish between structure and process" (p . 123). 

Of special interest is Norman's observation that processing 

becomes more difficult when novel tasks or complex stimuli must 

be learned. This requires increased attention which must be 

withdrawn from other competing activities. When skills or information 

are well practiced or less demanding, less attention or conscious 

processing may be required. Norman proposed that the analysis 
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of incoming stimuli is "guided by the overall goal of establishing an 

integrated Interpretation of the events of the world" (p . 126). This 

interpretation requires that events be interpreted through the existing 

memory schemas which control the analysis and interpretation of 

both perceptual and memorial information in a much more complex 

process than the sequential, serial processing mechanisms discussed 

in the multi-store model. Finally, Norman noted that experience 

tends to create vast numbers of memory schemas and learning and 

problem-solving require that schema-based processing occur. 

Attributes of Free Recall Measures 

Free recall memory tests have been used for some time to 

evaluate verbal learning and memory in adults. Because the subject 

is allowed to organize responses without an imposed structure, the 

term free recall is used. It is proposed that a verbal free recall 

memory test can measure unique facets of children's verbal learning 

and memory functioning as well. 

Verbal free recall memory tests claim special distinction in any 

comprehensive psychoeducational assessment battery for at least 

four good reasons. Historically, free recall has been described 

as a multi-faceted measure of the memory skills essential for learning 

(Lezak, 1983; Talley, 1986). Free recall instruments have proven 

to be unbiased as to sex, race, economic status and educational 

level (Barr i t t , 1968; Orasanu, Lee 8 Scribner, 1980; Slaw, 1984; 

Bjorklund 8 Weiss, 1985; Bolla-Wilson 8 Bleecker, 1986), and no 
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significant correlation was found between measure of intelligence and 

free recall test scores by Schneider (1986). Indeed, factor studies 

(Ryan et a l . , 1984), showed that free recall measure did not share 

loadings with measures of vocabulary, nonverbal intelligence, verbal 

intelligence, or attention-concentration; therefore, it could be assumed 

that verbal free recall tests actually measure memory skills and not 

verbal abilities. At the same time, free recall tests may be one of 

the best ways to quantify differences in memory functioning according 

to age. Finally, various verbal free recall tests have been shown 

to dramatically discriminate among specific handicapped populations 

on the basis of memory functioning (Lezak, 1983; Querry 8 Berger, 

1986; Rosenberg et a l . , 1984; Mungas, 1983) particularly when 

a delayed recall trial was included. 

Although no norm referenced verbal free recall instrument 

existed for children prior to the CAVLT (Talley, 1990), its creation 

seemed a logical and valuable addition to any psychoeducational 

assessment battery for children for these same reasons. Nonetheless, 

as a new instrument, with no validation other than that conducted 

by its author, further validity studies and interpretation are both 

appropriate and necessary to evaluate its contribution. Prior to 

validating an instrument, however, it must be examined in light of 

what it purports to measure. Talley (1990) claims that the CAVLT 

"can be used as a part of an educational or neuropsychological 

battery to assist in determining the presence and severity of learning 

and memory impairment in children" (p . 1 ) . To this end, this 
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review will discuss both normal and deficient performance on free 

recall for children. Theoretically, Talley was greatly influenced by 

the Atkinson and Shiffrin (1968) structural model in the development 

of the CAVLT, and although he proposed that his factor analysis of 

trial scores would support the multi-store theory, he was unable to 

definitely do so. 

A Multi-faceted Measure of Memory 

In Neuropsychological Assessment, Lezak (1983) noted that 

memory is comprised of numerous functions, and any evaluation of 

memory functioning should, at a minimum, assess: (1) span of 

immediate retention, (2) learning and retention capabilities for new 

material, and (3) recent and remote retrieval of learned material. 

Although Lezak observed that there has been a proliferation of verbal 

memory tests which propose to measure various verbal memory 

functions, only a few have been carefully standardized. She limited 

her list to the Wechsler Digit Span subtest, the Rey AVLT (Rey, 

1964), the Wechsler Memory Scale (Wechsler, 1987>, and the Stanford-

Binet Memory for Sentences subtest (1960). Of these, only the 

Rey AVLT is a measure of verbal free recall designed for adults 

and since normed on various adult populations (Wiens, 1988; Cohen 

et a l . , 1986). Lezak described the Rey AVLT as a measure of 

immediate memory span, providing a learning curve, eliciting both 

retroactive and proactive interference tendencies and tendencies 

to confusion or confabulation on memory tasks, as well as a measure 
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of retention following an interpolated activity. With the addition of 

a recognition task and a delayed recall trial (Morris, cited in Talley, 

1989), the Rey AVLT goes a long way in meeting Lezak's assessment 

standards as a multlfaceted memory instrument. 

Although the Rey AVLT demonstrated the advantages of free 

recall, and has been normed on children (Taylor, 1959), it has several 

shortcomings as a memory test for children: (1) items are generally 

unrelated so no measure of clustering can be obtained, (2) no 

justification is available for item selection, (3) description of child 

sample is sketchy, (4) sample data is unavailable for recognition 

tasks, delayed recall and intrusion scores, and (5) reliability and 

validity studies are incomplete with child populations. 

The CAVLT maintained the Rey AVLT free recall format with 

two 16-word lists. The first list is presented over five trials with 

the subject recalling as many words as he can after each tr ial . The 

interference list is given, followed by subject recall (trial 6 ) , and 

then recall of the original word list is obtained as the Immediate 

Recall Trial (trial 7 ) . After a 15-20 minute delay, the subject is 

asked to recall the f irst list, producing the Delayed Recall Trial 

(trial 8 ) . Finally, a list of 24 words from the two trials plus 8 

additional words is read and the subject responds affirmatively to 

any word he believes to have been on the initial list. The total 

correct Is the Recognition Accuracy score. Intrusions are recorded 

and totaled across the eight trials. 

The CAVLT, modeled on the positive attributes of the Rey 

AVLT , provided additional memory functioning data related to recall 
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versus recognition, number of total intrusions, as well as an 

observation of how a child deals with semantic clustering. The 

observation of semantic clustering as a memory organization strategy 

was formalized with the California Verbal Learning Test (CVLT) 

(Delis, Kramer, Kaplan 8 Ober, 1987), another free recall measure 

developed for adults. Although Talley incorporated the use of four 

semantic categories in his item selection, he noted shortcomings in 

using the CVLT with children: (1) the vocabulary level was 

Inappropriate for children, (2) racial bias of items was not controlled, 

(3) a single score was used to represent trials one through f ive, and 

(4) the measure of semantic clustering appeared to be confounded 

with level of recall; therefore, in the development of the CAVLT, 

Talley carefully selected items based on (1) four semantic categories 

familiar to elementary children, (2) no more than two syllables per 

word, (3) a kindergarten level vocabulary, (4) phonetic dissimilarity 

of words, and (5) words rated free of sex and race bias by a 

parent sensitivity review panel. A preliminary item study confirmed 

the appropriateness of test items based on expected primacy and 

recency effects and the result of and expected learning curve (Talley, 

1989). 

An Unbiased Measure 

Another attribute of free recall tests has been their ability to 

measure memory unbiased by sex and education level (Bolla-Wilson 

8 Bleeker, 1986; Schneider, 1986), race, and economic status (Barr i t t , 

1968; Orasanu, Lee 8 Scribner, 1980; Slaw, 1984; Bjorklund 8 Weiss, 

1985). 
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Although Jensen and Figueroa (1975) suggested that children 

differ by virtue of race and SES because of their use of clustering 

as an effective recall strategy, Bjorklund and Weiss (1985) found no 

consistent differences in levels of recall or clustering in recall as a 

function of SES, although differences in sorting styles were found, 

in their sample of kindergarten and first grade children. Siaw (1984) 

studied 7-and 10-year-old children to compare thematic and taxonomic 

clustering as a memory strategy on a free recall task. The previous 

Jensen studies had predicted that low SES black children would 

exhibit less taxonomic clustering than middle SES white children 

by age 10, but these studies were criticized for confounding ethnicity 

and SES (Crimmett, 1975; Hall 8 Kaye, 1980; Mensing 8 Traxler, 

1973). In the Siaw (1984) study developmental changes in the use 

taxonomic and thematic clustering in free recall were observed in 

children from black and white and low and middle SES populations. 

Taxonomic clustering and recall increased with age, but the main 

effect of ethnicity was not significant (p<.17) , and although the main 

effect of SES reached significance, (F (1,144 = 4.33, p< ,4 ) , it was 

qualified by a significant SES X Trials interaction (F (2,288 = 3.50, 

p< ,3 ) . This interaction indicated that middle SES children demonstrated 

more taxonomic clustering than low SES children, but only on Trial 1. 

Like Bjorklund and Weiss (1985), Slaw's study did not support 

Jensen's prediction of differences associated with ethnicity of SES. 

Further , when free recall study conditions were examined, there 

were no ethnic differences in recall. 
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Bolla-Wilson and Bleecker (1986) observed the Influences of 

sex, age, and education of adults on the Rey AVLT, and found five 

recall unbiased by both sex and educational level. Schneider (1986) 

found similar effects based on sex in his child sample. 

Although free recall tests have been shown unbiased by sex, 

race, education and SES, age effects are significant. Specifically, 

children do not perform on verbal free recall tests in the same way 

as adults. Two theories have been offered to explain the difference. 

One school of thought Is that there is a "capacity increase" with 

age which explains the quantitative differences in adult and child 

performances on a variety of short-term memory tasks. At least 

two interpretations exist for the "capacity increase" concept. 

Hetherlngton and Mclntyre (1975) equated capacity with behavior, 

that is performance on a memory task. The other interpretation 

equated capacity to hypothetical "slots" In memory, and proposed 

that a capacity increase would mean either an increase in the number 

of available "slots" (Chi , 1976) or a change in the size of each 

"slot." The second theory proposed that differences occur in the 

acquisition and use of mnemonic strategies, or control processes, 

which are common to adult performance but are related to age in 

children. According to Norman (1979), as previously reviewed, 

the value of mnemonic strategies which organize data is that they 

assist the learner in encoding more difficult or lengthy material 

into LTM by "deepening" the level of processing and increasing 

the chance it will be recalled. When discussing these memory 
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"slots," Chi noted that the contents of each "slot" can be viewed as 

composed of one chunk of information, and all data relevant to that 

chunk may be placed in the one "slot" in STM (Laughery, 1969). 

Thus there would be no limit to the size of each "slot." 

Short-term memory studies must also address memory loss either 

as decay or displacement. There is no evidence to support a faster 

rate of information loss from STM for younger than for older children 

on a single trial test (Flavell, Beach, 8 Chinsky, 1966; Belmont, 

1972). Across trial studies have also suggested that the rate of 

information lost is the same across age groups (Kail 8 Levine, 1976). 

For this reason, it could be concluded that loss from STM cannot 

explain the differential amount of recall between younger and older 

children and adults based on time decay. However, there is some 

evidence to support the notion that STM loss may occur through 

displacement from a smaller STM. Shiffrin (1975), for example. In 

a study with adults, found that the amount of intervening material 

is a greater determinant of STM loss than time alone. 

Does STM capacity grow with age? This question is difficult 

to answer; in part , because questions regarding adult capacity have 

not been resolved, and because normal adults chunk Information 

whereas children may not. There is, however, no reason to believe 

that the basic STM parameters of capacity and rate of information 

loss differ between children and adults. The difference appears, 

instead, to be in the control processes. 

Control processes are considered acquired strategies (Chi , 

1976) and are defined as a set of decision processes in LTM 
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concerning what actions are to be performed on information in STM 

(Gilmartln, Newel, 8 Simon, 1976). Although a strategy may be 

learned, it is still necessary to learn and decide when to execute 

it. The two control processes most often studied in children are 

rehearsal and grouping or clustering. 

Rehearsal, which is under the subject's conscious control, 

requires time either between presentations or between presentation 

and recall. A feature of verbal free recall tests with multiple trials 

Is that rehearsal time is limited. List items can be rehearsed together 

in such a way that the data is stored as a single element (chunk) , 

thus requiring only one STM "slot." 

Children typically do not engage in spontaneous rehearsal until 

after age 5 (Daehler et a l . , 1969) which produces inferior performance 

in nonrehearsing young children. It is postulated that the acquisition 

of rehearsal Is a learning process involving the assembling of the 

rehearsal process, learning when to execute the process (the decision 

ru le ) , and the correct execution of the existing process (Ornstein, 

Naus, 8 Liberty, 1975). If the rehearsal process can be taught, 

why then can children's performance not be elevated to that of adults? 

The difference appears to lie In the lower rate of rehearsal (Chi , 1976) 

and the more passive techniques of children (Ornstein et a l . , 1975). 

Adults typically group information during stimulus acquisition 

(Belmont 8 Butterfield, 1971) for the purpose of facilitating rehearsal, 

whereas young elementary children do not (Ornstein et a l . , 1975; 

Lange, 1973). A specialized form of grouping, using category 
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membership, is encouraged by the use of word lists based on semantic 

categories (such as in the CVLT and CAVLT) . Lange (1973), Schneider 

(1986), Bjorklund and Jacobs (1985), and Frankel and Rollins (1985) 

all presented evidence that while young elementary children may 

cluster free recall material slightly above a chance level, their 

organization appears restricted to pairing of high association words 

and that even when children rehearse, they tend to rehearse each 

item individually rather than In groups. Liberty and Ornstein (1973) 

discovered that fourth graders could be taught to sort words Into 

the same categories as adults, and that some improvement in free 

recall resulted, but even when organizational skills were taught and/or 

cued, strategies were not consistently utilized (Ornstein 8 Corsale, 

1979; Livingston, 1977), nor transferred to the next recall task 

(Lange, 1973; Scribner 8 Cole, 1972; Talley, 1989). 

In other words, younger children are deficient in their use of 

mnemonic strategies to help code and maintain information in short-

term memory. The ability to use control processes develops with 

age and is probably learned; however, even children who are 

cognitively able to semantically organize free recall lists, may not 

consistently engage the process to enhance recall. 

Another major difference between children of different ages 

lies in the complexity of the semantic network. The knowledge may 

be limited because of the familiarity or unfamiliarity of the class 

of stimuli, or by the degree of familiarity, or by the accessibility 

of a chunk. As early as 1932, Bartlett noted that recall involves 
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the assimilation of new information into the existing "schemata" or 

organizational framework of past experiences. Past knowledge is 

used to facilitate the comprehension of new material thus aiding the 

retention of it . 

To summarize, there is no direct evidence to suggest that 

underlying capacity of STM is either constant or variable with age. 

Second, children of different ages differ developmentally In the use 

and availability of mnemonic strategies. Th i rd , LTM can differ among 

both individuals and between age groups because of the complexity 

of the knowledge base. 

Factor Studies Results 

When a free recall test such as the Rey AVLT was subjected to 

factor analysis, it was found to provide considerable information 

not measured by other verbal memory tests (Ryan, Rosenberg, 8 

Millenberg, 1983). Specifically, the Rey AVLT differed from other 

memory tests which loaded on attention-concentration and intelligence 

measures. 

