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Abstract

One hundred sixty-seven children with traumatic brain injury (TBI), selected from an 8-year series of consecutive
referrals to a Midwestern rehabilitation hospital, completed the California Verbal Learning Test—Children’s Version
(CVLT-C) and the Wechsler Intelligence Scale for Children—Third Edition (WISC-III) within 1 year after injury.

A large proactive interference (Pl) effect, defined as performance on the second list that was at least 1.5 standard
deviations below that on the 1st one, was statistically significantly more common in this clinical sample (21%) than
in the CVLT-C standardization sample (11%). Other performance discrepancies, including retroactive interference,
rapid forgetting, and retrieval problems, occurred at approximately the same rate in the clinical and standardization
samples. Children with anterior cerebral lesions were about 3 times less likely to have a large PI effect than children
without such lesions, but the former group performed worse on the first CVLT—C list. The impact of pediatric TBI

on a wide range of CVLT-C quantitative variables was mediated by speed of information processing, as assessed by
the WISC-III Processing Speed factor index. It is concluded that failure to release from Pl is somewhat common,
although certainly not universal, in children with TBI. Unlike with adults, anterior cerebral lesions are not

associated selectively with an increased risk for PI after pediatric TBI but rather with a reduced efficiency of
allocation of cognitive resources. Deficits in speed of information processing appear to be primarily responsible for
the learning deficits on the CVLT—C after pediatric TBIINS 2004,10, 482-488.)
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INTRODUCTION after TBI is strongly predictive of special education place-
ment 2 years later (Miller & Donders, 2003) and shows
only partial recovery at even more extended follow-up
: . _ ) (Yeates et al., 2002). The goal of the current investigation
learning and remembering new information. Several Stud\'/vas to evaluate the degree to which children with TBI dem-

ies have demonstrated the sensitivity of this instrument tq, - .-+ isual performance contrasts on the CVLT—C
various forms of cerepral compromise, ranging from.acuteand whether this is related to demographic background, ce-
lymphoblastic leukemia (Precourt et al., 2002) to epllepsyrebral injury, or other psychometric variables.

(Williams et al., 2001) to phenylkgtonuria (White et al., The CVLT-C offers the opportunity to consider four spe-
2901).' The CVLT-C h_as had part|cula_rly Wldespr_ead aP-ific performance contrasts (Delis et al., 1994), including
ﬁ:}ﬁ?;??g;;t:if?r\:;lrl:a;o;_?;gglcl)(?rfgvmtztt;?}frgg(t)lg;bé?.n profactive int_erference (PI), re;roactive interference (RI),
. rapid forgetting (RF), and retrieval problems (RP). Poor

man et al., 1998). Impaired performance on the CVLT_Cperformance on the second list as compared to the first one
is thought to reflect susceptibility to PI, with prior learning

making more difficultimmediate subsequent learning. Poor
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Bed Hospital, 235 Wealthy S.E., Grand Rapids, Ml 49503. E-mail: performance on the short-delay free recall trial (after pre-

jdonders@mfbrc.com sentation of a distractor list) as compared to the final trial of
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The California Verbal Learning Test—Children’s Version
(CVLT-C,; Delis et al., 1994) is a widely used measure of
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the first list is purported to reflect RI, or a detrimental ef- sample. Second, we planned to investigate with those per-
fect of new learning on recall of previously learned infor- formance contrasts for which such potentially meaningful
mation. Poor savings on the long delay free recall trial aglifferences were found, the degree to which occurrence of
compared to the short-delay free recall trial is considered asuch large contrasts was related to demographic (e.g., age,
a reflection of RF, or an increased rate of forgetting duringparental occupational status) and neurological (e.g., coma,
the 20-min delay interval. Finally, better performance onneuroimaging) variables. Third and finally, we intended
the discriminability index of the recognition trial (taking to evaluate the possibility that speed of information pro-
into account both correct and incorrect responses) as conezessing might have a mediating effect on CVLT-C per-
pared to the long delay free recall trial is interpreted toformance, both globally and in terms of magnitude of
reflect RP, indicating difficulty with recalling information contrasts.

independently but improvement in accessing that same in-

formation when multiple choices are provided.

