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ABSTRACT

School-aged children spend much of their time ina controlled learnmg environment "
(itei., school). SuCh- an environment can'be mirrored by stjudying' auditory verbal
| ‘memOry. Archiyalndata from an othpatient sample of children .aged 7 to- 11 years ‘(N
= 50) were utilized to explore acqursrtlon intrusion errors, and false positives from
- ‘scores on the Auditory Verbal Learmng ‘Test (AVLT Rey, 1964) anary results o
show 3 main findings. First, compared to those with a low mental age (1 €., an age-

) equrvalent score of cogmtwe or 1ntellectua1 functlonmg less than the subject s

"‘v'f‘.’"'.'chronologlcal age), chlldren w1th a h1gh mental age recall and recognlze more words

ina learnrng task ‘Second, chlldren who recall many words from a learmng task
produce few memory errors (1 e, 1ntrus1ons) durlng that task and 30 minutes later
Third, chlldren s performance durmg the first learning trral is 1ndrcat1ve of later :
performance' ‘ Spec1ﬁca11y, chlldren who recall many 'words at the beginning of a
llearnmg task recall many words at the end of the task and chlldren who produce f
many memory errors at the begmnmg of a task also produce many errors at the end
of the task. Analysis of the AVLT suggests avenues for targeting children with

) learning problems and for developing appropriate ,:remedial academic programs. ‘Some

of these avenues are discussed.
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INTRODUCTION

School-aged chlldren and adolescents (5 -18 years) live in an envrronment
bombarded wrth the challenges to leam new vocabulary, concepts and mformatron
" In both the soc1a1 and school settmg, there 1s a demand to acquire and retain an ever-
~ increasing ar_nount of knowledge. ~ |
.Since ‘children spend much of their‘_ti’me in the classroo‘m, they must become
: adept at d1st1ngu1sh1ng .re.l,evant, or important, 'information ‘from irrelevant
) inv'forma’tion.a As these children are exposed to suct:essive days of lectures, where each
g lecture burlds upon pomts from the prev1ous lecture, they must contmually reorganize
the relevant 1nformat10n in memory |

One way to study this successive learning process is by studying auditory |
verbal (AV) memory in a controlled word lrst sett1ng However before further
examining AV memory, one must first look at the components of basic memory

theory and how these components work within auditory verbal .memory. r

,Overview of Memory_-'

'Researchers have cOncluded that memory and verbal skills increase with age.
More speciﬁcally, children’s memory span, or the number of items one can recall at a
' given time, increases throughout development (Kail, 1990). Memory},skill is based on
the proficiency in encoding. information, the ex_ecution of learning strategies _such as
organization and rehearsal, the ﬂexibility of information retrieval, the ability to attend

to a task, and overall recall ability (e.g., Chi, 1976; Cohen, Quinton, & Winder,



| 1v985; Jablonski, "’1974; Kail, 1990; Robinson & Kingsley, 1977).
| Young children often fail tovspontaneously‘uSe learningand memory strategies.
‘ However,' they are more likely to use learning strategies} if they know when and | '
1 igWhere t_hey are appropriate-.r Children’s inc.reasedknow1edg'eabout "knowing what,
when and how to know" (i.e. metamemory) leads to mcreased proﬁcrency in
E learning strategies as the chlldren grow older (Borkowsk1 Milstead, & Hale, 1988).
“In addltron to the 1ncreased use of mnemonic or learmng strategies, children o
- gam a more substantial "knowledge base" as they grow older (Ch1 1976).
| Assocrations are made among the 1nformat10n in the knowledge base, allowmg for
greater ease of access to the 1nformat10n It is through a greater famrlranty and
_ number of associations that the child can consohdate ever-rncreasrng amounts of
information and thus become more proficient in learmng and memory tasks.
~ However, these tasks cannot be performed w1thout attentron (Anderson 1990;
’v Wellman, 1988). | |
~ Much of children’s learning not only takes place in a structured setting- in
| which tvhe_r information to .be leamed is obvious ‘(i.e'.', intentional learning situation) but
valsvo in situations where learning of non-intended facts occurs (i.-e., incidental learning
situation). This means that children learn merely ‘hecause there is information within
a particular situation that can be stored in memory, | not because they' are in a demand

~ or intentional learning environment. However, Anderson (1990, p; 186) purports that

~ the issue of learning'is'not_ necessarily one of intention but of how information is

processed. Children who intend to learn are more likely to use strategies that are



conducive to .enhancing memory than children whb, by coincidence, learn information
in a non-demand or incidental learning situation.

Children us"e_their metamemory to assess Whaf actually occurred and did not
- occur in a given situation._ | Subsequently, they utilize vstrategies to remember only that
information demanded by the situation rather than extra'.neons' or irrelevant information
that was not part of the situation and does not need to be remembered (Bisanz,
Bisanz,’ & Kail, 1983, p. 143). However, sometimes this irrelevant information is
- remembered and is often the subject of resezireh, This effect is ‘ésses‘sed by

interference effects. ‘Two‘ types of interference are generally stndied--retroactiVe and

proactive (Ellis & Hunt, 1983). Retroactive interference occurs when the retention of
the original information deereases‘after learning add.itional information. Proactive
interference occurs when retention of the additional informatibn decreases due to
learning the original information.

In reviewing the errors which may occur in acquisition, research has utilized
~two basie techniqﬁes—éreeognition'and recall tests V(BUg_elski, 1979). As in the first
memoryA studies by ‘}'Ebbingh'ausk,; memory p'er‘fnrmance is measured by the ability to
rrecall the sfiniul‘us informntion 1n the same order as presented (i.e., serial recall or
serintion). However, the free-recall method, designed by ‘Bousﬁeld' (1953, cited in
Bugelski), allows the subjeet to rec'all, stimulus infermation in randdm order, thus
placing the emphasis ovn simple nvailability of information rather than generating the
information in some predefined order. Recdgniti’on is generally viewed as a more

sensitive test of memory storage than recall since it often reveals more retention of



-information ‘(Bugel'ski)v and requires no generation of information but mere recognition
of the information upon presentation.

A classic test of AV mémory is thé Auditory Verbal Learning Test (AVLT, |
Rey, 1964), a multi-triavl,. free-recall test of word-list learning. The AVLT is bopular
among clinicians because of its ease of administration, multiple measures of learning -
and memory, and apparent sensitivity to ‘memory impairment (e.g., Bishop, Knigﬁts,
& Stoddart, 1990; Forrestef & Geffen, 1991; Geffen, Moar, O?Haﬁlori, Clark, &
Geffen, 1990; Mitrushina, Satz,.Chervi}nsky-, & Dv’elia,-“'199i1; Wiens, McMinn, &
: Cfossen; 1988) Fbr' the mostﬁkpart, early wvritings abouf ihe A'VLT focused on adult
patients with neurological and psychiatric disordgrs.. It has only been re,céntly that
more researc;h has been completed on normal adult samples and somé young children
samples to estabﬁsh a preliminary set of norrrié upoh which clinical diagnoses can be
based. Such norms have included indices for short-term verbal memory, verbal
learning, post-interference recall, and recognition, as well as influential factors such
as age and intelligence. However, little focus has been made on the errors which

occur in AVLT performance.

Normative Acquisition in AV Memory

Children. The development of AV memdry'acquisition during childhood is
assumed to be age-related, where greater age is related to gréater cognitive control
‘and capacity which, in turn, yieldé greater retention of information during multi-trial,
free-recall tasks (Cole, Frankel, & Sharp, 1971). Curry, Logue, and Butler (1986),

in measuring immediate recall in children (9-16 years), found that age was the



'greatest'predictor of memory perfo‘rmance.‘ Children 12 years and older .had‘ '
éigniﬁcantly greater recall ability than did children younger than 12 years. In
' eoritrast, they did n'ot} ﬁnd that sex, ethnicity, er socioeconomic s’tatué covaried with
| memoryvpe_rformanee. |
| Mohan and Dhaliwal (1988) found age to be most predictive of memory "
| performan_ce in older subjects. Regardless of which sex, 16- and‘20-year-o>1d subjects
correctly recalled more woxds in immediate and delayed reeall than younger subjects
(12 years). | | |

| o Friedric_h (1974) is ene of the few reseafcl_iers who has‘studied differeﬁces in
-‘organizational strategies in children. He found that 7- and loeyeafeold children
recalled less iﬁformatien }than 14- and 17-year-old childlfen. Through manipulating
the associative }stren}gt.h betWeen words in a Vli.s_t, he aleo.sﬁowed that 7—year-olds used
optimal learning strategies (i.e., grouping ef associated words together) less than
older children er adole‘scents used them. These reSuits seem to show that
development of memory pefformance pa.rallels cognitive developrﬁent v&here tﬁe
“growth of 'feasening and categorizing skills increases,veith age.

>Wac‘h‘_s (1969) studied the relationship of intelligence to total "free recall of

words and found nonsigniﬁcant vcor'relatiOns between age and total reeall bscores and
between ihtelligence and total recall scores; however, m a multi-trial, written-recall
test of a 50-item Wor‘d list, age x trial and bin’tel'ligence X trial interactions were fo‘und.v
Speciﬁcaily, older children had higher recall sceres' per frial, ;an,d, children with high

intellectual level had higher recall scores per trial than ehildr.en with low intellectual



level.

In sfudies similaf ’io. Wachs"j, ’Rébihsoﬁ and Kingsley (1977) and Prokopcakova
(1984) both fouﬁd tﬁat age and intélligence were majbr inﬂ}iential fact_ors in word-iist
recall. Specifically, second and fourth graders of high intelléctuél ability recalled
more words than their reSpéctive grade cohorts of average ability.

In r¢sp6nse to their ﬁndiqgs that:both age and intelligence inﬂﬁence word-list
re‘calI, Robinson ‘a‘nd l"Ki‘nvésjley (1977)‘ posited thélt diffgrences‘ in memory performance
. are probably indi‘cative‘ of proficiency in learning strategies. Since intelligence can be
vieWed as the a“bi‘l‘ityv to iﬁtégrate knowlédge 1na diséérhing manner to a variety of
situations (Borkowski,: Miléféad, &  Hale, "1988),-Hperhaps intelligence can then be
'm'erely a more inclusive definition of strategy usage which is an accepted predictor of

memory performance in general memory theory.

Adults. Although many confounds arise when applying research findings for
adults to child pqpulations, the insight provided by the adult résearch cannot be
overlooked. As with the studies on children, research with adults confirms the
influence of intellectual lév¢1 on AV memory acquisition (e.g., Bleecker, Bolla-
Wilson, Agnew, & Meyers, 1988; Que_ry & Berger, 1980). Both Bleecker et al. and
Query and Berger used the AVLT to assess AV memory acquisition in normal,
healthy adult males and in adult male alcoholic, brain damaged, and ulcer victim in-
patients.  They found that for all subjects, the greater the intellectual ability, the

greater the ability to learn a word list and recall it accurately.

Schear and Craft (1989) also examined the correlations among AV memory



‘and intellectual ievel USin_g the California Verbal Learning Test (CVLT). The CVLT
~ is similar to the AVLT in that it attempts to assess the strategies and processes |
~ involved in learning and ’remembering word lists over repeated trials. Moderate to
~ strong eorrelations were found betsveexr the CVLT scores and full scale IQ on the

) Wechsler Adult Intelhgence Scale--Revised (t = .22 t0 .53). Schear and Craft
suggest that other processes such as attentlon vocabulary, and metamemory (or
strategy proficiency) may also be involved in AV memory in order to account for the
remairiing amoﬁnt of variance not accounted for by the correlaﬁons between memory
performanee and iritell’igence. It is possible, however, that memory and intellectual |
ability are more strongly correlated among a normal subject samplev than among
Schear and Craft’s clinical sample. |

In addltron to intellectual level studies with adults have 1nvest1gated the
1nﬂuence of sex (Ardila & Rosselli, 1989; Bleecker et al., 1988 Kramer Delis, & :
Daniel, 1988; Orsini et al., 1986; Ors1n1 et al., 1982) and edueatlon _(Ard11a &
| Rosselli; 1989; Bleecker et al., 1988; Orsini et al., 1986;_Q1rery &.Berger, 1980;
Query & Megran, 1983) on AV memory 'perfqrmance. The effects of these variables
are best summarized by Ardila and Rosselli (1989). They anédyzed the effects of age
(55-76+' years), educational level (0-5 years, 6-12 years, and more than 12 years of
~ schooling), and sex on performance on a'bat'tery of neuropsjchologiealltests.

