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Abstract

Attentional impairments in children occur in the context of both developmental and acquired disorders involving the
central nervous system (CNS) and may have implications for ongoing development, potentially impeding cognitive,
educational, and behavioral functions. Using a continuous performance paradigm (CPT), this study compared
attentional profiles of children with developmental and acquired conditions impacting on the CNS: (i) attention
deficit–hyperactivity disorder (ADHD: n5 27); (ii) moderate traumatic brain injury (TBI: n5 41); (iii) acute
lymphoblastic leukemia (n5 31); and (iv) insulin-dependent diabetes mellitus (n5 39). A healthy control group
(n5 46) was also examined. Groups were compared on measures of sustained attention, selective attention, and
response inhibition. In addition, measures of performance variability and deterioration and processing speed were
examined. Results showed that children with ADHD exhibited global and severe attentional impairments in contrast
to all other groups. Children with moderate TBI displayed mild attentional difficulties, restricted to selective and
sustained attention domains. In conclusion, although CPT parameters differentiated the ADHD group from all
others, a disorder-specific profile was not observed. (JINS, 2006, 12, 519–531.)
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INTRODUCTION

Abnormalities in attentional development are seen in a range
of developmental disorders of childhood, for example, autism
(Aronson et al., 1997; Casey et al., 1993; Wainwright-
Sharp & Bryson, 1993), attention deficit–hyperactivity dis-
order (ADHD; Aman et al., 1998; August & Garfinkel, 1990;
Levy & Hobbes, 2000), and Asperger’s syndrome (Klin
et al., 1995), as well as in children with central nervous
system (CNS) dysfunction of multiple etiologies, including
traumatic brain injury (TBI; Anderson et al., 2005; Ander-
son & Pentland, 1998; Catroppa & Anderson, 1999, 2003;
Kaufmann et al., 1993), insulin-dependent diabetes melli-
tus (IDDM; Northam et al., 2001), Tourette’s syndrome
(Johannes et al., 2001; Yeates & Bornstein, 1994), and in
children with acute lymphoblastic leukemia (ALL) treated
with cranial irradiation (Anderson et al., 2004a; Brouwers

et al., 1985). As such impairments are described less com-
monly in adults (e.g., stroke, diabetes, cranial irradiation),
it may be that attention is particularly vulnerable to disrup-
tion during childhood, when the brain is developing and
when cognitive skills are emerging and consolidating. Fur-
thermore, if a child is unable to attend efficiently, acquisi-
tion of new skills and knowledge may be limited. Support
for the role of attention in development comes from reports
of deterioration of intellectual abilities for children suffer-
ing from conditions for which attention deficits are com-
mon, for example, TBI (Anderson & Moore, 1995; Catroppa
& Anderson, 1999, 2003; Ewing-Cobbs et al., 1998). An
understanding of the nature of attention and its develop-
ment, together with access to appropriate assessment meth-
ods, is vital for pediatric neuropsychology.

Models of Attention and Specific
Attentional Components

The study of attention has been hindered by inconsistencies
in terminology. In the 1800s, William James argued that
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“focalisation, concentration, and consciousness” were the
key elements (James, 1890; pp. 403– 404). A more contem-
porary description states that attention refers to “. . . all
those aspects of human cognition that the subject can con-
trol . . . and to all aspects of cognition having to do with
limited resources or capacity . . .” (Shiffrin, 1988, p. 739).
Recently attempts have been made to compartmentalize
attention into several separate, interacting components, form-
ing a functional system (Mirsky et al., 1991; Posner, 1978;
Stuss et al., 1995).

Sustained attention refers to the ability to maintain atten-
tion over time. Impairments in sustained attention are char-
acterized as a gradual fall-off in performance over time.
Fluctuating performance and individual variability are also
described, with these skills mediated to a large extent by
the reticular formation and brainstem (Mirsky et al., 1991),
with some involvement of frontal regions (Stuss et al., 1995).
Selective, or focused, attention, mediated by temporal, pari-
etal, and striatal regions, is the ability to “filter” irrelevant
stimuli or focus on a single stimuli (Cowan, 1997; Posner,
1984).

Several elements of attention are also conceptualized as
overlapping with executive abilities, and represent the “exec-
utive” level of the attention system. Response inhibition,
mediated primarily by means of frontal regions, refers to
the capacity to inhibit an automatic or prepotent response.
Divided attention, the capacity to attend to competing stim-
uli simultaneously and shifting attention, the ability to shift
flexibly from one dimension to another, have also been
linked to frontal lobes (Manly et al., 1999; Rebok et al.,
1997). Finally, processing speed, linked to subcortical struc-
tures and anterior brain regions, reflects the rate at which
tasks are completed and is commonly incorporated into atten-
tion models (Barkley, 1999; Ruff & Rothbart, 1996), reflect-
ing the importance of these skills for effective attention, as
well as their role in efficient performance on attentional
measures. Disruption to this system may result in deficits in
one or more aspects of attention (Mirsky, 1996; Stuss et al.,
1995), which may then impact upon normal development.