. Fferformanqe contrasts on the CVLT-C have recgvgq OnIX/I ETHODS

limited attention, even though they may have significant

clinical and theoretical implications. For example, if chil-

dren with TBI frequently have large RP then they might Research Participants

benefit from school accommodations where multiple-

choice tests as opposed to open-ended questioning are us€&wllowing institutional review board approval, the 167 par-
Increased susceptibility to PI1 has also been linked in theicipants were selected from an 8-year consecutive series of
adult literature to frontal dysfunction (Gershberg & Shima-referrals to a Midwestern rehabilitation center, on the basis
mura, 1995; McDonald et al., 2001; Smith et al., 1995) butof the following criteria: (1) diagnosis of TBI due to an
this has not been explored as systematically in childrerexternal force to the head causing alteration of conscious-
with TBI. Yeates and colleagues (1995) reported that chilness, (2) age between 6 and 16 years, (3) evaluation with
dren with severe TBI did not display differential Pl or Rl the CVLT—-C and the WISC-IIl within 1 year of injury, and
effects but that they did have somewhat more prominent Ri4) absence of any prior psychiatric or neurological condi-
and RP effects, compared to demographically matched cortion, learning disability, or attention deficit hyperactivity
trols. However, this has not been a consistent finding (Rodisorder. The CVLT-C and WISC-III were administered
man et al., 1998). Furthermore, the base rate of suchoutinely to all referred children during this time period as
differences was not taken into account. Research with thpart of a flexible assessment battery, except when there
CVLT-C standardization samplen (= 920) has demon- were complicating factors that would have invalidated test
strated that apparently large performance contrasts are acesults (e.g., severe dysarthria, non-English language back-
tually fairly common in children without neurological ground). Characteristics of the final sample are presented in
compromise (Donders, 1999). Using a criterion for unusuallable 1. Diffuse lesions on CT or MRI scan involved wide-
patterns as those occurring in less than approximately 10%pread involvement such as edema or axonal shearing. Fo-
of the standardization sample, potentially clinically signif- cal lesions included discrete, localized abnormalities such
icant values for specific performance contrasts were deas contusions or hematomas. Length of coma was defined
fined (inzscore units) as P —1.5, RI= —1.5,RF= -1, as the number of days until the child responded to verbal
and RP= 1.5. commands.

When evaluating performance on pediatric memory tests, Injury severity was classified first on the basis of the
speed of information processing is also an important contowest post-resuscitation Glasgow Coma Scale (GCS; Teas-
sideration. Kail (2002) suggested that increased speed afale & Jennett, 1974) score within the first 24 hr after in-
information processing may reduce susceptibility to PI. Injury (see Table 1). However, consistent with previous
children with TBI, information processing speed is oftenresearch (Donders & Warschausky, 1996; Williams et al.,
compromised (Yeates et al., 2002) and the Processing Spe&890), neuroimaging findings were also considered to dis-
index from the Wechsler Intelligence Scale for Children—tinguish between children with truly mildersuscompli-
Third Edition (WISC-III; Wechsler, 1991) has demon- cated mild injuries. CT scans were routinely obtained within
strated considerable sensitivity to injury severity in this24 hr after injury but follow-up neuroimaging was also of-
regard (Donders, 2001; Tremont et al., 1999). It is not cleaten performed within the first subsequent week and those
from this previous research whether decrements in speed dita were considered in the classification of injury severity
information processing cause a global decline in perforas well. For example, a slowly developing subdural hema-
mance on the CVLT—C or an augmentation of specific pertoma might not show up on the day-of-injury scan but could
formance contrasts. be picked up several days later. Children with mild injuries