The Ryan study evaluated the convergent and discriminant 

validity of the Rey AVLT using marker variables for Intelligence, 

attention-concentration, learning and memory. After a battery of 

tests, including the Rey AVLT were administered, varimax rotation 

was performed. Four factors emerged which accounted for 75.4% 

of the total variance and were labeled; (1) a verbal learning and 

memory factor, (2) a perceptual organization factor, (3) a verbal 
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comprehension and expression factor, and (4) attention-concentration. 

The Rey AVLT was shown to be a measure of verbal learning and 

memory and differed in information provided by tasks of attention-

concentration, perceptual organization, and verbal intelligence on 

the WAIS-R and the Wechsler Memory Scales. In addition, the Rey 

AVLT provided unique information regarding a learning curve, 

retention after interference, and a recognition memory tr ia l , unavailable 

from the other verbal learning, intelligence and attention-concentration 

tests. 

Schneider (1986) found that neither nonverbal intelligence, 

verbal intelligence, nor vocabulary measures were related to recall 

in his study of second and fourth graders. In another child sample, 

Talley (1986) found separate loadings for the Rey AVLT and WISC-R 

Digit Span. His factor analysis of the two Instruments produced 

three factors which accounted for 71% of the variance in the original 

variables. Factor one was named a long-term memory factor with 

high loadings on Rey AVLT trials 3 through 5, immediate recall and 

delayed recall. Talley proposed that this factor reflected the encoding 

and storage of data in long-term memory. Factor two loaded heavily 

on digits forward, digits backward, and total digit span raw score. 

Talley named this factor short-term memory and determined that 

skills necessary for automitized repetition, with few demands on 

control processes such as chunking, coding, strategy generation, 

and rehearsal were involved. Factor three, termed short-term 

memory factor with high control process demands, loaded highly 
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on trials one and two, and the interference tr ia l . Loadings further 

suggested that as more information is encoded into long-term memory, 

fewer demands are placed on control processes in short-term memory. 

Talley argued that the separate factor loadings for the Rey AVLT 

and Digit Span are not due to the obvious difference in verbal and 

numeric data, rather that separate short-term factors are related 

to differences In control processes since less information is presented 

on Digit Span. He claimed this explains the difference in subject 

scores on digits forward and Rey AVLT trial one, both short-term 

recall tasks. This theory laid the groundwork for Talley's creation 

of the CAVLT scale Immediate Memory Span (calculated as the total 

of trial 1 and the interference trial 6 ) . Although digits forward 

could be predicted by IQ and age, the Rey AVLT did not predict 

forward digit span in his sample. Talley concluded that the two 

instruments measured different facets of memory. Digit Span, he 

proposed, is related to attention-concentration (Rapaport et a l . , 

1968; Sattler, 1974; Kaufman, 1979) and short-term memory where 

control process demands are minimal. The Rey AVLT assesses short-term 

recall where high coding demands are placed on the memory system 

and, as such, is more specific to the learning environment. Talley 

(1989) also observed that factoral analysis of the CAVLT indicated 

that free recall memory was not related to visual attention or trait 

anxiety. It should be noted, that in this study, data from both a 

vocabulary measure, the PPVT-R, and Digit Span were included. 
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The Power to Discriminate Among Disabled Populations 

The final attribute of free recall tests is their ability to discriminate 

among clinical groups on the basis of memory functioning. To be more 

specific, the Rey AVLT has been reported to be sensitive to the 

following differences in adults: lateralized brain damage (Lezak, 

1983; Micelll, Caltagirone, CainottI, Masullo, 8 Silveri, 1981), memory 

impaired versus nonmemory impaired neurologic patients (Rosenberg, 

Ryan, 8 Prif l tera, 1984), differences between (a) amnesties and head 

trauma patients versus (b) schizophrenics, nonpsychotic psychiatric 

patients, and attention deficit patients (Mungas, 1983), depressed 

versus alcoholic patients (Querry 8 Megran, 1983), types of errors 

for depressed versus medical patients (Chiull i , Haaland, Ellis, 8 

Rhodes, 1985), bipolar patients with and without tardive dyskinesia 

(Wolf, Ryan, 8 Mosnaim, 1983), and younger versus older normals 

(Cohen, Andres, 8 Smolen, 1986). Two studies reported changes in 

AVLT performances following pharmacological interventions in patients 

with dementia (Dewaide, Devoitille, 8 Ylieff, 1980: Mecilli, Caltagirone, 

8 CainottI, 1977). 

The Rosenberg, Ryan, Prifltera data (1984) is of particular 

value to this study in that memory impaired adults scored 

significantly lower than nonmemory impaired on all trials. The 

group X trials interaction effect, which was also significant, 

(F (4.87-10.98, p < .001) , suggested that while both groups 

demonstrated a learning curve, the normal group benefited more 

from repeated exposure to the words. The normal group also 
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performed better on the interference trial 6, ( t (90)=5.45, p < . 0 0 1 ) 

and on the recognition t r ia l , ( t (90)=4.50, p < . 0 0 1 ) . 

The Mungas (1983) study also warrants closer inspection 

particularly regarding the performance of the attention deficit disordered 

patients, and the author's interest in determining the sensitivity 

of the Rey AVLT to primary memory deficits as opposed to memory 

deficits secondary to other factors such as attention-concentration 

and disorganized thinking, and its possible role in differential diagnosis 

of neurological and psychiatric syndromes. Unfortunately, the ADD 

population for the study was both very small (only 6, ranging in 

age from 13 to 30) , and nonspecific as to possible LD codiagnosis, 

but the Rey AVLT clearly differentiated groups on a number of 

parameters indicating a great deal of differential sensitivity. 

Specifically, the groups were dramatically distinct on trial 5 after 

repeated exposure to the word list and on the delayed recall t r ia l . 

The percentage of words lost on the delayed recall trial seemed to 

show a strong relationship to the severity of primary learning impairment, 

The nonpsychotic, schizophrenic and ADD groups showed little, 

if any, loss from trial 5 to the delayed recall trial while the amnesties 

and head trauma groups did. This suggests that this is a relatively 

pure measure of new learning ability not substantially affected by 

attention abnormalities, thought disorder, nor nonpsychotic psychiatric 

manifestations. Mungas also observed the consistency of sequential 

organization among groups. The nonpsychotic group showed a 

striking increase in sequential organization across trials; the other 
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groups showed limited consistency with either no improvement or 

deterioration across trials. He suggested that further investigation 

is warranted as to how such measures might assess the degree to 

which disorganized thinking or impaired information processing 

contribute to memory problems. 

Using Free Recall to Assess LD, ADHD, 
and ADHD+LD Children 

Free Recall and Learning Disorders 

Early studies established impaired short-term recall in learning 

disabled children (Torgensen, 1975; Burks, 1960; Conrad, Dworkin, 

Shai, 8 Tobiessen, 1971), but many tested rote memory by 

nonmeaningful information such as digits or letters in series. Most 

current studies utilize an information processing memory model based 

on developmental research (Brown, 1975; Hagan, Jongeward, 8 Kail, 

1975) that Indicates that many differences in performance among 

children of different ages can be explained in terms of the older 

child's active, flexible and planful application of efficient mnemonic 

strategies. Torgensen (1977) proposed that learning disabled children 

also demonstrate an inability or lack of Inclination to develop and 

use efficient strategies. Additional work by Torgensen and Goldman 

(1977) demonstrated that poor second grade readers were less apt 

than good readers with similar IQs to use verbal rehearsal on a 

memory task, and Tarver , Hallahan, and Kaufman (1976) observed 
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that 8 - , 10- , and 13-year-old learning disabled developed more slowly 

than normal children in their use of efficient strategies such as 

verbal rehearsal. Torgensen (1977) studied the use of mnemonic 

strategies including grouping or clustering, by fourth grade normal 

and disabled readers to determine if the two differed in either study 

efficiency or recall. After the initial testing, children received 

instruction in the use of mnemonic strategies and were reexamined. 

Although the data was presented visually, the results provided 

important information about LD children: namely, the LD group 

initially scored significantly poorer than normals on recall, primarily 

because of their lack of application of efficient mnemonic strategies. 

After instruction, however, reading disabled students were able 

to change their study behaviors in accordance with the brief training 

and, when these changes occurred, there were no significant 

differences in recall on retest between the two groups. Torgensen 

proposed that LD children showed a "production deficiency" (Flavell, 

Beach, 8 Chinsky, 1966) and their deficient performance was more 

related to this "production deficiency" than to any structural 

differences in the two groups. However, Talley (1989) and 

Livingston (1977) discovered, much like Ornstein and Corsale (1979) 

observed with young normals, that even though LD children may 

be able to perform mnemonic strategies such as forming semantic 

categories after instruction, they do not spontaneously use nor 

transfer the knowledge. 

Free recall tests typically find superior recall of items at the 

beginning (primacy effect) and at the end (recency effect) of word 
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lists, with poorer recall from the mid-portion of the list. Superior 

recall from the beginning of the list is usually attributed to the 

fact that this information has been moved into LTM through differential 

rehearsal. Superior recall of end items is attributed to the fact 

that the data is still available from STM. Amnesties, for example, 

have been shown to have "normal" STM with higher recency recall, 

but deficient primacy recall because of LTM Impairments (Baddeley 

8 Warrington, 1970). 

Following this rationale, Marshall, Anderson and Tate (1976) 

proposed that LD children would show a similar deficient LTM as 

observed in a comparison of primacy and recency effects. Their 

study of 7- to 9-year-olds on a single t r ia l , multi-model, free recall 

test revealed that contrary to their prediction, the LD group did 

not show a flatter primacy effect than age-matched normals. The 

LD group recalled fewer items overall, but seemed to be processing 

the input in the same manner; also, the number of intrusions did 

not significantly differ. But, when a closer analysis of the effects 

of age was made, an interesting pattern developed. Older LD 

children showed a superiority in recency but not primacy. In other 

words, if improvement occurred with Increasing age for the LD 

students, it was one of Improving STM not LTM. The opposite was 

true for normals; LTM improved with age, STM remained stable. 

Generally, the improved STM for older LDs reached equality with 

normals, so that for older LD children, STM was similar to normal 

agemates, but LTM continued to be deficient. For younger LDs 
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both STM and LTM were inferior to normals. It could be said that 

this LD sample had retarded but not permanently Impaired STM 

development. This pattern of performance might also explain why 

LD children perform differently on measures of different kinds of 

memory. 

Free Recall and Attention Deficits 

Doyle (cited in Marshall et a l . , 1976) added to the original 

study group of hyperactives with LD. His study, although limited, 

found that hyperactive LDs showed decreased primacy effect relative 

to normals as well, also suggesting deficient LTM. 

In other studies, attention deficit disordered (or ADHD) children 

were evaluated for memory deficits (Benezra 8 Douglas> 1988; 

Rapaport et a l . , 1980; Borcherding et a l . , 1988; Weingartner 

et a l . , 1980; August, 1987; and August 8 Garfinkel, 1990.) Studies 

which focused on serial recall using such tests as Digit Span (Douglas, 

1972; Keough, Wetter, McGlnty, 8 Donlon, 1973; Burks, 1960; Conrad, 

Dworkin, Shai, 8 Tobiessen, 1971; Benezra 8 Douglas, 1988) have 

produced mixed results in their ability to consistently discriminate 

between ADHD and normal children; however, research using more 

demanding instruments such as free recall, have produced more 

useful and discriminating data. 

Rapaport et a l . , (1980) found that ADHD boys scored less 

well than normals on a free recall task which required generation 

of strategies, but not on cued recall where the strategies were 
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provided; and, that dextroamphetamine improved ADHD performance, 

but only on free recall, not on cued recall. 

Weingartner et a l . , (1980) found that hyperactive children were 

most distinguishable from normals when asked to freely recall processed 

information (an effortful task) in an unmedicated condition. Although 

both hyperactive and normal groups showed a significant increase 

in free recall with amphetamine treatment, normals showed increases 

in recall of semantically processed words (requiring elaborate 

processing), whereas hyperactives improved most in recall of 

acoustically processed words (a weak processing strategy). Both 

groups produced a small number of intrusions and intrusion rate 

did not differentiate the two nor did it change significantly with 

drug intervention. Normals were more likely to cluster related words 

than were hyperactives, and both groups showed an increase In 

clustering following amphetamine treatment. When hyperactives 

clustered, it was more likely based on acoustic similarities, whereas 

normals preferred to cluster words on the basis of word meaning 

(semantic clustering). Weingartner concluded that drug intervention 

may not translate to more effective learning In the classroom because 

cognitive changes produced do not involve meaningful encoding and 

organized retr ieval. 

Borcherding et a l . , (1988) investigated the effortful processing 

deficits alluded to by Weingartner and Douglas (1983), and found 

that effortful processing tasks ( e . g . , free recall) distinguished 

hyperactives from controls, whereas automatic tasks did not. In 
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fact, the best predictor for group assignment was free recall of 

related words. The author postulated that lack of effortful cognition, 

which is dependent on affect, motivation and arousal, may reflect 

problems in both basic psychological processes and physiolocial basis. 

Borcherding concluded that the automatic and effortful processing 

distinction can be useful in identifying the primary deficits of ADHD, 

and that developmental studies of automatic and effortful skills in 

both normal and hyperactive children can contribute to a clearer 

understanding of ADHD. 

Free Recall Differences in LD and ADHD 

August (1987) took the process a step further when he compared 

free recall for ADHD (off medication), reading disabled, and normal 

children in an effort to examine the organizational strategies employed. 

Citing the work of Douglas (1980), who suggested that hyperactives 

possess the prerequisite skills to be efficient learners but fail to 

spontaneously enact them, and using the terminology of Flavell (1971) 

who employed the term "production deficiency" when a child could 

be induced to use a strategy that he did not produce spontaneously, 

August questioned whether hyperactive children would show deficits 

in recall and organization relative to age-matched normals, and 

whether such deficits could be overcome by alerting subjects to 

the strategy of semantic organization. Age-matched LD children 

were included to assess the specificity of any production deficiency. 

Unlike similar studies, August carefully distinguished LD and ADHD 
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groups, and results revealed that not only did the ADHD group recall 

the fewest number of total words, but the LD and control groups 

did not significantly differ. Recall also differed across trials in 

that the ADHD group recalled significantly fewer words during the 

baseline t r ia l , recalled about the same number of words on the sorting 

trials 1 and 2, scored slightly lower on trial 3, and recalled 

significantly fewer words on trials 4 and 5 when compared to both LD 

and control youngsters who again did not differ. In others words, 

the immediate effect of alerting subjects to the sorting strategy, 

brought ADHD recall scores to the same level as LD and controls, 

however by trials 4 and 5, the ADHD subjects fell behind. In similar 

fashion, the ADHD's showed lower clustering scores, and although 

clustering scores improved from the baseline trial to the sorting 

trial 1 , no further improvement was noted. Both the control and 

LD groups showed significantly more clustering than the ADHD group 

at baseline, but the ADHD group improved immediately following 

cueing so that their clustering performance equaled that of the 

control group. August concluded that hyperactive children recalled 

fewer items than age-matched normal and LDs at baseline because 

of a deficiency in organization. He characterized this performance 

as behavioral rather than structural because, he stated, "the inferior 

performance.. .was a consequence of their failure to spontaneously 

employ an organizational strategy to aid their recall effort" (August, 

1987), and because the deficit was overcome once an organization 

strategy was provided to them. Like the young child who simply 
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lacks awareness of the value of organization as a recall aid (Moyahan, 

1973; Tenney, 1975), the ADHD child, as a consequence of poor 

attention, impulsive responding, or insufficient effort, fails to 

recognize that an explicit request to memorize a set of items for future 

recall is an implicit request to do something organizationally with 

those items. It must also be observed that the ADHDs were unable 

to maintain recall gains over multiple tr ials. August suggested that 

this decline could not be attributed solely to production deficiency, 

but may be more indicative of a failure to sustain effort over time. 