Patterns of Attentional Function in
Childhood Brain Disorders

The nature and degree of attention deficits have been shown
to vary across disorders, due to underlying cerebral pathol-
ogy or related to age at condition onset. The influence of
such factors is well illustrated in TBI. In adult TBI, although
many attentional skills are intact, processing speed is reduced
(e.g., van Zomeren & Brouwer, 1994). For childhood injury,
deficits are more global, incorporating processing speed
and sustained and shifting attention (Catroppa & Anderson
1999, 2003; Ewing-Cobbs et al., 1998). Deficits vary accord-
ing to injury severity and nature of underlying brain pathol-
ogy, with minimal impairment after mild TBI (Willmott
et al., 2000) but significant impairment after moderate0
severe TBI (Anderson & Pentland, 1998; Ewing-Cobbs et al.,

1998). In contrast, developmental disorders (e.g., ADHD)
are associated with reduced response inhibition, perhaps
due to anterior cerebral dysfunction (Barkley, 1999; Shal-
lice et al., 2002; Sowell et al., 2003), with other attentional
components relatively intact.

Assessing Attention in Children

The young child has limited attentional capacity, reflecting
the immaturity of the CNS, for example, unmyelinated axons
and developing frontal lobes (Manly et al., 2001; Rebok
et al., 1997). Development occurs in a set order and time
frame, with anterior–posterior connections not fully devel-
oped until late childhood (Thatcher, 1991) and with differ-
ent patterns of development identified for the separate
elements of attention (Lane, 1978; Lane & Pearson, 1982;
McKay et al., 1994; Rebok et al., 1997; Shepp et al., 1987).
It is not surprising then that attention may be uniquely vul-
nerable to the impact of early brain insult, as has been dem-
onstrated in several childhood conditions (Anderson et al.,
2004b; Catroppa & Anderson, 2003; Kaufmann et al., 1993).
Using Dennis’ (1989) heuristic, while these skills are devel-
oping they may be at risk for disruption, indicating that
some knowledge of developmental processes in this domain
is important to understanding the potential impact of brain
insult through childhood. Thus, the thorough and accurate
assessment and understanding of these skills in child prac-
tice is a high priority for clinicians.

The bulk of the literature on the development of attention
has focused on the school-aged population. McKay and
coworkers (1994) plotted development of sustained and
selective attention and processing speed for children 6
to 13 years of age, and an adult sample. They reported early
maturation of selective attention, stable sustained attention
through middle childhood, and a developmental spurt around
11 years. Speed of processing showed gradual progress,
with increments observed until 11 years. Similar findings
are described by others (Manly et al., 2001; Rebok et al.,
1997), with evidence of increases in all elements of atten-
tion from 8 to 10 years. These data emphasize the rapid
development of attention through childhood and support
the need for effective, age-sensitive clinical measures for
its accurate assessment.

Currently, there are an increasing number of tests of child-
hood attention. However, the Continuous Performance Test
(CPT; Rosvold et al., 1956) continues to be a commonly
administered clinical paradigm, with several readily avail-
able commercial versions that generate a variety of indices
of attention (Cooley & Morris, 1990; Levy & Hobbes, 2000).
However, the traditional measures obtained and used clin-
ically may be inadequately conceptualized, not necessarily
tapping the attentional components described. For exam-
ple, mean accuracy rates and reaction times, as measures of
sustained attention (Mirsky et al., 1991), do not address
fluctuation or deterioration in attentional performance. Fur-
thermore, important information may be discarded when
analysis is restricted to accuracy and reaction time vari-
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ables. Van Zomeren and Brouwer (1994) advocate extend-
ing CPT indices to provide more detailed, component-
specific data. Although less common in clinical practice,
researchers previously have addressed this issue within spe-
cific groups of children with developmental and acquired
disorders of the CNS, for example, ADHD (van der Meere
& Sergeant, 1988), TBI (Catroppa & Anderson, 2003; Kauf-
mann et al., 1993), and cranial irradiation for the treatment
of childhood leukemia (Anderson et al., 2004a). Results
from these studies suggest that aspects of attention may be
differentially affected in each condition, and comparison
across findings raises the possibility that attentional pro-
files might well vary across groups. However, no study to
date has compared CPT parameters across groups to deter-
mine whether this paradigm has the sensitivity to differen-
tiate attentional patterns that might occur as a result of
varying medical and neurological etiologies.

The Present Study

Mindful of the frequent inclusion of the CPT in clinical
assessment batteries, the limitations identified by van Zome-
ren and Brouwer (1994), and debate regarding the nature
and cause of attentional impairments in children, the present
study had two aims: (1) to comprehensively investigate the
efficacy of the CPT within the framework of contemporary
models of attention (Stuss et al., 1995; van Zomeren &
Brouwer, 1994) by identifying and measuring variables relat-
ing to components of the attention system, specifically sus-
tained and selective attention, response inhibition, and
processing speed; and (2) to test our expectation that the
CPT could differentiate attentional profiles across clinical
groups and, thus, have relevance for accurate diagnosis and
intervention.

