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Abstract

Little is known about specific attentional sequelae following a closed head injury, their pattern of recovery or their
interaction with ongoing development. The present study examined attentional abilities in a group of children who
had sustained a mild, moderate, or severe head injury. Results showed that the severe head injury group exhibited
greater deficits on a number of attentional measures at acute and 6 months postinjury phases, in comparison to
children in the mild and moderate head injury groups. Specifically, deficits were most evident on timed tasks where
speed of processing was an integral component. Difficulties persisted to at least 6 months postinjury and so may
lead to cumulative deficits over timeJINS 1999,5, 48-57.)
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INTRODUCTION one’s mode of thinking as the demands of a task change,
resulting in slower and less reliable processing, poorer re-

While there is. difficulty in. qccurately establishing the_ Inci- sponses and an interference in other areas of neuropsycho-
dence of pediatric head injury (HI), some rough estlmatesl;Ogical functioning and educational skills.

indicate that 180 per 100,000 children sustain a head injury More recently, it has been argued that attention is not a

iaocgoyggg(ﬁ]r.?éjs’ 1.9 gti)_ Ibh_a;sgesetntreportetd_thalt mo(;ehth%itary process and a number of models have described it
' ' chiidren in the Unite ates sustain closed ne an integrated system, both cognitively and physiologi-

iqjuries an_nually and th_at/B of_ these i_nju_ries are suffi- cally (Cooley & Morris, 1990; Halperin, 1991; Mirsky
ciently serious to result in hospital admission (Eiben et aI.,et al., 1991; van Zomeren & Brouwer, 1994) involving a

1984), with such injuries most frequent in the birth to 24'number of separate, though not independent components.

yearage range (Krau;, 1987). There is_a growing “ter"’}turiccording to Mirsky and associates (Mirsky et al., 1991)
addressing the global intellectual, physical, and behav'oraé\ttention can be broken into the following components:

consequences of these injuries; however there s less kr‘OV\('_]L) sustained attention or vigilance, that is, the capacity to

about specific {;\tt.ennonall squelae, the pattern of their Mhaintain arousal and alertness over time; (2) the ability to
covery and their interaction with ongoing development.

Findi f tudi £ adult HI t that. whil tselect target information while ignoring irrelevant stimuli,
indings from studies of adu suggest that, while at- 4 differentially process simultaneous sources of infor-

tent|_or_1al deﬂm_ts_may be _mOSt severe in the acute_stage ation; (3) the ability to change attentive focus in a flexible
postinjury, persisting attentional and speed of processing de ind adaptive manner. Speed of processing, or the rate at

icits are also common. According to Wood, impairment O.fwhich activities may be completed, is also incorporated into

_the |.nformat|on processing system of the brain aﬁer_Hl ISMirsky’s system, and is considered to underpin the effi-

inevitable (Wood, 1988). He argued that HI may limit at- ciency of the system

tentlgnac;'c%paamty and rc:duclg thz e>;ftenttttrc]) th'.(i.r: atttenrtll.?tn The attentional system is thought to be subsumed by a
can be divided across stimull and aftect the ablility 1o Shilt, , yper of cerebral systems including the brainstem, mid-

brain structures, temporal, parietal, and frontal regions. Mir-

) sky et al. (1991) argue that each area is related to a specific
*Reprint requests to: Cathy Catroppa, Department of Psychology, Royal . | Th del hat d

Children’s Hospital, Flemington Road, Parkville, Victoria 3052, Australia. attentional component. e model suggests that damage or

