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Abstract

Profiles of verbal learning and memory performance were compared for typically developing children and for four developmental
disorders characterized by different patterns of language functioning: specific language impairment, early focal brain damage,
Williams Syndrome, and Down Syndrome. A list-learning task was used that allowed a detailed examination of the process of verbal
learning, recall, and recognition (California Verbal Learning Test—Children’s Version). Distinct patterns of performance charac-
terized the four disorders. These patterns were consistent with the language deficits typically seen in the disorders, with the exception

of a dissociation seen in Williams Syndrome.
© 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

In recent years, the study of children with develop-
mental disorders or early brain injury has contributed
enormously to our understanding of brain—behavior
relationships underlying language acquisition (cf. Bates,
1997). This line of investigation has underscored the
differences between the developing and adult brain, as
well as the potential for, and limitations of, neural
plasticity. In particular, it has shown us that the long-
term consequences for language of frank structural
damage such as that occurring in early stroke can be far
less devastating than the consequences of a disorder
such as specific language impairment, which is not as-
sociated with obvious brain lesions. It has also demon-
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strated that language and other cognitive abilities can be
dissociated by disorders of brain development.

The development of verbal learning and memory,
both in typical children and in those with brain injury,
has also seen a recent surge of scientific interest, made
possible partly by innovations in assessment tools. Like
language, verbal learning is an area with both theoreti-
cal and practical implications. The latter is particularly
true for school-age children, who spend a huge pro-
portion of their time engaged in tasks that are dependent
on verbal learning and memory. For this reason, the
assessment of verbal learning is an important part of any
evaluation done following childhood traumatic brain
injury or for the purpose of educational planning for
children with learning or other developmental disabili-
ties. Although a literature addressing these issues has
begun to accumulate, the brain—behavior relationships
underlying verbal learning and memory in children are
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still poorly understood, as is the relationship of verbal
learning to language abilities. The purpose of this study
was to compare verbal learning and memory in early,
focal brain injury and three developmental disorders:
specific language impairment (SLI), Williams Syndrome
(WMS), and Down Syndrome (DS). Because these
groups of children have different patterns of language
impairment that are well characterized, we are able to
examine the similarity of verbal learning ability to lan-
guage characteristics in general. Furthermore, we are
able to evaluate its plasticity, or potential for reorgani-
zation, following focal damage and compare it to brain
dysfunction that is possibly, in the case of SLI, or cer-
tainly, in the case of WMS or DS, associated with more
diffuse abnormalities in brain development.

In adults, brain—behavior relationships underlying
verbal learning and memory appear to parallel other
language functions in that deficits are most likely fol-
lowing damage to the left hemisphere. Evidence for this
asymmetry exists both for the primary memory func-
tions of the medial temporal lobes (but see Dobbins,
Kroll, Tulving, Knight, & Gazzaniga, 1998, for a dis-
senting view) and for the organizational and other
memory-related functions of the frontal lobes (Stuss
et al., 1994). Damage to the right hemisphere can result
in qualitative changes in verbal learning, such as de-
creased recency effects (Cappa, Papagno, & Vallar,
1990), but a preponderance of evidence supports an
association between the left hemisphere and many as-
pects of verbal memory performance in adults. In the case
of damage outside the medial temporal lobes, some in-
vestigators have suggested that deficits in verbal memory
can be attributed to language dysfunction (Hermann,
Seidenberg, Haltiner, & Wyler, 1992; Ween, Verfaellie,
& Alexander, 1996), although it should be noted that
some studies have found dissociations between aphasia
and verbal memory deficits (Beeson, Bayles, Rubens, &
Kaszniak, 1993). Given the complexity of memory pro-
cesses in the brain (see Squire, 1987), it is reasonable
to conclude that memory deficits can have multiple
causes, aphasia being among them; however, the asso-
ciation between left hemisphere damage and verbal
memory deficits remains fairly strong in adults.

Focallesions occurring early in development produce a
markedly different relationship between lesion localiza-
tion and language functioning than that seen in adults.
Although delays in early language acquisition are com-
mon, only subtle language problems typically remain by
the time the children reach school age, unlike the frank
aphasia that can occur in adults with focal left hemisphere
damage (Reilly, Bates, & Marchman, 1998). Further-
more, early left and right hemisphere lesions produce
comparable effects on language by school age (Bateset al.,
2001). Less is known about learning and memory fol-
lowing early, focal lesions. Aram and Ekelman (1988)
assessed children with unilateral focal lesions using the

Woodcock—Johnson Psycho-Educational Battery and
found that both left- and right-hemisphere lesions were
associated with lowered performance on the memory
cluster. Studies of verbal learning and memory in children
with hippocampal pathology (Vargha-Khadem et al.,
1997), closed head injury (Levin et al., 1996), and sickle
cell disease (Watkins et al., 1998) have also begun to ad-
dress the effects of lesion location; however, the latter two
disorders are typically associated with widespread dam-
age that complicates the interpretation of the findings.