The specific goals of this exploratory investigation were(n = 41) had GCS scores over 12 and negative neuroimag-
threefold. First, we wanted to determine whether childrering findings, whereas children with complicated mild inju-
with TBI demonstrate unusual PI, RI, RF, or RP perfor-ries (n = 19) also had GCS scores over 12 but along with
mance contrasts on the CVLT—C to any statistically signif-neuroimaging evidence for an acute posttraumatic intra-
icant degree more than children in the standardizatiorcranial lesion.
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Table 1. Demographic and injury characteristics of 167 children a global index of immediate free recall over five successive
with traumatic brain injury trials of the first list (A1-Ab). All other variables described
above are expressed as age-corre@etores M = 0,

Child characteristic n % SD = 1), with higher scores reflecting better performance.
Gender In the complete sample, the mean composiseore on the
Boy 96 57.48 CVLT-C was 47.9386D= 12.19).

Girl 71 42.52 There were four specific CVLT-C performance con-
Ethni_city ) trasts that were the focus of the present investigation; all
African American 13 778  expressed as raw differences betwesnores. Pl concerns

Asian 6 359 the difference between total numbers of correct words re-
White 135 80.84 . . . .
Latino 13 778 callled on, respectively, the second list (B) and_the first trial
Parental occupation of list A (Pl =B — Al). RI represents the savings on the
Clerical 53 31.74 short delay free recall trial (SDFR) of correct words that
Professional 30 17.96 the child recalled on the fifth trial of list A (R+ SDFR—
Skilled labor 58 34.73 Ab). RF reflects the savings on the long delay free recall
Unskilled labor 26 15.57 trial (LDFR) of correct words that the child recalled on
Injury circumstances SDFR (RF= LDFR — SDFR). RP indicates the degree of
Cyclist or pedestrian 42 25.15 improvement on the multiple-choice recognition trial
Fall or recreation 37 22.16 (DISC), compared to LDFR (RP DISC — LDFR).
Motor vehicle passenger 69 4132 The WISC-IIl is a widely used comprehensive measure
Other 19 1138 psychometric intelligence that yields four-factor index
Glasgow Coma Scale - -
Mild (13-15) 60 35.93 Scores M = 100,SD= 15). Ir_1 the complete sample, aver-
Moderate (9-12) 40 2395 age performgnce on these indexes was as follows: \/erbal
Severe (3-8) 67 4012 Comprehension= 95.35 (13.96), Perceptual Organiza-
Neuroimaging* tion = 94.45 (15.80), Freedom From Distractibility97.43
Diffuse lesion 36 21.56 (14.94), and Processing Speed (RS92.17 (17.75). For
Anterior focal lesion 55 32.93 purposes of the current investigation, the primary variable
Posterior focal lesion 45 26.95 of interest was the PS index.
Left focal lesion 49 29.34
Right focal lesion 59 35.33
Age (years) ¥, SD) 12.90 3.34 Procedures
Time since injury (days)Nl, SD) 85.01 63.55 fo
Coma (days) ¥, SD) 164 3.86 The CVLT-C and the WISC-III were administered and

scored in a standardized manner as part of neuropsycholog-
*Categories are not mutually exclusive. ical evaluations, requested in the context of rehabilitation.
Assessments were performed only when children were med-
ically stable and could recall meaningful information from
day to day, and occurred on an outpatient basis in the vast
majority (82.04%) of the sample. Parents provided in-
The CVLT-C is an individually administered test of a child’s formed consent, and children provided verbal assent, for all
ability to learn and remember verbally presented informa-assessments. The primary variables of interest were the four
tion. It contains two word lists with each list containing 15 performance contrasts on the CVLT-C and the WISC-III
shopping items, including five words from each of threePS factor index. On the basis of research with the standard-
semantic categories. There are five trials of full presentaization sample (Donders, 1999), each CVLT-C contrast was
tion and immediate reproduction of the first list (A), fol- considered unusual if it met the following criteria: Bl
lowed by one-time presentation and immediate reproduction-1.5, RI= —1.5, RF= —1, and RP= 1.5.