Dykman, Ackerman, and Oglesby (1979) also noted a "lack of tolerance 

for a problem" in hyperactive subjects and these results may provide 

further evidence of a lack of effortful processing. Finally, it should 

be noted that the August study did not show the production deficiency 

for use of semantic organization in recall for learning disabled 

children as previously reported by Torgensen (1977); in fact, their 

performance was Indistinguishable from normals. August proposed 

that his learning disabled population was uncontamlnated by a possible 

codiagnosis of ADHD whereas Torgensen's was not. For this reason, 

he proposed that a sample of ADHD+LD children be compared to 

normals and pure LDs in future studies. 

Taking some of his own advice, August and Garfinkel (1990) 

compared 70 pure ADHD, 45 ADHD+LD and 42 normal boys on a 

battery of cognitive and attentional measures. After noting that 

inattention and academic underachievement, which can be found in 

both LD and ADHD children, are not distinguishing factors, the 
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authors examined different cognitive abilities which could underlie 

deficit academic and attentional performance, and attempted to 

determine what types of cognitive deficits distinguish ADHD+LD from 

pure ADHD as well as from normal controls, and if a cumulative 

deficit effect occurs. Results indicated that both ADHD and ADHD+LD 

groups performed more poorly on the DTLA-2 Word Sequences (a 

measure of auditory sequential memory for random word str ings). 

Sentence Imitation (a measure of memory for syntactically structured 

sentences). Letter Sequences (a visual sequential memory test for 

random letter strings) and Word Fragments (a measure of lexical 

decoding) than did controls, suggesting that ADHDs have difficulty 

on sequential processing tasks. The ADHD+LD group performed 

significantly worse than the pure ADHDs on measures of vocabulary, 

degraded word recognition, a measure of memory for random letter 

strings, and a measure of rapid word naming. ADHD+LD children 

scored less well than pure ADHDs, who scored poorer than controls, 

on measures of attention deployment. Both ADHD groups were 

inferior to controls on a measure of planful organization suggesting 

a general ADHD deficit of inefficient strategy deployment. 

While McGee, Williams, Moffitt, and Anderson (1989) argued that 

memory deficits for recently acquired material is a consequence of 

the association of ADHD and LD, this study refuted that impairment 

In verbal short-term memory is a generalized ADHD deficit. August 

and Garfinkel (1990) proposed that on tasks requiring multiple 

processing skills, there is an additive effect of specific ADHD and 

LD deficits. 
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These authors noted a major limitation in their study, namely 

the lack of a pure LD group which could have better distinguished 

whether deficits observed in the ADHD+LD group were due to the 

reading disability or the severity of ADHD. They also suggested 

that future studies more carefully avoid contamination of the pure 

ADHD group by learning disabilities other than reading. 

Finally, August and Garfinkel (1990) have suggested that the 

differences among ADHD, ADHD+LD and normal children can be 

interpreted on the basis of levels of processing, namely, "automatic" 

processing and "effortful" processing. Ackerman, Anhalt, Holcomb, 

and Dykman (1986) have shown that the automatic effortful processing 

framework can be used to explain performance deficits between ADHD 

and LD children in that LDs have more difficulty on automatized 

tasks, and ADHD children demonstrate normal automatization but 

falter on tasks requiring sustained and effortful processing. Following 

this framework, ADHD+LD children would be doubly handicapped, 

and this study tended to be supportive of that Idea. The implications 

would suggest that the coexistence of the two disorders places a 

child at special risk for functional problems and that both the separate 

and cumulative effects of ADHD and LD must be more closely evaluated. 

In conclusion, a nagging question persists as the volume of 

both LD and ADHD research grows. Although there appears to 

be some type of association between the two problems, and there is 

high comorbidity, no one has clarified the relationship. Some authors 

(Cunningham 8 Barkley, 1978) have argued that one "causes" the 
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other; others propose they are associated as the result of common 

underlying factors such as a less efficient cognitive style (Cotugno, 

1987; Douglas, 1972, 1976, 1980), lower IQ scores (Ackerman, Anhalt, 

Holcomb, 8 Dykman, 1986), below average attentlveness (Goldstein, 

1987), or even an artifact of the measurement process (Cantwell 

8 Baker, 1991). 

Douglas (1980) suggested that ADHD and LD children experience 

different types of cognitive disabilities, specifically, ADHDs have 

special difficulties with strategic problem-solving skills such as 

devising their own memory strategies. This position would argue 

against a common underlying cognitive deficit for LD and ADHD. 

But the work of Torgensen (1977) and Tarver , Hallahan, and Kaufman 

(1976), as previously reviewed, found similar "production deficiencies" 

in LD students. Levine (1987) reported observing eight general 

memory deficiencies in children with learning difficulties. He did 

not discriminate between ADHD and LD, but observed that some 

phenomena were more common to children with primary attention 

deficits than others. To be more specific, he cited registration 

deficiencies, or "shallow" processing where children tended to use 

simple strategies such as phonetic clustering rather than the more 

complex semantic clustering as typical of attention deficits. These 

children were more susceptible to post processing (retroactive) 

interference, demonstrated inconsistent performance over tr ials, 

and showed quick fatigue from effortful tasks. He noted, in fact, 

a progressive decline in depth-of-processing. He also cited strategy 
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failures where students either failed to employ effective strategies 

or used them in a haphazard, inconsistent manner because of 

impulsivity. Thirdly , Levine noted that interference effects were 

greater with attention deficit students because they were often 

distracted by competing stimuli including free flight of Ideas. Learning 

disabled children who did not experience primary attention deficits 

were more likely to experience (1) active working memory failures, 

(2) consolidation failures because of lack of elaboration and 

overrellance on rote memory, (3) retrieval failures based on either 

slow or inaccurate retrieval or the faulty expression of retrieved 

information, (4) automatization delays especially with basic foundation 

skills, or (5) format-specific dysfunctions because of either the 

linguistic, spatial or sequential format in which data was originally 

presented. This type of dysfunction was found to generally be 

associated with a processing or production dysfunction. 

There is a strong tendency to believe that one condition leads 

to the other. Intuitively, it seems to make sense that either children 

who are fidgity and inattentive will not be able to put in enough 

concentrated effort to learn ( e . g . , ADHD leads to LD) , or that 

frustrated learning disabled students, who cannot profit from 

traditional Instructional opportunities, will be less attentive, more 

hyperactive, and present behavioral difficulties ( e . g . , LD leads 

to ADHD) . 

A major difficulty in resolving the issue was pointed out by 

McGee and Share (1988) in that a common pitfall of ADHD and LD 
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research has been the frequent overlapping of the two study groups. 

Studies which Investigate all three pure LD, pure ADHD and combined 

ADHD+LD children are rare but essential in order to clarify these 

issues. 

Implications of Memory Differences of Intervention 

The nature of the association is especially important for treatment 

implications. If ADHD leads to LD, then primary intervention that 

addresses medical treatment such as the use of psychostimulants 

might be most appropriate. Douglas et al. (1986) and Satterfield 

Cantwell and Satterfield (1979) found that methylphenidate produced 

significant academic improvements in ADHD students, both when used 

alone and in combination with other forms of Intervention. If LD 

causes ADHD, concentrating on academic remediation and teaching 

specific learning strategies might be the preferable intervention. 

Surprisingly, a recent review by Gittelman-Klein (1987) Indicated 

there has been scant research comparing the effects of various 

combinations of medical and educational interventions, a third 

alternative. 

Obviously, more research Is warranted to explore the cognitive 

characteristics of ADHD with and without learning disabilities and 

LD children. This study attempts to address one part of cognitive 

functioning, auditory free recall memory, in a systematic way, by 

comparing the performances of pure LD, pure ADHD and combined 

ADHD+LD children on the CAVLT, Digit Span and PPVT-R. 
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Summary 

Adherence to a particular theoretical model tends to determine 

the direction of any research project. It determines what and how 

research questions will be asked, what and how experiments will be 

performed, and how outcomes are interpreted (Butler, 1984). In 

studies such as this one and those reviewed In this chapter, test 

results, in a similar fashion, were interpreted based on the preferred 

philosophical framework for verbal learning and memory. Three 

popular theoretical models have been discussed in light of how a 

memory system might operate and where it might break down. The 

research Instrument, the CAVLT, was designed following the 

multi-store model; however, many of the memory studies investigating 

learning disabled and ADHD populations, have embraced the level-of-

processing model. Merit is also due Norman (1979) and his more 

eclectic memory schema model. 

The history of children's memory studies Is brief and incomplete, 

and the need to better understand, to more accurately assess, and 

to more effectively intervene on behalf of children with specific 

memory deficits is a legitimate goal. Studies that can contribute 

knowledge to further these goals are timely, worthwhile and critical 

If educators are to provide opportunities for all children to learn. 



CHAPTER II I 

METHODOLOGY 

This chapter on methodology will consist of five sections. The 

f irst section describes the three groups of subjects involved In the 

study. The second section includes the independent and dependent 

variables; the third section presents a description of the principal 

instruments used, the Children's Auditory Verbal Learning Test 

( C A V L T ) , the Peabody Picture Vocabulary Test-Revised (PPVT-R) , 

and the Digit Span subtest of the Wechsler Intelligence Scale for 

Children-Revised (WISC-R). The fourth section on procedures 

includes a description of the steps involved in the study, and the 

final section identifies the design and data analysis. 

Subjects 

Participants in the study were 90 children, ranging in age 

from 7 to 10 years (84 to 131 months), with a mean age of 109.43 

months, who were referred to one of two private pediatric mental 

health clinics for evaluation of behavior and/or learning problems. 

One clinic was located In Lubbock, Texas; the other clinic was 

located in the Dallas metroplex area. Although subjects were seen 

in one of the clinics, many actually resided in rural areas of Texas, 

New Mexico, or Oklahoma. Subjects were randomly selected from 

the clinic population and assigned to one of three groups based 

on specific diagnostic criteria. As closely as possible, the study 

46 
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groups were matched to the demographics of the original normative 

sample. Table 1 presents demographic data on the three study groups 

related to sex, age, and race. 

The f irst group, the pure Learning Disordered (LD) group, 

contained 30 subjects, 19 male and 11 female, ranging in age from 

85 to 131 months (mean = 111.93, sd = 13.91). Assignment to this 

group required: (1) greater than 85 IQ on individual intelligence 

test, (WISC-R) , and (2) a greater than or equal to one standard 

deviation discrepancy between full scale IQ and standard score 

(mean = 100, sd = 15) on an individual achievement test in at least 

one of the following areas: 

(a) basic reading, 

(b) reading comprehension, 

(c) listening comprehension, 

(d) math calculation, 

(e) math reasoning, or 

( f ) written language. 

In addition, the achievement score which was obtained from either 

the Wide Range Achievement Test-Revised (WRAT-R) or the Woodcock 

Johnson Psychoeducational Battery-Revised had to fall below 85, 

indicating greater than one standard deviation below average 

achievement. 

Subjects were excluded from the pure LD group if they received 

any Achenbach Child Behavior Checklist rating of greater than 70 

t-score on the parent scales of Hyperactivity or Aggressive, or 
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the teacher scales of Nervous-overactive or Inattentive. In other 

words, if the subject had been identified as having an attention 

deficit disorder with hyperactivity, he was excluded. 

The second group. Identified as a pure Attention Deficit 

Hyperactivity (ADHD) group, consisted of 30 subjects, 25 male and 

5 female, ranging in age from 85 to 131 months (mean = 108.77, 

sd = 12.01). Assignment to this group required: (1) IQ greater 

than 85 on the standardized, individual intelligence test; (2) two 

of the following descriptors at the time of referral: 

(1) a disturbance of at least six months during which at least 

8 of the 14 criteria for Attention Deficit Hyperactivity 

Disorder In DSM l l l -R are present with onset prior to age 

7; or 

(2) greater than 70 t-score reported on the Achenbach Child 

Behavior Checklist, Parent Form, on either the Hyperactive 

or Aggressive scales; (these scales were chosen because 

of the checklist author's claim of their sensitivity to primary 

attention deficit hyperactivity disorders); or 

(3) greater than 70 t-score reported on the Achenbach Child 

Behavior Checklist, Teacher Form, on either the nervous/ 

overactive or Inattentive scales. 

Exclusions Included any significant discrepancy greater than 

one standard deviation between the full scale IQ score and the 

individual achievement test scores. In other words, if a child met 

the Texas Education Agency ability/achievement discrepancy definition 

of learning disordered, he was disqualified from this group. 
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Subjects for the third group, the ADHD+LD group, met the 

diagnostic criteria for both ADHD and LD as outlined above. The 

group consisted of 30 subjects, 21 males and 9 females, ranging in 

age from 84 to 131 months (mean = 107.60, sd = 14.50). 

Any child who met the following criteria was excluded from the 

study: 

(1) gross neurological, sensory or motor impairment as 

determined by pediatric exam, 

(2) mental retardation, 

(3) emotional disturbance (a codiagnosis of mood disorder or 

conduct disorder), 

(4) closed head injury, 

(5) acute family distress. 

An ADHD or ADHD+LD subject was determined psychostimulant-

responsive based on the following: 

(1) on a stable dosage of methylphenidate for a minimum of 

previous 8 weeks, 

(2) receiving no other treatment with psychotropics, 

(3) judgment of favorable response by pediatrician, parent 

and teacher as reported on pediatrician report form. 

Trials were administered off medication, requiring at least 24 

hours since last administration. Parents were cautioned not to discuss 

medication status with child prior to testing. Since the majority of 

the subjects took drug-free weekends, the lack of medication over 

the weekend or during school holiday was not unusual. 
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Variables 

Independent Variables 

The primary independent variable in this study was assignment 

to either the pure LD, pure ADHD or ADHD+LD group. Group 

placement was determined prior to testing based on the selection 

criteria previously discussed. 

Dependent Variables 

Dependent variables investigated in the study included scores 

on the six scales on the CAVLT: (1) Immediate Memory Span, (2) 

Auditory Verbal Level of Learning, (3) Immediate Recall, (4) Delayed 

Recall, (5) Recognition Accuracy, and (6) Number of Intrusions 

and the Individual trial scores. Scale scores were transformed to 

age-adjusted standard scores using the CAVLT norm tables found 

in the manual. Raw scores were used for Recognition Accuracy 

and Intrusions since norm standard scores were not provided. 