The subtle language problems of children with early
strokes provide an interesting contrast to the relatively
severe language dysfunction seen in children with specific
language impairment (SLI). Children with SLI have def-
icits in expressive and/or receptive language that are dis-
proportionately greater than other cognitive problems.
Although it could be assumed that their brains are in some
manner different from those of children without SLI,
obvious brain lesions have not been detected by neuroi-
maging procedures. However, it is possible that more
subtle abnormalities exist that are able to exert a signifi-
cant impact on brain systems associated with language,
without allowing for reorganization, by virtue of their
diffuse distribution or subcortical location (Bates, 1997).
Differences between children with SLI and typically de-
veloping children have been described for a number of
aspects of verbal memory, including free and cued re-
trieval (Kail, Hale, Leonard, & Nippold, 1984), memory
scanning speed (Sininger, Klatzky, & Kirchner, 1989),
phonological working memory (Montgomery, 1995,
2000), and verbal capacity (Kirchner & Klatzky, 1985;
Weismer, Evans, & Hesketh, 1999). Studies comparing
auditory short-term memory of children with SLI and
language-matched controls, using such measures as digit
span or word list tasks, have produced conflicting results
(see Gathercole & Baddeley, 1995; van der Lely & How-
ard, 1993, 1995). However, tasks that look at the learning
of supraspan lists over several trials and that assess de-
layed recall have found that children with SLI perform
more poorly than chronological age controls. In a study of
12 children aged 8-9 with SLI, Shear, Tallal, and Delis
(1992) found that, although the children had normal im-
mediate memory span, they recalled fewer correct words
over the learning trials of the California Verbal Learning
Test—Children’s Version (Delis, Kramer, Kaplan, &
Ober, 1994), a list-learning task, and made more persev-
erative, but not intrusion, errors than control children.
Although their free recall following a short delay was
intact, they had difficulty recalling the list after a longer
delay and failed to benefit from semantic cueing to the
degree that controls did. Shear and colleagues suggested
that the verbal learning and memory deficits of children
with SLI might result from a limitation in information
processing. The number of children in their study was
relatively small, however, which may have precluded de-
tecting some group differences.
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Children with Williams Syndrome (WMS) represent
another group whose language is incongruent with their
other abilities. However, in contrast to specific language
impairment, language represents a relative strength for
children with WMS rather than a weakness. WMS is a
rare genetic disorder caused by a deletion of one copy of
the elastin gene and other surrounding genes on chro-
mosome 7. The neuropsychological profile of WMS is
highly uneven and includes a series of intriguing disso-
ciations both across and within domains of cognitive
functioning. Although individuals with WMS have mild
to moderate levels of mental retardation, language
abilities are often relatively preserved in the face of
prominent impairments in spatial cognition. One of the
general goals in research with people with WMS is to
better understand the interrelationship of components
of cognition by examining the pattern of spared and
impaired abilities in the disorder. As part of this goal,
researchers are currently investigating memory as one
possible component of the unusual profile seen in WMS.

Past studies on memory in WMS have focused pri-
marily on short-term memory and its importance as a
phenotypic characteristic of the disorder. Memory
abilities of people with WMS appear to be characterized
by deficits in visuo-spatial short-term memory, but rel-
ative strengths in verbal short-term memory (Jarrold,
Baddeley, & Hewes, 1999; Mervis, Morris, Bertrand, &
Robinson, 1999; Vicari, Brizzolara, Carlesimo, Pezzini,
& Volterra, 1996; Wang & Bellugi, 1994). In contrast,
individuals with Down Syndrome show the opposite
pattern, with strengths in visual short-term memory
relative to verbal short-term memory (Carlesimo, Mar-
otta, & Vicari, 1997, Wang & Bellugi, 1994). Down
Syndrome (DS) is a genetic disorder, caused by abnor-
malities of chromosome 21, which is often included in
studies of WMS as a basis of comparison for the effects
of mild to moderate mental retardation on aspects of
cognition. This difference in verbal versus spatial short-
term memory in WMS and DS is consistent with the
overall patterns of cognitive strengths and weaknesses in
these disorders, and has been interpreted by some re-
searchers (Jarrold et al., 1999; Wang & Bellugi, 1994) as
evidence for dissociations in short-term or working
memory. Because of the association between relatively
good verbal working memory and strengths in the more
general domain of language in people with WMS, some
researchers (Vicari et al., 1996) hypothesize that normal
verbal working memory underlies the relatively strong
language abilities in this disorder.