Included in the 'test‘ battery was a mﬁlti—trial, Word-list memory task. They found that
adults with more education, regardless of sex, 'v‘vere eapable of recalling more words

in fewer trials. For 20-minute delayed recall, younger adults recalled more than older



adults, and adults with more education recalled more than those with less education.

- Errors in AV Memory

| In recall memory it i‘s quite common for subjects to recall words that were not
formally presented to themf (i.e., intrusion errors), and in recognition memory it is
quite common for subjects to affirm that they heard a word previously during a task
when they actually did not (1 e., false pos1t1ves) These phenomena have been
“hypothesized to be related to semantic similarity or orgamzatlonal generalization (Lee
Loring, Flanigin, Smith, & Meador, 1988; Unde‘rwood, 1982, p. 114-115). In other
- words, the more semantically similar an intruding or false poslﬁve word is to the
actual words in a __stimulus list (i.e., the more similar in meaning the word is), the

more likely it is to appear in recall or recognition. For example, subjects may

replace the word down with the word u _p or the word house with the word home in‘ a’
recall or recogmtlon task. In contrast Drewnowskl and Murdock (1980) found that

| subjects memory EITOrS Were related more to acoustrc s1m1lar1ty (36.2% of all €ITorS)

' than to semantlc s1m1lar1ty. or generallzatlon (9,.5% of all_errors). Acoustic similarity

is manifested when both the correct and incorrect word share the same number of

syllables location of stress in-' the word and the-same phonetic sounds (e.'g., confuse "

' -versus abuse and present VCI'SUS preven ).

‘Shindler, Caplan and H1er (1984) compared the memory performance of
healthy adult subjects with the, memory }performance of adults with varying degrees of
dementia (Alzheimer’s, dementia other,than; Alzheimer’s, and aphasia). They found

that AV memory 'int‘rusions:were not correlated with dementia severity per se.



Subjects with dementia produced significantly more intrusions than 'healthy subjects;
however, subjects with lesser degrees of dementia did not signiﬁcantly differ in the
amount of intrusions from those with more severe dementia. |

~Shindler et al. (1984) propose vtw'o” possible explanations fer the appearance of
intrusions. First, intrusions may be linked to defective memory via loss of
aeetylcholine—releasing‘ neurons. However, they argue that this cannot fully explain.
the presence of intrusions. :In their belief, it is more likely that intrusions merely
appear when subjects are unable to retrieve infer_mation.from long-term memory,
| subéfifute their responsesy" ‘wit‘h:‘ eitemative (and vth‘u's iﬁcorfe’ctj selections from short-
ferm memvory, and theh fail to euppress this incerfect response. Thus, intrusions may
be a result of an inabkility’ to use memory recall strategies appropriately.

Friedrich (1974) attempted to assess intrusion errors,v as well as total memory,
finding that intrusions appear to be a developmental phenomenon among children. He
reported that 7-year-olds produce more intrusion errors in recall than adolescents (14
and 17 years). He suggested that, as reflected in intrusions, young children have
difficulty retaihing information because’ of their limited total memory capacity and use
of associative strategies, sueh as organization and categorization, relative to
adolescents. In c()mparing the fmdings of Friedrich (1974) with his sample of
children and the findings of Shindler et al. (1984) with their sample of adults, one of -
the key issues in the appearance of ‘intrus‘ions is the ueeof Iearning strategies where
greater proficiency in learning strategies leads to feWer intrusions ih memory

performance.



- Just as age aﬁd intellec’tual ability jﬁﬂuence total number of words recalled
cofreétly, they both appear to inﬂuéncé intrusion errors as well. Robinson and ,
Kingsley (1977) supp(;rt this in their stud-y of the general learning curve in repeated-b
trial, free récall ofa 10—Word list as a function of age and IQ._.- in testing normal |
secorid and fourth graders théy" fqund the absolute frequency of intrusion errors to be
quite low. Second graders- aVéréged only .93 (i.e., less than one) intrusions and
fourth graders only .07 intmsions during the learning session. However, significant
differences in the number of intrusions occurred between age groups and 1Q groups.

. As"ag‘e’arid intellectual ability increased, sﬁbjects’ ihtmsion errors were found to

| decreése. | |

In clinical assessment of éhildren’s and adults’ intellectual and

psychoeducational performance, profile analyses are often compiled (Sattler, 1990).

These analyses target areas of strength and weakness and allow for "the d¢ve10pment

of hypotheses that can contribute fo an understanding" of the client (p. 166).

Common methods uSed for profile analysis include an imbalance hypothesis which

reflects disparate ﬁbility in two or rﬁoré_ areas. Specifically, as two abilities become

more disparate, the likelihood of learning prbbleins in the depressed performance area
becomes greater. Although intellectual imbalance has never been formally studied in
relation to AV memory performance, the present study asserts that this common
clinical tool may be more useful than mere overall ability in avssessing» and explaining

the occurrence of intrusion errors and false positives.

10



AVLT Performance

In re‘cent>years, fhe li‘teratufc ﬁasvreﬂected a push by clinicians to establish
updated and inclﬁsive norms for tﬁe AVLT _lising healthy adult and child samples.
Such studies have broken down AVLT performance by trial, ége, and intelligence.

Several studies using adult samples have contributed to a basic understandihg
_of the process of memory over trials in AVLT perforr_na,nc‘eb and how it is influenced
by age and intelligence (Geffen et al., 1990; Mitrushina et al., 1991; Selnés et al.,
1991; Wiens et al.; 1988). Geffen et al. (1990)‘“1'éport the mostvlcomprehensive
- findings thaf best summarize these studies. In studying the performance of 153
healthy Auétralian adults aged 16 to 86 years, they found that recall significantly
-~ increased on each subsequent learning ‘trial regardless of age and IQ. Elderly adults
(70+ years) récalled less overall than yéUng adults (16-29 years), just as males
| recallcd less overall than females. IQ was significantly related to first-trial lear_nihg
recall, post—interferehée recall, and delayed recall, where thbse with greater 1Q had
gréater fécall. }Even more‘speciﬁcally,‘ Wiens et al. (1988) found this significance to
hold true when IQ was broken down into verbﬁl (VIQ)‘ and performance (PIQ)
measures. - In comparing delayed recall and delayed recognition, Geffen et al. (1990)
additionally found recognition sbores to be significantly greater than recall; indicating
greater efficiency in recognition memory.

Using stepwiSe regression analysis, 'Geffen ét al (1990) ‘determined a model of
relative contribution, where age accounted for the greatest pfo_portion of variance on

all recall trials, followed by gender, IQ, and level of education respectively. In

11



- addition, they found both signiﬁcant.proactive interference' effeets and retroactive .
'interference effects. However, no significant dif_ferences_ in orreréll number of
’intr}us'ion.s were fqund between age‘or IQ groups.

The AVLT performance of children is quite similar to that of adults (Bishop,
Knighte & Stoddart, 1990; Forrester & Geffen, 1991). In Studying 7- to 15-year-old
Australran chrldren Forrester and Geffen (1991) found recall to increase srgnrﬁcantly ‘
over learnrng trials as in the Geffen et al. (1990) study with adults. Howeyver, in

:ciontrast‘ to the Geffen et al. ﬁnding‘ that overall performance decreased with age in

) ~ adults, Eorrester and ‘Geffen found children’s_,‘overall recall to increase with age, and

no signiflcant sex ‘differences nvere found’. They aiso found a retroactive interference

effect like in the adults but no proactive interference effect. In comparing delayed

reeall with delayed recegnition, Forrester and Geffen found children’s recognition

scores to be signifrcantly g'reater than recall sceres, supporting the Geffen et al.

- finding that recognition memory is more efficient and an easier task than recall.
Forrester, and Geffen additionally found a trial x age interaction indicating a

maturational effect in recall efficiency, where the difference between recall and

recognition scores decreased as the children’s age increased.

It appears then that AVLT performance remains relatively stable with age
except for overall memory. Adnlts’ performance appears to decline overalllamong
the elderly, yet children’s vperformance appears to reflect a developmental effect of
‘increased» total recall and recognitien with ‘increased age. Similarly, children appear

to show more efficient memory performance with greater intellectual level as do
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adults.

Summary of Literature and Purpose of the Present Study

The study of AV memory is of interest to clinicians ,dﬁe to its application to.

every day life. Ina world where information is obtained audibly in intenﬁohal and

'_ inéideﬁtal settings,b t‘hev pfocess in wﬁich children build their knowledge base rests on
their ability to adequately encode, store, and retrieve a vast amount of information.
Continued assessment of this process provides clinicians with data to establish norms
which can then be used to target children with learning problems and to develop |
remedial programs.

The AVLT (Rey, 1964) is popular among clinicians becaﬁse of its ease of
administration, multiple measures of learning and memory, and apparent sensitivity to
memory impairmeﬁt (e.g., Bishop et al., 1990; F‘orre_ster & Geffen, 1991; Geffen et
al., 1990; Mitrushina ‘et al., 1991; Wiens et al., 1988). Although popular,
researchers have only recently started to establish inclusive norms for the AVLT
using healthy adult and child samples. Toward this end, the findings of Geffen ét al.
(1990) have contributed to a rﬁore basic understanding of AV memory acquisition.

- Specifically, AVLT recall in adults aged 16 to 86 years significantly increased on
each subsequent learning trial. Using stepwise regression analysis, Geffen et al.
developed a model of relative contribution, whe,ré age accounted for the greatest
proportion of variance on all recall trials, followed by gender, IQ, and level of

~ education respectively. |

Forrester and Geffen‘(1991) found AVLT performance of 7- to 15-year-old



chilrlren to.be quite srmllar to that of adlilts, where recall increased signiﬁcantly over
trlals vIn;add‘ition,bchildren’s overall recall‘ increased as age"incr'eased.
An area not addressed in the more recent push to establish AVLT norms' is
errors v.'in memory (i.e.v; intrusions in recall and false positives in.recognition).
. However, inresearching general AV memory,' Shindler et al. ;(1984) proposed that
intrusions in adult AV memory perforrnance may be’a result of an inability to use
.memory recall strategies appropriately.' Similarly, Friedrich (l974) suggested that
~“intrusions in children’is AV memory performance are related to le_arning strategy
- proficiency as reflected by an increase in age. In other words, as children’s age
increases, or as learning strategy proficiency increases, production of intrusions
decreases. ' Robinson and Kingsley (1977) further reported that age and intellectual
ability are negatively related to intrusion errors in AV memory, where as age and -
intellectual ability increase, the frequency of intrusions decreases. The literature
clearly. establishes intrusions as a phenomena fonnd in AV memory performance.
However,‘v in the quest to,deVeloi) norms forAVLT performance, studies have merely
shown that errors exist. Researchers need to assess what these errors mean in |
relationwto rnemory performance'on'the AVLT, previding a more comprehensive ;
' analysis. of what the AVLT actually measnres..
The present study investigated the acquisition prccess of AV memory as