To meet these goals, children with developmental and
acquired brain disorders were investigated. CNS conditions
were chosen for comparison based on (1) documentation of
impaired attention; (2) reported deficits in one or more atten-
tion components under study, enabling formulation of pre-
dictions regarding the pattern of impairment expected for
each group; and (3) evidence of cerebral pathology or dys-
function from neuroimaging studies. Such cross-disorder
comparisons, where groups can be compared with respect
to their responses on the same test procedures, provide a
means of determining both similar and distinct features,
which might be associated with specific conditions, as well
as potentially illuminating underlying brain–behavior rela-
tionships. This strategy has been illustrated in studies com-
paring the attentional profiles of children with attention
deficit hyperactivity disorder to those with traumatic brain
injury (Konrad et al., 2000) and learning disabilities
(Micallef et al., 2001; Wu et al., 2002).

Attention deficit–hyperactivity disorder
(ADHD)

Impairments in attention are considered the key feature of
ADHD (Heaton et al., 2001), with response inhibition the

primary deficit (Barkley, 1999; Lajoie et al., 2005; Manly
et al., 2001). Impairments in sustained and selective atten-
tion and processing speed are reported less consistently
(Hooks et al., 1994; Micallef et al., 2001; Seidel & Joschko,
1990; van der Meere & Sergeant, 1988). Recent structural
and functional imaging studies, have identified dysfunction
within frontal brain regions (Baron-Cohen & Moriarty, 1995;
Reeve & Schandler, 2001; Rubia et al., 1999; Semrud-
Clikeman et al., 2000; Sowell et al., 2003).

Traumatic brain injury (TBI)

Although results vary, deficits in sustained attention and
processing speed are commonly identified post-TBI, with
impairments in selective attention and response inhibition
less consistently reported (Anderson & Pentland, 1998; Den-
nis et al., 1995; Ewing-Cobbs et al., 1998; Schachar et al.,
2004). Residual impairments are greatest after severe TBI,
although moderate insults have also been associated with
deficits. In contrast, attention skills after mild TBI appear
intact (Anderson et al., 2004b). Imaging studies describe a
characteristic pattern of cerebral pathology, primarily involv-
ing diffuse white matter injury and brainstem and anterior
brain insult.

Insulin-dependent diabetes mellitus (IDDM)

Although not typically associated with cognitive sequelae
in adults, studies of childhood IDDM report attention def-
icits, including reduced selective attention and speed of
response (Hagen et al., 1990; Holmes, 1990; Northam et al.,
1998), linked to lowered glucose levels, and associated
abnormalities in the metabolism of neurotransmitters, most
commonly in the prefrontal cortex and to a lesser extent the
posterior cortex (McCall & Figlewicz, 1997; Tallroth et al.,
1992), as well as history of hypoglycemic seizures.

Acute lymphoblastic leukemia (ALL)

Studies reporting on children treated with a combination of
cranial irradiation and chemotherapy, document slowed pro-
cessing speed and deficits in selective attention (Anderson
et al., 2000; Cousens et al., 1988). In contrast, sustained
and shifting attention skills appear to be spared (Anderson
et al., 2004a; Goff et al., 1980). Acute pathology is uncom-
mon; however studies conducted postradiation demonstrate
delayed subcortical pathology in these children (Kingma
et al., 1993; Paakko et al., 1992).

Based on cognitive and imaging literature, we predicted
that the CPT would identify specific patterns of attentional
impairments across the groups: (1) sustained attention def-
icits would be evident for the TBI group only, in keeping
with brainstem and anterior pathology; (2) reduced response
inhibition would be identified for children with ADHD and
TBI, linked to frontal lobe involvement; (3) slowed process-
ing speed, reflecting more diffuse pathology, would occur
in TBI, IDDM, and ALL groups; and (4) deficits in selec-
tive attention would be specific to IDDM. To examine the
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validity of the CPT in assessing more specific attentional
weaknesses, as opposed to global cognitive impairments
or motor or sensory deficits, children who had sustained
severe brain insult (e.g., severe TBI, high-dose cranial irra-
diation) or who had residual neurological deficits (e.g.,
epilepsy, hydrocephalus, hemiplegia) were excluded from
participation.

METHOD

Participants

The sample comprised 184 children (108 males). Justifica-
tion for the choice of clinical groups is described above.
Clinical group selection was on a consecutive basis by means
of outpatient clinics (ADHD, IDDM) or record review (ALL,
TBI) at the Royal Children’s Hospital (RCH), Melbourne,
Australia. In each of these groups, attentional impairments
have been reported consistently, as has evidence of sus-
pected or documented CNS dysfunction in regions argued
to mediate attention. A control group was included for com-
parison. Inclusion criteria for all groups were (1) 8 to 15
years of age at assessment, (2) no premorbid or current
history of neurological or sensory disorder, (3) no premor-
bid history of learning disability; and (4) attending main-
stream school.