E-mail: catroppc@cryptic.rch.unimelb.edu.au dysfunction to any one of these regions can lead to specific
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deficits in attentional ability or speed of processing, restrict-tention. Kaufman et al. (1993) also reported similar findings,
ing the efficiency of the whole system. Of importance, it is noting that on the Continuous Performance Task, children
these areas that subserve attentional and information pravith severe Hl demonstrated significant difficulties sustain-
cessing functions, that have been observed to be particung attention. More recently, Anderson and Pentland (in
larly vulnerable to damage occurring in a closed head injurypress) have argued for a pattern of global attentional defi-
therefore it is not surprising that deficits emerge at the acuteits following head injury sustained in childhood. They stud-
or later stages (Walsh, 1978). ied the attentional profiles of children who had sustained
Van Zomeren and Brouwer (1994) describe general dismoderate to severe HI, and found that attentional and infor-
ruption to attention and information processing following mation processing deficits persist in the years postinjury,
adult HI, citing clinical reports of forgetfulness, poor abil- with greatest problems in the areas of speed of processing
ity to concentrate, and a slowness in response. Howevefwhich may be the deficit underlying poor results on sus-
others argue that deficits may be more specific. In particutained and focused attention tasks) and shifting attention.
lar, a number of studies have found deficits in speed of prointerestingly, it is these impaired components of attention
cessing and motor responses, with otherwise intact attentionahd information processing that are believed to continue to
capacities (Brouwer et al., 1988; Murray et al., 1992; Pon-mature into late childhood and early adolescence (McKay
sford & Kinsella, 1992). These results have been suppleet al., 1994), suggesting that childhood injury may interfere
mented by others which report that, in addition to slowedwith their efficient development.
responses, adults suffering from HI present with a pattern While research addressing attentional sequelae of pedi-
of inconsistent performances that further complicate diagatric HI is advancing, to our knowledge reported work has
nosis and treatment in this group (Stuss et al., 1989). been limited to cross-sectional designs. There is very little
Thus, the pattern of attentional and speed of processingmpirical evidence regarding the possible recovery of these
deficits observed following adult HI is reasonably well doc- skills, and the interaction between attentional and speed of
umented. However, knowledge pertaining to adult HI is notprocessing capacity and ongoing social and educational de-
necessarily generalizable to the pediatric population. Someelopment. The aim of this study was to investigate atten-
authors have argued that children recover better from HIltion and speed of processing deficits that occur as a result
citing protective physiological factors including the rela- of pediatric HI. First, the longitudinal design of the study
tive flexibility of the child’s skull, the lower frequency of provided the opportunity to map recovery and development
intracranial hematomas, and the plasticity of the developef these skills during the 6 months postinjury, with our pre-
ing brain (Lenneberg, 1967). Others argue for poorer outdiction being that identified deficits would persist, and the
come in young children due to the immaturity of the centraldegree of deficit would be related to injury severity. Sec-
nervous system, in particular the frontal lobes and white matend, by employing a range of measures, we have attempted
ter, and resultant impact on cognitive skills essential for norto separate specific components of attention and speed of
mal development including attention, memory, and adaptivgprocessing to determine whether any identified attentional
skills (Anderson & Moore, 1995; Anderson & Pentland, in deficits are of a generalized nature or are specific to a par-
press; Dennis, 1989; Dennis et al., 1995; Ewing-Cobbdicular aspect of attention. Based on adult literature and lim-
et al., 1989; Gronwall et al., 1997). ited pediatric findings, we hypothesized (1) that moderate
To date, the study of sequelae from pediatric HI has tendednd severe head injury would be associated with general-
to focus mainly on cognitive recovery and outcome (Ewing-ized attention and information processing deficits in the acute
Cobbs, et al., 1989; Fay et al., 1993; Goldstein & Levin,postinjury phase; and (2), that some recovery would occur
1985). However, given the findings from adult literature, over time, with more deficits in speed of processing and
further investigation of attentional and information process-shifting attention at 6 months postinjury, reflecting the in-
ing skills appears warranted. From a developmental perteraction between injury factors and ongoing development.
spective, these skills may be argued to be of particular
importance during childhood. If such abilities are critical
for the development of cognitive and neuropsychologicaMETHODS
systems, which in turn influence adaptive, social, and aca-
demic functioning (Cooley & Morris, 1990; Dennis et al., Research Participants
1995), then deficiencies may have a significant impact on
the child’s development in the acute and long-term stagesThe sample comprised 43 children who had sustained a doc-
Despite the importance of attention in this younger ageumented HI, and represented consecutive admissions to the
group, only a few studies have been reported. Timmermanseurosurgery ward of the Royal Children’s Hospital, Mel-
and Christensen (1991) investigated 38 HI children, aged bourne, between June 1994 and January 1996. Of these chil-
to 16 years, and found evidence for impairments in sustaindren 31 were male and 12 were female. Inclusion criteria
ing attention, with selective attention skills intact. In con- were (1) aged between 8—12 years at time of injury; (2) doc-
trast, Dennis and associates (Dennis et al., 1995) found thaimented evidence of closed head injury, including period
children and adolescents with a history of head injury per-of altered conscious state; (3) medical records sufficiently
formed poorly on a measure of vigilance and selective atdetailed to determine severity of injury; that is, including
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Glascow Coma Scale (GCS; Teasdale & Jennett, 1974), postable 2. Injury and medical characteristics of sample
traumatic amnesia (PTA; length of time from accident until
orientation to person, time, and place), and neurological and