.reflected in scores received on the AVLT and examined intrusion errors and false
positives among children aged 7 to 11 years in order to gain a deeper understanding

of AV memory and aid in the devel_opment of norms. Although previous studies have
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looked at children within a greater age range (e. g'.:, 7 to,15' years in Forrester & |
Geffen (1991)), the present study believes that the great}est;developmentall change
occurs during Piaget’s concrete operatiOnal peﬁod. ‘From 5 clinical viewpoint,
children under 7 years of age do not yet perform at an academic leyel indicative of
| their actual intellectual ability,. a.nd it is often»noii: until around age 7 that depressed |
academic performance becomes a concern. After age 12, it is often too late to
1 adeqnately resolve any learning problem‘s, thus age 7 to 12 years is a prime time for
N clinical inter?enﬁéﬁ; o C S
| lfn addition ro examini_ng AV :mpe’mory acqursitron; rntrusion errors, and false
" 'positi'v'e's,vf the present stnd); exdmined fhe‘level of influence from age, intellectual
ability, and attention on'AV memory perforrnanee; The findings from this
1nvest1gat10n should be helpful for clinicians in assessing and diagnosing children wrth
depressed academic performance |
Primary hypotheses. The present study had three primary foc1 First, it

| looked at AVLT memory performance developmentally by evaluatlng. the inﬂuence of
age and intellectual ab111ty As the literature suggests (Friedrich, 1974;

- Prokopcakova 1984; Robinson & ngsley, 1977, Wachs, 1969), memory acqu1s1t10n
andv the production of intrusions and false positives are norma.l developmental
phenomena among children; thus, it was expected that as age increased, ,total memory
would increase and frequency of memory errors.would decrease. As general
.'intellectual ability increased, it was expected that there would be greater total memory

and fewer memory errors.
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~ Since both age é.nd intelligence are reported in: the‘literature to influence
memory'performance, this study assumed that pérhaps neither chronological age nor
~ intelligence should be used as singular predictors.‘ Men_tai “agev (MA), however,
“accounts for both a person’s chronological age and intellectual ability by yielding an
age-equivalent score as a measure of cognitive furictioning (Sattler, ‘1990). Thus, it
was expected that MA would provide a moie preéiSe picture of how these variables
covary with AV memory perfbrmancé. | Moré specifically, since intellectual ability is
assumed to be indicative of metamemory (i.e., greéter intelligerice reflects more |
proficient strategy usage—-Borkbwski et al., 1988), it ’was hypothesized that MA would
be more p'redic‘tiv;c‘of memory performance than mere chronological age or
intelligence.

Second, the present study dgﬁned the relationship of AV memory acquisition
and the production of memory errors (i.e., intrusions iri recall and false positives in
recognition). Previous studies on the AVLT acknowledged the presence of memory
errors (e.g., Geffen et al., 1990) but neglected to investigate how these errors covary
with overall performarice. This study assurhed that peop1¢ who have good recall

- ability also have good control over memory errois (i.e., have fewer intrusions and
false positives). | Theiefore, it was hypothesized that as total memory increased,
memory errors would deérease. This relationship was expected to be observed in
éhildren’s performance at the ‘beginning and end of a learnirig task. In additioii,
children who showed learning gain, or were able to "catch up" in a task, were also

expected to show good control over memory errors. More specifically, if they
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 recalled most words at the end of a learning task even though they recalled only a few
words at the beginning of a task, ’-they ‘were expected to produce few intrusions and
false positives. . |

Third, the present .study ‘was designed to gain a more precise understanding o'f
_} the phenomena of acquisition “interference, intrusion errors and false positives in |
5 children s AV memory by evaluatmg how these aspects of memory covary with each
other Based on general memory theory, the AVLT was assumed to reflect a smgle
vprocess over trials in memory performance and in errors during memory
pe‘rformance. : Spemﬁcally, those ch1ldren who recalled jmore words at the beginning
of a learning sessifon were expected also to recall‘mOre words at the vend of a session,
and those who had few errors -'a‘t the beginning were expected also to have few errors’
at the end | |

Secondary hypotheses The present study addressed four areas of secondary
interest. First, classic measures of ability and dysfunction were used to investigate ‘
more fully how intellectual ability covaries with memory performance. An imbalance
hypothe31s was offered asserting that children S 1ntellectua1 ability consists of two skill
sets--perceptual and verbal--which need to be of relatively equal strength Both skills |
are necessary for storage (i.e., memory) of information, but if one skill is better than “
the other; animbal_ance _occurs, possibly cansing learning problems. ‘Thus, as
| children’s perceptual ability and verbal ability become more disparate (or as' the
absolute measure of the difference }bvetween ,‘abilit’ies.'increases),v it was expected i_that'

children 'would exhibit more problems with acquisition, recall and recognize fewer
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' Words overall, and .prodn_ce“more intrusions and false positives overall.
- Secondly, this study addressed the inﬂuence of attention on AV memory

performance. - Although general memory theory Suggests thét.an individual must be
‘ :avble'to attend to a leaming situation in order to properly encode, store, and thus
retrieve information (Anderson, 1990; Wellman, 1988), previous studies on the
AVLT have not controlled for attentional abil.i:ty.v Intellectual ability and age are not
Sufﬁcient'fo nredict‘memory performance. Limited attentional ability may hinder a
child from completing a task thue producing depressed performance scores and an
inaccurate measure of intellectual level. It was hypothesized that as attentional ability
increased (as reﬂected in behavior), total memory would increase and intrusions and
false positives would decrease. |

Thirdly, MA, age, intellectual irnbalance, and attention were hypothesized to
account for significant levels of variance in AV memory performance. In an effort to
build a model for explaining the pchess of AV memory, similar to Work done by
Geffen et al. (1990)", a stepwise regression analysis was expected to reveal each
variable’s significant relative contribution to memory performance.

Lastly, an effort was made to reliably generalize the findings of this study to
children in tne ‘general \publie rather than to just those seen in n clinical setting. No
significant difference in memory performance was expected between clinical and non-

clinical groups, assnming that they were of equal age and ability.

IRefer to p. 11 for a discussion of this study,'
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Out—patlent sample The mam sample mcluded chents from a umversrty out- .

e “ patrent ch11d gurdance center rangmg m age from 7 to 11 years (H = 50) Archrval

Tl data from clrents extensrve psychoeducatmnal and neuropsychologrcal batterres were‘ IR |

s utrhzed These batter1es 1ncluded scores on the AVLT the Wechsler Intelhgence o

Scale for Chrldren——Revrsed (WISC-R Wechsler 1974), and the Conners Parent
’Ratrng Scale, a behavroral measure of learmng and conduct problems (Conners, ‘;.'_' a
i 1985) Sub]ects 1ncluded in the sample had v1s1ted the clrnrc to be tested and treated
‘ pnmarrly for fam11y conﬂrcts school related problems or depressed academrc |

. performance Any subjects wrth suspected or dlagnosed bra1n damage or depressed

g ‘ 1nte111gence (full scale IQ 75) were excluded from the sample :
Subjects ranged from mrddle-lower SES to lower-upper SES and represented ab
.,':'varrety of ethnrc groups The maJorrty of subJects were male (male n = 39 female n

= 11), .nght-handed (nght n »42 left n= 8), and of average 1nte111gence (full scale

| ",IQ range = 72 115 M = 93; SD = 11.42). Although the age range of 7 to 11 years e

A f;(or 79 to 138 months) may be consrdered narrow by some the mental age (MA)

o M_:"range of the main samplewas greater (5 to 13; years or 62 to 158ﬂmonths) than thatof o

fme’re. Chronological- age thus expanding the sample toreﬂect a wider range of abllity» i
Comparlson samp_le Because the main sample was composed of out—patlents e |
. ';_archrval data from a second sample of ch11dren was gathered for secondary

‘;.COmpara_trve;analys_ls to see how the occurrenceof meimory,errors 1n‘ a chmcal‘ sampl_e o
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is similar to theﬁndings .in a nonc’:linlcal sample. Subjeets N = 25; ‘male n = 12;
female n =‘~13) ranged in age from 7 to 11 years and were selected from a university
| children’s center and from families -lof undergraduates, urepvresentir_lg mostly white,
middle class homes. . | | - | |
Subjects had completed a simplified subset of the test ‘battery' used by the out-
patient sample as part of a study done by undergradhates Included in this test battery
were the AVLT the vocabulary subtest of the WISC-R as a measure of 1nte111gence
| ‘ | (med1an loadmg on g = 80 Sattler 1990), and the Conners Parent Ratmg Scale.
' Subjects who showed h1gh levels of leammg or conduct problems as measured by the
: Conners Parent Ratmg Scale (SD il 5) were removed from the sample, so the

remammg subJects were cons1dered normal relatlve to the out-patlent sample.

Materials and Procedure

Auditory Verbal Learning Test. Scores from the AVLT (Rey, 1964; see
Appendix A) were used as measllresvof AV'memory petfofmance v Although no
reliability and va11d1ty data is pubhshed on this popular chmcal tool, this test is used
and cited in most assessment books (see Lezak 1983) as a competent measure of AV
memory performance. The present study in essence assessed the vahdlty of the
AVLT by analyzing its ability to evaluate gen_eral memory performance.

The AVLT consists of a list of 15 eoncre‘te nouns (list A) which are read to
the subject at a rate .of one word per second for five consecutive trials, where each
reading is followed :by a free-lfecall period (Lezak, 1983). Durihg the free-recall

period, the subject is allowed to recall as many words as possible until 10 seconds
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. hajve lapsed from the last new and correctly récalled word (a variation on ﬁie orig’,iriél | “
' tebhnitjué). This is to assure'thét recall is actually pomp1¢té.

Upon completion of thévﬁfth trial, a 15v-.w_ordl ihtefferénce list‘ (list B) is
- presented in tﬁe same way as the _ﬁrsf list (A) and is also followed by a free-recall
period. This interferenpe trial (Trial 6) provides a measure of proactive interfererice
recall, where the previously learned words are assumed to hinder learning of the new
B list (Lezék, 1983). A seventh trial consists of non-pfompted free recall where the
subject is asked to recall as many of the words as possibh; frbm list A vﬁthout having
‘the list reread or pfesented. This post-interference trial pfovides ‘a measure of
' rétroactive interference reCall, where the néwly learned Words (or list B) are assumed
to hinder recall of the previously learned words from list A (Lezak).

A recognition trial ‘(developed by Lezak, 1983, see Appendix B) follows where
the subject ‘must identify words from list A when read a list of 50 words containing
all words from both lists A and B, as well as words semanticall'y or phonemically
similar to fhose in lists A and B. ' Finally, after a 30—nﬁnute delay, during which other

- testing occufs, the subject is again asked to freely recall as niany of the words as
possible from the original list (A) without having the list reread or presentéd (as in
the posf—interference trial). | |

On ezfch trial, several scores are noted: nﬁmber of words recalled correctly,
number of intrusion errors or words recalled that were not paft of the list, and, on the

recognition trial, number of words correctly recognized and number of false positives

or words incorrectly recognized as being part of the original list.
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Wechsler Intelligence Scale for 'Children--Revised' Scores from the WISC-R
(Wechsler 1974) were used as measures of 1ntellectua1 ability. The full scale IQ

(FSIQ) prov1des a measure for overall intellectual functional level The verbal IQ
(VIQ) provides an 1ndex of general verbal skrlls 1nclud1ng measures of competence
~on the information, similarities, arithmetic, vocabulary, comprehension, and digit
span'_ snbtects. These scores reveal‘ that the g'reater the VIQ, }the greater the subject’s
mastery of verbal processes. The performance IQ (PIQ) provicles an index of general
perceptual skills, including measures of competence on the picture completion, picture
arrangement,: block deSign, object assembly, coding, and mazes subtests. These
scores reveal that the greater the PIQ, the greater the subject’s mastery of perceptual
skills (Sattler 1990)

Based on 11 age groups (6- 16 years), reliability coefficients are .96 for FSIQ,
.94 for VIQ, and .90 for PIQ. Concurrent Validity correlations with various other
int’elligence: tests range'from the upper .30s to the low .80s (Sattler, 1990).