ADHD (n5 27)

Children recruited to this group represented consecutive
referrals to a specialist clinic for evaluation of ADHD. Chil-
dren were evaluated by a pediatrician and met Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition
(DSM-IV; American Psychiatric Association, 1994) criteria
for a diagnosis of ADHD, based on clinical observations
and parent report. In addition, parents and teachers com-
pleted the Rowe Behavioural Rating Inventory (RBRI; Rowe
& Rowe, 1995), a 20-item scale, which provides three sub-
scales: inattention, restlessness, irritability. Children were
only included in the ADHD group if RBRI ratings were
within the clinical range (.98th centile), for inattention and
restlessness subscales, on either parent or teacher mea-
sures. Children with comorbid learning disability or psychi-
atric disorder were excluded from participation. The Wide
Range Achievement Test—3 (Wilkinson, 1993), DSM-IV
classification, and Conners’ Parent Rating Scale (Goyette
et al., 1978) were used to assess these domains. Although
some children were receiving medication for the disorder,
all had been off medication for 48 hours before testing.

TBI (n5 41)

Participants had sustained TBI of moderate degree at least
2 years before assessment. Children were ascertained by
means of medical records review, and represented consec-
utive identifications meeting selection criteria. Moderate
injury was chosen as these children had evidence of brain
injury on brain imaging but no residual neurological abnor-

malities. Children with severe TBI were excluded, due to
the well-documented and global nature of neurobehavioral
sequelae, including intellectual (Anderson & Moore, 1995)
and physical disability and neurological deficits (Catroppa
& Anderson, 1999). Mean age at injury was 5.5 years (SD5
2.9), and mean time since injury was 6.1 years (SD5 3.3).
All children had experienced a period of altered conscious-
ness, with injuries of sufficient severity to warrant admis-
sion to a tertiary medical center. Specific inclusion criteria
for this group were: (1) lowest Glasgow Coma Scale score
(GCS) in the 24 hours after injury, 9–12; (2) duration of
posttraumatic amnesia (PTA), 1–24 hours; (3) no evidence
of neurological deficits; and (4) no premorbid or current
diagnosis of ADHD or other neurological, developmental,
or psychiatric disorder, based on pediatric evaluation. Mean
GCS score was 10.5 (SD5 2.8).

IDDM (n5 39)

This group included consecutive admissions with a diagno-
sis of IDDM (type 1 diabetes) 2 years before participation
in this study, who met study criteria. Mean age at diagnosis
was 9.3 years (SD 5 2.4). In the 2 years since diagnosis,
46% of the group had suffered at least one hypoglycemic
episode resulting in altered consciousness, with 18% hav-
ing episodes associated with convulsions and 13% having
episodes associated with coma. No child had a residual
neurological condition. Criteria for inclusion were (1) 5
years of age or older at diagnosis; (2) no premorbid or
current diagnosis of ADHD or other neurological, develop-
mental, or psychiatric disorder, based on pediatric evalua-
tion; and (3) blood glucose levels within the normal range
at assessment.

Childhood ALL (n5 31)

Participants were recruited by means of record review and
were considered for inclusion if treated for ALL according
to the ANZCCSG Study (V) protocol (Waters, 1992). Cra-
nial irradiation was administered between 2 and 5 years of
age, after children had achieved remission after induction
chemotherapy. Children received a course of cranial irradi-
ation (18 Gy) in combination with four doses of intrathecal
methotrexate given at weekly intervals. Children also
received two doses of intrathecal methotrexate, before irradi-
ation, given on day 1 and day 21 of the chemotherapy reg-
imen. All children met the following criteria: (1) dose of
cranial irradiation therapy administered5 18 Gy; (2) single
course of treatment and relapse-free before assessment; and
(3) no premorbid or current diagnosis of ADHD or other
neurological, developmental, or psychiatric disorder, based
on pediatric evaluation.

Healthy controls (n5 46)

These children were selected from local schools and were
chosen from class rolls. Matching was conducted at the
group level, with the control sample constructed to match
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clinical groups as closely as possible with respect to age
and gender. Only children with no history of ADHD or
other neurological, developmental, or psychiatric disorder
(based on information collected from demographic ques-
tionnaire) were recruited.

Procedure

Children and families were contacted to participate in spe-
cific research studies at RCH and were required to provide
written informed consent before their inclusion in the
research, in keeping with hospital ethics requirements. Par-
ticipation rates for all groups exceeded 80%. Parents pro-
vided details of each child’s medical, educational, and
developmental history and socioeconomic status (SES). SES
was derived from parent occupation, using the Daniel Scale
of Occupational Prestige (Daniel, 1983), which generates a
rating between 1 and 6.9 with higher scores reflecting lower
SES.

