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Characterization of Memory Impairment Following
Closed-Head Injury in Children Using the Rey Auditory

Verbal Learning Test (AVLT)�

Eli Vakil1, Haya Blachstein1, Judith Rochberg2,3, and Moshe Vardi2,3

1Psychology Department, Bar-Ilan University, Ramat-Gan, Israel, 2Loewenstein Rehabilitation Hospital,
Ra’anana, Israel, and 3Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel

ABSTRACT

Memory impairment following closed-head injury (CHI) in children is well documented. Characterization of
the memory deficits of children with CHI could contribute to the prediction of academic performance and
rehabilitation of these children. Twenty-five children who sustained closed-head injury and 25 matched controls
were administered the Rey Auditory Verbal Learning Test (AVLT). The advantage of this memory test is that a
number of memory components are measured simultaneously, thus enabling us to study the relations between
different aspects of memory within the same patient sample. The findings indicate that the Rey AVLT is a good
test for characterization of impaired verbal memory in children following CHI. Transformation of scores
derived from the Rey AVLT to Z-scores enables us to determine the relative effect of CHI in children on
different memory scores. Raw scores were more vulnerable than relational ones, derived as the difference
between two raw scores (e.g., learning, Trial 5� 1), to closed-head injury in children, and scores reflecting
word span were the least vulnerable. The results are discussed in terms of the possible contribution of the frontal
lobes, which are frequently affected in closed-head injuries, to memory performance.

Memory impairment following closed-head

injury (CHI) in children is well documented

(Jaffe et al., 1992, 1993; Levin, Eisenberg, Wigg,

& Kobayashi, 1982; Levin et al., 1993, 1994;

Yeates, Blumenstein, Patterson, & Delis, 1995).

Furthermore, Levin and Eisenberg (1979) found

memory as the most impaired cognitive domain in

children with CHI. The memory literature clearly

demonstrates that memory is not a unitary system,

but consists of different cognitive sub-processes

dependent on several brain regions (Zola-Morgan

& Squire, 1993). Kinsella et al. (1997) have

shown that memory and learning difficulties could

contribute to the prediction of academic perfor-

mance in children who have sustained CHI. Thus,

characterization of the nature of memory deficits

in these children with CHI has great therapeutic

value in helping children cope with the debilitat-

ing consequences of learning and memory

deficits.

Several standardized tests of verbal learning and

memory, such as the Rey Auditory Verbal Learning

Test (AVLT; Lezak, 1995), the California Verbal

Learning Test: Children’s Version (CVLT-C)

(Delis, Kramer, Kaplan, & Ober, 1989), and

the Selective Reminding Test (Buschke & Fuld,

1974), simultaneously test several memory

domains. The fact that a number of memory
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components are measured simultaneously

(e.g., immediate and delayed recall, learning

rate and recognition) enhances the tests’ use-

fulness as diagnostic tools (Lezak, 1995). In

addition, these tests offer the advantage of

enabling examination of relations between the

different aspects of memory within the same

sample.

Using the Selective Reminding Test, Levin

et al. (1982) found that children who sustained

CHI have problems in storage and retrieval of

verbal material. Several studies used the CVLT-C

to assess the effect of CHI in children on a variety

of memory aspects. Jaffe et al. (1992, 1993)

reported that children with CHI have deficient

recall and recognition when compared to matched

controls. Also based on performance on the

CVLT-C, Levin et al. (1993, 1994) suggest that

the impaired recall observed in children with CHI

could be attributed to less semantic clustering and

more intrusion errors, as compared to controls.

Yeates et al. (1995), also using the CVLT-C,

found that children with severe CHI have defi-

cient recognition and immediate and delayed

recall compared to controls. However, inconsis-

tent with Levin et al., their young patients were

similar to controls in the use of serial and seman-

tic clustering, and also did not differ on consis-

tency in the words-recalled measure. Roman et al.