-Since the literature suggests that both age and intelligence influence AV ‘
- memory performance (Prokopcakova, 1984; Robinson & Kingsley, 1977; Wachs,
1969), the present study deiined general cognitive ability by a mental age (MA)
conversion of the WISC-R standard scores even though no other studies on the AVLT
have included MA in their analyses. This provided a measure of cognitive

| functionmg by yielding an age—equivalent score since MA reflects a more absolute

| - index of a child’s cognitive performance level, regardless of age, than does IQ which

is based purely on ability (Sattler, 1990).
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Spec1ﬁc measures of mental age were estlmated usrng MA conversions of the
FSIQ, VIQ, and PIQ from the WISC-R. In addition, MA conversions were made of
Kaufmanﬁ_s (1975) three ._vfactor‘analyti.cally deriyed indices which are now incorporated
1n thé‘ WISC-IIL. Kaufman’s 1ndices include the Verbal ‘Cojmprehension Deviation |

Quotlent (VCDQ), Perceptual-Organlzational Dev1atron Quotrent (PODQ), and
B Freedom from Distractlbihty Devratlon Quotlent (FDDQ)
| | In hrs complete factor analysrs of the WISC-R Kaufman found that VCDQ is
a more reﬁned measure of verbal ab111ty and the mental process of comprehension
than is VIQ, 1t 1ncludes the information, similarities, Vocabulary, and comprehensron
subtests of the WISC-R He concluded PODQ is a more reﬁned measure of
‘_perceptual ability and. the mental process of orgamzatron‘ than .1sPIQ;. it includes the
picture completion, picture arrangement, block design, and object assembly subtests.
I-Ie assertedvFDDQ me‘a'sures the 'ab,ility» to remain attentiye; short—term memory_; |
| seque_nci_ng; »encoding‘;‘ and bs.trategiessuch as rehearSal,v use of symbolic material,_ and
self-monitoring. It includes the a‘rithmetic,' digit span, and :codin‘g subtests: (Sattler, |
1990). | | |
'In addition to calcu1ating MA conversiOns 'Selz and Reimn’s measure of

intratest scatter (1979) was noted for each subJect The scatter index analyzes the
subject s pattern of scaled scores on the WISC-R [(scaled scoreh,g,l - scaled scorek,,,,) /
scaled scoreM] It provrdes a base-free statrstrc of the subject’s range of scores taking
out the actual, or mean, level of performance and targetmg areas of strength and

weakness. For _example, a large scatter index (s > 0.6) indicates possible areas of
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weakness in abi_lity as shoWh by the lowest scaled'scores. v

Conners Parent Rating Scale. Scores froﬁl the Cbnﬁe’rs Pafent Rating Scale
(Conners, 1985) were used és rﬁeasures of how parents perceived théir child’s
behavior. Specifically, the Co_nners" questionnaire lists seven categories of behavioral
sitﬁations. Parents then rate their child’s behavior in each situation on a four-point
scale (0 = not at all; 1 = just a little; 2 = pretty much; and 3 = very much). Six
behavioral indices are calculated by the examiner, yetb only fhe indices of learning
problems, impulsive/hyperactive, and hyperactivity were used in analysis. These

three indices were assumed to reflect the child’s attentional ability.
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RESULTS

Primary Analyses
| }‘ Correlational and t-test analyses were per_formed' to_exami‘ne the three primary.
foci of this study--(a) the influence of 'age‘ and intellectual ability on AV memory 3
performance deuelopment, (b) the relationship between memory acquisition and
memory errors, and (c) a comprehens1ve analysrs of subJects AV memory
o performance over tnals An alpha level of 05 was used for all pnmary stat1st1cal
vanalyses - - | .
| Elght memory performance measures were used 1n all analyses (Geffen et al.,
| 1990 Wrens et al 1988) These performance measures were taken from AVLT
' scores of total number of words correctly recalled or recogmzed and total number of
1ntrusrons and false posrtrVes for each tr1al and are deﬁned as fOllOWS‘ ﬁrst-tnal‘
) lea_mg as scores on Trial 1 end tr1al learnlng as the sum of scores on Trrals 4 and
55 total memory as the sum of scores on Trrals 1 through 5; learmng gal as the
| ‘drfference between scores on Trlals 1 and 5 using the equatron (Trial 5 - Tnal 1),
,proactwe 1nterference memory as the drfference between scores on Trials 1 and 6 (the
: 1nterference tnal) using the equation (Tr1a1 1- Tr1al 6), retroactlve 1nterference o '
: __ry as the dlfference between scores on Trial 5 and Tnal 7 (the post—mterference
trral) usmg the equatron (Trral 5 - Trial 7); recogmtron memory as scores on the
| recogmtlon trial; and delayed recall memory as scores on the 30-m1nutc delay trial.
- Inﬂuence of age and rntellectual ablhty. SubJects .were ranked accordmg o

increased age, intellectual ability, and general memory per_forma‘nce to test the
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hypothesis that older children and children with a higher intellectualllevel have greaterb
total memory scores and produce fewer memory errors than younger children and
children w1th a low 1nte11ectual level. Spearman rank correlatlons were computed for
~ the memory performanpe‘ measures with age and IQ. These results are presented ink
. Téble 1 and show that fouf of the eight memory perfor@mce measures significantly
correlated with age and ﬁve significantly correlatcd with FSIQ.
~ Spearman correlations wefe also made with‘ the performance measures and the
mental age (MA) conversion of FSIQ. | FiVe of the eight merhb_ry performance
measures signiﬁcahtly coﬁelated with MA as with FSIQ (Table 1). |
Si‘nce‘ no,s’i-gniﬁcant correlaﬁdnsWére found bétweén errors in memory
v pérformance and age, 'FSIQ, and MA, MA conyérsioris of verbal ability (VIQ and
- VCDQ) and pe‘rceptuél ability '(PIQ‘and PODQ) were included in analysis. Only
perceptual abilfty ‘was signiﬁcantly ‘correlated .with errdr.s in mémory performance,
‘,whe‘re the MA éoﬁversion of PIQ had a greater correlatio'n‘than mere PIQ. bMo‘re.
specifically, as perceptual ability mcreased ﬁrst~tnal 1ntru51ons decreased [r (36) = -
.30, p = .038], revealmg that children who were adept at perceptually onented tasks
' such as arranging pictures or completing mazes were less lik_ely to recall words that
- were not formally presented to them at the beginning of a learning task (i.e., less
likely to produce intrusion errérs).
Although age, FSiQ, and MA all significantly correlated with at 1ea$t four
membry performance méasures, subjects were then categorized into age groups, IQ

~groups, and MA groups in order to assess in more detail how memory performance
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Table 1

’ .Correlations Between }Correct Memory Performance Scores and }Age ‘and Intellectual

Ability
Age FSIQ MA
* First-trial Learning - 42%% B TEE ST
~ End-trial Learning S G 43 52k
Total Memory S X b 42** S53FH*
Learning Gain ‘ 28% .21 .30%*
Proactive Interference 17 -.03 1
Retroactive Interference =07 23 -.22
Recognition Memory -.15 50%* 25

Delayed-recall Memory 37 39* S50%*

Note. FSIQ = full scale IQ; MA = mental age. All memory performance measures
have n = 36 except recognition memory (n = 17) and delayed-recall memory (n =
19) due to the limited availability of these items in the archival data.

*p < .05. *p < .01. ***p < .001.
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changes With increased age and intellectual ability. First, age was transformed from a

contlnuous vanable measured in months toa groupmg ‘variable measured in years

- (e g 7 8 9 - 10-, and ll-year-olds) One-way analyses of variance (ANOVAs)

'were performed for each memory performance measure by age group, but no
i srgmficant dlfferences between age groups‘were found. ~In other words, AV memory
| score's recelved by'7- ’to{ll-year—old_ children werevrelatively the same. Realizing that .
4 | 'the' (yverall age. mge in the sa‘mple w‘as li‘mited; age ,Was then categorized- into only .
two groups (7- to 9-year-olds and 10- to lll-year-'olds) ' Results showed that only end-
. tr1al learnlng was s1gn1ﬁcant1y different by age group It (34) = -2 09, D= 045] such
. that 10- to ll-year-olds scored hrgher than 7- to 9-year-olds scored This means that
after trying to learn’ a list of words over a'perrod of time, 10- to ll-year—olds recalled
. ‘more of the words than 7- to 9-year-olds recalled |
- Second, IQ was categonzed 1nto two groups @) subjects whose FSIQ was
" more than one standard devratron below normal (vlb.e.», FSIQ'= 70—84), and(b) f
. subjects whose FSIQ was within one standard deviation above and below normal ‘(i.e.,
FSIQ = 85-115). T;tests were"performed for each memory-‘ perfOrmance measure by .
1Q group. Only ﬁrst—trral learnmg [t (34) = -2. 82 p_ = 008] and recogmtlon
memory [t (15) = -2 56, D= 022] were. srgmﬁcantly different by IQ group, where
children with higher IQ scores had hrgher ﬁrst-tnal learning and ‘recognition scores.
In vother words, when_‘c_ompared to chlldren with a below-normal 1Q, children within | _
 the normal 1Q range recalled moreWOrd’s on therr first attempt at learnivng_’a word list» |

and also recognized more words correctly.
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vThird, MA (based on FSIQ) was ‘categorized'into“ six groups (e.g., 5-6, 7, 8,A
9, 10, and 11f13'years). vOne-way ANOVAs were performed for each memory
'performance measure bvaA'group Children inthe‘higher MA group (11- to 13- B
| year-olds) scored hlgher than children in lower MA groups (5- to 8- year-olds) on
' ﬁrst—tnal learmng [__ o, 30) = 4, 74 p = 003], end-trial learnmg [E (5, 30) = 3 73,
| | p, = .009], total memory [_ (5, 30) = 3.85,_ p= .008], recogmtron memory [E 5,
11) = 7.03, p = .003], and delayed-recall memory [E (5, 13) = 2.94, p = .054].
' This showed that, regardless of age, AV memory performance increased as ability
1ncreased More precrsely, when chronological age is dlsregarded chrldren s |
fundamental level of intellectual ab111ty (i.e., MA) was drrectly related to many facets |
of AV memory performance Compared to chlldren with a low MA, children with a
high MA recalled more words_ on therr first attempt at learmng a word list, recalled
more words at the end of a learnin‘g task, -recalled more 'words overall during a
learmng task later recogmzed more words that they had 1n1t1ally learned, and 30
| ."mmutes later stlll recalled more words from the 1n1t1a1 learmng task.
- To summanze, _results.sh'owed thjat"agev,' FSIQ, and MA all influenced AV
1 ',memox‘:y‘ perfOrmance" however, ‘d‘ifferencesin' .childr‘en"‘s MA account‘ed for a greater
number of s1gn1ﬁcant differences in memory performance Compared to those with a
’ low MA, children w1th a hrgh MA (a) recalled more words overall; (b) recalled more
- words at the beginning, at the end, and 30-l_m1nutes after completmg a learning task;
and (¢) recognized more words from the lear_n’_ing‘- task.