In contrast to the findings related to short-term
memory, long-term memory appears to be affected
equally in children with WMS and DS. In addition,
long-term memory also appears to be affected indepen-
dent of cognitive domain, with deficits found both in
verbal as well as spatial long-term memory in both
WMS and DS (Vicari et al., 1996). However, only one

study has examined this component of the profile in
WMS versus DS, and additional studies are needed to
corroborate this finding.

Assessing verbal learning and memory in children has
been facilitated in the past decade by the development of
sophisticated memory measures influenced by findings
from the burgeoning field of cognitive science. One of the
most widely used measures has been the California Verbal
Learning Test. The children’s version of this test (CVLT-
C; Delis et al., 1994) has been used to examine charac-
teristics of verbal learning and memory in children with
acquired head injury (Roman et al., 1998; Yeates, Blu-
menstein, Patterson, & Delis, 1995a) and meningomyel-
ocele (Yeates, Enrile, Loss, Blumenstein, & Delis, 1995b),
among other disorders. An advantage of the CVLT-C is
that it allows the assessment of qualitative aspects of
learning and memory such as proactive and retroactive
interference, encoding and retrieval processes, efficiency
strategies, retention of information over a delay, and fa-
cilitation of memory by semantic cues.

The purpose of the present study was to compare
verbal learning and memory, using the CVLT-C, in five
groups of children: typically developing children and
children with SLI, early acquired focal lesions, WMS,
and DS. The performance of these groups was predicted
to parallel their patterns of language development. In
addition to the comparisons of each disordered group
with controls, we were interested in whether children
with focal brain injury would show less long-term im-
pact of their disorder on verbal learning than would
children with more widespread damage (WMS and DS)
or dysfunction in the system presumed to underlie lan-
guage development (SLI). Based on previous studies and
our preliminary findings, we hypothesized the following.
(1) Children with early acquired brain injury would
perform better than the other study groups but show
mild deficits in verbal memory compared to controls. (2)
Children with specific language impairment would show
a generalized deficit affecting both learning and delayed
recall and would possibly make more perseverations and
intrusion errors than controls. (3) Children with Wil-
liams Syndrome would do worse than control children
overall but show relative strengths on variables reflect-
ing immediate auditory memory. (4) Children with
Down Syndrome would do poorly on all aspects of the
task as well, and show a high rate of intrusion errors and
difficulty discriminating relevant words from distractors
during recognition memory testing.

2. Materials and methods
2.1. Participants

Five groups of children from the Center participated
in the current study. All participants included in the
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study were from monolingual English backgrounds, and
had hearing and corrected vision within normal limits.

Twenty-eight children with specific language impair-
ment (SLI) were included in the study. Participants
ranged in age from 6 to 14 (mean age=S8.96 years).
There were 20 males and 8 females. The SLI children
had been recruited from area speech-language patholo-
gists, psychologists and physicians. These children had
documented language impairment and no evidence of
frank neurologic abnormalities or developmental dis-
orders such as mental retardation or autism. To par-
ticipate in the present study, each SLI participant was
required to have expressive and/or receptive language
scores, assessed by the Clinical Evaluation of Language
Fundamentals—Revised (CELF-R; Semel, Wiig, & Se-
cord, 1987), of at least 1.5 SD below the mean for his or
her age. In addition, each SLI participant was also re-
quired to have a nonverbal 1Q, assessed by the Wechsler
Intelligence Scale for Children—Revised (WISC-R;
Wechsler, 1974) Performance 1.Q. or the Leiter Inter-
national Performance Scale (Leiter, 1948), within 1 SD
of the mean for his or her age.

Twenty-three adolescents and young adults with
Williams Syndrome (WMS) were included and were
matched to the other experimental groups using the
mental age as estimated by the Full Scale 1.Q. on the
WISC-R or Wechsler Adult Intelligence Scale—Revised
(WAIS-R; Wechsler, 1981). These participants ranged in
age from 9 to 25 years (mean age=15.2 years); there
were 11 males and 12 females. The mean mental age of
the WMS group was 8.0 years (SD=2.8). All WMS
participants were required to have been clinically diag-
nosed with the disorder using criteria developed by the
Williams Syndrome Association Medical Advisory
Board. Any participant who had a history of medical or
neurological abnormality more severe than what is
typically found in the syndrome was excluded from the
present study (for instance, participants with histories of
seizures, stroke, or cancers were not included).