(1998) tested children with the CVLT-C in differ-

ent stages of recovery, 1 and 3 months post-injury.

In this study, as in previous studies, recognition

and immediate and delayed recall were impaired

in children with CHI. However, unlike Yeates

et al. (1995), patients did not show specific

retrieval deficit. In other words, the patient

group did not show disproportional advantage of

recognition as compared to recall. Although it is

widely accepted that a significant advantage of

recognition over free recall indicates a retrieval

deficit (Duchnick, Vanderploeg, & Curtiss, 2002;

Lezak, 1995), others have suggested that encod-

ing difficulties could also contribute to such a

discrepancy between recall and recognition

(Delis, Kramer, Kaplan, & Ober, 2000).

Lannoo, Colardyn, Jannes, and De Soete

(2001) used a large neuropsychological battery

in order to test the recovery rate (i.e., within the

first 50 days, after 6 months, and 2 years post-

injury) of adults and children following CHI.

Only three memory measures from the Rey

AVLT, which was part of this neuropsychological

battery, were reported: first learning trial, total

score for the first five learning trials, and the

delayed trial. The authors report that, although

the performance of the patient groups improved

over time, they remained impaired as compared to

the control group. Kinsella et al. (1997) reported

that verbal learning and memory indices derived

from the Rey AVLT are good predictors of sub-

sequent needs for special education in children

who sustained CHI.

There are several published children’s norms

for Rey AVLT (Bishop, Knights, & Stoddart,

1990; Forrester & Geffen, 1991; Vakil, Blachstein,

& Sheinman, 1998). In light of this and com-

pared with the frequent use of the CVLT-C in

children with CHI, the minimal reports about the

use of the Rey AVLT to assess children following

CHI are quite surprising. The studies by Kinsella

et al. (1997) and Lannoo et al. (2001) made very

restricted use of the test, failing to take advantage

of the rich range of memory aspects that can be

measured with this test. The usefulness of the Rey

AVLT as a tool for memory assessment is evident

from the numerous studies that reported perfor-

mance on this test by adults who sustained CHI

(Blachstein, Vakil, & Hoofien, 1993; Geffen,

Butterworth, Forrester, & Geffen, 1994).

The goal of this report is twofold: first, to

provide a detailed analysis of the performance

of children with CHI on different aspects of

verbal learning and memory as measured by the

Rey AVLT, and second, to identify the memory

measures most vulnerable to CHI. In addition to

the large range of memory aspects tapped by the

Rey AVLT, in recent years the literature has

suggested two additional measures that further

increase the usefulness of the test as a tool for

memory assessment. These measures will there-

fore be analyzed and reported in this study as

well.

The first measure is executing an additional

trial of the Rey AVLT, as suggested by Vakil and

Blachstein (1994), in order to test memory for

temporal order. Following the recognition task

(Trial 9), participants were presented with the 15

first-list words written in an order different from
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that originally presented. Participants were asked

to rewrite the words in their original order.

Pearson product moment correlations between

the original order in which the word list was pre-

sented and the sequence in which participants

arranged the words were used as the temporal

order score. Norms for children on this score were

reported (Vakil et al., 1998). Comparison between

the temporal order score and the use of temporal

order as a spontaneous encoding strategy (i.e.,

serial clustering) was determined to be capable of

distinguishing between adults with CHI and con-

trols (Vakil, Blachstein, & Hoofien, 1991). This

finding is consistent with several other studies,

which reported that adults with CHI presented

deficient memory, including temporal order judg-

ment, when measured directly (i.e., intentional

retrieval is required). However, when memory is

tested indirectly (e.g., serial clustering) patients

with CHI performed within the normal range

(Vakil, Kraus, Boar, & Groswasser, 2002). It is

interesting to note that Levin et al. (2000) found

that recency judgment was preserved in children

with CHI.