- Relationship of acquisition and errors. A Pearson product4mome‘nt correlation
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matrix was computed to compare correct scores in vmemory,performance with
intrusions and false positives.? Results showed that first-trial learning had no
signiﬁcant relationship'with anymemory error measures. However, children who
, ‘correctly recalled more words durmg end-trial learmng produced s1gn1ﬂcantly fewer
false positives durmg recogn1t10n [_ (17) = - 44 D= 040] In other words chlldrenv
~who recalled more words after havmg spent a period of - tlme‘ practrcmg a learmng task
.‘_were less hkely to afﬁrm that they heard a word prev1ous1y durlng the learning task
g when they actually d1d not hear the word (.e., less 11kely to produce false pos1t1ves)
‘Results also showed that chrldren who achleved greater learnlng gain over the ﬁve
-'tr1als produced fewer ﬁrst-trral 1ntrus1ons [_ (36) =-.31, p =,035] as well as fewer
false pos1t1ves durmg recogmtron [t (17) = - 74 p_ < 001] This means that some
children were able to "catch up" in thelr memory performance’ Even though they
recalled only a few words on the1r first attempt at learnmg a word list, they increased
their recalI to where they recalled most words at the end of the learning task (1 e.,

‘showed learning garn). These chxldren who "caught up" had two s1gn1ﬁcant features _

| - of their memory performance errors F1rst compared to the1r cohorts, they were less -

v l1kely to recall words that were not formally presented to them at the beglnnmg ofa
3 learnmg task (i.e., produce mtrusrons) Second they were less hkely to 1ncorrectly

_ recogmze a word as havmg been presented to them prev1ously durmg a learning task ~

2Th1s correlatron matnx has been omitted from presentanon due to its
extens1ve size. For additional information on this data, correspondence should be
addressed to the author at her residence: Jane L. Mathews, 5268 Yosem1te Drive,

- San Bernardino, Callforma 92407.
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- (i;e., produce false positives).

Several significant relationships were found for total correct memory (Figures ‘
1, 2, and 3). More specifically, children who had greater tqtal memory (or correctly
- recalled more words overall) produced significantly fewer first-trial intrusions [r (36)
= -.28, p = .046] (Figure 1), end-trial intrusions [r (36) = -.31, p = .032] (Figure
2), and total intrusions [r (36) = -.35, p = .018] (Figure 3). In other words,
compared to other children, those who recalled more words overall during a learhing
task were less likely to recall words that were not formally presented to them (a) at
the beginning of a 1eaming task, (b) at the end of a learning task; and (c¢) overall
during a learning task. | |

Several significant relationships were also found for delayed-recall intrusions.
Children who produced many intrusions during delayed recall correctly recalled fewef
words during delayed recall [r (19) = -.44, p = .029] and exhibited greater proactive
[r (19) = .49, p = .017] and retroactive interference [r (19) = .44, p = .030]. This
~ means that children who recalled words that were not formally presented to them 30
minutes earlier in a learning task (i.e., produced intfusions) also hed difficulty
recalling words that were formally presented 30 minutes earlier. In addition, they
exhibited problems in two other areas of memory performance that their cohorts did
not exhibit. First, they had difficulty with proactive interference (i.e., they were
unable to recall words from a secondary word list after having spent time learning a
previous list). Second, they had difficulty with retroactive interference (i.e., they

were unable to recall words from their initial learning task after being interrupted
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| First-trial Intrusions

e B Flgure 1 Relatlonshrp of total memory scores w1th first-tnal 1ntrusrons (n = 36) DR

3 ’-_The dlstnbutlon reﬂects that as’ more words were recalled overall durmg a learmng“ |

| task fewer ﬁrst-tnal mtrusrons were produced
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| with the prgsenta,tion of a secondary word list). -
- To summarize the rellk‘ationshipv of AV‘ memory acquisition and errors, results
 showed three key areas of perfonﬁance on which to focus: (a) the ability to "catch
| up,” (b) overall recall duriﬁg a le‘an_iing} task, and (c) memory errors occurring 30
 minutes after a learning task. | First, those children who were able to "catch up” in a
| learning task (i.e., recalled only a few words at the béginning but most WOrdS:‘by’ the‘
ehd) produ_éed few memory‘ errors in both recall and recogniﬁoﬁ. Second, those
: childfen who recailed more words overall during a'leaming task prbduced fewer
~memory errors during the; le_aming,task. Third,' those children Who producéd more
rhembry errors 30 minutes affer a learmng task recalled fewér' words 30 minutes later
and had more pfoactive and retroaptive interference.

AV memory performanCeb over trials. ,Correlational analysis was performed to
assess memory acquisitionvover repeated trials, the influence of interference on
memory performance, the difference‘ betx}vgen recall and recognitibn.membfy, and the
presence of intrusion errors ahd false pbsiﬁves. Sepa"réte Pearson product-m.oment |
correlation matrices were comphted -foi' correct memoryvperforman‘ce- (I‘able 2) and -
€rrors in memory performahce (Table 3). |

As showﬁ in Table 2, first-trial learning is indicative of end-trial learhing,
where cﬁildren who correctly recalled more words at thé begihning of a learning task
| also correctly recalled more wofds at the end of a té.sk. ”Although no significant
| cofrelations were found with retroactive intérference, proactive interfefénce

significantly correlated with recognition, where as proactive interference decreased,
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Table 2

Intercorrelations' Among Scores from the Auditor 'Vcrbal'Leamin bTest'v“C‘o_rrec't- Memory S

2 3 4 : 5 : 6 7 8
L First-trial Leaming'- | 57 '.7'2**_% 2 .34*  12 RN CEEJ|
2. End-trial Learning o gsee g Q0 o 22 23 80w
31.”Tvc')‘ta1 Memory | R el 18 RS 21 T4k
n Learning Gain - S ;"'-.12‘ 10 09 T3
5. Proactive Inteﬁerence ’ | - — -09 - AT | o4
6. Rctfoacﬁve Interferericé- o | : SRR o 7'.-;.75: ;1 - 01 ‘ 31
7. Reéogniﬁon Mémory’i v | ’ o : o ' — ) 48* |
8. Delayedf;recall Mcmofy L - : . | | | | " —

Note. All memory per‘formémce measures have n = 36 except recognition memofy (@ = 17) and delayedé-recall memdry -
(0 = 19) due to the limited availability of these itemS in the archival data.

*p < .05. ***p < .001.



" recogmtlon increased. More spe01ﬁcally, compared to their cohorts, children who
were able to recall words from a secondary word hst after having spent time learning
a previous list (i.e., had no p’roactiVeinterfe_rence) we'r,e_als_o_ able to correctly
recognize words from a prer/ious learning task Table v2valso reveals that those
.,children who correotly recalled words that had been presented to them 30 minutes
earlier (i.e., showed greater retention) performed well in four additional areas. First,
they recalled more words than their cohorts at the end of a learning task. Second,
 they recalled more words overall during a learning task. | Third, even though they
may have recalled only a few words on their first attempt at learning a word list, they
increased their recall to where they recalled most words at the end of a learning task
(i.e., showed learning goin or "caught up"). Fourth, compared to their cohorts, they
correctly recognized more words from a previous learning task.

Table 3 shows the correlations of intrusions and false positives. Recognition
false positives were not signifivcantly correlated with intrusions in recall. However,
intrusions that occurred during the learning trials (i.e., during acquisition) were
indicative of intrusions in later ‘memory performance. More specifically, children
Who produced more intrusions during their first trial of a learning task (i.e., recalled
words that had not aotually been présented to them) also produced more intrusions at
the end of the learning task and 30 minutes after completing the learning task.
Similarly, those who produced nlore intrusions either at the end of a learning task or
overall during a learning task produced more intrusions 30 minutes after completing

the learning task.
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Although additional significant correlations are noted in Tables 2 and 3, these
correlaﬁons are COnfounded by the nature of the relationship compared. For ,example‘
first-trial learning is indicative of total memory (Table 2), and first-trial intrusions are
| indicative of total 1ntrusrons (Table 3). However these correlatwnal compansons are

confounded because scores from the first tnal are reﬂected in each measure thus

companng scorea from Tnal 1 w1th scores from Tnal 1. Although such companaons
of overlappmg 1nformatlon are frequently done th1s study d1d not 1nc1ude these
compansons because of the posslble confuswn_ posed for conceptual interpretation of
AV memory performance over time. B

| “To su‘;mm‘ari‘ze AV memoryvperforrnanc‘e oyer trials, results showed two areas

on which to focus: (a) recall 30 minutes after a learning"task, and (b) the relationship
berween errors made during and after a llearning task. First, those children who
recalled more words 30 minuteé after a 1earning ta.sk falso recalled more words overall |
and at the end of .‘t‘he task, "caught up" ‘during the task,v and recognized more words
from the task. _'Second,' those who produced more memory errors at the beginning of
a learning task also produced more errors overall, at the end: of the task, and 30

minutes after the task.

‘Secondary AnalySes |

The present study examined four areas of secondary interest: (a) the influence
| of intellectual imbalance on AV memory performance, (b) the influence of attention
on AV memory performance, (c) the building of regression models to explain the

process of AV memory performance over tr'ialé, and (d), the generalizability of
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'bﬁndir‘lgs from a clinical sample to a non-clinical sample. Aﬁ alpha level of 05 was
used for all secondary statistical analyses.
. Inﬂuehcé of intellectuai iinbalance. Childrén’s intellectual ability consists of
,‘ th skill sefs—-percéptual and \?erbal-fwhich need to be of reiatively equal strength.
Intellectual imbalance occufs és perceptual ability and verbal ability become more
disparate, dr as the absolute rheasure of the diffefence between abilities increases.?
Such a méasure of léarhing__diéability and interskill variability is often used in profile
analyses be clinicians '(Sz‘zttlef,”1990:). | |
To-t‘es_t tﬁe hypothesis thét éhildrgn with greater intellectual imbalance recall

fewé;' _words and produce more intrusions aﬁd false positivgs overall, intellectual
imbalance was deﬁnéd_ in two main'ways--the scatter index,(S’elz &'Reitan, 1979) and
~ indices from the V\IISC-R. First,-»Seiz and Reitan’s measure of intratest scatter was
computed for“éach ‘s‘ubjec}:t.“ Scatier refers to the subject’s patferri» of scaled scores on
’th.e WISC-R; targetiﬁg.areas of strength and weakness. When Pearson product-
moment correlations were corr‘lputed' for séatter with the AV memory performance
measures, only one signiﬁéaht relé_tionship resulted--récdgnitidh memory with scatter
[z (16) = - .51, p =.02]. This shows that childrén whose perfofmance varies greatly
on WISC-R subtests_(i.e., '-fhey have scaled scofés thﬁi are both very low and very
high) fecbgnize féwe; words from Va previdusly learned list.

~ Second, intellectual imbalance was defined for the purposes of this study as

3For further discussion of intellectual imbalance, refer to p. 17.