Fourteen adolescents and young adults with Down
Syndrome (DS) were included as well. The 4 male and
10 female DS participants ranged in age from 9 to 21
years (mean age=15.0 years) and had a mean mental
age of 7.9 (SD =2.9). The WMS and DS groups did not
differ significantly in mental age. All DS participants
were diagnosed with Trisomy 21 by a clinical geneticist
prior to inclusion in the current study. As with the WMS
participants, any participant who had a history of
medical or neurological abnormality more severe than
what is typically found in the syndrome was excluded
from the present study.

Fourteen children with prenatal or perinatal focal
brain lesions (FL) were also included. The FL children
ranged in age from 6 to 15 years (mean age = 7.8 years),
and there were 10 males and 4 females. Children in this
group were required to have evidence of a single, acute

onset, unilateral brain lesion documented by CT or MRI
scan. The onset of the lesion must have been prior to 6
months of age. Additional exclusionary criteria included
the presence of multiple or bilateral lesions; history of a
condition that might have caused more global brain
damage, such as bacterial meningitis, encephalitis, or
head trauma, or evidence of an evolving lesion such as a
brain tumor.

Finally, 29 typically developing children (TD), rang-
ing in age from 6 to 15 years (mean age = 9.5 years),
were included as a control group. There were 14 males
and 15 females. Control children were screened for in-
tellectual and language abilities within the normal range
using a battery of standardized tests administered in
separate sessions. Control participants were also
screened for abnormal neurological soft signs as tested
by a neurologist, and for developmental or medical
abnormalities as described by their parents during a
comprehensive interview.

Participants in the SLI, FL, and TD groups were
matched on age and nonverbal intelligence as estimated
by the Block Design subtest of the WISC-R. Children
with Block Design scaled scores greater than 2 SD from
the mean (i.e., below 4 or above 16) were excluded from
the study. This resulted in the exclusion from the initial
sample of 7 (all high) TD, 2 (1 high, 1 low) SLI, and 3 (1
high, 2 low) FL children, resulting in the group sizes
given above. Characteristics of the groups are shown in
Table 1. Mean standard scores for the Peabody Picture
Vocabulary Test—Revised (PPVT-R; Dunn & Dunn,
1981), a test of receptive vocabulary, are provided as an
estimate of language functioning free of word retrieval
demands. Because participants with WMS and DS
typically have mild to moderate mental retardation,
these groups were matched to the other experimental
groups on the basis of mental age, as assessed with the
WISC-R or WAIS-R. One-way Analysis of Variance
with age (or mental age for WMS and DS) by exper-
imental group showed that our groups were well
matched on this factor (F(6,110) =1.32, p = .26).

Table 1
Group means (SD) for age, PPVT-R, and Block Design

Group N Chron. age ~ PPVT-R Block Design
(years) Standard score®  Scaled score®
SLI 28 8.9 (2.4) 84.96 (10.79) 10.4 (2.4)
WMS 23 15.2 (4.2) 63.69 (14.74) 2.5(1.4)
DS 14 15.0 (3.7) 42.33 (11.75) 3.0 (2.3)
FL 14 7.8 (2.5) 104.38 (18.36) 9.9 (2.7)
TD 29 9.5(2.9) 111.93 (15.31) 11.1 2.7)

#PPVT-R scores were unavailable for 1 FL, 2 SLI, and 2 DS
participants.

®Block Design scores were unavailable for four participants in each
of the WMS and DS groups. These children underwent 1.Q. testing
through their local schools, and specific subtest scores were not
recorded in the reports resulting from these assessments.
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In addition, one-way ANOVA with group (SLI, FL, and
TD) by Block Design score showed that the SLI, FL,
and TD groups were well matched on nonverbal intel-
ligence as well (F(2,70) = 1.08, p = .34).