The second set of scores added to the standard

scores generated from the Rey AVLT is omissions

and additions. Blachstein et al. (1993) broke down

the learning process into two different compo-

nents: number of new words ‘‘added’’ and number

of words ‘‘omitted’’ from trial to trial. This

analysis provides insight into the particular cog-

nitive processes underlying the learning rate (see

Method section).

METHOD

Participants
Two groups of children participated in the present
study: a control group (without brain damaged) and a
group of children with CHI. Twenty-five control
children (18 boys and 7 girls) were sampled from the
Israeli standardization sample (Vakil et al., 1998) to
match the scattering of gender, age, and education of
the children with CHI. The control group age ranged
from 11 to 17 years (M¼ 14.72, SD¼ 1.95) and their
education ranged from 5 to 11 (M¼ 8.72, SD¼ 1.95)
years of schooling. The patients with CHI were
recruited for the study from a population of patients
admitted to the Loewenstein Rehabilitation Hospital

(Israel) for rehabilitation following a head injury. To be
included in the study, patients must have CT or MRI
proven brain damage, and have been in coma for at least
24 hr. This group comprised 25 patients (19 boys and 6
girls), ranging in age from 11 to 18 years (M¼ 14.84,
SD¼ 2.21). Their education ranged from 4 to 11
(M¼ 8.92, SD¼ 2.14) years of schooling. Intelligence
was measured with the WISC–R (Wechsler, 1991) for
all of the children with CHI, except for two who are
18 years old and were administered the WAIS–R
(Wechsler, 1981). The severity-of-injury measures of
the children with CHI were: length of coma (days,
median¼ 14, interquartiles ranging 4.5–21), Glasgow
Coma Scale – GCS obtained upon admission to hospital
(median¼ 6, interquartile ranging 5–7), time after
onset (months, M¼ 18.51, SD¼ 19.5). Cause of injury
and other demographic information were collected
from the patients’ medical records and are presented for
each patient in Table 1. The IQ score of all the children
with CHI was within the normal range, 86–126
(M¼ 104.21, SD¼ 11.26). However, as can be seen in
Table 1, there is a large discrepancy between Perfor-
mance and Verbal IQ, although not always in the same
direction. We view the discrepancy itself, regardless of
its direction, as an indication of deviation from normal
performance.

The groups did not differ significantly either on age,
t(48)¼ 0.20, p> .05, or educational level, t(48)¼ 0.35,
p> .05. Participants in both groups were proficient in
Hebrew and had no history of mental illness. This study
was approved by the hospital’s Committee for Human
Experiments.

Tests and Procedure
The Hebrew version of the Rey Auditory Verbal
Learning Test (AVLT; Vakil & Blachstein, 1997) was
administered in standard fashion (see Lezak, 1995).
Certified psychologists administered the test as part of a
neuropsychological battery given to patients admitted
to the Loewenstein Hospital for rehabilitation. The test
consists of 15 common nouns that are read to the
participants on five consecutive trials (Trials 1–5);
participants are asked to remember as many words as
possible. Each trial is then followed by free recall. In
Trial 6, an interference list of 15 new common nouns is
presented, followed by free recall of these new nouns.
In Trial 7, participants are asked again to recall the first
list. Twenty minutes later participants are again asked
to recall the first list (Trial 8). They are then asked to
identify the 15 words from the first list, out of 50 words
presented verbally (also including the 15 words in the
second list and 20 new common nouns) (Trial 9). To
measure ability to remember temporal order, an extra
trial (Trial 10) was added to the standard administration
(Vakil et al., 1991; Vakil & Blachstein, 1994). In Trial
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10, which follows the recognition task, participants
were presented with the 15 first-list words written in an
order different from that originally presented. Partici-
pants were asked to rewrite the words in their original
order.

RESULTS

Results are presented in four sections. Each

section represents a different category of memory

according to the order of test administration:

learning, interference, delayed recall and recogni-

tion, and temporal order judgment. In each

section, different memory measures extracted

from the Rey AVLT were analyzed. Figure 1

presents the number of words recalled in the

different trials of the Rey AVLT by the children

with CHI and control children.