Neuropsychological Measures

Neuropsychological measures included the Wechsler Intel-
ligence Scale for Children (WISC-III: Wechsler, 1991) and
CPT (Rosvold et al., 1956). For the ADHD and TBI groups,
Full Scale IQ (FSIQ) was derived from a short-form of the
WISC-III (Vocabulary, Object Assembly, Similarities, Block
Design), as described by Sattler (1988). All other partici-
pants completed the total WISC-III. The CPT measures sus-
tained and selective attention, response inhibition and
processing speed. The simultaneous discrimination version
was used in this study, with monochrome visual display of
stimuli. The CPT incorporated 600 trials in which two let-
ters were flashed onto a computer screen for a duration of
500 milliseconds (ms), with an interstimulus interval of
1500 ms. The child was seated before the computer screen,
and provided with a response box where the yellow button
represented a “yes” and the blue button a “no”. Children
were instructed to respond to all stimuli by pressing the
“yes” button if a “C” was flashed on the screen and the
“no” button if neither of the letters was a “C”. A practice
session of 30 trials was administered to ensure understand-
ing of task the requirements. Total task duration was 20 min,
with 20 percent (n 5 120) of presentations including the
target letter, which was pseudorandomly distributed through-
out the 600 stimuli. For the duration of the task, the exam-
iner sat by the child to monitor performance and compliance.

CPT Variables

Several variables were assessed by the CPT:

1. Selective attention was defined in terms of both the total
number of correct responses (CORR: Yes-Yes: “Yes”
response when target is presented; No-No: “No” response
when target is not presented) and the total number of

omission errors (OMM: No-Yes: “No” response when
target is presented).

2. Response inhibition0impulsivity was defined as the total
number of commission errors (COM: Yes-No: “Yes”
response when no target is presented).

3. Processing speed was defined as the mean reaction time
(RT) for No-No responses, in keeping with previous
studies.

4. Sustained attention was assessed by several indices. The
standard deviation of reaction time (SDRT) provided a
measure of intraindividual variability, an aspect of sus-
tained attention. Lapses in attention (LAP) were defined
as two or more consecutive responses from any of the
following categories—incorrect response (omission, com-
mission), delayed or “no” response (.1500 ms), or impul-
sive response (,200 ms). Impulsive responses were only
recorded where responses had been provided for the pre-
ceding stimulus, to discriminate these data from very
late responses. Both the number and length of lapses
were considered in analysis. The length of lapses assessed
tendencies for children to make multiple sequential
“lapse” responses. Time on task (TT) effects were oper-
ationalized by dividing the 20-min CPT task into four
5-min blocks and analyzing differences in performance
across blocks. TT measured changes in attention with
time on task. Sustained attention was assumed to deteri-
orate with time on task where deficits were present. Dis-
tinctions between these attentional constructs were based
on previous research that has used the CPT in various
groups of children with both normal development and
developmental and acquired CNS disorders (Anderson
et al., 2000; Anderson & Pentland, 1998; Catroppa &
Anderson, 2003; Mirsky, 1996; Rebok et al., 1997).

Statistical Analysis

Group differences for intellectual and demographic vari-
ables were examined using analysis of variance (ANOVA).
Distributions for CORR, OMM, and LAP were signifi-
cantly skewed and logarithmic transformations were under-
taken. As CORR was negatively skewed, this variable was
“reflected” during the logarithmic transformation, resulting
in a log scale in which high values represent fewer correct
responses. For attention measures divided into 5-min blocks,
repeated measures multivariate analysis of covariance
(MANCOVA), covarying for age, gender, and IQ, were con-
ducted across groups. Where statistical differences were
identified, post hoc analyses (Bonferroni’s t test) were used
to determine group differences. Further analyses were con-
ducted to investigate the rates of impairment across groups
on attention variables. Due to significant age effects for
these variables, analyses were conducted using the follow-
ing age categories: 8–9 years, 10–11 years, 12–13 years,
14–15 years. The x2 analyses were conducted within these
age categories and frequencies of impaired (scores . 90th
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centile) and unimpaired (scores � 90th centile) perfor-
mances were compared across groups. The relationship of
age and IQ with CPT parameters, as well as associations
between the CPT parameters, were assessed using Pear-
son’s Correlation Coefficient.

RESULTS

Demographic and IQ Characteristics

There were no group differences for age at testing or SES,
although FSIQ differed across groups, F(4,176) 5 9.38,
p , .001, with the ALL group demonstrating a lower mean
FSIQ than other groups, as illustrated in Table 1.

Group Differences in CPT Scores

Group differences were detected for CORR, F(4,176) 5
8.06, p , .001 (data for CPT variable across groups are
provided in Table 2). The ADHD group recorded the poor-
est results, being significantly less accurate overall than the
IDDM ( p, .001), ALL ( p5 .015), and control ( p, .001)
groups (see Figure 1). The TBI group also scored less well
than controls on this measure, although this difference was
only marginally significant ( p5 .064).

Similar group differences were found for OMM,
F(4,176)5 9.58, p, .001, see Figure 2. Post hoc analyses
revealed that the ADHD group recorded more omission errors
than the IDDM ( p , .001) and control ( p , .001) groups,
whereas the TBI group made more omission errors than
controls ( p5 .003). The Time3Group interaction was also
significant: Wilks’ Lambda5 .875, p5 .024, partial eta25
.043. As shown in Figure 2, the likely basis of the inter-
action was the difference in patterns of performance across
blocks for the ADHD group compared with the other groups.
Specifically, the ADHD group recorded more OMMs dur-
ing Block 4 than during Block 1, whereas the other groups
showed the reverse pattern.