*For further discussion of scatter, refer to its description on p. 23.
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'differences and ratios between‘\ierbal and performance (or perceptual) indices from
the.WiSC-R (see below). Each of these new variables reﬂected both directional_ and
absolute measures of 'intellectual'imbalance in order to expiore which aspect of
. 1mbalance ‘was most mﬂuential on memory performance, (a) perceptual ability being
"drsproportionately greater than verbal abihty, (b) verbal ab111ty being

v drsproportionately greater than perceptual abihty, or (c) the mere presence of a
difference ex1st1ng between verbal and perceptual ab111ty

The followmg variables were 1nc1uded in analys1s (VIQ - PIQ) as a measure
of disparity in verbal and‘perceptual ability; (VCDQ -',PODQ) as a more speciﬁc
measure of disparity using the Kaufman factor analytically derived indices .(1975);
“ [(VIQ - PIQ)/FSIQ] as an absolute measure of verbal and perceptual disparity as
co‘nipar'ed to general ability; and [_(VCDQ - PODQ)/FSIQ] as a more speciﬁc and
‘ absqlute measure of disparity as-»- cOmpared to gene'raiability nsing the Kaufman factor
analytically'derived 1ndices The corresponding MA converSiOns of vthese four
| equations were also exarnined in order to assess the influence of inteilectual imbalance
- disregarding age. To determine if mere imbalance or the direction of the imbalance
was the influencing factor in AV memory perforrnance, the absolute values of the
eight aforementioned ,equations (for a total of 16 intellectual imbalance measures)

were analyzed. A Pearson prbduet-moment correlation matrix was computed for
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.these intellectual imbelance measores by the memory. performé.nce measures.’
In assessing the ebsolute value of intellectual imbalance with the direction of |
3 influence 1gnored only one s1gn1ﬁcant correlatlon was found As the absolute value
of the drfference between MA conversmns of VIQ and PIQ 1ncreased recall on first-
;trial" learning increased [; (36) = 29,p = ’.043]1.’_ More specifically, compared to
| those Wi‘th‘a’leéser drspaﬂty, chil‘dr{en Who _haq}a greater verbal-perceptual disparity
recalled more words in their first attenrpt at a }1earniﬁg task.
| When the direction of z'inﬂoence was bconsidered, results showed rlrat children
Who had a disproportionately greater perceptual ability than verbal ability (as
»‘measured by the MA 'conversion of (VIQ - PIQ)) recalled more words than did their
cohorts et the ,end‘of a learning task [r (36)‘ =-37,p = .014] (Figure 4) and overall
during a learriing. task [r (36) = -.36, p = .015] (Figure 5). They also were able to
"’eatch up" during a learning‘task‘, r.e., they recalleo most words at rhe end of the task
everr though they may have recalled only a few words on their ﬁrst"at'tempt at the task
[r 36) = -.28, p = .050] (Figure 6). Using the ratio [(VIQ—PIQ)/FSIQ]; results
- additionally showed that children who recalled more words 30 minutes after
completing a learning task also had perceptual ao'ility‘disproportionately greater than
verbal ability (as compared to their general ability', r(19) =-40,p = .044).
Intellectual imbalance significantly correlated with errors in AV memory

performance in two major ways. First, children with disproportionately greater

SThis correlation matrix has been omitted from presentation due to its
extensive size. For additional information on this data, correspondence should be
addressed to the author at her residence (see footnote 2).
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H perceptual ability than verbal ability produced fewer first-trial intrusions (Frgure n;

‘ that is, they were less hkely to recall words that had not actually been presented to

- them during the first session of a learmng task [r (36) = .41, p = .007]. Second,

: -they produced fewer false pos1t1ves durrng recogmtlon (Figure 8) meaning they were
~less hkely to say they had heard a word prevrously dur1ng a 1earn1ng task when they
 actually had not heard the word [r (17) = .42, p = .046].

In sum, re‘su_lt-s from anval-ysis of the influence of | intellectual imbalance showed
that the direction of imhalance is essential to understanding AV memory performance.
' Children who Were sldlled in perceptual ability (i.e., had a perceptual ability
disproportionately greater than their verbal nbility) perforrned better at an AV
memory task. ’Speciﬁcally,v,they (a) recalled‘more words overall, at the end of a
learning task, and 30 rninutes after a learning'task; (h) "caught up” in their recall
during a learn_ingltask (i.e., recalled most wOrds at the end of the task even though
they may have recalled only a few Words on their first attempt at the task); and (c)
produced fewer’}memory ’errors at the heginnrng of a learning task and during |
: recognition.

“Influence of attention. ‘To test the hypothesis' that children with greater
attentional ability (i.e., longer attention spans) recall more words overall and produce

fewer intrusions and false positiVes, attentional ability was defined in eight ways using
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FDDQS: (1) FDDQ, (2) (FDDQ/FSIQ) as an absolute measure of attentional ability
as eempared to general abil_ity, 3) (FDDQ/VCDQ) as an absolute measure of
attentional ability as compared to' \}erbal abiiity,"(4) (FDDQ/PODQ) as an absolute
measure of attentional ability as compared to perceptual ability,v (3) the corr’esponding '

MA conversion factor of FDDQ, (6) the corresponding MA conversion factor of

- (FDDQ/FSIQ) @) the correspondmg MA conversmn factor of (FDDQ/VCDQ), and -

(8) the correspondmg convers1on factor of (FDDQ/PODQ) ‘In add1t10n attentlonal
..ab1l1ty was deﬁned in three ways using the Conners 1ndlces of learning problems,‘ '
3 1mpu131ve/ hyperactlve and hyperact1v1ty (1 e., behav1oral measures from a parent
ratlng scale) 7 ‘ - R
Separate Pearson productfrnoment correlation matrices were computed to
compare these attention measures with correct AV memory performance and errors in |
‘ AV memory pervformance.sv The MA conversion ofv FDDQ (as a measure of attention)
had fhe greatest number of signiﬁcant corr_elations wit_h correct meme,l__'y perforrnanee-;
six of the eight measures (Tanle 4). More speciﬁcally,‘ children with greater

attentional ability recalled more words overall and more words at the beginning, at

SFreedom from Distractibility Deviation Quotient (FDDQ) is a factor
analytically derived index from the WISC—R For further discussion of FDDQ, refer
~top. 23.

"For further discussion of the Conners indices, refer to p. 24.

¥These correlation matrices have been omitted from presentation due to their
extensive sizes. For additional information on this data, correspondence should be
addressed to the author at her residence (see footnote 2).
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Table 4

Correlations Between Correct Memory Performance Scores and Attention

Attention

First-trial Learning sy
 End-trial Learning I | ,45**»‘
Total Memory : : ' .45** |
Learning Gain - - 24
Proactive Interference‘ - O .13
Retroactive Interferer‘lce} R 4
Recognition Meméry o : - AT*
Delayed—recall Memory E » = 53*

Note. - Attention is measured by the mental age conversion of Kaufman’s (1975)

vfactof analytically derived Freedom from Distractibility Deviation Quotient (FDDQ)
All memory performance measures }hav’e n= 35 except recognition memoryv (n = 16)
and delayed-recall memory (n = 18) due to the limited availability of these items in
: the archi\}al data. |

*p < .05. *p < .01, **¥p < .00L.
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the end, and 30 minutes after a learning task. They also had less problems with .
lre'troactive interferencev (i.e., they_Were able to still recall words from their.initial
learning task even after being interrupted with the presentation of a secondary word

: lrst) and recogmzed more words from a prevrous learning task

The Conners 1nd1ces (as measures of attentron) srgniﬁcantly correlated with

"" only proactrye and retroactrve 1nterference (Table 5) " In other words chrldren wrth
greater, attentronal,ability were v-more .,ab.le (a) to ;-recall words from a secondary word
list after having' spent time learning a previous list, and (b) to recall words from their
| initial word list after berng 1nterrupted w1th the presentatlon of a secondary word list.
of all the attention measures only the Conners learning problems 1ndex 31gn1ﬁcantly '
correlated w1th errors in AV memory performance (Table 6). Specrﬁcally, children

' who had difficulty attendrngto,a task, ie., t_hey exhibited greate'r learning problems,
- (@) produced more intrusions than their cohorts at the end of a learning task (Vi‘e they |
| recalled words that had not been formally presented to them), (b) were unable to
decrease their errors by the end of the learning task (i.e., they‘produced more

| mtrus1ons at the end of the task than at the begrnmng), and (c) produced more

~ intrusions in ‘trying to recall the 1n1t1al word llSt after berng mterrupted with the

' presentatlon of a secondary word llst (i.e., they produced intrusions after retroactive
1nter_ference). | |

To summarize, results showed that attentional ability influenced AV memory
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Table 5

- Correlations Between Memory Interference Scores and Scores on the Conners Parent Rating Scale

Impulsive/Hyperactive

Learning Problems Hyperactivity
" Raw SD " Raw SD . Raw SD
Proactive Interference ; B 19 .28 ST S50 A2% Y
Retroactive Interference _13 -4

-.19 -3¢ -9 -.16

Note. Raw = raw scores; SD = standard deviation scores. Due to the limited availability of archival data, all raw

scores have n = 23 and all standard dé’viation scores have n = 31.

*Q-< 05 **p < .01.



Table 6

Correlations Between Errors in Memory Performance and the Learning Problems
Index of the Conners Parent Rating S_cale

Learning Problems Index

Errors | Raw®* SDP
End-trial Lear'ni‘ng -.36* : -.39%
Learning Gain -.28 -.35*
Retroactive Intrusions -.38%* -.02

Note. Raw = raw scores; SD = standard deviation scores. »

n = 23. *n = 31,
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‘performance. Compared to those with iess,prdﬁcient attventvion‘ skills, children with
proficient attention skiils recalled more words duﬁng‘ a,learning task, had less
problems with interference, and recognrzed more words from the learning task. In
addition, they produeed fewer intrusions ‘at the end of a learnmg task and after

- retroactive interference. | |

Building of regression models Stepwrse regressrons were performed to assess
= bthe relatrve contnbutrons to predrctron of AV. memory performance by MA, age
1nte11ectua1 1mba1ance (as measured by the MA conversron of (VIQ - PIQ)), and
attention (as measured by the MA convers1on of FDDQ). Tabl_e 7 shows the

: .mtercorrelatrons among the predrctor varrables The’dependent 'variables used were
correct scores and error scores on the four memory performance measures of (a) ﬁrst-
‘trial learmng, (b) total memory, (c) delayed-recall memory, and (d) recognition
 memory for a total of eight dependent variables. Table 8 shows the correlations = "
betweenv these depen.d_ent‘ variables and the bpredictor variables.'

Results'yielded predictor variables entering only on step one for four of the
eight equations. MA entered first for both the ﬁrSt-trial learning and total memory
equations (Table 9). Attention entered first for the delayed—recall memory equation
(Table 10). Intellectual imbalance entered first for the equatron of errors in ﬁrst-tnal
learning (Table 11). No 31gn1ﬁcant levels of variance were accounted for by the
remaining predictor vanables in the four equatrons described above, and no predrctor
variables entered the equations for recognition memory_and errors intotal» memory,

delayed recall, and recognition.
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Table 8

Correlations Between Dependent Variables and Predictor Variables

- Correct Scores

Error Scores

*p < .05. *p < .01, **¥p < 001,

~ Dependent Variable - First-trial * Total "Delvayed-recall - Recognition  First-trial ~ Total- Delayed-recall Recdgnitioh
Mental Age ~ 49%%  4sex 30 13 .16 -08  -03 02
Chronological Age .30 30 a6 -05 14 - -15 02 -.06
Intellectual Imbalance =22 -.31 -23 =10 35% 24 N 14 24
Attention A% 40% 32 14 -13 07 .03 -.00
~ Note. For first-trial scores and total scores, n = 36. For delayed-recall scores, n = 19. For reéog'nitiohiéc’ores, n=17. )



 Table9

F1rst-tr1a.1 Leammg

15 422*** a3

Total Memory

s 206 12 438***

ool




Table 10

Stepwise Regression Summary Table for Attention Entered on Step One for Delayed-

recall Memory
R | R’ F 8
318 | - .101 | 5.384% 318

~*p < .05,
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" Table 11

| Stepwise Regression Summary Table for Intellectual Imb‘avlancyevEntered on Step One

for Errors in First-trial Learning

R o R 'E 8
349 a2 - 6656 1349
) *p»<v.015.,
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To summanze mcre spec1ﬁca11y, MA accounted for a significant amount of
variance in recall durmg the ﬁrst attempt at a leammg task and in recall overall
during the ﬁve trials of a learning task. Likewise, attention accounted for a‘
signiﬁcant amount of variance in recall‘ 30 minutes after completing a learning task,

and -intellecfual imbalance (i.e., perceptual ability disproportio_hately greater than
verbal ability) accounted for a significant amount of variaace in recognition of a
previously learned list of words. |

Gcaeralizability of clinical sample. AV memcry performance scores from the
out-patient (iv.e.v, clinical) >and honclinical samples were assessed to determine the |
gerieralizability of the results from this study. First, one sample t-tests were
compu‘tjed cofnparing each sample to the hypothesized mean of zero for standard
deviation scores. Speciﬁcally, a standard deviation score of zero on the Conners
indices was considered a normal level of attention expected for a particular age
group.® ResultS showed that nonclinical subjects’ attention Sccresv were not
significantly different from the hypothesized mean of zero; whereas clinical subjects’
scores wcre signviﬁc_an’tly different (Table 12). This means that nonclinical subjects
were indeed more ,"normai" than clinical subjects because they had fewer problems in
the areas of learning, impulsiVe/hyperactive, and hyperactivity.