Learning Rate – Trials 1–5

Multivariate tests were used to examine the number

of words recalled by the two children groups (CHI

vs. control) in the first five trials of the Rey AVLT,

with group and learning trials as factors; the former

is a between-subjects factor, and the latter is a

within-subjects factor. Overall, the control group

recalled more words than the group of children with

CHI in the first five trials of the test, F(1, 48)¼
13.84, p< .001, �2¼ 0.22. There was also a signi-

ficant increase in the number of words recalled

from trial to trial, F(4, 45)¼ 79.97, p< .001, �2¼
0.88. The Group by Learning interaction did not

reach significance, F(4, 45)¼ 1.73, p> .05, indi-

cating that the groups’ learning rate was not reliably

different (see Fig. 1).

Very informative results were attained when

the number of words recalled in the first trial was

Table 1. Demographics of the Group of Children With CHI.

Patient Agea Sex Educa Cause of injury TAO Coma GCS FIQ VIQ PIQ

1 11 M 6 MVA 07 14 07 112 116 106
2 10 F 4 MVA 07 20 05 86 84 90
3 18 F 11 MVA 27 06 07
4 12 M 5 Pedestrian 22 21 03 95 91 100
5 12 M 6 MVA 03 06 06 110 106 112
6 13 F 8 MVA 39 07 110 95 125
7 14 M 9 MVA 53 19 04 93 101 85
8 13 M 8 MVA 56 50 04 101 96 109
9 13 M 7 Fall 02 01 10 92 92 93

10 15 F 9 MVA 18 07 04 120 109 128
11 15 M 9 Fall 05 21 111 114 104
12 15 M 10 Cyclist 05 03 08 111 112 107
13 16 M 11 Cyclist 06 03 05
14 15 M 10 MVA 04 02 08 114 101 125
15 16 M 10 MVA 47 90 06 95 103 90
16 16 F 10 MVA 06 15 05 101 95 109
17 16 M 11 MVA 29 10 03
18 17 M 11 Pedestrian 08 21 09 126 140 98
19 18 M 10 MVA 25 06 06
20 17 M 11 Pedestrian 06 21 07 114 108 119
21 17 M 11 MVA 11 75 07 100 105 92
22 17 F 11 MVA 03 01 06 103 105 102
23 13 M 7 MVA 67 45 05 86 88 85
24 17 M 11 Fall 05 32 08
25 15 M 7 Pedestrian 05 03 06

Note. Educ¼ education (years); MVA¼motor-vehicle accident; TAO¼ time after onset (months); GCS¼
Glasgow Coma Scale on admission to hospital; FIQ¼ Full Scale IQ; VIQ¼Verbal IQ; PIQ¼ Performance
IQ.
aAge and education at testing time.
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broken down to two components: primacy effect

(i.e., first five words of the list) and recency effect

(i.e., last five words of the list). The groups did not

differ in overall number of words recalled, F(1,

48)¼ 1.16, p> .05. Overall, primacy effect was

stronger than recency effect, F(1, 48)¼ 10.28,

p< .005, �2¼ 0.18. This finding should be inter-

preted cautiously, because of the significant inter-

action between Group and Primacy-recency

effect, F(1, 48)¼ 7.61, p< .01, �2¼ 0.14. This

interaction is due to the fact that, while the control

and the patient groups did not differ in the recency

effect (M¼ 2.04 and M¼ 2.60, respectively),

t(48)¼ 1.65, p> .05, the control group showed a

greater primacy effect than the patient group

(M¼ 3.64 and M¼ 2.72, respectively), t(48)¼
3.16, p< .005. Thus, although the groups did

not differ on the overall number of words re-

called in the first trial, a more detailed analysis of

the results determined that the primacy, but not

the recency, effect is impaired in children with

CHI.