The Immediate Memory Span score (IM) is composed of the total 

number of words recalled on trials 1 and 6. The Auditory Verbal 

Level of Learning score (LL) is achieved by adding the total number 

of words recalled on trials 3, 4, and 5. Immediate Recall ( IR) is 

the total number of words recalled on trial 7; Delayed Recall (DR) 

is the total number of words recalled on trial 8. Recognition Accuracy 

(REC) is the number of words correctly identified on the recognition 

trial 9 (maximum number correct is 32) . There is no limit to the 
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total number of intrusions ( INT) which is the sum of all intrusions 

recorded on trials 1-8. 

Another dependent variable was the standard score reported on 

the Peabody Picture Vocabulary Test-Revised (PPVT-R) . This score 

is reported as a verbal abilities quotient (VAQ) and is considered 

a measure of receptive vocabulary rather than a more comprehensive 

measure of intelligence. A raw score is the total number of correct 

responses over the critical range. By using a table provided in the 

test manual, raw scores are converted to standard score equivalents 

by age. 

The scaled score of the Wechsler Intelligence Scale for 

Children-Revised (WISC-R) Digit Span subtest, a measure of short-term 

auditory recall for sequential, numerical data, was another dependent 

variable. It is composed of the number of digits repeated forward 

plus the number of digits repeated backward which was then 

transformed to a scaled score using age norms. 

Age in months and sex were included as attribute variables. 

Instruments 

Children's Auditory Verbal Learning Test 

The primary instrument used in this study is the Children's 

Auditory Verbal Learning Test (CAVLT) (Talley, 1990). The CAVLT 

consists of three word lists: two free recall word lists and one recognition 

word list. Lists were constructed to be consistent with the normal 
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vocabulary of elementary school children. The CAVLT takes 

approximately 25 to 30 minutes to administer. During the interim 

between trials 6 and 7, the Peabody Picture Vocabulary Test-Revised 

and Digit Span were given to all participants. 

The CAVLT yields scores on six scales that will be utilized In 

this study. According to its author. Immediate Memory Span scores 

reflect memory functioning when information exceeds short-term 

storage capacity. Low scores would suggest deficits in short-term 

memory functioning. Level of Learning scores reflect long-term 

memory encoding abilities. Low scores suggest a reduced rate or 

amount of learning. Immediate Recall scores reflect the fragility or 

susceptibility of new information to disruption. Low scores suggest 

new learning is vulnerable to interference from exposure to other 

material. Delayed Recall scores reflect long-term memory functioning 

and retrieval ability. Low scores suggest retrieval deficits. Recognition 

Accuracy scores reflect recognition memory ability. Low scores 

suggest difficulty In the initial encoding of information into long-term 

memory. The number of Total Intrusions reflects compliance with 

the recall memory task and the ability to discriminate relevant from 

extraneous Information. High scores suggest weak response 

discrimination. 

The CAVLT was constructed to be used as part of an educational 

or neuropsychological battery to assist in determining the presence 

and severity of learning and memory Impairment in children. Its 

design was based on the Rey Auditory Verbal Learning Test (AVLT) 
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(cited in Lezak, 1983) for adults. Numerous studies have indicated 

that free recall tests are unbiased as to race, economic status and 

educational level (Barr i t t , 1968; Bjorklund 8 Weiss, 1985; Orasanu, 

Lee, 8 Scribner, 1980; Siaw, 1984), and there Is no significant 

correlation between measures of intelligence and scores on free recall 

tests in a sample of children (Schneider, 1986). These findings 

indicated that free recall tests assess memory skills and not just 

verbal ability. Free recall does not require order and as such may 

be more demanding of memory control functions than sequential 

memory tasks such as Digit Span which also presents less information 

(Talley, 1986). Free recall tests assess short-term recall where 

high coding demands are placed on the memory system, a skill that 

Is more closely aligned with the learning environment. The CAVLT 

was chosen for this study because (1) the memory deficits that are 

more likely to be found in attention deficit populations can be 

assessed on a free recall test (Rapaport et a l . , 1980; Borcherding 

et a l . , 1988; August, 1987), (2) the CAVLT is the only norm 

referenced free recall test designed specifically for children, and 

(3) the resulting profiles are useful in designing classroom intervention 

strategies. 

The CAVLT was normed on 444 elementary school students living 

in the community surrounding a large urban area In the southeastern 

United States. The normative sample was composed of 218 males, 

226 females; a racial mixture of 383 white, 45 black and 15 other; 

an age sample of 42 six-year-olds, 67 seven-year-olds, 81 eight 
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year-olds, 65 nine-year-olds, 77 ten-year-olds, 60 eleven-year-olds, 

and 52 twelve-year-olds and older. With the exceptions of Recognition 

Accuracy and Total Intrusions, scores on the CAVLT scales were 

approximately normally distributed at all ages. Because of the 

composite estimates of skewness and kurtosis for the other five scales 

indicated that the distributions were not extremely different from 

normal, the decision was made by the test author to derive normalized 

standard scores. Normative data for Recognition Accuracy and Total 

Intrusions were determined by calculating raw score ranges for two 

categories; scores equal to or less than the 16th percentile (1 sd 

from mean) and scores greater than the 16th percentile. Total 

Intrusions scores were ranked In descending order prior to calculating 

percentile scores. For the purpose of this study, raw scores for 

the number of words recognized, and the number of total intrusions 

will be utilized. Standard scores (computed using age norms) will 

be used for the other four scales. 

Reliability 

Talley (1990) stated that the free recall format of the CAVLT 

and serial administration of the Learning List make traditional Internal 

consistency statistics Inappropriate measures of test reliability. 

Instead, he used generallzability theory (Cronbach, Glesner, Nanda, 

8 Rajaratnam, 1972) to design a study to estimate the subject's 

true score variance on the scales. 

Generallzability theory recognizes multiple sources of test 
score variance simultaneously through the use of ANOVA 
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methodology. Generallzability coefficients, which are 
analogous to traditional reliability coefficients, can be 
constructed based upon the sources of variance 
contributing to the mean squares value of the ANOVA 
factors. Generallzability coefficients are calculated by 
dividing the estimated variance attributable to subjects 
by the estimated variance attributable to subjects and 
error, (p . 21) 

A subset of 24 children from the standardization sample were 

administered the CAVLT on two occasions approximately 1 month apart 

Sex and age were the between-subject factors, time of CAVLT 

administration was the within-subject factor, and subjects were the 

blocking factor in the analysis. 

Generallzability coefficients for Immediate Memory Span, Level 

of Learning, Delayed Recall, and Recognition Accuracy were .63, 

.78, . 6 1 , and .66, respectively. Compared to traditional reliability 

coefficients, generallzability coefficients in this range appear to 

be only moderate in value; however, Mitchell (1985) notes that 

traditional reliability coefficients tend to estimate the upper limits 

of reliability and that generallzability coefficients of .60 or higher 

should be regarded as demonstrating very good scale reliability. 

Immediate Recall was found to have a generallzability coefficient of 

only .25 In this limited sample of 24 subjects. Talley warns that 

Immediate Recall scores should be interpreted with caution and that 

the low coefficient probably reflects the interaction of variation in 

consolidation of learning and the impact of retroactive interference. 

Generallzability estimates were also used to calculate standard 

error of measurement by using raw score standard deviations for 

each scale which were then expressed in normalized standard score 
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units and averaged over the seven age groups. Standard error of 

measurement was not calculated for Recognition Accuracy or Total 

Intrusions scales, rather this information is presented in dichotomous 

form. 

Validity 

Talley (1989) examined the convergent and discriminant validity 

of the CAVLT by administering the Similarities subtest of the WISC-R, 

Iowa Test of Basic Skills (Hieronymus 8 Hoover, 1986) Revised Children's 

Manifest Anxiety Scale (Reynolds 8 Richmond, 1985), two prose 

stories created by Durrell and Catterson (1980) that assess logical 

memory, and a visual search and cancellation task to the first 152 

children in the standardization sample. In order to control for the 

effect of age, age was partialed from all correlations. The CAVLT 

was more strongly associated with academic achievement ( r ranged 

from - .22 t o . 3 3 ) , logical memory (r ranged from-.34 to .23 ) , and 

sustained attention (r ranged from - .28 to - .02) than with verbal 

reasoning ability ( r ranged from - .20 to .16) and anxiety (r ranged 

from - .14 to .13 ) . Since the pattern of correlations generally 

supported his predictions, Talley asserted convergent and discriminant 

validity for the instrument. 

Talley also conducted a principal components factor analysis 

on correct scores from Learning Trials 1 through 5, and the 

Interference, Immediate Recall, and Delayed Recall Trials for the 

same 152 children who participated in the convergent and discriminant 



57 

validity study. When both orthogonal and oblique rotation methods 

were examined, two factors with eigenvalues above 1.00 were extracted. 

Communalities ranged from .63 to .83. Talley identified the two as 

short-term and long-term memory factors. Learning Trial 1 and the 

Interference Trial were found to have high loadings on the short-term 

memory factor; Learning Trials 3, 4, and 5, Immediate Recall, and 

Delayed Recall were found to have high loadings on the long-term 

memory factor. Trial 2 had similar loadings on both factors, 

suggesting that it is a transition between the two stages of memory. 

From his factorial analysis, Talley created his Immediate Memory Span 

and Level of Learning scales. 

As a final validity check, differences in CAVLT scores between 

normal and learning-disabled children were examined. A group of 

68 children who had been diagnosed as learning-disabled (no criteria 

detailed) were administered the CAVLT. Age-adjusted scores were 

analyzed through the use of one-way ANCOVAs with normal versus 

learning-disabled forming the classification factor. Results found 

the two groups to differ significantly, p < .01 for all variables 

tested. Talley stated that, "the f ind ing. . .between groups hypothesized 

to differ in these abilities lends evidence In support of the construct 

validity of the CAVLT" (p . 23) . This study will attempt to replicate 

this validity check. 

Peabody Picture Vocabulary Test-Revised 

The Peabody Picture Vocabulary Test-Revised (Dunn 8 Dunn, 

1981), Form L, was selected as the delay interval test for two reasons. 
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It is an established instrument that, in a short period of time, provides 

an age norm-referenced measure of general verbal abilities. It also 

provides an important component to the study of auditory verbal 

learning. Schneider (1986) was able to find no significant correlations 

between measures of intelligence and scores on free recall tests; 

therefore, the CAVLT and the PPVT-R would be expected to measure 

two different components of auditory verbal learning. The former 

would measure a more fluid "learning" experience, the later, a more 

static "learned" one. Also, any differences observed in group 

performance on the two instruments would be of additional diagnostic 

value. Although Talley cautions that a "verbal learning test" should 

not be administered during this time frame, the PPVT-R is not a 

test where verbal "learning" occurs; rather, it is a measure of 

"learned" word knowledge. 

The PPVT-R is an individually administered, norm-referenced, 

wide-range, power test of hearing vocabulary. The test begins 

with 5 training items, followed by 175 test Items arranged in order 

of increasing difficulty. Each item has four simple, black-and-white 

illustrations arranged in a multiple choice format. The subject is 

asked to select the picture considered to illustrate best the meaning 

of a stimulus word presented orally by the examiner. 

The test was standardized nationally on 5,028 persons--4,200 

children and adolescents, and 828 adults. Raw scores are converted 

to age-referenced norms. Although three deviation type age norms 

are reported, only standard score equivalents obtained from test 
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manual tables were utilized in this study. The test authors assume 

that hearing vocabulary scores are normally distributed; therefore, 

standard score equivalents were normalized in deriving the PPVT-R 

norms. In other words, statistics were used, as necessary, to make 

the distribution of scores obtained in standardizing the test, conform 

to the normal probability curve. 

Reliability 

The authors report split-half reliabilities ranging from .67 to 

.88 on Form L for children and youth. Immediate retest alternate 

forms and delayed retest alternate forms reliability coefficients are 

also reported and range from .72 to .89 on immediate retest for 

standard score equivalents in ages 8 through 12, and from .61 to 

.90 for delayed retest in the same age groups. 

Validity 

Content, construct and criterion-related validity of both the 

original and revised editions are discussed In the test manual. 

Content validity was addressed in test construction by a complete 

search of stimulus words to meet adequate standards for a picture 

vocabulary test measuring hearing vocabulary in Standard English. 

Construct validity was based on an Inference that the test measures 

scholastic aptitude. This inference was drawn from statements made 

by Terman (1916) regarding the 1916 Stanford revision of the 

Binet-Simon Intelligence Scale: 
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The vocabulary test . . .has higher value than any three 
other tests on the scale. Our statistics show that In 
a large majority of cases the vocabulary test alone will 
give us an intelligence quotient within 10 percent of 
that secured by the entire scale, (p.230) 

The statement of Terman and Merrill in 1937, reporting on the Revised 

Stanford-Binet Tests of Intelligence, "We have found the vocabulary 

test to be the most valuable single test in the scale," and the fact 

that Wechsler found the vocabulary subtest of the Wechsler Intelligence 

Scale for Children-Revised to correlate more highly with Full Scale 

IQ scores than any other subtest (Wechsler, 1974). Construct 

validity was also supported by gradual Increases with age In percentage 

of subjects who correctly respond to an item and by W-difficulty 

scores for Items assigned through Rasch-Wright latent trait analysis. 

Dunn and Dunn (1981) acknowledge that measuring hearing 

vocabulary by picture selection is not equivalent to defining words 

orally, as required by the WISC-R and Stanford-Binet. The PPVT-R, 

they assert, measures receptive language, while the others measure 

expressive language as well. Nevertheless, both require comprehension 

of the spoken word, the variance is in the modes of expression. For 

the purposes of this study, the PPVT-R standard score was not 

reported as an IQ score; rather, it was used only as an indication 

of verbal abilities, specifically receptive vocabulary. 

Internal consistency, as evidence of construct validity, was 

established as the individual stimulus words were selected for inclusion 

following strict criteria. 

Criterion-related validity data was not reported in the test 

manual. At the same time, hundreds of validity studies have been 
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conducted regarding this instrument. Buros (1985) reviews the 

instrument's psychometric characteristics as adequate to excellent 

although further studies regarding predictive validity and additional 

data regarding concurrent validity are warranted (review by R. S. 

McCallum). Concurrent validity was established against the original 

PPVT with coefficients of concurrence ranging from .53 to .87 with 

a median of .72 for raw scores. 

According to the PPVT-R Manual, this instrument correlates 

to the full-scale IQ of the WISC-R at a median value of .64, Indicating 

a moderate degree of correlation. 

Wechsler Digit Span 

The third instrument employed In the study was the optional 

Digit Span subtest from the Wechsler Intelligence Scale for Children-

Revised. This subtest is not utilized in computing the verbal or 

full-scale IQ score, but does yield interesting data concerning 

performance on a short-term, auditory memory task for sequential, 

numerical data. 

On this subtest the subject is asked to listen to a series of 

digits given orally and then to repeat the digits. The f irst part 

of the test requires that the digits be repeated exactly as given 

and is referred to as Digits Forward. The section contains series 

ranging in length from 3 to 9 digits and there are 2 series of equal 

length for each level. Digits Forward is administered f i rst , followed 

by Digits Backward where the subject is asked to repeat the given 
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digits in reverse order. Digits Backward ranges from 2 to 8 digits. 