of the second list (B). Measures of short delay free recall

(SDFR) and semantically cued recall (SDCR) of List A are
obtained immediately after the trial with List B, and again
after a 20-min long delay (LDFR and LDCR). Finally, a Performance contrasts on the CVLT-C were expressed in
recognition trial is presented in which the child is asked tonumeric differences betweenscores. Analyses involving
identify the 15 items from List A from a larger list contain- all other CVLT-C variables were based arscores and

ing distractor items. The main variable of interest on theanalyses involving WISC-III data used standard scores.
recognition trial is the discriminability index (DISC), which Group differences on continuous variables were investi-
takes into account accurate and inaccurate responses. Thated with analysis of variance, whereas group differences
task is the same for all ages in the 5 to 16 year age spaton discrete variables were analyzed with chi-square. Differ-
Overall performance on the CVLT-C is characterized inences in the prevalence of performance contrasts between
terms of a summary score M = 50, SD= 10), reflecting the current sample and the standardization sample were

Materials

Data Analyses
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analyzed with & test for proportions. Hierarchical regres- logical injury variables (coma and neuroimaging), a statis-
sion analyses were used to determine the relative cortically significant difference was found only for the pres-
tributions of neurological and demographic variables toence or absence of anterior focal lesions (regardless of the
performance on selected CVLT-C variables. laterality). Specifically, children without anterior lesions
were almost three times more likely to have a PI effect
—1.5 or less than children with such lesiong?[df = 1,
RESULTS N = 167)=5.00,p < .05, Odds Ratie= 2.85; 90% C.|=
In the complete sample, there were 35 children (20.96%}.11-7.36]. This was associated with a small effect size
who had PI effects-1.5 or lower, 16 children (9.58%) who (¢? = .03). Of the 55 children with anterior lesions, 6
had RI effects—1.5 or less, 14 children (8.38%) who had (10.91%) had P 1.5 or less whereas 29 (25.89%) of the
RF effects—1 or less, and 21 children (12.58%) who had 112 children without anterior lesions had such a large per-
RP effects 1.5 or more. Only for Pl was the difference withformance contrast.
the respective prevalence in the CVLT-C standardization Figure 2 presents the CVLT-C findings for children with
sample (10.98%) statistically significart€ 3.33,p <.01;  (n=55)versuswithout (n = 112) anterior lesions on neuro-
p > .10 for all other comparisons). Thus, only proactiveimaging. The children with anterior lesions did worse on
interference appeared to be more common in this sample &1 than the other grougH(1,165)= 6.09,p < .01] and this
children with TBI than in the normative sample. For this was associated with a small effect siz¢g & .04). Group
reason, we focused the subsequent analyses on compacbmparisons on the remaining variables were not statisti-
sons of the groups of children witin & 35) versuswithout  cally significant (p > .10) after taking into account original
(n = 132) unusually large PI effects. level of performance on Al. These findings may explain
The performance of the children with or without PI ef- what initially appeared to be a paradoxical effect; that is,
fects —1.5 or less on the CVLT-C variables that were of that children with anterior lesions were actually less likely
primary interest for this investigation are presented in Figto have large Pl effects. As can be seen in Figure 2, children
ure 1. Inspection of Figure 1 suggests that the children withwith anterior lesions already did relatively poorly on the
out large PI effects did somewhat worse on all of the delayedirst trial of List A, making it less likely that they sub-
recall trials than the other group, but this difference was nosequently had a large relative decrement on List B.
statistically significant p > .10) when initial performance We also compared the children with and without anterior
on List A was used as a covariate. In general, the presendesions on the WISC-III PS index. Children with anterior
of a large PI effect was characterized by a combination ofesions had lower WISC-IIl PS scoreldl (= 88. 26,SD =
high-average performance on the first trial of List A and 18.15) than those without such lesiorid | 94.09,SD =
below average performance on List B. 17.32;F(1,165)= 4.60,p < .05] and this was associated
There were no statistically significant differences be-with a small effect sizexif? = .03). This raised the possibil-
tween the two groups in terms of gender, ethnicity, parentaity that reductions in speed of information processing might
occupational status, injury circumstances, age, time sincbe at least partially to blame for the relatively poor perfor-
injury, or performance on any of the four WISC-III factor mance of children with anterior lesions on the first trial of
indexes p > .10 for all variables). With regard to the neuro- List A on the CVLT-C. For this reason, the groups were