Blachstein et al. (1993) extracted two addi-

tional measures from the five learning trials of the

Rey AVLT, ‘‘additions’’ and ‘‘omissions’’. The

number of additions is the sum of new words

recalled in each trial (N) that were not recalled in

the previous trial (N� 1). The number of omis-

sions is the sum of words not recalled in a

particular trial (N), but that had been recalled in

the previous trial (N� 1). Such an analysis can

provide insight into the source of the impaired

learning rate observed in the children with CHI.

Interestingly, the children with CHI (M¼ 11.88,

SD¼ 2.54) and the control children (M¼ 11.52,

SD¼ 2.29) did not differ significantly in the over-

all number of words added from trial to trial,

t(48)¼ 0.53, p> .05. However, the overall num-

ber of words omitted from trial to trial was

significantly higher, t(48)¼ 2.74, p< .01, for the

children with CHI (M¼ 7.48, SD¼ 3.24) than for

the controls (M¼ 5.28, SD¼ 2.35).

Intrusion errors, that is, recall of words that

were not presented in the learning list, were

reported to occur in the learning process more

frequently in children following CHI than in

control children (Levin et al., 1993; Yeates et al.,

1995, but see Roman et al., 1998). Consistent with

these reports, in the present study the sum of

intrusions for the five learning trials was signifi-

cantly higher for the children with CHI (M¼ 1.68,

SD¼ 1.86) than for the controls (M¼ 0.52,

SD¼ 1.42), t(48)¼ 2.48, p< .05.

Proactive Interference – Trial 6

Versus Trial 1

The control group recalled more words in

these two trials (1 and 6) than the patient group,

F(1, 48)¼ 4.97, p< .05, �2¼ 0.09. Proactive inter-

ference was observed, F(1, 48)¼ 6.37, p< .05,

�2¼ 0.12, to the same extent for both groups,

as indicated by the non-significant interaction,

F(1, 48)¼ 0.57, p> .05.

Retroactive Interference – Trial 5

Versus Trial 7

As with proactive interference, the control group

recalled more words in these two trials (5 and 7)

than the group of children with CHI, F(1, 48)¼
15.66, p< .001, �2¼ 0.25. Retroactive interfer-

ence was observed, F(1, 48)¼ 69.03, p< .001,

�2¼ 0.59. The significant Group by Retroactive

interference interaction indicates a stronger retro-

active effect for the patient group compared to the

controls (see Fig. 1), F(1, 48)¼ 4.32, p< .05,

�2¼ 0.08.

Retention – Trial 5 Versus Trial 8

The groups differ significantly on the number of

words recalled in the fifth and the eighth (i.e.,

delayed) trial of the task, F(1, 48)¼ 14.58,

p< .001, �2¼ 0.23. Overall, fewer words were

recalled in the delayed trial as compared to the

Fig. 1. The number of words recalled in the different
trials of the Rey AVLT by children with CHI
and control children.
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fifth trial, F(1, 48)¼ 70.37, p< .001, �2¼ 0.59.

The forgetting rate of the two groups did not differ

significantly, as indicated by the non-significant

Group by Delay interaction, F(1, 48)¼ 2.50,

p> .05.

Retrieval Efficiency – Delayed Recall

(Trial 8) Versus Recognition (Trial 9)

Both main effects and the interaction between

them reached significance: the control group

remembered more words overall in these two

trials (8 and 9) than the patient group, F(1, 48)¼
13.75, p< .001, �2¼ 0.22. More words were

correctly recognized than recalled, F(1, 48)¼
99.32, p< .001, �2¼ 0.67. As can be seen in

Figure 1, the significant interaction, F(1, 48)¼
6.81, p< .05, �2¼ 0.12, indicates that the dif-

ference between recall and recognition was

greater for the patient group than for the controls.