Mild HI  Moderate HISevere HI

radiological findings. Exclusion criteria were history of Characteristic (N=13) (N=19) (N=11)
neurological or developmental disorder, previous head in€ause of injury
jury, and documented learning or attentional disability. MCA: PassengerN) 1 1 3
HI children were categorized into severity groups on the MCA: Pedestrianl) 1 3 7
following basis: (1)mild HI (N = 13): GCS on admission  Fall (N) 9 7 1
of 1315, loss of consciousness (LOC) less than 1 hr, PTA Blow (N) o 2 8 0
of less than 24 hr, and no abnormalities on CT or MRI scansedical characteristics
(2) moderate H(N = 19): GCS on admission of 9-12, LOC ~ SCS: admission*M, (SD) 14.1(1.3) 11.4(2.9) 58 (2.9)
_ o GCS: 24 hr*:M, (SD) 15.0 (0) 13.3(2.2) 7.7(2.8)
from 1-24 hr, and PTA from 1-7 days; abnormalities on CT
. Coma> 1 hr (N) — 5 7
or MRI; (3) severe HI(N = 11): GCS on admission of less o7 < 1 day () . 9 11
than or equal to 8, LOC greater than 24 hr, PTA of greater apnormal CYMRI (N) _ 15 11
than 7 days; abnormalities on CT or MRI. Implementation  skull fracture () 3 10 )
of these variables successfully categorized all 43 children. Neurological signsN) — 7 8
Tables 1 and 2 provide demographic and injury data for the Surgical intervention) — 10 9

sample.
As illustrated in Tables 1 and 2, the groups did not differ P = 0% .
. . . .. MCA = motor car accident.
with respect to sex, socioeconomic status (SES), or family
constellation. However, a significant difference was evi-

dent across the groups for age at injury, with the severe Hl

group being somewhat oldef (2,40)= 3.62,p < .05]. Time
interval from injury to first assessment did not differ sig-
nificantly across groupsH(2,40) = 1.34,p = .27], al-
though the severe HI group recorded the longest delay,
reflecting longer duration of coma and PTA. As expected,
there were significant group differences on all medical vari-

ables, with the severe HI group presenting with most com-""

plications, apart from the number of fractures. Further, severe
HI were mainly due to motor vehicle accidents. Of the chil-

dren presenting with neurological signs in the moderate and
severe groups, 1 child had a mild hemiperesis on the left

side, 2 children presented with right sided weakness, 1 chil&-

was restricted to a wheelchair and had poor motor control,
and 2 children experienced seizures postinjury.

Measures
Preinjury questionnaires

A. Epidemiological questionnair@ his questionnaire doc-
umented parental occupations and educational level,

Table 1. Demographic characteristics of sample

family constellation, and medical and developmental
history of the child. Socioeconomic status was re-
corded according to Daniel's Scale of Occupational
Prestige (Daniel, 1983), where a low score reflects high
occupational prestige. The scale ranges from 1.0 t0 6.9.

Medical questionnaireThis questionnaire was based
on data recorded in the child’s medical record, includ-
ing GCS scores, period of unconsciousness, duration
of posttraumatic amnesia, neurosurgical interventions,
neurological signs, and radiological results.

Vineland Adaptive Behaviour Scale (VABS; Sparrow
etal., 1984) This questionnaire was completed by par-
ents, at the time of recruitment to the study, while the
child was still in hospital. Parents were asked to de-
scribe their child’s preinjury abilities. The VABS was
readministered at 6 months postinjury to document
changes to adaptive function associated with head in-
jury. It provides a global measure of adaptive function-
ing, as well as scores for the domaing€ommunication
daily living, social skills and motor skills Each do-
main is standardized, with a mean of 100 and a stan-
dard deviation of 15.

Variable Mild HI Moderate Hl Severe HlI
N 13 19 11
Number of males 9 14 8
Age at initial testing (years, (SD) 10.6 (1.6) 10.0 (1.5) 11.4 (1.2)
Time: Injury to testing (months¥, (SD) 1.3(1.0) 1.4 (0.7) 1.9 (1.3)
Socioeconomic statusd, (SD) 4.3(1.1) 4.3 (1.0) 4.4 (1.0)
Intact families () 10 14 8

*Daniel (1993)
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Child assessment color of each shape and the second condition to name