2.2. Procedure

Participants were administered the California Verbal
Learning Test—Children’s Version (CVLT-C) as part of
a larger battery of tests. The CVLT-C is a learning and
memory test in which the participant is read a “shop-
ping list” of 15 words (List A) from three semantic
categories (fruit, clothing, and toys). The words are
presented in a fixed random order at the rate of ap-
proximately one word per second. The list is presented
five times, and the participant is asked to recall as many
of the words as possible on each of the five trials. Fol-
lowing the fifth trial of List A, an interference list of 15
words is read (List B), and the participant is asked to
recall as many words as possible. The words on List B
are also from three semantic categories (fruit, sweets,
and furniture). After recalling List B, the participant is
then asked to recall the words from List A, first freely
(Short-Delay Free Recall) and then cued by semantic
category (Short-Delay Cued Recall). After a 20-min
delay during which the participant performs nonverbal
tasks, free and cued recall of List A are again elicited
(Long-Delay Free, Long-Delay Cued Recall). Following
these trials, recognition memory is tested with a yes/no
recognition test. The participant is read a list of 45
words (15 List A words and 12 List B words interspersed
with non-list distracters from the same semantic cate-
gories, phonemically similar words, and unrelated
words) and asked to say “yes” if each word was from
List A, and “no” if it was not. The number of target
words identified correctly and the number of false pos-
itives endorsed are used to compute the Discriminability
Index. The number of non-list words given during the
learning trials and free and cued recall (Intrusion Er-
rors) and repetitions of words (Perseverations) were also
computed.

Table 2
Variables included in the analyses

Factor CVLT-C variables used in factor
List A Trial 1; List B

1. Attention/Immediate
Memory Span

2. Learning efficiency

3. Delayed Free Recall

List A Trial 5

Short Delay Free Recall,
Long Delay Free Recall
Total Intrusion Errors
Discriminability Ratio

4. Intrusions
5. Recognition memory

Responses for each participant were scored using the
CVLT-C normative database (Fridlund & Delis, 1994).
Raw scores were converted into z scores using age- and
gender-stratified norms from the 920 children ages 5-16
included in the normative sample. Mental age (rather than
chronological age) was used for z score computations for
the WMS and DS participants to provide a measure of the
degree to which verbal learning is consistent with intel-
lectual level in these groups. In order to limit the number
of analyses performed, we selected for analysis several key
CVLT-C variables that have been shown to be reliable
and clinically important measures of learning and mem-
ory (cf. Donders, 1999). These variables, with the areas of
functioning they are theorized to represent, are given in
Table 2. Follow-up analyses using related CVLT-C vari-
ables are described in Section 3.

3. Results

The data were analyzed using either ANOVA or
MANOVA with group as the independent variable. Post
hoc comparisons were performed using Bonferroni o
correction. The number of intrusion errors was non-
normally distributed and, as a result, a logarithmic
transformation was performed on this variable for in-
clusion in parametric analyses. Mean z scores and SD
for each group are shown in Table 3, with the means for
Intrusions reversed in sign for clarity in presentation.
Thus, higher values represent better performance for all
variables.

Table 3
Mean z scores by group
Variable TD SLI WMS? DS* FL Group comparisons®
List A Trial 1 25 -39 -.19 -1.60 .28 TD, SLI, WMS, and FL>DS
List A Trial 5 46 -.83 -1.25 -1.36 -.83 TD>SLI, WMS, DS, and FL
List B Recall .30 —-.69 —-.15 -1.42 —-.49 TD >SLI, DS; WMS >DS
SD Free Recall .37 -.78 -97 —-1.46 -.55 TD>SLI, WMS, and DS
LD Free Recall 43 -1.08 -1.06 -1.55 -.82 TD>SLI, WMS, DS, and FL
Total intrusions® .39 -1.93 -1.69 -4.38 —.11 TD>SLI, WMS, and DS; FL>DS, SLI
Discriminability 33 —1.47 -2.31 -2.51 —-.61 TD >SLI, WMS, and DS

%z scores for the WMS and DS groups were computed relative to mental age rather than chronological age.
°The comparisons listed were significant at p < .05 using Bonferroni correction.
“The means for Intrusions have been reversed in sign for clarity in presentation. Thus, higher values represent better performance.
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3.1. Attention/Immediate Memory Span

Group differences on Attention/Immediate Memory
Span  were significant (Pillai’s  F(8,206) = 6.15,
p < .001). Univariate F tests revealed significant effects
of group on List A Trial 1 performance (F(4,103) =
8.05, p < .001) and on List B performance (F(4,103) =
8.94, p < .001). Post hoc follow-up comparisons using
Bonferroni correction indicated that participants with
DS had statistically significantly lower z scores on List A
Trial 1 than SLI (mean difference =-1.21, p = .009),
WMS (mean difference=-1.42, p =.002), FL (mean
difference =—1.88, p < .001) or TD participants (mean
difference = —1.85, p < .001), but there were no signifi-
cant differences in performance between participants
with SLI, WMS, FL, or TD (all comparisons ns at
p =.05). Follow-up comparisons also revealed that
participants with DS had statistically significantly lower
z scores on List B than WMS (mean difference =—-1.27,
p = .002) or TD participants (mean difference = —1.72,
p < .001), while SLI participants performed significantly
worse than TD participants (mean difference =—-.99,
p = .002). All other comparisons were not significant.