It is important to note that the groups differed

significantly on both delayed recall, t(48)¼ 3.64,

p< .001, and recognition, t(48)¼ 2.88, p< .01.

Temporal Order

Temporal order was evaluated under two retrieval

conditions: incidental and intentional. In the

incidental retrieval condition, participants were

asked to remember the words, and no reference

was made to the importance of temporal order

when doing so. Pearson product moment correla-

tions between the original order in which the word

list was presented and the order in which the

words were recalled in the fifth trial, were used as

the incidental temporal order score. In the

intentional retrieval condition (Trial 10), the

words were presented in a different order than

presented originally, and participants were asked

to rewrite the words in the order in which they

were originally presented (Vakil & Blachstein,

1994). The correlation between the original order

and the order in which participants arranged the

words was used as the intentional temporal order

score. The incidental temporal order score of

the control group (M¼ 0.47, SD¼ 0.29) and that

of the group of children with CHI (M¼
0.54, SD¼ 0.31) did not differ significantly,

t(47)¼ 0.81, p> .05. However, the control parti-

cipants were significantly more accurate in their

intentional memory of temporal order (M¼ 0.84,

SD¼ 0.16) than the patient group (M¼ 0.62,

SD¼ 0.25), t(47)¼ 3.72, p< .001.

Z-Scores

To be able to compare the effect of head injury in

children on different scores derived from the Rey

AVLT, the scores were converted to Z-scores: the

larger the Z-score, the more it deviates from

normal performance (see Fig. 2). As can be seen

in this figure, the Z-score of incidental temporal

order (i.e., 5th trial) was the only negative score,

indicating that the children with CHI tended to

rely more than controls on temporal order in the

fifth trial retrieval. However, this difference did

not reach significance, as reported in the previous

section. For scores that primarily reflect immedi-

ate memory (i.e., first trial, list B, PI ), patients

deviated less than 0.70 standard deviations from

controls. The deviation of the relational scores,

derived as a difference between two raw scores

(i.e., learning, Trial 5� 1; delay, Trial 5� 7; RI;

retrieval, Trial 8� 9), ranged from 0.75 to 1.27

standard deviations. The rest of the scores

comprised raw scores that are more than 1.5

standard deviations below normal.

Intercorrelations Between the

Different Measures

Pearson correlations were calculated in order to

assess the relations between general intelligence

(i.e., IQ) and the different memory scores derived

from the Rey AVLT in the patient group.

Correlations reached significance (p< .05) in all

Fig. 2. Scores of children with CHI, derived from the
Rey AVLT, converted to Z-scores.
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the learning trials (Trials 1–5) and in the

interference trial (Trial 6), but not with the

delayed trial (Trial 8), recognition (Trial 9), or

temporal order (Trial 10). Interestingly, IQ was

not significantly correlated with the relational

scores.

Spearman correlations were computed in order

to evaluate the associations between severity of

injury, as measured by length of coma, and the

different memory scores derived from the Rey

AVLT. Length of coma reached significance

(p< .05) with the total number of words recalled

in the first five learning trials; the longer the coma,

the fewer words were recalled. Also, the longer

the coma, the more words were omitted, and the

stronger the retroactive interference. Length of

coma was not significantly correlated with the

words added (sum of the first five trials), proactive

interference, retention, recognition or temporal

order scores.

DISCUSSION

The findings of the present study clearly indicate

that the Rey AVLT is a very informative test and

useful in the characterization of impaired verbal

memory following CHI in children. Furthermore,

the present findings demonstrate one of the

advantages of this test, that is, it allows examina-

tion of relations between the different aspects of

memory within the same sample. The transforma-

tion of the scores derived from the Rey AVLT to

Z-scores enables us to determine the relative

effect of CHI in children on different memory

scores. Incidental temporal order is the only score

indicating that at retrieval, children with CHI rely

on temporal order more than controls (see Fig. 2).