1.5
W With large PI 1 - - -
1 O Without large PI| | u W{th anterior .leslon'
| o Without anterior lesion
o 0.5 0.5
g 07 @
N é 0 "ll—' T T T T T
-0.5 L N r m r F
-1 0.5
-1.5
Al A5 B SDFR LDFR DISC -1
CVLI-C variable Al A5 B SDFR LDFR DISC
CVLT-C variable

Fig. 1. Performance of children withn(= 35) and without ( =

132) proactive interference (PI) effects—1.5 on the California  Fig. 2. Performance of children withn(= 55) and without =
Verbal Learning Test—Children’s Version (CVLT-C). AdlTrial 1 112) anterior focal cerebral lesions on the California Verbal Learn-
of List A. A5 = Trial 5 of List A. B = List B. SDFR= short delay  ing Test—Children’s Version (CVLT-C). A% Trial 1 of List A.

free recall. LDFR= long delay free recall. DISG recognition A5 =Trial 5 of ListA. B = List B. SDFR= short delay free recall.
discriminability. LDFR = long delay free recall. DISE recognition discriminability.
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compared again on Al but with PS as a covariate. Undeconsiderable degree of variance in all CVLT—C scores, above
those conditions, the group difference in A1 was no longeland beyond what could be accounted for on the basis of
statistically significant p > .10). coma alone. This was despite a fairly strong correlation
The CVLT-C also offers the opportunity to evaluate qual-between coma and P8€ —.48,p < .01), suggesting 23%
itative aspects of learning style, such as the degree to whicbf shared variance.
the child spontaneously reproduces items from the list by
categories such as fruits or things to play with (semanti
clustering) or the degree to which the child reports the sam(ie:)ISCUSSIOI\I
items over successive trials of the list (recall consistency)The goal of the current investigation was to evaluate the
In the complete sample, averagscores on these variables degree to which children with TBI demonstrate unusual
were, respectively, 0.05 (1.28) for semantic clustering andlegrees of proactive or retroactive interference, rapid for-
—.02 (1.01) for recall consistency. We compared childrengetting, or retrieval problems on the CVLT-C, and whether
with versuswithout large PI effects, as well as children this is related to demographic, neurological, or processing
with versuswithout anterior lesions, on these variables andspeed variables. The findings suggest that only in terms of
did not find any statistically significant group differences proactive interference (PI1) did these children show more
(p > .10 for all comparisons). frequent susceptibility compared to the standardization sam-
Finally, to explore more specifically the relative contri- ple, with about 1 in every 5 children with TBI showing a
butions of injury severity and information processing speedz-score difference-1.5 or less between the first trials of,
on CVLT-C performance, we performed a series of hierarrespectively, List Aand List B. Children with anterior focal
chical regression analyses, for each of the variables ineerebral lesions tended to have such large contrasts almost
volved in any of the CVLT-C contrasts; namely, A1, A5, B, three times less likely than children without such lesions.
SDFR, LDFR, and DISC. Coma was entered first, followedSpeed of information processing, as assessed by the WISC—
by the neuroimaging variables, and WISC-III PS was endll PS index, was strongly positively correlated with all
tered last. It was decided priori that variables added at quantitative CVLT—C variables.
each step would not be retained in the model if they did not The current findings stand in contrast to those of Yeates
yield statistically significant improvement. Because of theet al. (1995) and Levin et al. (2000), who did not find evi-
relatively large number of analyses, the criterion for suchdence for specific Pl effects. Previous studies have yielded
improvement in prediction was modified to .01. The result-inconsistent findings regarding the possible presence other
ing final regression models are presented in Table 2. than performance contrasts, such as retrieval problems, af-
Inspection of Table 2 suggests that the same two-variableer pediatric TBI (Roman et al., 1998; Yeates et al., 1995).
regression model resulted for all of the variables, with theThese differences are likely due to the fact that a much
exception of the distractor list (B). After accounting for the stricter definition of performance contrasts was used in the
effect of length of coma, none of the diffuse or focal neuro-current investigation, taking into account the base rate of
imaging variables yielded statistically significant improve- these discrepancies in the CVLT-C standardization sam-
ment in predictions. However, PS appeared to explain ple. Previous studies have looked at averaged group differ-
ences but have not considered the relative proportions of
participants witha priori defined unusually large perfor-