Intellectual measure: The Wechsler Intelligence Scale  the external shape. The third condition is more complex
For Children—Third Edition (WISC—III; Wechsler, 1991) and involves implementation of two rules: (a) if the in-
assessed general intelligence. Three scores were employed térnal and external shapes are the same, state the color;

in analyses: Verbal (VIQ), Performance (PIQ) and Full Scale  (b) if the internal and external shapes are different, state
Intelligence Quotient (FSIQ). the external shape. The fourth condition becomes more

) ) complex as some shapes have an arrow placed above
Attentional measures: Several components of attention  them, and for these shapes the rule learned in Condi-

were investigated, as outlined in Mirsky’s model (Mirsky  tjon 3 s to be reversed, while for all other stimuli the
etal., 1991). correct response is as for Condition 3. This fourth con-

) ) ) dition was used in the analysis and was scored in terms
1. Sustained attentiarThe Continuous Performance Task  qf the time taken for task completion.

(CPT; modified version of Mirsky et al., 1991) was used

to examine the ability to maintain performance over time

as well as speed of information processing. In this COMp o cedure
puterized task stimulus letters were displayed for a du-

ration of 500 ms with an interstimulus interval of 1.5 S. parents of children who met the selection criteria were in-
Task duration was 20 min, during which time 600 Stim-jiteq to participate in the study. The research study was in-
uli were presented. Children were initially given a trial yroquced and explained in detail and written consent was
run to ensure that they understood the requirements Qfptained, according to hospital ethics guidelines. Once the
the tagk. Two letters flashed on the screen and the chll@lam”y had given consent for participation the appointment
was given a target letter (e.g., ‘') on which to focus. times were scheduled and the epidemiological question-
The child was then shown a response box where the yelyaire and the Vineland Adaptive Behavior Scale (Sparrow
low “yes” button was to be pressed if a ‘c’ had flashed gt 51 1984) were completed, based on preinjury status. Dur-
on the screen, and the blue “no” bu_tton if nelther_ of theing the acute stage (0-3 months postinjury) the total test
letters was a ‘c.” Scores employed in the analysis wergyattery was administered. The VABS and the attentional mea-
total correct score and total reaction time. Also investi-g;res were then repeated at 6 months postinjury. All assess-
gated were the number of omission and commission efments were conducted by a qualified psychologist and took
rors, missed responses and impulsive responses (reactigfhce over two 1-hr sessions. Order of test administration

time < 200 ms). For each of these variables a total SCorgyas fixed, with WISC 11l completed in one session and at-
was obtained, as well as scores for the first 5 min (Blockiantional measures in the second session.

1) and last 5 min (Block 4) of the task, to enable further
measurement of sustained attention.

2. Selective attentionTwo tests were administered, each Statistical Analysis
tapping visual selective attention and processing speed:

(1) Letter Cancellation Test (LCT, Talland, 1965) for The three groups (mild, moderate, severe H1) were initially
which the child was presented with a sheet of paper concompared on injury and demographic characteristics and on

taining rows of letters and instructed to cross out all the? Préinjury measure (VABS) to identify any differences
‘C's and the ‘E’s as quickly as possible. The number of&Cr0SS the groups that (_:ould mf_luence postinjury perfor-
letters correctly cancelled in 1 min was recorded:; and"ance. One-way analysis of variance (ANOVA) was con-
(2) Trail Making Test—Part A (Trails A; Reitan & Davi- ducted to compare standardized summary scores on cognitive
son, 1974) where children were asked to join a series of'€aSures across groups during the acute stage. Tukey's

numbers in order, under timed conditions, with time taker( 1SD) statistic was utilised to ascertain specific group
to completion being the variable employed in analysesdifférences. Repeated measures analysis of covariance
(GroupX Time) was conducted to examine the association

3. Shift Two measures were employed to tap these skillsbetween injury severity and test performance at acute as-
(1) Trail Making Test—Part B (Trails B; Reitan & Davi- sessment and 6 months postinjury on tests of attention, with
son, 1974). The child was asked to join consecutive alage at injury included as a covariate. Repeated measures
ternating letters and numbers, requiring a shift from ongwo-way analysis of variance (GroupTime X Stage) was
sequence to another. Time taken for task completion waemployed to investigate the association between test per-
recorded; and (2) Contingency Naming Test (CNT; Tay-formance and injury severity on the sustained attention task,
lor et al., 1992). This task has a number of componentswhere performance in the first 5 min and last 5 min of the
each one increasing in difficulty level. The child is pre- task was analyzed. For some measures, score distributions
sented with a stimulus sheet displaying circles, squaresyere unacceptably skewed due to extreme results. In such
and triangles of different colours, with each stimulus in-instances the child was assigned a score of 2 standard
cluding a color dimension and an internal and externaddeviations below the mean for their group for the variable
shape. The first condition requires the child to name theconcerned.
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RESULTS the other groups, at both acute and 6 months postinjury. All
groups improved on this measure over time, suggesting some