However, as reported in the Results section, the

difference between the groups on this score did

not reach statistical significance. Scores that

reflect immediate memory are the least impaired,

indicating that word span is relatively preserved

following CHI in children. The largest deviation

of children with CHI from normal performance

was found with the raw memory scores. These

scores reflect absolute quantitative performance,

while relational scores, which reflect the relative

difference, are less impaired. Thus, the groups

differ more clearly on absolute performance level

and to a lesser degree on the relation between

scores which reflects a qualitative difference (i.e.,

learning rate, forgetting rate, and discrepancy

between recall and recognition-retrieval effi-

ciency). The finding that memory difficulties

detected in children with CHI using the Rey

AVLT are not restricted to a particular memory

stage (i.e., encoding or retrieval) indicates

impairment of a more basic process that affects

different memory aspects. Consistent with the

conjecture of frontal lobe damage following CHI

in children (Levin et al., 1997), these children

seem to have difficulty in applying active or

effortful strategy at either the encoding phase or at

the retrieval phase of learning.

In general, the results obtained in the present

study with the Rey AVLT are consistent with

results obtained previously with the CVLT-C,

although in some cases the Rey AVLT detected

memory deficits in children with CHI not pre-

viously detected with the CVLT-C. Consistent

with previous studies, impaired recall and recog-

nition (Yeates et al., 1995; Jaffe et al., 1992, 1993)

and impaired immediate and delayed recall

(Roman et al., 1998) were observed. In contrast

with the present findings (i.e., high rate of omis-

sions), Yeates et al. (1995) and Roman et al.

(1998) reported consistency of recall to be nor-

mal. Also, unlike the present findings, normal

primacy effect was reported by Yeates et al.

(1995). It is important to note that primacy and

recency in the present study were derived only

from the first trial (as commonly done in the

literature; see Klatzky, 1980), whereas Yeates

et al. derived them from the five learning trials.

The higher vulnerability of the Rey AVLT over

the CVLT-C to memory difficulties may be due to

the fact that the former is a more difficult task, in

that it requires effortful strategies for encoding

and retrieval. The Rey AVLT consists of a list of

unrelated words, while the CVLT-C consists of

words drawn from four semantic categories, that

enable clustering of words, which facilitates

encoding and retrieval. The correlation between

the Rey AVLT scores and severity of injury as

measured by length of coma further strengthens

our contention regarding the potential of this test

as an informative tool for memory assessment.
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Although the control and the patient groups did

not differ in the recency effect, the children with

CHI had a smaller primacy effect compared to

controls. Primacy effect is assumed to represent

transfer of information to long-term memory

storage, while recency effect represents informa-

tion stored in working memory (Klatzky, 1980).

Accordingly, the results indicate that the children

with CHI have difficulty in transferring informa-

tion to long-term storage.

The overall higher number of words omitted

by children with CHI as compared to controls

may shed some light on the possible underlying

memory deficit as expressed in the overall lower

number of words recalled by these children in the

five learning trials. Consistent with the impaired

primacy effect, the high rate of word omissions

may also reflect difficulty in transferring informa-

tion to permanent long-term storage. This inter-

pretation, which assumes a common mechanism

underlying low primacy effect and high rate of

words omitted, is supported by the significant

correlation between the two, r(25)¼ � .43,

p< .05. This deficit could also be viewed as an

indication of impaired executive functions (e.g.,

clustering). The frontal lobes that are frequently

damaged following CHI in children (Levin et al.,

1997) are associated with deficit in executive

functioning (Stuss & Benson, 1986). Similar

findings with adults who sustained CHI were

interpreted as reflecting an inefficient organiza-

tion and learning strategy (Blachstein et al.,

1993). Although, generalization from adult to

pediatric studies is problematic and should be

taken cautiously, due to the effect of age on

learning and memory processes. The extent of

frontal lobe damage in children was associated

with several memory indices measured with the

CVLT (Di Stefano et al., 2000). Children follow-

ing CHI were reported to employ an inefficient

rehearsal strategy (Catroppa & Anderson, 2002).