As shown in Figure 3, analysis of SDRT also revealed a
significant group difference: F(4,176) 5 7.61, p , .001.
Post hoc analyses again demonstrated poorest performance
in the ADHD group, which exhibited significantly greater

variations in response speed than the TBI ( p, .001), IDDM
( p, .001), ALL ( p, .001), and control ( p5 .001) groups.
The TT effect was significant as well, Wilks’ Lambda 5
.936, p 5 .009, partial eta2 5 .064, indicating increases in
SDRT with time on task.

Group differences were also found for LAP number:
F(4,176) 5 9.51, p , .001. Consistent with the previous
results, the ADHD group recorded significantly more lapses
than the TBI ( p 5 .021), IDDM ( p , .001), ALL ( p ,
.001), and control ( p , .001) groups. In addition, as illus-
trated in Figure 4, children in the ADHD group exhibited
longer sequences of lapses in comparison to the other groups,
x2(4) 5 32.23, p , .001. Analyses failed to reveal any
significant effects for COM or RT.

Impairment Rates Across Groups

The results of x2 analyses were consistent with the findings
reported above. First, no group differences were identified
in rates of impairment for mean RT; however, analysis of
impairments in error rates did show some group patterns.
The rate of impairment was significantly elevated in the
ADHD group in contrast to controls for COM (51.9%),
x2(1) 5 4.93, p 5 .026; CORR (70.4%), x2(1) 5 24.83,
p , .001; LAP number (70.4%), x2(1)5 22.57, p , .001;
and OMM (48.1%), x2(1) 5 17.23, p , .001. The rate of
impairment in the TBI was significantly elevated relative to
controls for CORR (36.6%), x2(1) 5 6.56, p 5 .01; LAP
number (36.6%),x2(1)55.24, p5 .022; and OMM (22.0%),
x2(1)5 4.34, p , .04.

Age and IQ Effects

As expected, significant linear relationships were observed
between age and CPT parameters, with the correlation coef-
ficients ranging from .310 ( p , .001) for mean reaction
time to .506 for number of lapses. In all cases, performance
improved with increasing age. In contrast, IQ correlated
weakly with CPT parameters, with the correlation coeffi-
cients ranging from .058 ( p . .05) for COM to .208 ( p5
.005) for SDRT. Given the lack of association between
IQ and CPT parameters, all MANCOVAs were repeated,

Table 1. Demographic and IQ characteristics of sample

ADHD
(n5 27)

TBI
(n5 41)

IDDM
(n5 39)

ALL
(n5 31)

Controls
(n5 46)

Gender (no. males) 22 29 16 17 24
SES, mean (SD) 4.9 (1.0) 4.80 (.97) 4.75 (1.1) 4.9 (1.0) 4.8 (1.2)
Age at testing, mean (SD) 11.8 (1.8) 11.6 (2.0) 11.6 (2.3) 12.4 (1.7) 11.5 (2.4)
IQ, mean (SD) 102.3 (13.6) 101.3 (14.4) 102.6 (14.2) 90.4 (12.8)* 108.5 (9.0)

Note. SES was determined using the Daniel Scale of Occupational Prestige (1983). IQ is the estimated IQ derived from short form of
WISC-III, including Vocabulary, Object Assembly, Similarities, Block Design. The ALL group is significantly different to all other
groups for IQ, p , .001. IQ, intelligence quotient; ADHD, attention deficit–hyperactivity disorder; TBI, traumatic brain injury;
IDDM, insulin-dependent diabetes mellitus; ALL, acute lymphoblastic leukemia; SES, socioeconomic status; WISC-III, Wechsler
Intelligence Scale for Children.
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excluding IQ as a covariate, but this failed to alter any of
the statistical conclusions.

Association between CPT Parameters

For the total sample, lapses of attention correlated with
CORR (r 5 .894, p , .001), OMM (r 5 .792, p , .001),
COM (r5 .752, p, .001), and SDRT (r5 .692, p, .001).
As expected, CORR correlated strongly with OMM (r 5
.871, p , .001) and COM (r 5 .815, p , .001). RT was
only associated with SDRT (r5 .720, p , .001).

DISCUSSION

The present study aimed to (1) investigate the clinical effi-
cacy of the CPT by identifying and measuring variables
relating to specific components of the attention system
(sustained and selective attention, response inhibition, pro-
cessing speed); and (2) compare performances across devel-
opmental and acquired CNS disorders previously found to
be associated with attentional impairments. The study used
a simultaneous discrimination version of the CPT previ-
ously identified as sensitive to the presence to attentional
impairment, associated with childhood brain insult (e.g.,
severe TBI: Anderson et al., 2004b; 2005; Anderson & Pent-
land, 1998; Catroppa et al., 1999). CPT indices were
extended to include variables tapping response variability
that were predicted to be sensitive to sustained and selec-
tive attention, response inhibition, and processing speed.