Comparison of Preinjury and recovery of these skills in the first 6 months postinjury, or a

Postinjury Abilities possible combination of both recovery and familiarization

T . ibl . diff for | Iwith the task.
0 €xaminé posSIbIE preinjury group CITIETeNCes for 1eVel 4 ain effect of group or time was evident for the total

of ability, the VABS results were examined (Table 3). Analy- number of omission, commission, or impulsive responses.

sis_ i_ndicated no group differences with respect to pr(_ainjuryrhere was a trend for the severe HI group to make more
abilities on the VABS £ < 1). Comparison of preinjury omission and commission errors in comparison to the mild

a}nd postinjury VABS revealed a significant main effept of and moderate HI groups. With regard to the total number of
time [F(2,31)=.001,p < .01], with all groups performing missed responses, main effect of grodi{d,37) = 3.52,

more poorly over time. While Group effects did not reach ;' _ .05] was detected, with the severe HI group recording
statistical significance, the pattern of deterioration of score%ore missed responses at both acute and 6 month stages
was consistent with injury severity, with the mild and mod- Mean reaction time scores from the CPT showed no ev—.
er;;tetrlj I groups c:_)'rlmtmumg to s;:ore _thh_m ttT]e AC’ eragAe rang€yence of significant group differences or recovery over time,
and the severe Rl group performing in the Low AVerage,q jystrated in Table 4. There was no significant main ef-

range. fect of group or time Fs < 1). Of interest, the severe HI
group exhibited a trend to shorter reaction times, possibly
Intellectual Performances reflecting impulsivity, leading to a higher error rate.

Table 3 provides results for the intellectual measures under; The CPT was also analyzed in terms of Groufime x

. : . . o (?Iock (see Figures 1-6) to examine possible reductions in
taken during the acute stage. Analysis of variance identifie erformance over time. relating to components of sustained
a significant group difference for VIQH(2,39) = 3.63, b ' 9 P

p < .05] and FSIQ E(2,39) = 4.46,p < .05]. Post-hoc attention. With regard to the mean number of correct re-

analysis indicated significant discrepancies for VIQ and FSI(}Eﬁ]o:s[is(’zthgeg)n:'%eg e;ts<of g;?ﬂ;ﬁf?n: i?\.ti’r[;:ti.c?r?]b f

between the mild :?md severe Hllgroups. The_ mild HI .grOUpGroupx Block [F(2,35)= 3.9,p < .05] were each signif-
performed according to normative expectations, while the ;
icant. The severe HI group achieved fewer correct re-

mean of the severe HI group was 1 standard deviation be- . . ) )
. . ponses in comparison to the mild and moderate HI groups;
low the test mean. This same trend was evident for Pl . )
= B : L owever, all the groups showed improvement over time. The
[F(2,39)= 2.72,p = .07], but did not reach statistical : :
significance severe HI group also sh(_)wed th_e largest d|screpan_cy in per-
‘ formance between the first 5 min and the last 5 min of the
_ _ CPT, with significantly fewer correct responses made at the
Attentional Skills end of the task, in comparison to the mild and moderate Hl
group. This finding suggests a greater difficulty with sus-
tained attention for the severe HI group both at acute and 6
Repeated Measures ANCOVA (Group Time, covarying month evaluations.
for age at injury) was conducted for attentional measures. Asinthetotal scores discussed earlier, mean reaction time
Results on the CPT related to the severity of injury as seescores for the CPT showed no significant main effects of
in Table 4. With regard to the mean number of correct re-group [F(2,36)= 1.3,p = .29], time [F(2,36)= 2.1,p =
sponses, main effects of group(R,37)= 4.13,p < .05]  .14], or block F(2,36)= 3.0,p = .06]. There was a trend
and time F(2,37)= 6.66,p < .05] were identified, with  for mild and moderate HI groups to respond slower at the
the severe HI group achieving fewer correct responses thaend of the task, and the severe head injured HI group re-