Second, to ascess whether the clinical and nonclinical subjects were of

relatively equal intellectual ability, t-tests were computed to compare scaled scores

’Refer to p. 20 for a discussion of the controls 1mp1emented for attention
. within the nonclinical sample :
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Table 12 |

‘Summary of One Sample T-tests Comparing Clinical and Nonclinical Subjects’ Scores on the Conners Parent Rating Scale
with a H othesized Mean of Zero : o - o o

Clinical | " Nonclinical
Conners Index : SD o vf‘ . SD S
Learning Problems o 2.91 8.84%%% o015 0.71
Impulsive/Hyperactive 0.98 429%% 020 1,03
Hyperactivity 1.88 7454 018  -LIS

Note. SD = standard deviation scores. The standard deviation scores listed are the mean score receiVed for a particulér
group (i.e., clinical or nonélinical)g, The higher the score, the greater the 'beha_\'/ior problem.

df = 38. °df = 24.

*xkp < 001,



from the vocabulary subtest of the WlSC-R (median loading on general intelligence g
= .80, Sattler, 1990). No 31gn1ﬁcant differences in vocabulary scaled scores were
: found, show1ng that chmcal and nonchnlcal subJects were of relatwely equal

| mtellectual abihty . - o |

Th1rd,' t-tests were cornputed comparing the AV memory performance of
clinical and nonclinical Subjects by age group (e.‘g.., 7-, ~8-, 9-, 10-, and 11-year-olds).
All age groups of 'clinical and 'nonclinical aubjects (except lO;year-olds) performed |
relatively the same on the AV memory task. In other words, they recalled and
recognized the same number of words and 'produced the same number of errors. The
nonclinical 10-year-old subjects; howeuer; performed signiﬁcantly»better than the
clinical 10-year-olds on recognition [t (10);’ = -3.84, p = .003], end-trial intrusions[t
12) = 2. 43 p = .032], and total invtrusions' (12 = 2.83, p = .015]. This means
that compared to children from a clinical settmg, chlldren from a nonclinical settlng
recognized more words from a previous learmng task and recalled fewer words that
had not been formally presented (1 e. produced 1ntru31ons) both overall and at the end |
of the learning task. -

To summarize, nonclinical s'ubjecté' were aigniﬁcantly more "normal"” in their
attentional'abilit)t than were clinical Subjects Desplte this difference climcal and
. ’nonclimcal subJects recalled and recogmzed bas1cally the same number of words and
produced the same number- of errors in their AV memory performance when they |
were of equal age and intellectual ability.i This means that the ﬁnd}ings} of this study

(e.g., clinical subjects’ performance on an AV memory task) can be generalized to a_
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nonclinical child population at large.
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DISCUSSION

~ Summary of Results

The foci and findings of both the primary and s‘econdaryy.» anaIy_ses are
summarized Here to ai_dvin the discussion of the ix.nplications‘ of the présent study.
ana  analyses. The present studyvh_ad thrge pnmary fpci—-(a) the influence _
o age and intellectuzl ability on auditory verbal (AV) memory performance
development, (b) lthe‘ relati(‘)‘nship‘be;_tweve_n memory. acquisifion and memofy errors,
~ aﬁd © ,allcqlrnpmher}jsiye_ ar;alysis o,f» subJeCts, A_V r.nemorSr perfprméncé over trials.
Six main ﬁndmgs résiilféd frdrr:; thésé pnmary a;naly;esi ‘ |
1. Compafed fo those with a low mental age (MA), children with a high MA
(a) recalled more words overall; (b) recalled more wordé at the beginning, at the end,
and 30 minutes after coﬁpleting a learning task; and (c) recognized mbrewords from
 the learning task. |
2. Compared to those who were unable to "cafch up,f’ children who wére able
‘ to “"catch up" in a learning ’fask (i.e., "reéalled only a few words at the begi‘nning‘but_
qut words by fhe end) produced few memory errors in bofh recall and recognition.
3. Compared to- their bcohbrts, childreri wﬁo_ recalled more words overall
during a learning task prdduced fewer memory errors_during the leafnirig task.
| 4. 'Comparéd to tﬁeir cohorts., children who produced more'membry erréré 30
minﬁtes after a léaming task recalled few;:r words 30 minutes later and had fnofe'
.proactive and retroacﬁve interference. |

s Compared to their cohorts, children who récalled more words 30 minutes
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after a léarning tgsk also recniied more FWOrds overall and at thé end of the task, |
“caught up" during the task, and.régognized more words from the task.

6. Compa'red to the’if nohorts, children who p_roduce_d mofe memory errors at
the beginning of a learnmgtask also produced mnre errors overnll, at the end of the
task, and 30 minutes after the task. - | | |

Secondary an_alybses.- The prcsent study examined fqur areas of secondary
'inte'rest--,(a) the influence of intellectual imbalance on AV memory performance, (b)

- the influence of attgntion on AV mémnry performance, (©) vthe building of reg;ession
~ models to explain the process of AV menwry performanc“e over trials, and (d) thé
generﬁlizability nf | ﬁndi’ng’s_‘ from a cliniéél sample toa nnn-clinical sample. Four
| main ﬁndings resulted from .bthesev seconda_r’y analySes:

1. Compared bto their cohoffs; children who were skilledu in perceptual ability
(i.e., had a perceptual ability diSproportionétély_'greatér than fheir verbal ability) |
perfofmed better at an AV membry task.. Speciﬁc‘nlly, they (a) recalled mdre words
overall, at the end of a léaminé ft.ask, and 30 minutes after a learning-iask; (b) “"caught
- up" in their recall during a lénrning task (i.e., recalled Inost Words at the end of the
task even though they may hnve recalled nnly a few Wofds on their first attempt'at the
task); and (c) pro_duced fewer memory errors over trials, at the beginning of n
learning task, a’ndiduring rééognition. |

2. Compared to those with less proficient attention skillS (i.e., shorter

| attention span), children with proficient attention sl;ills recalled more words during a

learning task, had less problems with’interfcljcnce, and recognized more words from
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the leafning task. In addition, they produced fewer intrusions at the end of a learning
 task and after retroactive interference.

s 3 In stepwise i'egreSSion 'ar_lalyéis,'_‘MA: accounted for,d significant amount of
vanance in recall dunngthe first é.ttenipt' at a learning task and in recall overall

'- dunng .tﬁe five trials of a le',ar'ning‘ task. LikeWise,, attention accounted for a
sigﬁiﬁcﬁnt amount Of variance in recall 30 minutes after completing a learning task,
and intellectual imbalance (i.e., perceptual ability disproportiohately greater than
verbal ability)‘accounted fdr a significant amount of variance in recognition of a
previously learned list ‘of Words.

4. Despite a difference in attentional ability, clinical and nonclinical subjects
recalled and recbghized basically the same number of words ‘_and produced the same
number of errors in their AV memory performance when they were of equal age and
intellectual ability. This finding suggests that the results of fhis study on clinical
subjects” AV m‘emoryvp‘erformance can be generalized to abnonclinical child

population at large.

Implications of Results

Primary results. Results from the present study confirm the hypothesis that
AV memory performance improves as age and intellectual ability increase, supporﬁng
the findings of Forrester and Geffen (1991) and Geffen et al. (1990). However, these
’ résulté. go beyond that of Forrester and Geffen and Geffen et al. by revealing a more
marked difference in performance when a "pure" measure of ability such as mentai

age (MA) is used. To recapitulate, the age range of the clinical sample used in this
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study is quite narrow (7 to 11 years); however, the MA range is greatly expanded (5
to 13 years), providing a samlﬁle with a more diverse range of ability. As expected,
results clearly vshow that MA ‘(Whent‘MA is categorized into groups) accounts for a

- greater number of srgniﬁcant differences in AV memory performance More

speciﬁcally, MA 31gn1ﬁcantly correlates with five of the elght memory performance
measures, and age and 1Q s1gn1ﬁca_._ntly_ correlate with only two of the eight memory
performance measures. Further research needs to include MA as an ‘independent
variable iniluencing AV memory performance rather than | just using mere
chronological age and 'intelligence, for oftentimes children may not be}performing ata

‘level equal to their age (i.e., their MA and chronological age are not equal). For
example a child in third grade and 8-years-old may actually be performing ata level
of ﬁrst grade and 6—years -old or at a level of fifth grade and 10-years-old. Applymg
the chmcal diagnostic tool of MA to the area of AV memory performance is then

' vital in targeting those children who need academic help. |

Contrary to the general findings of Robinson and Kingsley (1977), results
show that general intellectualv ability, as measured}‘by FSIQ and its mental age
conversion, does not account for differences in the number of memory errors"

- produced in an AV memory task. However, differences in the number of memory
errors result when general ability is broken down into. verbal and perceptual ability.
Spe01ﬁcally, perceptual ability significantly mﬂuences the number of errors occurring

in the first attempt at recalhng a word list. Although not formally stated in the

,hterature, it seems log1ca1 that verbal ability would be indicative of verbal memory
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performance.v- -On the contrary, results indicate that perceptual ability is indicative of
verbal memory pe"rformance.‘ Specifically, children who afe more adept at visually
representing objects, designs, ﬁnd patterns producé fé@er memory errors (i.e., are
, less likely to recall words that are 'not formally presénted to them). Auditory verbal
'mcmdry then must involve the prbéess of visual _represéntation during the .storége of
information for a mémory performance task. Wie'ns,’ McMinn, and Crossen (19v88)
Jalhide “to this point in their research with adultzs‘which found both »ver‘bal and ‘.
- perceptual ability fo significantly correlate with c‘o’rrect'membry berfc}rmahce.
' Howéver, no studies in‘the literature attempt fo address the relatioﬁship of verbal and
perceptual ability with errérs in rhemory performance' as it has been addressed in the
present study. Should future research support the finding that perceptual abilityv and
AV r‘nemojry‘ perfotfnahce'aré positivéiy 'relate[d, élinicians then have the venue to
asSéss AV ﬁiethoi'y by tjérge'ting‘;.childrlén with'depréSséd pérceptual ability. Ona
REE :mdi'é .c:‘Onilmoﬁ -Scalé, ‘teéchers‘éan"help éhildrén wfxo have difficulty storing and
" rfe‘tr;ievir‘igikinfovr‘maticjn' from class lessons presented verbally. Should these same
childfe_n have difficulty replicating objéc-ts ‘and des;igns presented visually, remedial

.programs focusing on eﬁhancing’ i)ercei)tﬁal skills cbuld be ,irnjilementéd to aidl the
c}vlitldren‘ in their development of efﬁciént AV memory skills. |