The pattern of attentional impairment predicted on the
basis of previous cognitive and neuroanatomical research
was generally not supported. Children with ADHD per-
formed most poorly on all CPT measures, suggesting that
the presence of a developmental attention deficit may impact
most significantly on the integrity of the attentional system.
When interpreting this finding, it is important to note that
the ADHD group, due to its diagnostic characteristics, was
recruited based on evidence of impaired attention (albeit
based on behavioral rather than cognitive indices); there-
fore, our findings are not unexpected. Children with a his-
tory of moderate TBI demonstrated mild attention problems.
Compared with controls, the latter group had a higher rate
of impairment in selective and sustained attention and
showed a nonsignificant trend for poorer response inhibi-
tion. Children with ALL and IDDM were undifferentiated
from controls, despite previous reports of clinically signif-
icant attentional problems (e.g., Anderson et al., 2004a, Cous-
ens et al., 1988; Northam et al., 1998), suggesting that the
CPT may not be sensitive to all aspects of the attentional
system. For example, higher-order attentional domains, such
as attentional shifting and divided attention are not mea-
sured by the CPT paradigm, and may be more vulnerable in
these samples. Alternatively, the lack of significant impair-
ment detected in these groups may be due to small sample
sizes of the clinical groups or to the exclusion of children
with more severe brain insult. In support of this latter pos-
sibility, researchers examining the impact of childhood brainT
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Fig. 1. Mean number of correct responses for each time block across groups. Asterisk indicates reflected log scale, for
which high values represent fewer correct responses. ADHD, attention deficit–hyperactivity disorder; TBI, traumatic
brain injury; IDDM, insulin-dependent diabetes mellitus; ALL, acute lymphoblastic leukemia.

Fig. 2. Mean number of omission errors for each time block across groups. ADHD, attention deficit–hyperactivity
disorder; TBI, traumatic brain injury; IDDM, insulin-dependent diabetes mellitus; ALL, acute lymphoblastic leukemia.
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Fig. 3. Standard deviation of reaction times for each time block across groups. ADHD, attention deficit–hyperactivity
disorder; TBI, traumatic brain injury; IDDM, insulin-dependent diabetes mellitus; ALL, acute lymphoblastic leukemia.

Fig. 4. Length of attentional lapses across groups. ADHD, attention deficit–hyperactivity disorder; TBI, traumatic
brain injury; IDDM, insulin-dependent diabetes mellitus; ALL, acute lymphoblastic leukemia.
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insult have noted that group differences in cognitive func-
tion are not universal but may be attributed to the subset of
children usually with more severe injury or the presence of
medical0neurological complications (e.g., Anderson et al.,
2000; Ponsford et al., 1997; Taylor et al., 1993). Further-
more, studies examining the impact of more mild0moderate
insults often fail to identify significant sequelae (Anderson
et al., 2000, 2001; Taylor et al., 1993; Yeates et al., 1995).

Attention Deficit–Hyperactivity Disorder

The results for the ADHD group are particularly striking
and demonstrated a profile consistent with global and sub-
stantive attentional deficits. Of note, this group performed
worse than all other groups, even the ALL group, which
recorded a significantly lower FSIQ. They were clearly
impaired in selective attention (CORR, COM) and the capac-
ity to sustain efficient performance over time (frequency
and length LAP, SDRT). They also demonstrated gradually
deteriorating response accuracy over time. These results
are in keeping with clinical observations and behavioral
symptoms frequently described for children with ADHD.
Of interest, specific impairments in response inhibition were
not evident. Also of note is this group’s average intellectual
ability. In the context of significant and chronic attention
deficits, intact intellectual abilities may be somewhat sur-
prising and support the observation of a weak association
between the components of attention addressed in this study
and the development of cognitive abilities, as has been
observed in previous research (e.g., Wu et al., 2002).

Traumatic Brain Injury

Children with moderate TBI were not consistently different
on CPT measures from the control, IDDM, or ALL groups,
despite the likelihood of dysfunction within cerebral regions
involved in the attentional system. It was only for OMM
that a significant group difference was detected in analysis
of continuous measures from the CPT, with the TBI group
performing similarly to the ADHD group but different from
controls on this variable. The TBI group also had higher
rates of impairment in this measure than controls, with 22%
of the TBI group recording impaired performances. Addi-
tional differences included higher rates of lapses in atten-
tion (36% of children within the impaired range) and longer
duration lapses in the TBI group relative to controls. Such
attentional fluctuations occurred relatively consistently across
TT, with mean performances across sequential time blocks
providing no evidence for the predicted gradual deteriora-
tion in performance associated with impaired sustained
attention.

A final observation for this group relates to processing
speed. Whereas previous research with adults has docu-
mented slowed response after TBI (Ponsford & Kinsella,
1992), findings for children have been inconsistent. In the
current study, the TBI and control groups did not differ

significantly in RT, suggesting that, for the relatively sim-
ple responses required on the CPT task, children with a
history of moderate TBI do not demonstrate slower
responses.