3.2. Learning efficiency

A significant group effect was seen for performance
on Trial 5 (F(4,107) = 7.08, p < .001). Post hoc com-
parisons revealed that FL, SLI, WMS, and DS groups
all differed significantly from the TD group (mean dif-
ference from TD group: SLI = —1.30, p = .005; FL =
—1.30, p = .043; WMS = —1.71, p < .001; DS = —1.82,
p = .001) but did not differ from one another. A follow-
up analysis was performed to examine group differences
on Slope, a measure of new learning per trial (computed
as the slope of the least-squares regression line fitted
across the five immediate recall trials of List A). The
groups differed significantly on Slope, (F(4,107) = 4.79,
p = .001). Post hoc comparisons revealed that FL. and
WMS groups differed significantly from the TD group
(mean difference from TD group: FL = 1.16, p = .01;
WMS = 1.00, p = .009).

3.3. Delayed free recall

MANOVA showed a significant effect of group on
free recall (Pillai’s F(8,206) = 4.37, p < .001). Univari-
ate F tests revealed significant group effects on SD Free
Recall performance (F(4,107) = 6.93, p < .001) and LD
Free Recall performance (F(4,107) =9.51, p < .001).
Post hoc comparisons indicated that SLI, WMS and DS
participants performed significantly worse than the TD
participants on SD Free Recall trials (mean difference
SLI = —1.16, p=.006; WMS = -1.34, p=.002;
DS = 1.83, p < .001), while FL participants performed
comparably to typically developing controls. Although

participants with WMS, DS and SLI performed worse
than the TD group, participants within these clinical
groups performed similarly to each other (all compari-
sons ns). In addition, participants in all clinical groups
had significantly lower z scores than TD participants on
LD Free Recall trials (mean difference SLI = —1.52,
p<.00l; WMS=-149, p=.001; DS=-1098,
p < .001; FL = —1.26, p = .017), but they did not per-
form significantly differently from each other on this
variable (all comparisons ns, p > .05).

3.4. Recognition memory

ANOVA with group by Discriminability perfor-
mance revealed a significant difference between the
groups (F(4,107) =5.75, p < .001). Post hoc Bonfer-
roni corrected comparisons revealed that the SLI,
WMS, and DS participants obtained lower recognition
scores than the TD participants (mean difference
TD-SLI=-1.80, p=.48; TD-WMS=-2.65 p=
.001; TD-DS =-2.83, p < .003), while the FL partici-
pants performed comparably to the TD participants.
Participants with SLI, WMS, and DS did not differ
significantly from each other. A follow-up ANOVA
compared the groups on false positive errors (using a log
transform) on the recognition trial. It showed a signifi-
cant group difference (F(4,107) =7.561, p < .001).
Again, post hoc comparisons showed significant differ-
ences between TD children and SLI, WMS, and DS
participants, as well as between FL and WMS partici-
pants. Mean raw scores for number of false positive
errors (out of a possible 30) are shown in Table 4.

3.5. Intrusions

Analysis of errors made during the learning trials re-
vealed that extra-list intrusion errors differed as a function
of clinical group (F(4,107) = 14.20, p < .001). Post hoc
comparisons showed that participants with SLI, WMS,
and DS gave significantly more intrusion errors than TD
participants (mean difference TD — SLI=-.33, p < .001;
TD-WMS=-.29,p < .001; TD-DS =-.49, p <.001),
while FL participants did not differ significantly from TD
participants on this measure. Participants with SLI also

Table 4
Mean (SD) raw scores for Recognition False Positive (FP) Errors and
Free and Cued Recall Intrusion Errors

Group Total FP Free Recall
errors intrusions

SLI 5.57 (6.54) 1621 (13.77)

Cued Recall
intrusions

8.75 (8.21)