Items are scored 2, 1 , or 0 depending on the number of correct series 

per level, and the test Is discontinued when both trials of a level 

are missed. The raw scores from Digits Forward and from Digits 

Backward are summed and converted to a scaled score using age-norm 

tables found In the manual. 

Rapaport (1968) said Digit Span is a measure of short-term 

memory and attention. Bannatyne (1974) asserted that the task 

requires auditory vocal sequencing memory. Sattler (1974) noted 

that verbal ability plays almost no role in test performance, and 

Lezak (1983) stated that Digit Span is one of the most sensitive 

WAIS subtests to brain Injury. 

Kaufman (1975) named Digit Span as a factor on his Freedom 

from Distractibility scale along with two other WISC-R subtests, 

indicating that the instrument was, in his view, highly sensitive 

to the effects of distraction and Inattention. 

Reliability 

The WlSC-R Manual reports reliability of r = .78 on the Digit 

Span subtest. The test does, however, have low correlation with 

full-scale IQ (r = . 43 ) , verbal IQ (r = .45) and performance IQ 

( r = . 34 ) . Overall , it is a poor measure of "g" and only 24% of 

its variance can be attributed to a general Intelligence factor. This 

is the reason it is not used to calculate IQ scores. Wechsler reports 

test/retest reliability coefficients of .76 (age 6 1 /2) , .84 (age 7 1 /2) , 

.71 (age 10 1/2) and an average of .78 across 6 age groups. 
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Validity 

Digit Span has been studied frequently as a measure of short-term 

memory. Acker et a l . , (1971) found Digit Span to correlate (r = .29) 

with the Gray Oral Reading quotient in LD and non-LD subjects. He 

also reported that LD students in general scored lower on Digit Span 

than controls and proposed that a primary deficiency in learning 

disordered students, an inability to hold several bits of information 

until the bits can be synthesized into a whole, was tapped by Digit 

Span. Talley (1986) also studied the performance of LD children on 

this subtest and concluded that although Digit Span was a measure 

of short-term recall, it did not require high coding demands such 

as rehearsal, coding, strategy generation, and chunking. It was, 

instead, short-term memory for automatized repetition. He found 

that free recall tests such as the Rey AVLT could not predict Digit 

Span performance for his sample of LD students. Forward Digit 

Span was best predicted by IQ and age. In addition, Wechsler 

resported that Digit Span correlated poorly with the Stanford-Binet 

in six-year-olds ( .11 ) , better with 9 1/2-year-olds ( . 44 ) , and only 

slightly at older ages (.30 to .39) . 

Digit Span was used In this study as an additional measuring 

stick for short-term memory. Even though Digit Span may tap a 

different aspect of short-term memory than that measured by free 

recall tests, group performances can be compared using both measures 

to ascertain what, if any, commonalities occur. 
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Procedures 

Subjects were identified from clients referred to one of two 

private pediatric/psychological clinics as meeting study group criteria. 

Parents were then contacted either by phone or in person to explain 

the study, answer questions and to obtain signed, voluntary 

permission. Demographic data forms were completed at this time by 

parents. Subjects were assigned a number and all data was recorded 

using that number. 

Medical records pertaining to diagnosis, medication, and previous 

parent and teacher behavioral observations were reviewed with written 

parent permission to confirm group selection. Pediatricians of the 

subjects were asked to complete a physician questionnaire identifying 

the subject as psychostlmulant-responsive. Psychoeducational records 

pertaining to IQ and achievement scores were reviewed. Any subject 

that did not meet group selection criteria was excluded. 

Parents were requested to stop psychostimulant medication at 

least 24 hours prior to testing. Testing was conducted either on 

a Monday, following a drug-free weekend, or during school spring 

break. Subjects were accustomed to drug vacations; parents were 

cautioned not to mention drug status. 

Subjects were administered the f irst seven trials of the CAVLT. 

During the interim, the PPVT-R, Form L, and Digit Span were 

administered. If at least 15 minutes had not passed, the subject 

was asked to draw a picture of himself. After a delay of 15 to 20 

minutes, trials eight and nine of the CAVLT were completed. At 
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the conclusion of the CAVLT, the subject was asked, "Did you notice 

that any of the words had something in common?" If the subject 

answered in the affirmative, he was asked to explain further. Responses 

were recorded verbatim. 

All testing was conducted by this researcher and took place at 

the private clinic. Total time per session was approximately 30 minutes 

followed by a brief informal discussion with parents. Statistical 

analyses of data were conducted following the completion of data 

collection. 

Design and Data Analysis 

This study was originally based on a mixed factor design to 

test the five hypothesis, but as analysis proceeded, changes in 

design were required. The primary Independent variable was group 

assignment: LD, ADHD, or ADHD+LD. The dependent variables 

were either trials (6 of them) or scales (5 of them). Age, IQ, 

PPVT-R scores, and Digit Span scores served as attribute variables. 

Specifically three changes in design were made during analyses. 

First of al l , a two-level ANOVA with age as a covariate was 

originally planned to test hypothesis one, but when assumptions 

could not be met, it was decided to use a Profile Analysis of Repeated 

Measures Instead. A similar plan was followed to test hypothesis 

three. 

Originally it was Intended to include the scales for Recognition 

Accuracy and Intrusions in the groups x scales analysis; however. 
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inadequate standard score information was available for those scales 

and they were treated with a frequency distribution instead. 

A third change was made to test hypothesis five when age data 

for Talley's LD sample was unavailable for analysis. T-tests were 

utilized instead to compare study group performances to his LD 

sample. 

Hypothesis two and four were also tested using t-tests to find 

significance. Testing was carefully controlled for Type 1 errors 

by using a higher than normal alpha because of repeated measures. 

Correlations were computed for IQ, PPVT-R, and Digit Span 

along with CAVLT scale scores. Chapter V will discuss the 

relationships along with interpretation of other statistical treatment 

results. 
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TABLE 1 

DEMOGRAPHIC CHARACTERISTICS OF SUBJECTS 
BY GROUPS 

Characterist ics 

Sex 
Male 
Female 

Race 
Anglo 
Mexican-

American 
Black 

LD 

19 
11 

28 

1 
1 

ADHD 

25 
5 

28 

2 
0 

ADHD+LD 

21 
9 

27 

2 
1 

TOTAL 

65 
25 

83 

5 
2 

Age 
Younger 

7 
8 

4 
7 

4 
5 

8 
5 

16 
17 

Older 

9 
10 

6 
13 

17 
4 

9 
8 

32 
35 



CHAPTER IV 

RESULTS 

Preliminary Analyses 

Data and results of statistical tests described in Chapter I I I are 

presented In this chapter. Data collected from the experiment were 

analyzed using the Statistical Package for the Social Sciences 

(SPSS-4.0) . Actual level of significance achieved is reported for 

statistical treatments; however, hypotheses were generally tested 

at the .05 level of significance. 

Once groups could be designated equivalent, data from each 

subject could be analyzed for the purpose of testing the five 

hypotheses. Descriptive statistics for group means and standard 

deviations for sex, age, WISC-R full scale IQ, PPVT-R, and Digit 

Span are reported in Table 2. Analyses of variance (ANOVA) 

detected no significant differences (alpha = .05) among groups on 

attribute variables of age, IQ, PPVT-R, and Digit Span; and since 

previous research had consistently ruled out sex as a contributing 

factor, groups appeared equivalent. ANOVA results are reported 

on Tables 3, 4, 5, and 6. Homogeneity of variance seemed assured 

based on examination of the cell variances for the dependent 

variables. The largest between group variance ratio was 1.59 to 

1 , on the WISC-R IQ score for the ADHD and mixed ADHD+LD 

groups. The assumption that the sample was selected from 

populations with equal variance (for a given test) seems tenable. 

68 
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Pearson r correlations were computed for each of the three 

groups for IQ, PPVT-R, and Digit Span (see Table 7 ) . Correlations 

are slightly lower than those reported by Wechsler (1981) and Dunn 

and Dunn (1981); whereas, WISC-R full scale and PPVT-R were 

correlated across ages at a median value of .64 (PPVT-R Manual), 

in this study for LDs they correlate at .49, for ADHDs at .32, and 

for ADHD+LDs at .53. Digit Span correlated with full scale IQ at 

r = .43 (WISC-R Manual), but for these LDs correlation is at . 4 1 , 

for ADHDs at .13, and for the mixed group at .42. Given the 

diagnosis of study groups, and the assumption that they experience 

learning deficits, lower correlations are not surprising. 

IQ, PPVT-R, and Digit Span were then correlated with group 

standard scores on the CAVLT scales of Immediate Memory, Level 

of Learning, Immediate Recall, and Delayed Recall. By using age 

adjusted standard scores undue effects of age were controlled. 

Results are reported in Table 8. 

Tests of Hypotheses 

Effects of Group Across Trials and Scales 

Means and standard deviations of the three study groups across 

CAVLT trials were compared to those of Talley's normative sample 

in Table 9. Since standard scores were not available for tr ials, 

raw scores were used. Initially a mixed factorial analysis with one 

between-subjects factor (group) and one within-subjects factor 

(trials) with age as a covariate was to be performed. For any 
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statistical test in the analysis of variance tradition to be appropriate, 

the data must satisfy certain assumptions. Failure to satisfy these 

assumptions requires that the proposed analysis be replaced by a 

more appropriate one, or that the data be transformed (where 

applicable) to meet the assumptions. One assumption underlying 

ANOVA methods is that of homogeneity of variance; i .e . , that the 

groups in the sample were drawn from populations having equal 

variance. Examination of the ratios of smallest to largest variances 

for each trial score within a group indicated no problem, as all ratios 

were less than 1:3. Thus homogeneity of variance across the three 

groups seems assured. 

Since the chosen design was a mixed factorial, two further 

assumptions relating to the repeated measures of within-subjects 

factor had to be satisfied. Homogeneity of variance across trials 

was assessed by Cochran's Ĉ , and is reported in Table 10. Due 

to the relatively large numbers of dependent variables (6) a per-DV 

significance level of .00833 was chosen as criterion. Failure of 

homogeneity for the set of DVs would be indicated if any of the 

six DVs yielded a C with significant level less than .00833. Again 

the assumption of across trials homogeneity of variance seems tenable. 

A further assumption, that of homogeneity of covariance failed for 

each group. This implies that the relative ranks of scores on pairs 

of trials varied within each group. It is possible that inconsistencies 

in rank across trials is an attribute of test groups--particularly 

subjects who are unable to sustain performance over trials. This 
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observation would be consistent with Borcherding's (1988) and Dykman 

et a l . , (1979) findings regarding lack of sustained effortful processing; 

however, this inconsistency was found In all three groups. 

Due to failure of the homogeneity of covariance assumption, the 

mixed, two factor ANCOVA was scrapped and replaced by Profile 

Analysis of Repeated Measures. Profile analysis is a Multivariate 

Analysis of Variance (MANOVA) method which has no assumption of 

homogeneity of covariance, though, of course, other assumptions 

relevant to a multivariate approach must be met. 

The assumptions of MANOVA include: 

(1) sample size per cell must be greater than the number of 

dependent variables (DVs) . With ri = 30 and 6 DVs, an 

n:DV ratio of 5:1 was established. In MANOVA analysis, 

such ratio minimally indicates sufficient statistical power. 

(2) The assumption that all scores are from a multivariate 

normal distribution is difficult to assess. However, 

MANOVA is robust to departures from normality due to 

skewness. 

(3) Outliers may have a biasing effect on MANOVA results. 

To screen for outliers z^-scores were calculated for all 

variables within each group. In addition, since Profile 

Analysis works with segment means, or mean differences, 

z^-scores for segments were calculated as well. A segment 

Is the difference between means on two consecutive DVs. 

Examination of the 990 scores calculated showed no outliers 

with absolute value of z > 3 . 
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(4) Linearity refers to the necessity for pairs of segments to 

exhibit a linear relationship. Examination of scatterplots 

revealed no reliable departures from linearity. 

(5) The assumptions of multicolllnearity and singularity also 

hold. If two DVs are highly correlated (r >.9) this could 

imply multicolllnearity. Examination of the within-cells 

correlation matrix showed the largest correlation between 

DVs to be .501, implying no multicolllnearity. A matrix 

is singular If it has a zero determinant, implying that 

it cannot be inverted. The within-cells correlation matrix 

comprises the error source for profile analysis and must 

be invertible (it will be "divided" into the treatment matr ix) . 

The determinant was .88 sufficiently different from zero 

to imply nonsingularity. 

(6) A final assumption Is that all scores are based on the 

same metric. Each trial score reflects the number of 

correct responses; hence, this assumption is met as well. 

After meeting the assumptions, profile analysis is appropriate 

for detecting overall group differences in the DVs (in profile analysis 

jargon this is the "levels" effect) . Also, a second use of profile 

analysis is to discover whether subjects scored the same across trials 

(this is the "flatness" effect) . Finally, the interaction between 

groups and trials is explored via the "parallelism" effect. If segments 

are parallel, the same relative "peaks and valleys" will show up 

in each of the group profiles. Rejection of the null hypothesis for 
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parallelism indicates that scores on a particular segment (or DV) 

depend on group membership. 

The profile analysis indicated significant tests of parallelism 

(F(5,10) = 2.689, p < . 0 0 4 ) , and flatness (F(5,10 = 114.630, p < . 0 0 0 ) , 

but failed to detect differences in levels (F(87,2) = 1.22, p .< .301). 

Thus groups tended to score similarly across trials. As in other 

ANOVA-based methods, one should interpret this significant interaction 

f i rst . A simple effects analysis showed that there were groupwise 

differences only Trials 4 and 5 (F = 4.04, p< .021) (F = 4.20, 

p < . 0 1 8 ) (see Table 11). Graph 1 demonstrates this discrepancy 

across tr ials. The other trials Indicated no differences due to group 

membership. Since there were three groups, a univariate one-way 

analysis of variance was performed on each of the two trials, followed 

by a Student-Newman-Keuls (SNK) multiple range test to identify 

which groups actually differed. SNK was chosen as it protects 

against inflation of familywise Type 1 error, adjusting alpha for 

each comparison such that the total error stays at or below .05. 

This method uses various Q distributions in pair-wise comparisons 

in order to control the experiment-wise error rate. The critical 

values of adjacent means Is smaller than for more widely separated 

means and can be used when group sample sizes are equal. Results 

indicated that on Trial 4 the LD and ADHD groups were significantly 

different (alpha .05) and the LD and ADHD+LD groups differed 

from each other as well. On Trial 5, the ADHD group differed from 

both the LD and the ADHD+LD groups. 
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In summary, when hypothesis one was tested using profile 

analysis, groups were found to differ across trials, group profiles 

were different and unparallel, and interaction between group and 

trial did occur; therefore, hypothesis one was rejected. 