Sustained attention

Table 3. Results from pre- and postinjury VABS and acute intellectual evaluation

Mild HI Moderate HI Severe HlI

(N =13) (N =19) (N =11)
Test score M (SD) M (SD) M (SD)
VABS Total: Preinjury 110.0 (15.4) 107.6  (16.9) 104.5 (8.9)
VABS Total: Postinjury 108.8 (13.2) 99.4  (19.8) 88.8 (16.3)
Verbal 1Q*,T 99.8 (15.4) 919 (14.9) 84.0 (14.9)
Performance 1Q 103.4 (9.9) 97.3 (13.4) 89.5 (19.4)
Full Scale 1Q**, T 101.5 (7.8) 93.9 (13.3) 85.5 (16.1)

*p < .05, ¥*p < .01.
tPost-hocanalysis shows significant differences between mild and severe HI groups.
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Table 4. Results for attentional measures at acute assessment and 6 months postinjury

Mild HI (N = 13) Moderate HI N = 19) Severe HIN = 11)
Acute 6 months Acute 6 months Acute 6 months
Measure AdiM (SE) Adj.M (SE) Adj.M (SE) Adj.M (SE) Adj. M (SE) Adj. M (SE)

Sustained attention
CPT: Number correct** a0 524.6 (28.1) 543.4 (24.4) 479.1 (25.7) 521.9 (22.3) 416.9 32.4) 437.9 (28.2)
CPT: Mean reaction time (ms) 599.5 (37.1) 621.1 (38.4) 648.1 (32.5) 629.1 (33.6) 589.7 (40.4) 583.8 (41.8)
Selective attention
LCT: Number correct 36.5 (1.7) 40.1 (2.0) 345 (1.6) 36.7 (1.8) 315 (2.1) 321 (2.4
Trails A: Completion time**t-2°¢  17.2  (2.4) 16.8 (2.0) 221 (2.3) 186 (1.90 31.3 (2.8) 220 (2.3)
Shifting attention
Trails B: Completion time**® 424 (5.5) 378 (58) 615 (5.2) 418 (b5 616 (6.3) 541 (6.7)
CNT: T4: Completion time 85.4 (8.7) 727 (7.6) 903 (7.9 745 (7.0)0 112.1 (10.00 82.6 (8.8)

**Main effect of group,p < .05. *Main effect of timep < .05. TGroupx Time interactionp < .05.
asignificant difference between mild and severe HI groups af$ignificant difference between mild and severe HI groups at$ignificant difference
between mild and moderate HI groups at ignificant difference between moderate and severe HI groups at T1.

sponded more quickly toward the end of the task, althougimay reflect the large number of missed responses at that
judging by the increased errors recorded by the severe Hitage of the CPT.
group, these quicker reaction times do not necessarily re- As shown in Figure 6, for the number of impulsive errors
flect more efficient performance. (reaction time 0—200 ms from the target being seen on the
No significant main effects were detected for group, time,screen), significant interaction effects showed that the se-
or block for omission and commission errors, although ther&ere HI group made more errors at acute evaluation, with
was a trend of the severe HI group to make fewer omissiottittle evidence of recovery in performance. In contrast mild
and commission errors in the later stages of the CPT, as iland moderate HI groups displayed improvement in perfor-
lustrated by Figures 3 and 4. For missed responses (Fignance on this variable for acute to 6-month assessment. In
ure 5), a different pattern emerged. There was a significardaddition, severe HI group made fewer impulsive errors at
main effect of block F(2,36)= 10.1,p < .05] and a sig- the end of the CPT, while the other two groups either re-
nificant GroupX Block interaction F(2,36)=4.1,p<.05].  mained constant or increased their impulsive responses.
All groups missed more responses at the end of the task,
with the severe HI group achieving, by far, the highest num-g
ber of missed responses in the last stage, with no evidence
of improvement on this measure for acute to 6-month asFor the LCT, there were no significant main effects [group:
sessments. The trend toward fewer omission and commig=(2,36) = 3.02,p = .06; time:F < 1; and no interaction
sion errors toward the end of the task for the severe HI grougffect: F < 1]. However, a trend did emerge, indicating a

elective attention

140 + 720 T
130 - — . — g 8607
g \ = 600 + -
2 120 8 ~=~Mild HI
S ~Mild HI T 540 ¢ ~Mod HI
o 110 + - Mod HI &’ - Severe HI
E -+ Severe Hl H 480
% 100 + = 401
-
o
90 + © 360 +
80 ; ; s s : { 300 % : : : : |
B1 B4 B1 B4 B1 B4 B1 B4
Acute 6 Months Acute 6 Months