WMS 11.39 (10.04) 14.91 (20.11) 13.61 (14.59)
DS 10.50 (11.81) 28.21 (31.96) 20.86 (16.82)
FL 3.71 (4.32) 7.64 (8.59) 5.43 (7.87)
D 227 (2.27) 2.90 (3.38) 0.83 (1.20)
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made more intrusion errors than FL participants (mean
difference FL — SLI =-.22, p = .037), as did participants
with DS (mean difference FL -DS=-.39, p < .001).
Follow-up analyses were performed to examine intrusion
errors on free and cued recall trials separately. A MA-
NOVA comparing the groups was significant (Pillai’s
F(8,206) = 6.801, p < .001), and univariate analyses
showed that the groups differed significantly on both
free (F(4,107) = 10.356, p < .001) and cued (¥ (4,107) =
12.426, p < .001) intrusions. Post hoc Bonferroni cor-
rected comparisons of both intrusion types demonstrated
that participants in the SLI, WMS, and DS groups,
compared to TD children, made significantly more free
and cued intrusion errors. The FL group made signifi-
cantly fewer errors of both types than the DS group,
and significantly fewer free recall intrusions than the
SLI group. Mean raw scores for free and cued recall in-
trusion errors are given in Table 4 to illustrate the rates
of intrusion errors given by the five groups.

4. Discussion

The results of this study provide support for the hy-
pothesis that differential patterns of language function-
ing predict different patterns of verbal learning and
memory deficits in children. For the purposes of dis-
cussion, the findings for each clinical group compared to
typically developing children are first summarized. Dif-
ferences between the clinical groups and general patterns
are then discussed.

4.1. Clinical groups

4.1.1. Specific language impairment

Children with SLI performed more poorly than typ-
ically developing children on all variables except for the
first learning trial. This pattern is consistent with their
pervasive problems with language and supports the
prevailing view that these children have problems with
verbal learning and memory. The finding of poor per-
formance on learning and both short and long delay
recall trials, and the large number of intrusion errors,
differs somewhat from the results of Shear et al. (1992).
Our results suggest that children with SLI have difficulty
initially encoding the word list in a manner that allows
efficient learning and differentiation of relevant words
from extra-list information. The SLI group’s compara-
ble performance on both short and long delay recall
indicates that they are able to retain verbal material
once it has been learned, however. Furthermore, their
failure to improve with recognition testing, compared to
recall, argues against a retrieval deficit. In a previous
study, we found that SLI and TD children were similar
in their use of clustering strategies and in serial position
effects, suggesting that their approaches to the task did

not differ and further supporting the contention that the
SLI children’s impairment is in initial encoding (Nichols,
Roman, Wulfeck, & Delis, 1996). Our failure to find a
significant difference on the first learning trial offers
some support to previous suggestions that a problem
with short-term auditory memory does not play a pri-
mary role in memory impairment for children with SLI.
However, the SLI group did not differ from controls in
learning slope, suggesting that their performance across
the learning trials is lower overall than that of controls.

4.1.2. Early acquired focal lesions

Our results support the hypothesis that, by school
age, children with early focal damage show problems in
verbal learning and memory that are, like their language
deficits, relatively mild. Although the performance of
our FL group was somewhat lower than that of controls
on all variables except for the first learning trial, these
differences reached significance only for the fifth learn-
ing trial and long delay recall. In other words, the dif-
ferences between them and children with (presumably)
intact brains are subtle, only reaching a statistically
meaningful level on variables that represent the “end
product” of the learning process. For example, the FL
children perform adequately on the first learning trial of
the task; however, by the fifth trial, they are no longer
quite able to keep up with their age mates, possibly
because their learning is not as efficient. This is sup-
ported by the difference in learning slope between FL
and TD children. Similarly, their difficulty with retrieval
becomes statistically apparent only after a relatively
long delay, when greater consolidation would be ex-
pected. Thus, although verbal learning and memory
show considerable plasticity when damage is early, it is
incomplete. Furthermore, preliminary comparisons of
children with left and right hemisphere lesions from our
sample have suggested that side of lesion is not related
to the degree of verbal learning and memory impairment
(Nichols, Jones, Delis, Wulfeck, & Trauner, 2000),
providing further evidence that verbal learning parallels
language functioning in this population. One notewor-
thy practical aspect of these findings is that, although
these children are doing fairly well overall, the problems
that they have on this task are those that might partic-
ularly impact their ability to perform in challenging and
memory-intensive environments such as school.