To test hypothesis two (mean LD = mean ADHD = mean ADHD+LD 

mean normative sample) raw scores were used in paired t-tests with 

a alpha level of .017 to address the greater possibility of Type 1 

errors found In multiple t - tests. The rationale for choosing a 

precomparison alpha of .017 is as follows: any single comparison 

between this study's data and Talley's is simply independent (Barker 

8 Barker, 1984). For each t r ia l , 3 groups are being compared. 

Thus, the family-wise Type 1 error rate of .05 is divided by 3 to 

arrive at the comparison-wise rate. Means and standard deviations 

for each group on each trial were reported on Table 9; t-test results 

are found on Table 12. Significance was found for Trial 4 of the 

LD group (T = 3 . 2 1 , p < . 0 0 3 ) and Trial 6 of the ADHD+LD group 

(T = 2.70, p < . 0 1 2 ) . As a result, hypothesis two was also rejected. 

Overall , however, it must be noted that only 2 of 18 comparisons 

were significantly different. By far , the vast majority of comparisons 

did not differ significantly and one could have expected one of the 

t-tests to be significant by chance. There is credence, however, 

for a significant difference based on previous studies. 

To test the effects of groups across scales (hypothesis three) , 

raw scores were converted to age adjusted standard scores with a 

mean of 100, standard deviation of 15. Table 13 represents the 

means and standard deviations for group standard scores. 
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A profile analysis, similar to that conducted to test hypothesis 

one, was pursued. The assumptions once more had to be met prior 

to that analysis: 

(1) Sample size per cell Is greater than the number of dependent 

variables (n = 30, DV = 4; n:DV ratio Is 15:2 ( 7 . 5 : 1 ) ) . 

(2) MANOVA is robust to departures from normality due to 

skewness. 

(3) Outliers which may have a biasing effect on MANOVA results 

were calculated for both segments and variables ( z > 3 . 5 ) . 

Only 1 outlier on a segment out of 630 scores was produced 

in the ADHD+LD group. It was decided to leave that 

outlier in for the benefit of keeping groups equal. 

(4) Linearity was examined by checking scatterplots for reliable 

departures. None were observed. 

(5) The assumptions of multicolllnearity and singularity also 

hold. The determinant was .110, sufficiently different from 

zero to imply nonsingularity. Examination of the within-cells 

correlation matrix showed the largest correlation between 

DVs-- .332 implying no multicolllnearity. 

( 6 ) A final assumption is that all scores are based on the same 

metric. Each scale score reflects the number of correct 

responses; hence, this assumption is met as well. 

Having met these assumptions, profile analysis was continued 

and no significant differences were found between groups for 

parallelism (F(3 ,6 ) = 1.397, p < . 2 1 8 ) , in other words, the groups 
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were parallel; in flatness (F(3 ,6 ) = .58708, p < . 6 2 5 ) ; nor in level 

(F = 1.92, p < . 1 5 3 ) . This Is to say groups did not differ across 

scales and there was no reason to reject null hypothesis three. 

To test hypothesis four (mean LD = mean ADHD = mean ADHD+LD 

mean normative sample, across scales) age adjusted standard scores 

were used to compute correlated t-tests using the normative sample 

mean = 100. Table 14 reports group means, t-scores and level of 

confidence for the Immediate Memory, Level of Learning, Immediate 

Recall, and Delayed Recall scales. Because of the considerable 

variance and lack of normative standard scores, the scales for 

Recognition Accuracy and Intrusions were studied with frequency 

distributions (see Tables 15 and 16). As previously discussed alpha 

.017 was utilized. When group performance was compared for 

significant differences on the two-tailed t - tests, significance was 

found for the LD group on Level of Learning; therefore, hypothesis 

four for the Level of Learning scale was rejected. 

No significant differences were found for the Immediate Memory, 

Delayed Recall, or Immediate Recall scales. Frequency distributions 

of Intrusions and Recognition Accuracy suggest that there may be 

significant differences on the Intrusion scale as well. 

Frequency distributions for Recognition Accuracy show that 

80% of LDs scored above the deficit cutoff point (one standard 

deviation below the norm mean), 83% of ADHDs scored above the 

cutoff, and 77% of the ADHD+LDs performed in this manner. The 

majority of subjects across groups demonstrated adequate recognition 

accuracy. 
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Similarly, frequency distributions for Intrusions show that 63% 

of LDs scored above the deficiency cutoff; 83% of ADHDs did; 80% 

of ADHD+LDs performed adequately. In other words, about one-third 

of the LDs scored greater than one standard deviation below the 

normative sample mean within the deficient range in the number of 

intrusions they provide. Number of Intrusions could be related 

to group membership, but level of significance was not established. 

Comparison of Groups to LD Sample 

Finally to test hypothesis f ive, group raw scores were compared 

to raw scores for Talley's LD sample on scales. Scores were 

collapsed across ages since age data was not available from Talley. 

T-tests were performed to measure for significance (alpha = .017) 

and results are reported in Table 17. When the .017 level of 

significance is honored, two trials—ADHD on Immediate Memory and 

Level of Learning are significantly different. Hypothesis five is 

not rejected because the means of LDs in the study group and LDs 

in Talley's study do not significantly differ. Differences observed 

are between Talley's LDs and the ADHDs in this study. ADHD+LDs 

also do not differ significantly from Talley's LDs. 

A discriminant analysis, using Box's M with a significance 

level of . 0 1 , a test of equality of group covariance matrices, was 

conducted to explore if group membership could be predicted by 

scale performance (Table 18). Results indicate that LD membership 

was most accurately predicted and that ADHD+LD membership 

prediction was no better than chance. 



T A B L E 2 

DESCRIPTIVE S T A T I S T I C S FOR GROUPS 
MEANS AND STANDARD DEVIATIONS 

78 

GROUP SEX AGE IQ^ P P V T - R * * DS * * * 

LD M=19 111.93 103.43 

F=11 (13.91) (10.93) 

99.00 

(11.42) 

8.90 

(2 .38) 

ADHD M=25 108.77 109.17 

F= 5 (12.01) (9 .64) 

101.77 

(9.96) 

9.03 

(2 .61) 

ADHD+LD M=21 107.60 103.23 

F= 9 (14.50) (12.00) 

99.00 

(11.52) 

8.40 

(2 .77) 

T O T A L M=65 109.43 105.28 

F=25 (13.49) (11.13) 

99.92 

(10.95) 

8.78 

(2 .59) 

* Wechsler In te l l igence Scale f o r C h i l d r e n - R e v i s e d , Mean = 100, 
S tanda rd Deviat ion = 15 

* * Peabody P ic tu re Vocabu la ry T e s t - R e v i s e d , Mean = 100, S tandard 
Deviat ion = 15 

* * * Wechsler D ig i t Span , Mean = 10, S tanda rd Deviat ion = 3 
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TABLE 3 

Source 

Between 

Within 

DF 

2 

87 

ANALYSIS OF VARIANCE 
FOR 

SS 

302 

15896 

ACE 

MS 

151 

183 

F 

0.83 

P 

0.441 

Total 89 16198 

TABLE 4 

Source 

Between 

Within 

DF 

2 

87 

ANALYSIS OF 
FOR 

SS 

689 

10418 

VARIANCE 
IQ 

MS 

345 

120 

F 

2.88 

P 

0.062 

Total 89 11107 
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TABLE 5 

Source 

Between 

Wi th in 

DF 

2 

87 

ANALYSIS 
FOR 

SS 

153 

10513 

OF VARIANCE 
PPVT-R 

MS 

77 

121 

F 

0.63 

P 

0.533 

Total 89 10666 

TABLE 6 

ANALYSIS OF VARIANCE 
FOR DIGIT SPAN 

Source 

Between 

Within 

DF 

87 

SS 

6.69 

584.87 

MS 

3.34 

6.72 

F 

0.50 

P 

0.610 

Total 89 591.56 
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LD GROUP 

TABLE 7 

CORRELATION MATRIX FOR 
IQ, PPVT-R, DIGIT SPAN AND AGE 

BY GROUP 

IQ 

PPVT-R 

DIGIT SPAN 

AGE 

IQ 

- -

.494** 

.466** 

-.058 

PPVT-R 

- -

.408* 

.178 

DIGIT SPAN 

- -

.019 

ADHD GROUP 

IQ 

PPVT-R 

DIGIT SPAN 

AGE 

IQ 

- -

.324 

.133 

.017 

PPVT-R 

- -

-.237 

-.068 

DIGIT SPAN 

- -

.120 

ADHD+LD GROUP 

IQ 

IQ 

PPVT-R .526** 

DIGIT SPAN .429* 

AGE -.329 

IQ computed using WISC-R Full Scale 

PPVT-R 

- -

.384* 

.018 

i ^ * alpha 

DIGIT SPAN 

- -

.243 

.05 * * alpha .01 
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TABLE 8 
CORRELATION TABLES FOR 

AGE, IQ, PPVT-R, DIGIT SPAN 
AND SCALE SCORES BY CROUP 

LD GROUP 

IM 

LL 

IR 

DR 

AGE 

.137 

- .026 

.341 

.403* 

IQ 

.123 

.178 

.159 

.080 

PPVT-R 

.078 

.003 

.109 

.126 

D IGIT SPAN 

.473** 

.315 

.204 

.252 

ADHD GROUP 

IM 

LL 

IR 

DR 

AGE 

.160 

- .032 

- .059 

- . 094 

IQ 

.025 

- .119 

- .122 

- .156 

PPVT-R 

- .066 

- .089 

- .125 

- .107 

DIGIT SPAN 

.132 

.266 

.420* 

.448* 

ADHD+LD GROUP 

IM 

LL 

IR 

DR 

IQ based on WISC-

AGE 

- .152 

- .243 

- .207 

- .030 

•R Ful l 

IQ 

.153 

.108 

- .157 

- .154 

Scale IQ 

PPVT-R 

.233 

.044 

- .013 

- .029 

DIGIT SPAN 

.023 

- .173 

- .194 

- .234 

*a lpha .05 * *a lpha .01 



83 

TABLE 9 

MEANS AND STANDARD DEVIATIONS 
OF THREE GROUPS ACROSS CAVLT TRIALS 

COMPARED TO TALLEY'S NORMATIVE SAMPLE 

TRIAL 

GROUP N 1 

LD 30 4.83 7.07 8.33 8.36 9.70 4.50 

(1.49) (2.00) (2.25) (2.21) (2.22) (1.50) 

ADHD 30 5.33 7.30 8.40 10.47 11.07 4.30 

(1.47) (2.12) (2.16) (3.29) (2.45) (1.26) 

ADHD+LD 30 5.47 7.27 8.13 9.80 9.27 3.90 

(1.53) (2.55) (2.03) (2.77) (2.83) (1.79) 

TALLEY'S 
NORMALS 211 5.44 7.82 8.56 9.66 10.44 4.78 

(1.30) (1.94) (2.18) (2.16) (2.24) (1.40) 

NOTE: IR - TRIAL 5 LD = 1.8 

ADHD = 2.84 

ADHD+LD = .94 
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TABLE 10 

HOMOGENEITY OF VARIANCE ACROSS TRIALS TEST 

T r i a l 

1 

2 

3 

4 

5 

6 

Coch Iran's C 

.347 

.434 

.369 

.402 

.423 

.511 

T A B L E 

ANALYSIS OF VARIANCE 

Source 

Wi th in 

MWIthin T r i a l s 

CrpXMWi th in T r i a l 

Source 

Wi th in 

MWith T r i a l s 

CrpXMWi th in T r i a l 

SS 

595.13 

8065.60 

55.27 

SS 

548.03 

9020.01 

52.96 

T R I A L 

DF 

87 

1 

2 

T R I A L 

DF 

87 

1 

2 

(29 

11 

FOR 

4 

5 

,3 ) 

TR IALS 4 

MS 

6.84 

8065.60 

27.63 

MS 

6.30 

9020.01 

26.48 

p ( a p p r o x ) 

1.000 

.248 

.897 

.499 

.321 

.024 

AND 5 

F 

1179.08 

4.04 

F 

1431.92 

4.20 

P 

.000 

. 0 2 1 * 

P 

.000 

.018* 
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TABLE 12 

TWO-TAILED T-TEST FOR RAW SCORES 
AND NORMATIVE SAMPLE ACROSS 

TRIALS 

GROUP 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

* a lpha 

T R I A L 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

.017 

GROUP MEAN 

4.83 

5.33 

5.47 

7.07 

7.30 

7.27 

8.33 

8.40 

8.13 

8.37 

10.47 

9.80 

9.70 

11.07 

9.27 

4.50 

4.30 

3.90 

NORM MEAN 

5.44 

5.44 

5.44 

7.82 

7.82 

7.82 

8.56 

8.56 

8.56 

9.66 

9.66 

9.66 

10.44 

10.44 

10.44 

4.78 

4.78 

4.78 

T 

-2 .23 

- .40 

.10 

-2 .06 

-1 .34 

-1 .19 

- .55 

- .41 

-1 .15 

-3 .21 

1.34 

.28 

-1 .83 

1.40 

-2 .27 

-1 .02 

-2 .08 

-2 .70 

P 

.033 

.690 

.920 

.048 

.190 

.240 

.590 

.690 

.260 

.003* 

.190 

.780 

.078 

.170 

.031 

.320 

.046 

.012* 



TABLE 13 

DESCRIPTIVE STATISTICS FOR GROUPS 
MEANS AND STANDARD DEVIATIONS 

USING STANDARD SCORES ACROSS SCALES 

87 

GROUP N IM LL R DR 

LD 30 94.80 

(12.10) 

93.07 

(13.12) 

94.33 

(15.13) 

93.47 

(14.47) 

ADHD 30 97.37 

(11.13) 

101.80 

(14.57) 

97.80 

(17.63) 

100.80 

(15.56) 

ADHD+LD 30 96.30 

(17.12) 

97.87 

(13.60) 

98.93 

(12.60) 

98.97 

(11.72) 
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TABLE 14 

TWO-TAILED T-TESTS FOR STANDARD SCORES 
AND NORMATIVE SAMPLE 

ACROSS SCALES 

GROUP 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

SCALE 

IM - Immediate 

IM 

IM 

IM 

LL 

LL 

LL 

IR 

IR 

IR 

DR 

DR 

DR 

Memory 

GROUP MEAN 

94.80 

97.37 

96.30 

93.06 

101.80 

97.87 

94.33 

97.80 

98.93 

93.47 

100.80 

98.96 

NORM MEAN 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

*a lpha 

T 

-2 .35 

-1 .30 

-1 .18 

-2 .89 

.68 

- .86 

-2 .05 

- .68 

- .46 

-2 .47 

.28 

- .48 

017 

P 

,026 

.210 

.250 

.007* 

.500 

.400 

.049 

.500 

.650 

.020 

.780 

.630 

LL - Level of Learning 

IR - Immediate Recall 

DR - Delayed Recall 
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TABLE 15 

FREQUENCY DISTRIBUTION OF INTRUSIONS BY GROUP 

Number of Intrust ions 
LD 

Frequency 
ADHD ADHD+LD 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

16 

17 

20 

21 

22 

29 

30 

38 

41 

TOTAL 

Total Int. 