Fig. 1. Number correct on the CPT at the acute and 6-month stageBig. 2. Mean reaction time on the CPT at the acute and 6-month
postinjury. Number correct was calculated during the first and thestages postinjury. Mean reaction time was calculated during the
last 5 min of the CPT at each time point. first and the last 5 min of the CPT at each time point.
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Fig. 3. Number of omissions on the CPT at the acute and 6-monttFig. 5. Number of missed responses on the CPT at the acute and

stages postinjury. Number of omissions were calculated during thé-month stages postinjury. Number of missed responses were cal-

first and the last 5 min of the CPT at each time point. culated during the first and the last 5 min of the CPT at each time
point.

tendency for the mild HI group to perform better during the p = .22]. Post-hocanalysis indicated that the mild HI group
acute and 6-month stages and for all groups to improve ovegrerformed significantly better than either moderate or severe
time, with the severe HI group showing least improvementHI groups on this measure at acute assessment. However, at
These results are illustrated in Table 4. 6 months postinjury the moderate HI group performed sim-
For Trails A a significant effect of groug-(2,36)= 4.95, ilarly to the mild HI group, suggesting greater recovery in
p < .05] and a significant Groupx Time interaction this group in contrast to relatively consistent performance
[F(2,36)=5.01,p < .05] was detected, with the severe HI of the other two HI groups. These results may reflect the
group taking longer to complete the task, but also showingadded complexity of Trails B, indicating ongoing difficul-
greatest gain (recovery) over time. The mild HI group didties in higher level skills following more severe injury.
not record any such gains, supporting an interpretation that There was no significant main effect of group(R, 37)=
improvement associated with severe HIl are due to recovery.84,p=.17], time (F < 1), nor aninteraction effecH< 1)
rather than a practice effect. See Table 4. on the CNT (Condition 4), although all groups exhibited a
trend to quicker completion times at 6-month evaluation.

Shifting attention These results are illustrated in Table 4.

Table 4 demonstrates the results for Trails B. Statistical analy-
sis detected a significant main effect for group on this mea—DISCUSSION
sure [F(2,36)= 3.44,p < .05], but no significant main effect The results of the present study provide support for the pres-

for time (F < 1), and no interaction effecf|(2,36)= 1.57, ence of attentional difficulties both acutely and 6 months
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Fig. 4. Number of commissions on the CPT at the acute andFig. 6. Number of impulsive responses on the CPT at the acute
6-month stages postinjury. Number of commissions were calcuand 6-month stages postinjury. Number of impulsive responses were
lated during the first and the last 5 min of the CPT at each timecalculated during the first and the last 5 min of the CPT at each
point. time point.
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postinjury following head injury sustained during child- tween the first and last 5 min of the task, the severe HI group
hood. These deficits appear to be associated with injury seagain achieved fewer correct responses toward the end of
verity, and cannot be explained in terms of preinjury abilitiesthe task, at both acute and 6-month stages, getting progres-
or demographic factors. As seen by the Vineland Adaptivesively poorer as the task progressed, indicating that severe
Behavior Scale and demographic and socioeconomic statw$l is associated with greatest deficits in sustained attention.
factors, all groups were functioning similarly prior to HI, so Similarly, the severe HI group missed responses more fre-
that any postinjury differences are likely to be attributed toquently toward the end of the task, showing little improve-
injury-related factors rather than premorbid status. ment over time in comparison to the moderate HI group.
Such findings are consistent with those of Kaufman et al.
(1993) and Timmermans and Christensen (1991), where chil-
dren with a head injury demonstrated significant difficul-

During the acute postinjury stage there was a significant diffies sustaining attention.
ference between the groups on Verbal I1Q and Full-Scale 1Q, ] ]
with a similar trend for Performance 1Q. While the mild and Selective attention

moderate HI groups performed within the Average range ok for measures of sustained attention, findings suggest that
these measures, the severe HI group performed outside gfi,ry severity is related to outcome in this area of atten-
this range, with scores significantly below those of the othetjo, "Results on Trails A support the possibility of visual
HI groups. These results support the generally reported dosesgective attention and information processing deficits as the
response relationship between injury severity and 1Q. HoWgeyere Hi group took longest to complete this task at both
ever, they are inconsistent with previous research in botl . ;te and 6-month stages. However, the severe HI group
adultand child populations, which has documented greateghoveqd substantial improvement over time. Results on the
impact on Performance 1Q. While the difference in perfor-| o1 yere in the expected direction, even though there were
mance between mild and severe HI groups is similar for both,, sjgnificant differences between the groups. That is, the
VIQ and PIQ, the severe HI group exhibited a large staniniiq head injured group achieved highest number correctin
dard deviation for PIQ, possibly leading to the nonsignifi- 1 min and the severe group achieved fewest number cor-