4.1.3. Williams syndrome

Their relatively good language might cause one to
predict that verbal memory would represent an area of
strength for the WMS group. However, the study by
Vicari et al. (1996) has raised the issue that language and
auditory short-term memory might be dissociated from
longer-term verbal memory in this population. Our
findings support this hypothesis. Participants with WMS
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differed significantly from controls on all variables ex-
cept for the first learning trial and list B. Thus, despite
relative strength in some areas of language functioning,
their verbal learning and memory abilities are poor
compared to controls even when their performance is
scored according to mental rather than chronological
age. Their isolated advantage on recall of List A Trial 1
and List B is consistent with other findings of anoma-
lously good short-term auditory recall. However, this
advantage does not result in preserved verbal learning
and memory overall. Participants with WMS also dis-
criminate relevant from irrelevant information poorly,
as demonstrated by their elevated false positive error
rates on recognition testing and very high number of
intrusion errors. Preliminary findings also suggest that
participants with WMS, as well as DS, use poor orga-
nizational learning strategies on the CVLT-C (Jones,
Nichols, Delis, & Bellugi, 2000).

4.1.4. Down syndrome

In this study, the children with DS differed from
controls on every CVLT-C variable, again despite the
use of z scores based on mental rather than chronolog-
ical age. This is consistent with the literature describing
these children as having language deficits that are worse
than their global delays and supports our prediction that
this group would perform poorly on all aspects of the
task. The children with DS were the only group in our
study that differed significantly from controls even on
the first learning trial of the task. They were particularly
susceptible to interference from extra-list information,
as shown by their extremely high number of intrusion
errors and their false positive errors on the recognition
trial.

5. Conclusions

The groups of children included in our study are all,
with the exception of the controls, at risk for abnor-
malities in language development. Our findings support
the hypothesis that these children also have problems in
verbal learning and memory, but with distinct patterns
of deficits associated with each disorder.

The results of this study highlight the necessity of
looking beyond immediate auditory memory in assess-
ing verbal learning. The only children who had signifi-
cant difficulty on the first learning trial of the CVLT-C
compared to controls were those with the most global
developmental disorder, DS. By the fifth learning trial,
however, the failure of the other groups to learn at the
same rate as the controls had emerged. A paradigm with
multiple learning trials challenged the ability of the
clinical groups to keep up with their age (or mental age)
peers and revealed significant problems in learning ver-
bal material.

It is important to note that all four groups were able
to maintain the information that they had learned over a
delay; their impairment was in the initial learning of the
list. The FL children appeared to do more poorly on
long delay free recall than on short delay; however, they
rebounded on the recognition measure, suggesting that
the information was in fact learned and retained but
may have been difficult for them to retrieve efficiently
after a delay. This may imply that these children would
especially benefit from testing that uses a recognition
format in educational settings.

The participants with SLI, WMS, and DS had signifi-
cant difficulty in discriminating relevant from irrelevant
information compared to the typically developing group.
This was true both when they were asked to select target
words from a list containing distractors (false positive
errors) and when they were asked to recall the lists (in-
trusion errors). All three groups made significantly more
errors of both types than did controls. Intrusion errors
occurred during free recall as well as cued recall and are
therefore probably not disinhibited associations to the
semantic prompt. A detailed characterization of the in-
trusion errors made by these groups is beyond the scope of
this paper. However, a generalization can be made that
these three disorders are characterized more by interfer-
ence and poor discrimination than is the group with early
acquired focal brain damage.

To what degree do our findings support the hypoth-
esis that verbal learning and memory can be predicted
from language functioning? Our data agree with the
hypothesis in the most general sense; all four clinical
groups demonstrate both some degree of language im-
pairment and problems on at least some aspects of the
CVLT-C compared to controls. With regard to specific
clinical groups, the patterns of performance seen on the
CVLT-C are consistent with overall language abilities
for the SLI, FL, and DS groups as shown by their
PPVT-R scores (Table 2). However, WMS, a disorder
already known to have interesting dissociations between
different cognitive domains, appears to be characterized
by yet another dissociation, this time between their rel-
atively strong language and their poor verbal learning
and memory. It is possible that their preserved language
cannot compensate for their difficulty with the other
cognitive demands of the task, and that relationships
between language abilities and verbal learning are
weakened in the context of significant global impairment
or deficits in specific non-language cognitive functions.
It is interesting to note that the CVLT-C profiles are
similar, in many respects, for participants with SLI and
WMS even though language represents a relative
weakness for one group and a strength for the other.

In summary, it appears that distinct patterns of verbal
learning and memory are associated with early focal
damage, SLI, WMS, and DS. The FL group, despite
having the clearest evidence of structural brain damage,
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showed the least impairment across most of the CVLT-C
variables, providing further support for the idea that
language-related functions have greater plasticity fol-
lowing focal structural damage than with presumably
more diffuse dysfunction. The profiles of performance
associated with each disorder may also have treatment
and educational implications and suggest that clinical
evaluations of these individuals should include a detailed
assessment of verbal learning processes and verbal
memory.
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