4 

6 

1 

3 

1 

0 

1 

1 

2 

1 

2 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

30 

233 

4 

5 

3 

5 

2 

3 

0 

3 

1 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

30 

128 

1 

8 

7 

4 

0 

0 

1 

3 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

30 

176 

7.77 4.27 5.87 

Norms Collapsed Over Ages 7-10 

X 4.21 
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T A B L E 16 

FREQUENCY D I S T R I B U T I O N OF RECOGNITION ACCURACY BY GROUP 

Number Words Recalled on Recogni t ion F requency 
LD ADHD ADHD+LD 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

16 

6 

2 

5 

5 

2 

4 

1 

0 

2 

1 

1 

0 

0 

1 

0 

5 

9 

4 

4 

3 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

5 

7 

3 

3 

3 

3 

1 

0 

2 

0 

0 

2 

1 

0 

0 

T O T A L 30 30 30 



TABLE 17 

TWO-TAILED T-TESTS FOR RAW SCORES 
AND TALLEY'S LD SAMPLE ACROSS SCALES 
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GROUP 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

LD 

ADHD 

MIX 

SCALE 

IM 

IM 

IM 

LL 

LL 

LL 

IR 

IR 

IR 

DR 

DR 

DR 

IM - Immediate Memory 

LL - Level of Lea rn ing 

IR - Immediate Recall 

DR - Delay ed Recall 

GROUP MEAN 

9.33 

9.63 

9.33 

26.40 

29.63 

27.53 

7.90 

8.23 

8.33 

7.70 

8.70 

8.37 

LD MEAN 

8.62 

8.62 

8.62 

25.48 

25.48 

25.48 

7.84 

7.84 

7.84 

7.49 

7.49 

7.49 

*a lpha 

T 

1.79 

2.81 

1.46 

.85 

3.18 

1.60 

.12 

.77 

1.38 

.41 

2.46 

2.19 

.017 

P 

.084 

.008* 

.160 

.400 

.004* 

.120 

.900 

.450 

.180 

.680 

.020 

.040 
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T A B L E 18 

D ISCRIMINANT ANALYSIS OF PREDICTED 
GROUP PLACEMENT 

Ac tua l Croup No. of Cases Pred ic ted Croup Membership 
LD ADHD ADHD+LD 

LD 30 16 

D O . J'o 

10 

33.3% 

16 

53 

.7% 

16 

. J o 

30 

13, 

.0% 

4 

.3% 

ADHD 30 

ADHD+LD 30 10 10 10 

33.3% 33.3% 33.3% 

Tota l C o r r e c t l y Class i f ied = 46.67% 



CHAPTER V 

DISCUSSION 

Summary 

This study began as a search to explore further utility of the 

Children's Auditory Verbal Learning Test with specific child populations; 

namely, learning disordered, attention deficit hyperactivity disordered, 

and a combined ADHD+LD group. The purpose was to investigate if 

differences existed between group performances, and if so, did those 

differences fall Into a typical pattern or profile. The need to further 

delineate the three populations is well established in the current 

literature where questions regarding the interrelationship of learning 

disorders and attention deficit hyperactivity disorders have created 

national interest. Important and long-lasting decisions are being 

made regarding future funding for programming and research for 

these groups which may affect as much as a quarter of the school-age 

population. For some reason, or many reasons, a large number 

of LD and ADHD children are poor students. They do not make 

appropriate yearly gains, they experience social/behavioral difficulties, 

they become frustrated, often angry young people, and they fail 

to reach the potential suggested by their average to above average 

IQs. Many nagging questions are unresolved regarding why this 

occurs in spite of special education interventions. A more comprehensive 

psychoeducational assessment that moves beyond the identification 

and labeling of handicapping conditions and focuses on how these 

93 
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students learn, or fail to learn, can broaden our understanding of 

how to better meet student needs. An essential step in the process 

is the generation and evaluation of effective, appropriate assessement 

instruments. This study was built on the premise that the CAVLT 

may be such an instrument. 

To this end, the study focused on how LD, ADHD, and ADHD+LD 

children, aged 7 to 10, performed on standardized verbal learning, 

memory tests. Memory functioning plays an essential role in the 

learning process, and early studies have indicated significant deficits 

in memory functioning among both LD students (Torgensen, 1975; 

Marshall et a l . , 1976) and ADHD students (Rapaport, 1980; 

Weingartner, 1980; Borcherding, 1988); however, only a handful 

of studies (August, 1987; August and Gardinkel, 1990) have compared 

the two or investigated the cumulative effect of ADHD plus LD. 

The Wechsler Digit Span, a task requiring short-term auditory 

attention and memory, in order to recall numerical data in sequence; 

the Peabody Picture Vocabulary Test-Revised a measure of receptive 

vocabulary or word knowledge; and the Children's Auditory Verbal 

Learning Test, a test of free recall for learned verbal semantic data 

presented by multiple trials with word lists, were used to compare 

the performance of the three study groups. Ninety 7-10 year old 

children with average to above average IQs as established on an 

individual intelligence test, were studied on factors of immediate 

memory (STM) , learning curve (LTM) , immediate versus delayed 

recall, recognition versus recall, and number of intrusions. In 
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addition, a profile analysis was conducted to compare CAVLT performance 

in a more comprehensive manner. 

Statistical analyses within a theoretical framework will be 

discussed In this chapter to Interpret study results and the implications 

those results might have on the body of existing knowledge regarding 

the verbal learning and memory functioning of LD, ADHD, and ADHD+LD 

children. 

Conclusions and Implications 

Group performance was compared using three major instruments: 

the PPVT-R, the Wechsler Digit Span, and the CAVLT to determine 

if significant differences were present. The three groups did not 

differ from each other on their PPVT-R performance (F = .63, p.>.53) 

and all three means were within one standard deviation of the normal 

mean. This indicates that word knowledge or receptive vocabulary 

differences did not occur among the three, nor did any group 

demonstrate deficits in this area. PPVT-R scores correlated highest 

with the reported full scale IQ scores as predicted by previous 

studies (Dunn 8 Dunn, 1981), although the correlation was low 

( e . g . , for LDs r = .49; ADHDs r = .32; ADHD+LDs r = .53 ) . 

The PPVT-R showed minimal correlation with the CAVLT scales 

supporting Talley's (1990) contention that the CAVLT measured 

something other than receptive vocabulary. 

Differences in Digit Span among the 3 groups also failed to 

occur. An analysis of variance showed no significant differences 
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(F = .50, p > . 6 1 ) on this measure of short-term auditory memory. 

In addition. Digit Span correlated only slightly with PPVT-R scores 

for LDs (r = .41) and ADHD+LDs (r = . 38 ) , and even less (r = .24) 

for ADHDs. As expected. Digit Span correlated highest with full 

scale IQ (LD r = .47; ADHD r = .13, ADHD+LD r = .43) but only 

for the LD and mixed groups. When Digit Span performance was 

compared to CAVLT performance correlation was found for LDs at 

r = .47 for Digit Span and Immediate Memory; and r = .42 for ADHDs 

between Digit Span and Immediate Recall and r = .45 between Digit 

Span and Delayed Recall. These low scores would suggest a weak 

relationship between what is measured by Digit Span and that 

measured by the CAVLT as postulated by Talley. 

Finally, no significant correlation was observed between full 

scale IQ and any of the four CAVLT scales (see Table 8 ) . This 

also supports Talley's specific claim that the CAVLT provides data 

not measured by IQ tests, and the more general claims by Ryan 

et al . (1983), Schneider (1986) and Talley (1986) that free recall 

memory tests are a measure of verbal learning and memory not 

tapped by general intelligence tests such as the Wechsler scales. 

Talley proposed that the CAVLT could help determine the 

presence and severity of learning and memory impairments in 

children. Further, he postulated that it could provide direction in 

designing intervention strategies, especially for those students 

with learning disorders. To further test his proposal, the performance 

of pure learning disordered students was investigated. 
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Findings on Performance of LD Group 

Two major difficulties arise when comparing LD performance from 

one study to another. One, only a few studies have utilized a pure 

LD study group. Many, on the other hand, identify an LD group 

and attribute results to that population, but fail to disqualify LD 

children who concurrently experience attention deficits. Second, 

there is marked disagreement among authors who discriminate between 

the two. 

August (1987) is one of the few authors to differentiate between 

LD and ADHD+LD populations. His study, unlike those of Torgensen 

(1975), Marshall et al . (1976), and Talley (1989), found pure LD 

groups indistinguishable from age matched controls as to production 

deficiency for use of semantic organization on memory tasks. 

Another author, Levine (1987) discussed LD children who 

specifically did not experience attention problems, as having specific 

processing deficits which affect memory and learning. He asserted 

that these LD students experience working memory failures (STM), 

consolidation failures due to lack of elaboration and over-reliance 

on rote memory, retrieval failures, automatization delays, and 

format specific dysfunctions related to individual processing or 

production dysfunctions ( e . g . , their individual learning disabilities). 

Bearing this controversy in mind, the LDs of this study, who 

were carefully screened to eliminate a codiagnosis of ADHD, scored 

significantly lower (T = 3 .21 , p > .003) on Trial 4; significantly 

lower (T = 2.89, p > .007) on the Level of Learning scale; with 
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significantly more (X = 7.77) intrusions with more intrusion scores 

greater than one standard deviation below the mean (37%) on the 

free recall test (CAVLT) than both ADHDs and ADHD+LDs. LDs 

did not differ from ADHDs or ADHD+LDs on measures of IQ (F = 2.88, 

p > .62 ) , receptive word knowledge (F = .63, p >.533) or on the 

Wechsler Digit Span (F = .50, p> .61) . 

These results would suggest that the pure LD subjects who 

scored higher on Digit Span than on the CAVLT, experienced both 

a lower rate of verbal learning, which cannot be attributed to lower 

intelligence or acquired word knowledge, and an inability to 

effectively discriminate relevant from extraneous information. 

According to Talley's definition of the Level of Learning scale, the 

pure LDs experienced long-term memory encoding deficits, not 

necessarily because they initially encode the data poorly (in fact, 

recognition scores are not deficient), but because they lack strategies 

to "hang on to" or retrieve the information long-term and are 

susceptible to interference during new learning. This is supported 

by the relatively lower scores on Trial 7, the retroactive interference 

t r ia l , and the higher Intrusion scores. Their performance is not 

unlike that reported by Torgensen (1977), Talley (1989), and 

Livingston (1977) where a "production deficiency" was evident. 

According to multi-store memory theory, if a child lacks 

semantic organizational strategies ( i . e . , clustering) he may be uanble 

to store and retrieve new information effectively from LTM. Of the 

30 LD participants, only 6 indicated any awareness of semantic 
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clusters when asked, and none of the 6 demonstrated effective 

utilization of clustering in recalling information. 

The LDs In this study did not differ significantly from Talley's 

LDs although they tended, in general, to score better. This study 

supports Talley's contention that the CAVLT can discriminate LDs 

from the general population, but the discriminatory items differ. 

Namely, discriminant analysis revealed that LD group membership 

could be predicted best by the Level of Learning score. LD 

performance in this study was characterized by a reduced rate in 

verbal learning, long-term memory deficits, weaker response 

discrimination and lack of significant Improvement from additional 

exposure to new data as revealed in the lower Level of Learning and 

higher Intrusion scores. 

Although Marshall et al . (1976) did not find a significant 

difference in number of intrusions between LD and normal children, 

Talley (1989) reported a mean of 6.03 for his LD group compared 

to a mean of 4.21 for his normals. The LDs in this study produced 

more intrusions than Talley's with a mean of 7.77. In this study, 

number of intrusions was a discriminating factor demonstrated by 

the CAVLT. 

One other discrepancy must be addressed. Although LD 

performance on the Wechsler Digit Span may appear superior to that 

on the overall CAVLT, when Digit Span is compared to the Immediate 

Memory scale of the CAVLT, performances are almost identical. Both 

scale means fall at the 35th percentile ranking indicating performance 
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well within the average range. Short-term, rote memory abilities 

unlike LTM, appear to be average for the LD group. 

In summary, LDs did perform differently than ADHD and 

ADHD+LDs on the CAVLT, and the instrument shows promise as a 

tool not only to help identify this group but to delineate specific 

areas of verbal learning and memory deficits. 

Findings on Performance of ADHD Group 

Based on the studies reported previously, the ADHDs in this 

study were expected to demonstrate deficient performance on the 

CAVLT especially on the Immediate Memory, Level of Learning, 

Immediate Recall and Delayed Recall scales. Since previous studies 

had not found an increased number of intrusions (Weingartner 

et a l . , 1980) nor specific recognition deficits (Rapaport, 1980), 

these scales were predicted to be nondiscriminating. ADHDs were 

expected, however, to demonstrate a failure to sustain performance 

over trials (as reported by Borcherding, 1988); deficient LTM (as 

reported by Doyle, 1976); deficient STM (as reported by August, 

1987); an inability to generate and deploy mnemonic strategies such 

as semantic organization (as reported by Rapaport, 1980) and 

August (1987); and difficulties with certain sequential processing 

tasks (as reported by August and Garfinkel, 1990), even though 

some memory performance such as that on Digit Span might be 

average (Benerza 8 Douglas, 1988). 

Surprisingly, these ADHDs performed more like normals than 

not. It is possible that their slightly higher (although not 
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statistically significantly higher) IQs were beneficial especially on 

the Level of Learning scale; it is more likely, that much of the 

discrepancy can be attributed to a research phenomenon identified 

earlier. Namely, of the studies cited, only August (1987) and August 

and Garfinkel (1990) report sorting ADHDs from ADHD+LDs. These 

two studies identified pure ADHDs as demonstrating lower initial free 

recall, an Inability to sustain level of recall over multiple trials, 

and lower initial clustering. August concluded that ADHDs were 

deficient in their generation and deployment of organizational strategies, 

and effortful sustained performance. His later study with Garfinkel 

suggested that ADHDs also have more difficulty with sequential 

processing tasks. 

Upon more careful examination, differences in this studies' ADHD 

subjects do surface. For example, these ADHDs exhibit slight 

difficulties with proactive Interference. Their mean scores drop from 

the highest on Trial 5 to a median position on Trial 6 after Interference, 

even though they do not show a loss in recall over the 5 learning 

tr ials. This performance suggests that these ADHDs were able to 

sustain performance over multiple learning trials, but were susceptible 

to interference. ADHDs also lost more Information from Trial 5, the 

last learning t r ia l , to Trial 7, the second interference tr ia l , than 

the other two groups. ADHD's means drop from 11.07 on Trial 5 

to 8.23 on Trial 7, a loss of 2.84 in comparison to an LD loss of 

1.8 and an ADHD+LD loss of .94. In other words, the effect of 

interference was more detrimental to pure ADHDs than either the 

pure LD or ADHD+LD groups. 
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ADHDs demonstrated more difficulty with Immediate Memory and 

Immediate Recall (STM) than they did with Level of Learning and 

Delayed Recall (LTM) . Like ADHDs in August's study, they recalled 

fewer words than normals during baseline tr ials, but unlike his study 

group, these ADHDs were able to profit significantly from additional 

exposure to the word list, and over time, recalled even more words 

than normals. Like Weingartner's ADHDs, they did not produce an 

inordinate number of intrusions. In fact, these ADHDs produced 

no more intrusions than normals (ADHD mean = 4.27; normals mean = 

4 .21 ) . 