Table 2. Hierarchical regression models for predicting CVLT-C Mance contrasts. Since clinicians are likely to underesti-

performance in 167 children with traumatic brain injury mate the normal frequency of occurrence of any given value
of differences between test scores (Schinka et al., 1998), an
CvLT-C Predictor  Final Composite R? actuarial approach such as taken here may yield more reli-
variable variables SRC modelR? change gple findings.
Al coma —14 11 _ Initially, it appeared somewhat counter-intuitive that chil-
PS 46 .22 A1 dren with anterior cerebral lesions were relatively less likely
A5 coma -.31 22 — to have unusually large Pl effects, given that the reverse has
PS 31 .29 .07 been described in several adult samples with different con-
B PS .30 .09 — ditions (Gershberg & Shimamura, 1995; McDonald et al.,
SDFR coma —31 25 - 2001; Smith et al., 1995) or adults with TBI (Numan et al.,
PS 40 .38 13

2000). However, inspection of the complete test perfor-

LDFR ;%ma 7':103 24% _14 mance of the children with known anterior lesions indi-
DISC coma _ 29 99 - cated that they already performed relatively poorly on List

PS 37 33 11 A. Levin et al. (2000) also reported relative deficits in ver-
bal memory, as assessed by the CVLT-C, in children with
Note All predictor variables statistically significanip(< .01). CVLT-  frontal lesions. In addition, Sowell et al. (2001) reported
C = California Verbal Learning Test—Children’s Version. SRGtandard- that In normal Chlldren greater frontal Iobe maturatlon was
ized regression coefficient. A% Trial 1 of List A. A5 = Trial 5 of List A. T d with i ' d f he CVLT—C. |

B = List B. SDFR = short delay free recall. LDFR= long delay free associated with improved performance on the —C.1n