Acute Measures

cant difference observed among the groups. rect. Of importance, this measure is dependent on visuomo-
tor speed and co-ordination, so it may be interpreted that
Attentional Measures the severe group has poorer selective attention, slowed vi-

suomotor processing, or a combination of these. Such re-
Results on the attentional and information processing tasksults do provide partial support for findings in the adult
also indicated a dose-response relationship, which apiterature, where reduced speed of information processing
peared to persist during the acute and subacute phases posés been implicated as a confounder on tasks measuring at-
injury. Interestingly, both level of competence and recoverytentional skills (Anderson & Pentland, in press; Ponsford
patterns varied depending on the specific attentional comand Kinsella, 1992; Stuss et al., 1989). However, our re-
ponent being measured. It may be postulated that this varkults suggest that these problems are specific to visuomotor
ability in recovery may depend on the specific cerebralperformance with simple processing speed (i.e., reaction
regions impacted by injury, and their level of maturity.  time) intact. Furthermore, the LCT task is a more visually

overwhelming task in comparison to Trails A, suggesting
Sustained attention that the severe HI group improve on simple tasks (Trails A)

The severe HI group achieved fewer total correct responsebsm still struggle on tasks of higher demand.

at both acute and 6-month stages. However, all groups imS
proved over time, suggesting some recovery of this skill as
generalized effects of HI diminish. In fact, the moderate HIChildren with a moderate or severe HI demonstrated a re-
group showed most improvement and the mild HI group theduced ability to shift attentive focus effectively on the Trails
least improvement, demonstrating that the improvement seed task. The moderate and severe HI groups completed tasks
is likely to be due to recovery rather than familiarization requiring a shift in attention more slowly during the acute
with the task. period, with the moderate group showing much improve-
Contrary to expectations from adult literature, there weranent over time and the severe group showing leastimprove-
no statistically significant differences between groups forment over time. Again, it is difficult to determine whether
speed of response, thus failing to support an argument thahe severe group has difficulty shifting attention or that the
slowed response rate underpins attentional deficits post-Hlifficulty is more complex; that is, poor ability to divide
in children. Similarly, no group differences were detectedattention in conjunction with slowed visuomotor process-
for omission, commission, or impulsive errors. There was @ng exacerbating differences on this task. Such an interpre-
trend for the severe HI group to do more poorly in thesetation is consistent with Wood’s argument that head injury
areas, but the small sample size gives the study limited powenay limit attentional capacity by reducing the extent to which
to detect these differences. When analyzing differences bettention can be divided across stimuli, thus affecting the

hifting attention
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ability to shift between modes of thinking, and resulting in suring a number of skills some of which recover more quickly
slower and even less reliable processing of informatiorthan others following a closed head injury. It has been ar-
(Wood, 1988). No significant differences were detected orgued that deficits in attention and speed of processing may
the CNT although the severe HI group showed substantidmpede future learning and acquisition of knowledge, re-
improvement over time. However, this task was not com-sulting in current and cumulative deficits, and so it is im-
menced until children had mastered the rule by participatportant to gain a better understanding between the general
ing in practice trials. This repeated exposure may havéerm of “attention deficits” and developmental factors.
improved the severe HI group’s ability to perform the task These data represent the first stage in a longitudinal study,
with more confidence, accuracy, and speed. in which the children will be followed to 24 months post-

To summarize, moderate and severe head injury duringjury. This will allow recovery profiles to become clearer
childhood results in specific attention and information pro-and will also assist in determining which skills are mostim-
cessing deficits in the acute postinjury phase. Not all areaportant in determining a favorable outcome on attentional
of attention are affected similarly, with factors including the measures. Such an investigation of attentional recovery over
nature of the task (e.g., visuomotor tasks in comparison téime, as was commenced in this paper, will lead to a better
computerized reaction time tasks), task complexity, and speaghderstanding of long-term outcome following pediatric head
requirements affecting acute and 6-month outcome. Thesajury, leading to more relevant rehabilitation programs in
results provide partial support for findings from the adultthe behavioral and educational areas.
literature where deficits for speed of processing are re-
|p_)|orted (Murrgy et al., 1992,.Pon'sford & Kinsella, 1992)'r°\CKNOWLEDGMENTS
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