Studies with patients suffering from frontal

lobe damage reported impaired temporal order

judgment (McAndrews & Milner, 1991). Thus,

the poor intentional temporal order judgment

(Trial 10) of the group of patients with CHI

provides an additional indication of frontal lobe

dysfunction in this patient group. The dissociation

between intentional and incidental retrieval of

temporal order (with the former being impaired

and the latter preserved) found in the present

study with children who sustained CHI is consis-

tent with previous reports on adults who sustained

CHI (Vakil et al., 1991). The latter dissociation

may be explained in light of previous findings

which demonstrate that, just as in patients with

amnesia, memory is impaired in adults with CHI

when tested directly (i.e., intentional retrieval is

required). However, when tested indirectly, the

performance of patients with CHI falls in the

normal range (Vakil et al., 2002).

Although the children with CHI were impaired

in recall and recognition, the significant interac-

tion indicates that the former is more impaired

(i.e., retrieval efficiency). Contradictory findings

derived from the CVLT-C with regard to the effect

of CHI in children on ‘‘retrieval efficiency’’ were

reported in the literature. In one study (Roman

et al., 1998) retrieval efficiency was found to be

preserved in these children, but Yeates et al.

(1995), as in the present study, found the retrieval

efficiency of children with CHI to be impaired.

However, we ought to bear in mind that, despite

the widely accepted view that a significant advan-

tage of recognition over free recall indicates a

retrieval deficit (Duchnick et al., 2002; Lezak,

1995), others have suggested that encoding diffi-

culties could also contribute to such a discrepancy

between recall and recognition (Delis et al.,

2000). Impaired retrieval efficiency could also

be interpreted as reflecting frontal lobe damage.

Unlike recognition, recall requires strategic and

effortful retrieval, which is mediated by the fron-

tal lobes (Moscovitch, 1989).

Consistent with previous reports (Levin et al.,

1993; Yeates et al., 1995, but see Roman et al.,

1998), the children with CHI had a higher rate of

intrusion errors as compared to controls. There is

a debate in the literature with regard to the under-

lying mechanism of this deficit. Some researchers

suggest that intrusion errors reflect deficient

retrieval processes (Duchnick et al., 2002), or

similar to confabulation, they result from ineffi-

cient monitoring, a component of strategic retrie-

val that is a function mediated by the frontal lobes

(Moscovitch & Melo, 1997). Other researchers

reported that interference at encoding yielded an

increased rate of intrusion errors, indicating that
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such errors are related to encoding difficulties

(Dalla Barba et al., 2002).

In conclusion, the findings reported above

indicate that memory deficits characterizing the

group of children with CHI resemble memory

deficits associated with patients who sustained

frontal lobe damage (i.e., inefficient organization

and learning strategy, impaired temporal order

judgment, deficient retrieval efficiency, and intru-

sion errors). Our interpretation that some of the

findings reflect a frontal lobe deficit in children

with CHI should at this stage be viewed as only

speculative, because we do not present evidence

clearly linking damage to the frontal lobes (using

MRI, for instance) with memory deficit. Thus,

any claim about the role of frontal lobe injury in

memory performance after CHI will require

further research.

Finally, we would like to make a cautionary

remark with regard to the samples used in the

present study. The patient group consists of chil-

dren admitted to a rehabilitation hospital follow-

ing CHI. These children are not necessarily

representative of all children who have sustained

severe head injury. Furthermore, children sustain-

ing head injury are not a random sample of the

population. Thus, a group of children selected

from a standardization sample might not be the

ideal matched control group. A more appropriate

control group would probably be a sample of

children with orthopedic injuries. These short-

comings limit the generalizability of our findings

because they may have exaggerated the differ-

ences between the patient and control groups (see

Donders & Hoffman, 2002).
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