recall. DISC= recognition discriminability. PS= Processing Speed. both of those previous studies, the effects were most pro-
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nounced on the delayed recall measures. However, the cusnusually large Pl effects, the effect size was rather small.
rent findings suggested that it was the initial learning of theFurthermore, although the rate of large Pl effects in this
information that was crucial in this regard because the difclinical sample was almost twice that reported for the
ferences between subgroups with and without frontal le-CVLT-C standardization sample, the vast majority (79.04%)
sions on delayed memory variables were no longeiof our children with TBI did not have such great differences
statistically significant when initial performance on the first in performance between the two lists to be learned. In con-
trial of List Awas used as a covariate in the analyses. Thudrast, the association between WISC-III PS and perfor-
in children with TBI, anterior lesions tend to be associatednance on the CVLT-C was typically of a medium or
with general difficulties in allocation or inefficient use of moderate size, even after accounting for the effects of in-
learning resources, and not necessarily specific Pl effectgury severity. Thus, reduced ability to process the rapidly
This may reflect an executive problem, as suggested in regpresented words on the CVLT-C in an efficient manner is
cent research (Hanten et al., 2002). In the absence of antapparently a more pervasive consequence of pediatric TBI
rior lesions, such children acquire new facts or detailsthan difficulty with release from PI.
relatively better when these are limited to only one set of Potential limitations of this investigation must also be
information, but they are at increased risk for having diffi- considered. This was a referred convenience sample, se-
culty with release from Pl when competing units of infor- lected at a rehabilitation hospital, and consequently in-
mation are to be learned in rapid succession. Whether any @uded relatively more children with intracranial lesions
these difficulties are also reflected in the daily lives of theseand prolonged coma than would be found with consecu-
children will need to be addressed in future research, withive emergency room admissions. However, this also pro-
inclusion of ecologically valid measures of executive func-vided the broad range of injury severity that is necessary
tioning. An example of this would be the Behavior Ratingto detect potential influences of such variables. In this
Inventory of Executive Function (Gioia et al., 2000), which investigation, we made comparisons to the CVLT-C stan-
has been used in several recent investigations of childredardization sample, and future studies may wish to explore
with TBI (Mangeot et al., 2002; Vriezen & Pigott, 2002). comparisons with a demographically matched control group
Arecent meta-analysis suggested that susceptibility to Plvith non-brain (e.g., orthopedic) injuries. Our sample was
declines systematically during normal childhood and thatlso limited to children for whom norms for both the
this is mediated by an age-related improvement in speed d@VLT-C and the WISC-III were applicable, and further
information processing (Kail, 2002). We did not find prom- research on Pl phenomena and other performance con-
inent age effects on Pl in the current investigation. In thistrasts in preschoolers with TBI is still needed. A more
context, it should be noted that we used age-corrected scoregnificant limitation is that we did not have access to
for all analyses. Furthermore, we had no children below thenany of the original CT or MRI scans and consequently
age of 6 years whereas about three quarters of the partictould not perform volumetric lesion analyses, which have
pants (74.85%) were between the ages of 10 and 16 yearseen applied previously with some success in similar in-
Important changes in executive skills related to prefrontalvestigations (e.g., Levin et al., 2000). At the same time,
functioning take place between the ages of 5 and 7 yean®lative strengths of this investigation include large sam-
(Welsh et al., 1991). Kail (2002) also reported that the maple size as well as the fact that children with various con-
jority of the studies concerning Pl have concentrated on théounding premorbid or comorbid complicating factors
ages between 4 and 9 years. Thus, it is possible that ageere systematically excluded.
effects in susceptibility to PI could be found in a sample With these reservations in mind, we conclude that
with predominantly younger children with TBI. At the same children with TBI do have an increased susceptibility to
time, we did find evidence to suggest that, in the currentPl but that this is not their main problem with regard to
sample, deficits in speed of information processing werdearning and memory, which instead appear to be affected
associated strongly with broad-based reduced efficiency afelatively more by reductions in speed of information pro-
verbal learning. First of all, the impact of anterior focal cessing. For the majority of these children, clinical impli-
lesions on initial learning on the CVLT-C appeared to becations may be that information needs to be presented at
mediated by the effects of information processing speed, dewer rates, possibly in smaller chunks. For those children
assessed by the WICS—III PS factor. Second, PS explainasho do demonstrate unusually large Pl effects, additional
a statistically significant degree of incremental variance inrecommendations may include attempting to space differ-
awide range of CVLT-C variables, above and beyond whaent tasks apart rather than massing them together or jump-
could be accounted for exclusively on the basis of length ofng rapidly from one to the other. In general, however,
coma. Qualitative CVLT-C variables such as semantic clusperformance contrasts alone will likely not provide suffi-
tering did not appear to provide much incremental informa-cient information about the learning and memory skills of
tion in this regard, which is consistent with previously children with TBI. A specific goal for future research is
expressed reservations about the utility of those variablethe evaluation of different subtypes of performance, based
(Donders, 1999). on a wide range of CVLT-C variables, and to relate these
It should also be realized that, although we did find anto injury severity parameters as well as long-term educa-
effect of absence of anterior focal lesions on the presence difonal outcome.
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