Acute Lymphoblastic Leukemia and
Insulin-Dependent Diabetes Type 1

These groups performed similarly to controls for measures
of selective attention, response inhibition, processing speed,
and sustained attention, with no evidence of fluctuating or
deteriorating performances. It may be that attentional defi-
cits in these groups are associated with the more “execu-
tive” aspects of attention not tapped by the CPT, for example
shifting and dividing attention, or with response modalities
other than those required by the CPT (e.g., language, visuo-
motor domains). Further research is needed to investigate
these possibilities. Of note, such deficiencies have been
reported for children with ALL (Anderson et al., 2000,
2004a) treated with cranial irradiation and may explain the
unexpectedly low intellectual scores recorded by this group.
It is also likely that the exclusion of children with frank
neurological sequelae (e.g., seizures, neurological abnor-
malities) impacted on group results. Previous studies doc-
umenting attentional impairments have incorporated all
levels of illness severity in their samples (Brouwers et al.,
1985; Hagen et al., 1990; Holmes, 1990; Kingma et al.,
1993; Northam et al., 2001; Paakko et al., 1992). The cur-
rent results do suggest that, where children have experi-
enced episodes of moderate brain trauma (low levels of
cranial radiation, hyperglycemia), aspects of the attentional
system may be more intact.

Several study limitations must be considered when inter-
preting findings. First, although sensitive to attentional
impairment after more severe pathology (Anderson et al.,
2004a, 2005; Anderson & Pentland, 1998; Catroppa &
Anderson, 2003), the simultaneous discrimination, forced-
choice CPT version used in this study may have minimized
sensitivity to detect impulsive responses. Furthermore, CPT
paradigms with an emphasis on lower-order skills such as
selective and sustained attention have limited capacity to
comprehensively evaluate attentional skills in a manner that
allows translation to day-to-day function. Newly developed
attentional measures (e.g. Manly et al., 1999), which attempt
to assess the attentional system more exhaustively, may be
considered in future research addressing these issues. To
gain a more complete assessment of attentional profiles,
and thus contribute to theoretical models, additional mea-
sures need to be incorporated into test protocols. Inclusion
of tasks tapping auditory modalities and higher level atten-
tional components, such as shifting and divided attention,
should be considered. Future studies documenting both struc-
tural and functional brain activity, as well as timing of onset
of brain dysfunction, may provide critical information with
respect to the bases of attentional impairments in children.

Recruiting samples sustaining insults of similar severity
across different childhood brain disorders is problematic.
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We are confident, based on previous knowledge of these
samples, that we have assembled groups characterized by
moderate brain insults. However, severity determinations
are not precise, and future research that includes brain imag-
ing data may be better able to characterize the degree of
brain insult. Furthermore, within the ADHD group, there
are potential subgroup differences in attentional function
that have not been examined in this study, due to small
sample size. Classification into subtypes such as inattentive
and hyperactive0impulsive may provide further evidence
relevant for clinical practice. Finally, our decision to exclude
children with a diagnosis of ADHD from the TBI, IDDM,
and ALL groups may have impacted on study findings, and
future research dividing these groups according to the pres-
ence or absence of ADHD symptoms may shed additional
light on current findings.

The results of this study have several clinical implica-
tions. First, findings demonstrate that the CPT can effec-
tively identify significant attentional difficulties, particularly
in the domains of sustained and selective attention. Second,
attentional problems, at least as measured by the CPT task,
do not appear to characterize all children with brain-related
conditions. Furthermore, findings suggest that the CPT par-
adigm (at least that used in the current study) does not
provide an exhaustive measure of the integrity of the atten-
tional system in children. For example, our failure to observe
deficits in response inhibition, even in children with ADHD,
suggests that this ability construct may be inadequately
assessed. Furthermore, lack of evidence of group differ-
ences in response speed was surprising and may indicate
that the nature of processing speed deficits in these groups
is not captured by the CPT’s simple RT measures, and needs
to be evaluated by means of tasks with a higher cognitive
loading (e.g., Coding: WISC-III; Symbol Search: TEA-
Ch). Importantly, the CPT does not purport to measure
higher-order attention domains such as shifting and divided
attention. Thus, our findings suggest that, where attention
deficits are suspected, although the CPT may be useful,
other measures need to be incorporated into the clinician’s
test protocol to gain a full profile of attentional strengths
and weaknesses.

In summary, the present study used a traditional clinical
measure of attention, the CPT, to examine the attention
profiles of four groups of children with a history of disor-
ders involving the CNS, as well as a healthy control sam-
ple. The CPT was found to be effective in differentiating
children with ADHD from other groups under investiga-
tion, with severe and global attentional difficulties associ-
ated with this diagnosis. Children with moderate TBI were
found to exhibit specific selective attention deficits, with a
trend to poorer performance in other attentional domains.
Other conditions with known CNS involvement (ALL,
IDDM) showed no such problems, suggesting that the atten-
tional systems examined in the present study may not be
consistently compromised, at least in more moderate forms
of these conditions, or that the CPT may be insensitive to
such effects.
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