The best a_venue to undei_rstanding the process of AV memory performance is
_ldoldng at the perfbrrﬁénce itself,“both by COmpaﬁng correct performance and erfors
in performance and by evaluating hbw} th'e‘a'spects of performance covary within

itself. Previous studies using the Auditory Verbal Learning Test (AVLT) have
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Jacknbwledged the presence of AV memory errors (Forrester & Geffen, 1991; Geffen
| et al., 1990) but have neglected to investigate how these errors covary with overall
performance. I‘n}contrast, results from the present study show that children with good
recall ability have good control over their production of memory errors. More
speciﬁcally, results confirm the hypothesis that as recall increases, memory errors
) -‘de’crease.' - | | | |

| Implications from the relationship' of correct AV ;.memory performance with
‘ivntellectual vab.ili‘ty can i)e ai)plied to“th"is' relationshiﬁ" of correct performance with
errors 1n 'perfi‘ormance.. To exp'lainv, ,:ge‘neral AV rnemory theory snggests that
_intrusions mey be a result of an inability to use memory recali strategies appropriately
| ~(Shindler, Caplan, & Hier, 1984). Are not children aged 7 to 11 yearS in a formative
stage of developing theirv learning strategies? As children grow older; do they not
become more proficient in their usage of learning strzttegies?, According to Friedrich
'(1974), lenrning strzitegy proﬁciency is reflected in increased age and intellectual
ability which in turn 1s reflected in a decrease in the nrodnction of intrusions. One
» vcould infer then that targeting children with depressed intellectunl ability (i.e., those

- with lese' proficient learning‘ strategies) and children who produce numerous AV
memory errors addresses a similar population. Clinicians may find this helpful 1n .
assessing a child with academic problems that are not clearly.deﬁnable. Having two.
ways. in which to approach what may be a similar problem‘ v(i‘.e., assessing intellectual
| ability and AV memory performance), provides a greater prObztbility of determining a

helpful course of treatment. Such treatment might include training in the development
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of proﬁcient_.,leaming strategies in addition. to training hOw to implement these
strategies d-’uring’ an AV memory task. In other words, clinicians can help children

‘ leern which strategy is appfopriate and 'hovu to use it when information is pr_esented
verbally. This allows the chlldren to efficiently store the 1nformat10n thus i mcreasmg ’
the chances for efﬁc1ent retneval of the 1nformat10n ata later time.

. _Future research can aid c1inicians.iu. diagnosing children who produce
numerous AV 'memory' errors. Just as the pres:ent stUdS' expanded oh previous studies
by 'invesﬁgeﬁng‘ how memory errofs covary with overall AV memory perforrhance,
future studies can expand further by analyzing the types of errors For eXantPle
future AVLT stud1es can address issues raised by general AV memory research such
as the repetltlou of 1utrus1ons across trials (t.e mcorrectly recalhng the same word

~on each subsequent trial) and the semantic, phonemlc, or acoustlc 51m11ar1ty of
v _intrusions and false positives to words in the task list.“"’ Such future investigations
.would pi'OVi»de an even deeper understanding of AV themory. en"or's.v »

'In addition to tevealing the relationship hetween correct AV tnemory o |
'pefformance with er_rors in AV memory perfor_mance,’ results confirm that the AVLT :
.‘ reflects a single process over tr1a1s In other words, .c:hildr_en who recall many words
~ atthebeginhing of a tearning ses.sion also recall many‘ words at the end of the
learning session and retain many words in recall 30 minutes later. Likewise, children

who produce few errors at the beginning of a learning session also produce few errors

fo 10Refer to studles by Drewnowsk1 and Murdock (1980), Lee et al. (1988), and
" Underwood (1982) discussed on'p. 8. ,



at the end ofb the learning session and 30 minutes later. This information is invaluable
| to clinicians, for it enables them tc detect performance trends early in theassessment
i _- pi;chSS. v Obviouély, final conclusicns about a ciient cannct be drafted until a
thoreugh ansessment 1s completed. Howevef, the AVLT nrovides valuable

' information allowing problem areas to be targeted in a 'timely fashion.

Secondary results. The four areas of secondary analysis each generate their
own implications. Firet, the present study hypothesized that greater intellectual
imbalance yields poor AV mernory perfcrmance. In other words, as children’s
perceptual and verbal abilities become more disparate (i.e., one skill is better than the
other) it was expected that children would exhibit more problems learning a list of
words, recall and recognized fewer words overall, and produce more errors in
memory performance. Results did not support this as.sertion. On the contrary, as the
absolute value of disparity between perceptual and verbal abilities increases, AV
memory performance improves. . More specifically, the direction of imbalance must
be considered. When children’s perceptual ability is disproportionately greater ‘than
their verbal ability, recall increases and errors decrease. The issue then is not mere
imbalance, but whether or not perceptual ability is proficient enough to perform an
AV memory task. This basically reiterates the primary finding that as perceptual
ability increases, the number of AV memory errors significantly decreases. Perhaps
children with mere intellectual imbalance should not be the ones targeted then by
clinicians during assessment. Rather, children who have depressed perceptual ability

should be targeted because it is these children who do not have the proficiency in
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~ visually representing objects and designs to aidthem in AV memory »performance.
However, t;efore such an assertion as to the principal importance of perceptual ability
| _canrb‘e apphed, further "research needs to address th1s issue in more detail.

Second, the present study asserted that intellectual ahility and age are not
sufficient to predrct AV memory performance. Although prev1ous studies on the
'AVLT have not 1nc1uded such attentional ability must also be addressed. As
expected, results confirm that as attentional ability increases (i.e., longer attention -
span), recall increases and errors decrease. This supports general memory theory
-which suggests that an individual must be able to attend toa learning situation in
order to properly encode, store, and thus retrieye information (Anderson, 1990;
| Wellman, 1988).: | |

vThird, results conﬁrm that MA, intellectual imhalance, and attention account
for signiﬁcant levels of variance in AV memory performance; however, due to high

intercorrelations among the predictor yariables, s'tepw‘ise'regression models were not
developed beyond step' one. Perhaps in future- research, hierarchical regression can
produce a more clear model 'explaining AV memory performance. Stepwise |
vregression capitaliies on sampling error; whereas, hierarchical regression specifically
tests a proposed model of relative contnbutlon to AV memory performance

Flnally, results confirm the hypothesrs that desprte dlfferences 1in attentlonal
. abﬂity,:‘chmcal and nonchnrcal subjects” AV memory performance is not s1gmﬁcantly
different. This suggests. that the'differencesvin AV memory performance found when

comparing differing'levels of attentional' ability are confounded by the high
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.intercorrelatiens among MA, 'age,l and attentien (refer to Table 7). Since the clirlical
~ and nonclinical subjects’ AV memory performance are not significantly drfferent, the
information gained from the present study can be generalized to the child pcpulation
at large as long as the children are equal_in age and }intellect_ual ability to the clinical
sample used. This generalization enables reSearChers: to develep academic programs

not only for private clinics but for public schools as well.

Li'mitations of the Present Study |

As with any resear‘ch,_ the present study provides a'very narrow examination Qf
auditory verb'al (AV) _memory performance. Its lar-gest \li-mvitati‘on' is its use of archival
data. Archival data allow the researcher to circumvent recrurtmg, testing, and
| debneﬁng subJects by allowmg the research tc be: accomphshed more expedrtlously
H ’However it also leaves the researcher w1th problems that are often 1rreparable for
© the researcher is purely‘ at_the mercy of the data ’?Mrssmg or miscalculated data can
never be’,rf}covered‘,’ and equal sample sizes cannOt be obtained. Thus, the researcher
-must ritrlize exrsting data. | - |

" The‘ results of the present strrdy reveal very"deﬁnite relationships within AV
memory ‘performance, providing a foundatiorr upon which'futUre'r_e‘search can be
| based. However, the data used dirl not have equal numbers df_ maies and females for

each age group, and the sample size per age group was quite small (e.g., n = 10-15).

Such weaknesses .pcse -impcrtant questions’ for future studies. Should subjects be
| recrulted from the general population, controllmg for an equal number of sub_]ects for

each group‘? If so, does this not involve an enormous amount of time for data '
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collection, not to mention an enormous amount of money? Perhaps the solution then
is to control the availability of archival data. For example, using several clinical
sources from which to collect data may be a more efficient method for future

research.
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CONCLUSIONS

Since school-aged children spend much of their time in controlled 1eaming _
environments (1e, s_c}hoo'l),‘ it is important to investigate the processes involved in
such situations. Children are required to leam new eencepts, vocabulary, and
informatioil through exposure to successive days of lectures. In essence, they learn
verbal infortnation audibly (i.e., by hearing it).

The Auditory Verbal Learning Test (AVLT) mirrors this school environment,
providing insight into the process of auditory verbal (AV) memory. Results of this
- study show that children ‘with good recall abilityhave good eontrol over their
production of memory errors. Specifically, children who recall many words from an
AV learning task produce few memory errors during that task. Further, children’s
performance during the first learning trial is .indicativ‘e of later performance. |

Continued assessment of the process of AV memory, especially the influence
of errors in AV memory, is imperative for the development of AVLT norms. These
norms need to reflect not only memory performance on the AVLT, but they need to
 reflect performance by vafying levels of general intellectual ability (i.et, mental age)
and verbal and perceptual ability. The establishment of such norms will enable
clin‘icians to target children with learning problems and provide a better understanding
of the process of AV memory. Tliis understanding is valuable to the development of
remedial acaciemic programs which can ehhance learning strategy proficiency, storage

‘of AV information, and later retrieval of that information.
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APPENDIX A

* Rey Auditory Verbal Learning Test

List A Trial 1 | Trial2 | Trial 3 | Trial4 | Trial 5

‘Drum

Curtain. -

Bell

Coffee

School

Parent

Moon

Garden

el IRl B S R Pl Bl B

Hat

—
e

Farmer

[y
p—

. Nose

p—
N

. Turkey

p—
w

. Color

—
~

. “House

15. River

Total Correct

Total Errors
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Rey Auditory Verbal Learning Test (cbntinued)

| H Li‘st B | Trial 6 ‘List A | Tﬁal 7 Delay
1 Desk o 1. Drum |
2; Ranger“ 2. Curtam
3. Bird.l‘,' | 3. Ben
:'._‘4."Sho,e | 4. befee

5. Stove 5. Schooi

6. Mountain 6. Parent
1. Glasses 7. Moon

8. Towel 8. Garden
[ 9. Cloud 9. Hat

10. Boar 10. Farmer
11.' Limb 11. Nose

12. Gun 12. Turkey

13. Pencil 13. 'Col»or

14. Church_ 14. House

15. Fish | 15. River
Total Correct | -

Total Errors . , B

Note. Th1s version of the Auditory Verbal Learmng Test is a modlﬁcatlon by
Wallace T. Cleaves, Ph.D. Claremont California.
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APPENDIX B

Word List fblf Testing Recognition in the Auditory Verbal Learning Test

Bell (A)

- Window (SA)
Hat (A)

Barn (SA)
Ranger (B)-
Nose (A)
Weather (SB)
" School (A)
Hand (PA)

" “Pencil (B)

. Home (SA)

Fish (B)

Moon (A)

Tree (PA)

Balloon (PA) -

Bird (B)

Mountain (B)

Coffee (A)
Mouse (PA)

 River (A)

Towel (B)

~ Curtain (A)

Flower (SA)
Color (A)

 Desk (B)

Gun (B)

Crayon (SA)
Church (B) '
"'IE‘urkey""(A)’. :
 Fountain (PB)
 Boat(®)
 Hot (PA)
~ Parent (A)

Water (SA)

Fé’u’mer‘ (A)
Rose (SPA)

_ Cloud (B)

House (A)
Stranger (PB)

‘Garden (A)
- Glasses (B)
‘Stocking (SB)

Shoe (B)
Teacher (SA)
Stove (B)
Nest (SPB) -
Children (SA)
Drum (A)

‘Toffee (PA)

Lamb (B)

' Note. ‘A = words from list A; B = words from list B; S = Word:With a semantic

- association to a word on list A or B as indicated; P = word phonemically similar to a

~ word on list A or B as indicated.
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