When asked, 8 of the 30 ADHDs indicated some awareness of 

semantic clusters although like their LD counterparts, they failed 

to deploy this as an effective organization strategy. 

When ADHD performance on the Wechsler Digit Span was compared 

to the other two groups. It was not significantly different; in fact, 

ADHDs achieved the highest Digit Span scores (X = 9.03) although 

they were slightly below the normal mean of 10. This performance, 

although it may contradict August's findings of poorer sequential 

memory for semantic data, does not differ from other ADHD studies 

(Benerza 8 Douglas, 1988) using the Wechsler subtest. It is also 

possible that the sequential deficits reported by August which were 

specific to semantic data, do not apply equally to sequential, numerical 

recall. 

By using discriminant analysis, pure ADHD membership could 

be predicted by the CAVLT 53.3% of the time. Misses most often 
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assigned ADHDs to the LD group (33.3% of the time). In other words, 

ADHD performance resembled LD performance more than ADHD+LD 

performance on the CAVLT. 

In summary, ADHDs performed more like normals than the other 

two study groups and the CAVLT discriminated group membership 

only slightly better than by chance. Nonetheless, certain attributes 

of the group are identifiable on the instrument as predicted by previous 

ADHD research studies. Other findings, particularly lack of sustained, 

effortful processing on learning tr ials, were not supported by study 

results. However, if the effects of interference are factored in to 

group performance, ADHDs in the study did not sustain their 

performance over the long haul. 

Findings on Performance of ADHD+LD Group 

The most difficult study group to characterize was the mixed 

ADHD+LD group. These subjects tended to fall in between LD and 

ADHD groups across trials and scales. 

One exception was found in moving from Trial 4 to Trial 5 where 

ADHD+LD lost more ground than others. This performance was 

unlike any other group in that the other two continued to Improve 

over trials although at different rates. The ADHD+LD group failed 

to sustain performance over trials and once interference occurred, 

lost even more ground. The mixed group differed at a statistically 

significant level on Trial 6, the proactive interference t r ia l , as well, 

indicating that new learning was vulnerable to interference from 
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exposure to previously learned material. This group appeared to 

have difficulty shifting cognitive gears from one learning list to 

another. This pattern of performance was similar to that attributed 

in the literature to pure ADHDs who were not screened for an LD 

codiagnosis (Borcherding et a l . , 1988; Rapaport et a l . , 1980). 

The cumulative effect of LD plus ADHD as predicted by 

Ackerman et al . (1986) generally did not hold true for this study. 

On some scales like Immediate Memory, Immediate Recall, and Delayed 

Recall, ADHD+LDs resembled ADHDs; but on Level of Learning they 

clustered between the two. It should be noted that because more 

test score variance was found in the mixed than in the other two 

groups, a "typical" ADHD+LD profile is difficult to describe. This 

is further confirmed by the inability to determine accurate ADHD+LD 

group placement using discriminant analysis. Analyses proved no 

better than chance assignment. 

As a group, ADHD+LDs were the least likely to name semantic 

clusters. Only 4 of the 30 could spontaneously identify any semantic 

category. The mixed group, although affected by proactive 

interference, seemed immune to the effects of retroactive Interference 

and was able to retrieve learned data over time much more effectively 

than the pure LD group although not as well as the pure ADHD 

group. The ADHD+LDs created a few more intrustions (ADHD = 128, 

total; ADHD+LDs = 196), and 77% of the ADHD+LDs compared to 83% 

of the ADHDs and 80% of the LDs scored above the deficiency cutoff 

on Recognition Accuracy. In other words, the mixed group 
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demonstrated slightly poorer retrieval scores even though memory 

cues were provided. 

In summary, the mixed group was difficult to categorize because 

of their variability resulting in a somewhat confusing pattern of 

performance. As a group, they demonstrated poorer Recognition 

Accuracy (retrieval using memory cues) and greater detrimental 

effects from proactive interference. Most significantly, they 

demonstrated a loss of sustained performance or effortful processing 

over multiple trials and an inability to identify semantic clustering 

as a possible organizational memory strategy. It Is possible that 

this group aligns closely with previously described ADHD groups 

who were not screened for LD codiagnosis. In fact, the performance 

observed in this group Is quite similar to that described by 

Borcherding et al . (1988) and Rapaport (1980) as characteristic 

of ADHD children. 

Even so, it must be remembered that mixed ADHD+LD group 

performance differed significantly from the norm only on Trial 6. 

In general, the CAVLT was unable to discriminate this group from 

normals. 

Implications of Group Comparisons 

Statistically significant differences were found among study groups, 

In general, LDs experienced more difficulty with test demands in 

the areas of learning rate and response discrimination. ADHDs 

tended to look more like normals, but did demonstrate slight problems 
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with STM trials and both proactive and retroactive interference. 

ADHD+LDs who did not reveal a cumulative effect but tended to 

perform more like ADHDs, showed a loss in sustained performance, 

lower recognition accuracy, and a more detrimental effect from 

proactive interference. 

Implications for intervention are indicated and should be 

individualized to meet student needs. For students, like study LDs, 

who experience a slower learning rate and response discrimination 

deficits, the following recommendations may be helpful: 

(1) limit the amount of new information given at one time, 

(2) space review, drill and practice over time, 

(3) limit interference during learning by staying with a topic/ 

lesson for a longer period of time or until mastery is 

consistently demonstrated, 

(4) avoid requiring frequent cognitive shifts, 

(5) help student generalize and transfer learning to new 

situations, 

(6) provide additional processing time, 

(7) assist student in encoding new information using elaboration 

and his preferred learning modality and teach strategies 

such as visualization, 

(8) provide ongoing review and rehearsal for mastered 

information and relate to new learning, and 

(9) teach memory strategies specific to task demands. 

Students, like study ADHDs, who are more susceptible to 

interference and experience weaker STM than LTM abilities, might 

profit from: 
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(1) a reduction in distractions, interruptions and interference 

by using study stations, preferential seating, or "white 

noise," 

(2) studying just before an exam rather than the night before 

to reduce interference effects, 

(3) learning mnemonic strategies such as chunking, acronyms, 

visualization, or use of rhymes, 

(4) providing memory cues such as matching or multiple choice 

test formats to enhance recall, 

(5) control for amount of new material and provide adequate 

opportunity for extended practice, 

(6) if child is a strong multisensory learner, provide data to 

be learned using multiple modalities such as flash cards, 

songs, jump rope rhymes and color coding, and 

(7) teach elaboration as a strategy to Increase STM and aid 

in the encoding process. 

Students who demonstrate a lack of sustained performance over 

time might benefit from: 

(1) shorter work periods with frequent, brief breaks, 

(2) using reminding strategies such as checklists, 

(3) control Introduction of new information until mastery of 

old has been demonstrated, 

(4) provide memory cues, and 

(5) provide more time structure and a predictable routine. 
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Remediation is indicated in many cases where students are unable 

to consistently recall information or learn effectively from class 

presentation. For some students, however, remediation will not be 

as effective or as necessary as providing an appropriate, modified 

learning environment as suggested by some of the previous 

recommendations. Other students will require both remediation and 

modifications. 

Limitations of Study 

Any quasi-experimental study has limitations inherent to study 

design and this one Is no exception. Caution must be exercised to 

not overinterpret the implications of a single study with sample groups 

Although this study is limited by sample size, age groups, and the 

use of a limited number of Instruments, trends and significant 

differences were observed and reported. Results must, however, be 

applied to the population with care. 

Psychoeducational testing is an artificial examination of subject 

performance. Test results represent the subject's performance in 

a particular setting, under certain conditions and do not always 

translate into the real world of the classroom. ADHD children, for 

example, may perform substantially better in a one-to-one test setting 

where distractions are minimized. Children within the study age 

range also tend to be highly motivated to perform for the examiner. 

These behaviors may not be the same as those that would be observed 

In a classroom setting. For this reason, results must be viewed 
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cautiously as to the degree they are able to actually assess memory 

functioning in the untested learning environments. 

Cognitive abilities in children are closely related to age and 

level of cognitive development. For this reason, data gained regarding 

a particular group must be limited to the age range of the study. 

Significant cognitive changes occur in early adolescence and caution 

must be exercised to not overgeneralize information to a broader 

age group than it might apply. 

Finally, group selection was based on criteria that has both 

objective and subjective components. Any time such a data pool is 

used, there is a chance of over or under reporting. Since diagnosis 

was made from physician, parent and teacher input, the chances 

of over or under reporting is lessened simply by the requirement 

of consistent reports; however, the effect must be considered. 

Directions for Future Research 

As with any research project, stones are left unturned. So 

much information is provided by the CAVLT that no single study 

could address all the components. Possible follow-up research is 

indicated to explore further the effects of interference on memory, 

the comparison of recognition to recall abilities, and the manner in 

which various groups approach the memory task. A closer look at 

the role semantic clustering may have in recall is certainly indicated. 

The effects of primacy and recency could also be addressed with 

the instrument. 
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In addition, children who are psychostimulant responsive could 

perform differently on the instrument on medication. This test/retest 

design would require the development of an alternate form since the 

practice effects on free recall are unusually high, but the results 

could be most informative about changes in free recall for ADHD 

children with medication. Testing children in different settings, 

particularly those more similar to the classroom, could provide 

additional useful data. Expanding the assessment Interview to include 

more questions of the child regarding how he met task demands could 

also prove interesting. Little research has been published regarding 

the metacognitive abilities of young children and this type of 

evaluation could provide Insight into the process. 

Finally, a more effective memory battery for children to assess 

the many components of memory Is needed. A follow-up on this study 

could utilize data from other types of memory tests to determine if 

ADHD, LD or ADHD+LD profiles emerge based on multiple sources 

of information. 

The predictive power of the CAVLT and its possible Inclusion 

as an effective diagnostic tool in a comprehensive psychoeducational 

battery are promising. Further research using the Instrument as 

well as additional studies utilizing pure LD, pure ADHD and mixed 

groups are encouraged. 
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APPENDICES A 

Parent/Client Release Form 

I hereby give my consent for the participation of my child 

.̂  in the project entitled: A 

Comparison of Free Recall of ADHD, LD and ADHD+LD Children. 

I understand that the person responsible for this project is: 

Donna Rury Smith, M.Ed. 
(806) 794-4520 

Her faculty sponsor at Texas Tech University is: 

Dr. Gerard Bensberg 
(806) 742-1960 

She has explained that these studies are part of a project 
that has the following objective: 

to compare memory (free recall) abilities of 8-to 10-year-
old children who have previously been identified as either 
Attention Deficit Disordered, Learning Disabled, or both. 

She has explained the procedures to be followed: 

1 . my child's medical record will be obtained from John 
Turnbow, MD and reviewed by Mrs. Smith for the following 
data: previous psychoeducational testing, teacher and parent 
forms for Achenbach Child Behavior Checklist, physician's 
statement regarding final diagnosis, and current medication 
status and dosage. 

2. my child will be administered the Children's Auditory 
Verbal Learning Test, a 25 minute memory test, and the 
Peabody Picture Vocabulary Test, a 10 minute receptive 
language test by Mrs. Smith. 

No discomfort or risks are involved. 

Benefits to me and my child will include a written statement of 
test results and their explanation as well as suggestions of ways to 
assist my child with memory and learning tasks. 

I understand that there is no charge or reimbursement for my 
child's participation. 
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It has further been explained to me that the total duration of 
my child's participation will be 30-40 minutes; that only Donna Smith 
will have access to the records and/or data collected for this study; 
and that all data associated with this study will remain strictly 
confidential. 

Dr. Gerard Bensberg, (806) 742-1960, has agreed to answer any 
inquiries 1 may have concerning the procedures and I have been 
informed that I may contact the Texas Tech University Institutional 
Review Board for the Protection of Human Subjects by writing them 
in care of the Office of Research Services, Texas Tech University, 
Lubbock, TX 79409, or by calling 742-3884. 

If this research project causes any physical injury to the 
participants in the project, treatment is not necessarily available 
at Texas Tech University or the Student Health Center, nor is there 
necessarily any insurance carried by the University or its personnel 
applicable to cover any such injury. Financial compensation for any 
such injury must be provided through the participant's own insurance 
program. Further information about these matters may be obtained 
from Dr. Robert M. Sweazy, Vice Provost for Research, 742-3884, 
Room 203, Holden Hall, Texas Tech University, Lubbock, TX 
79409-1035. 

We understand that we may not derive therapeutic treatment 
from participation in this study, we understand that we may 
discontinue this study at any time we choose without penalty. 

Signature of Subject Date 

Signature of Parent/Guardian Date 

Signature of Project Director/Representative Date 
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APPENDICES B 

CAVLT Test 
Instructions to the Child 

Trial 1 : 

I'm going to read a list of words to you. I want you to listen 
carefully, because when I'm finished, I want you to repeat as 
many words as you can remember. It doesn't matter in what 
order you repeat them. Do you understand? 

Trial 2: 

I am now going to read the same list to you again. When I am 
finished, please tell me as many words as you can remember, 
including the words you said the f irst time. Do you understand? 

Trials 3-5: 

I'm going to say the words again. Tell me all the words you 
can remember, including the words you've said before. 

Interference Trial 

Now I'm going to say a different list of words. This time I want 
you to tell me just the words from this second list. 

Immediate Recall Tr ia l : 

Now tell me all the words from the first list again, the ones I 
said five times. Tell me just the words from the f irst list. 

Delayed Recall Tr ia l : 

Remember those word lists that you learned before? Tell me 
all the words from the f irst list again. 

Recognition Tr ia l : 

Now I am going to read a list of words to you. Listen carefully 
After I read each word, I want you to tell me whether or not 
that word was in the f irst list that you learned. If the word 
was in the f irst list, say "Yes." If it wasn't, say "No." Do 
you understand? 
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APPENDICES C 

Instructions for Peabody Picture Vocabulary 
Test-Revised (PPVT-R) 

Training plates D and E are used with this age group. Introduce 
the test by saying, 

"I want you to look at some pictures with me." (Turn to 
plate D and say,) 

"See all the pictures on this page? I will say a word; then 
I want you to tell me the number of, or point to, the picture 
which best tells the meaning of the word. Let's t ry one." 
(Give the stimulus word for plate D ) . "Tell me the number 
of, or point to the picture which best tells the meaning o f . . . " 

"That's f ine. Now what number is (use plate E)?" 
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APPENDICES D 

Instructions for Wechsler Digit Span 

Digits Forward: "I am going to say some numbers. Listen carefully, 
and when I am through say them right after me." 

The examiner proceeds through the DF trials, stopping when both 
trials at one level have been missed. 

Digits Backward: "Now I am going to say some more numbers, but 
this time when I stop I want you to say them 
backwards. For example, if I say 9-2-7, what 
would you say?" 

If the subject fails the example say, 

"No, you would say 7-2-9. I said 9-2-7, so to 
say it backwards you would say 7-2-9. Now try 
these numbers. Remember, you are to say them 
backwards, 5 -6 -3 - . " 

As before, all trials are given until both trials in one level are 
missed. 


