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Attentional impairments are common after pediatric traumatic brain injury (TBI) and a 

clear understanding of the nature of these impairments is critical for development of targeted 

rehabilitation strategies.  However, past literature has produced contradicting and inconclusive 

findings regarding the pattern of impairment across attentional domains. The current study 

sought to unify past studies using a multidimensional model of attention to characterize the 

pattern of attentional skills after moderate to severe pediatric TBI.  

Children ages 6 to 16 years were administered the Test of Everyday Attention for Children 

(TEA-Ch) within one year of sustaining a moderate/severe TBI (n=26) or orthopedic injury not 

involving the head (OI; n=18). Subtests of the TEA-Ch were selected to represent performance 

in four attentional domains: Sustained Attention (Score!), Divided Attention (Score DT), 

Selective Attention (Sky Search), and Attentional control (Creature Counting).  

Statistically, Bonferroni-corrected t-tests revealed that the TBI group scored significantly 

lower than the OI group on tests of Sustained and Divided Attention (Score! total correct, 

p=.009; Score! DT total correct, p=.003), and a test of Attentional Control (Creature Counting 

timing score, p=.011).  Qualitatively, the TBI group exhibited clinically significant impairment 
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relative to the test normative sample on the task measuring Attentional Control (Creature 

Counting, Scaled Score=5.00).  

Results showed a pattern of either statistically or clinically significant impairment in 

sustained and divided attention, as well as attentional control after pediatric TBI. Furthermore, 

average accuracy in the context of impaired speeded performance was observed on timed tasks, 

suggesting that attentional deficits may be partially explained by impaired motor or cognitive 

processing speed.  
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CHAPTER 1 
INTRODUCTION 

Pediatric traumatic brain injury (TBI) is a major public health problem in the United 

States.  According to a recent report published by the Centers for Disease Control (CDC; 

Langlois, Rutland-Brown, & Thomas, 2006), nearly half a million children sustain a TBI every 

year, and about 2,700 will die.  Of the survivors, the majority have minor injuries and generally 

good outcomes.  However, about 15-18% of cases involve more severe brain injuries (Kraus, 

1995; Lescohier & DiScala, 1993).  Today’s medical advances have enabled an increasing 

number of these severely injured children to survive (Sosin, Sniezek, & Waxweiler, 1995).  

Rehabilitation techniques, however, have lagged behind.  Thus, many children who survive a 

moderate or severe TBI go on to experience permanent disabilities, such as impaired cognition, 

behavioral problems, and psychosocial deficits (Keenan & Bratton, 2006; Ewing-Cobbs et al., 

2004; Van Heugten et al., 2006).    

Impaired attention is a common complaint following pediatric TBI (Hooper et al., 2004).  

This may be in part due to the fact that frontal lobe white matter and prefrontal cortical regions, 

which are thought to be central components of the brain’s attentional system, are some of the 

most commonly injured areas in pediatric TBI (Mirsky, Anthony, Duncan, Ahearn, & Kellam, 

1991; Levin et al., 1997; Wilde et al., 2005).  The vulnerability of attention in pediatric brain 

injury is particularly worrisome, considering the importance of intact attentional skills for many 

aspects of child functioning and development. 

 Although the long-term consequences of attentional deficits in pediatric TBI have not 

been fully investigated, studies of the behavioral, emotional, and cognitive correlates of 

attentional deficits in childhood Attention Deficit/Hyperactivity Disorder (ADHD) provide some 

clues to the potential impact in TBI.  Studies have shown that children diagnosed with ADHD 
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are at higher risk for mood and anxiety disorders, substance dependence, and disruptive behavior 

disorders (Biederman et al., 2006; Wilens, 2004).  Furthermore, ADHD has been linked to poor 

adaptive functioning (Stavro, Ettenhofer, & Nigg, 2007) and low academic achievement (Wilson 

& Marcotte, 1996).  These studies suggest that attentional problems in childhood, such as those 

incurred following a pediatric TBI, may put children at risk for the development of psychosocial, 

behavioral, academic, and adaptive skills difficulties. 

Despite the importance of understanding and remediating attentional deficits after TBI, our 

knowledge of the exact nature of these impairments in childhood TBI is somewhat limited.  The 

majority of studies examining attentional functioning following pediatric TBI utilize some 

variation of a continuous performance task, which is thought to measure sustained attention and 

inhibition of automatic responses.  Generally, this research has shown that children who are 

injured at a younger age and children who are more severely injured have more deficits in 

sustained attention (Dennis, Wilkinson, Koski, & Humphreys, 1995; Catroppa & Anderson, 

2003; Van Heugten et al., 2006).  Attention has been shown to be impaired in the acute stages of 

pediatric TBI, and for some children, particularly those with more severe injuries, these deficits 

persist into more chronic stages of recovery (Catroppa, Anderson, Morse, Haritou, & Rosenfeld, 

2006).  Although generalizations about attentional functioning after pediatric TBI are important, 

a more complete understanding of the pattern of attentional impairment can be achieved by 

working within a multidimensional framework.    

 “Attention” is typically referred to as if it is a unitary construct; however, current 

neuropsychological and cognitive models suggest that it is comprised of multiple domains 

(Mirsky et al., 1991; Cooley & Morris, 1990; Posner & Peterson, 1990).  There is significant 

variation between the numerous proposed models of attention, but most include dimensions such 
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as selective or focused attention, sustained attention, divided attention, and attentional control 

(i.e., aspects of executive functioning).  Understanding attention as a multidimensional construct 

facilitates a more thorough characterization of the pattern of attentional impairment following 

brain injury.  This comprehensive characterization is a crucial first step toward designing 

effective rehabilitation strategies.  However, the majority of studies on attention in pediatric TBI 

are not based on these current theories of attention.  Rather, most studies present findings for 

only one attentional domain, making it difficult to draw conclusions about the pattern of 

attentional impairment following head injury. 

Methodological differences across studies have further impeded understanding of 

attentional skills after pediatric TBI.  First, there are several developmental variables that can 

affect a child’s performance on measures of cognitive ability after head injury.  A brain injury in 

childhood disrupts immature and developing structures.  As such, cognitive recovery from the 

injury is intertwined with continuing development.  Assessing the outcome of injury to a child’s 

developing brain is therefore much like trying to capture a moving target.  One must consider not 

only the relearning of previously acquired skills, as is the case with adults, but also the 

emergence of new skills as the child continues to develop.  Thus, it is essential to consider 

factors such as age at injury, time since injury, and age at assessment when measuring outcomes 

after pediatric TBI (Yeates, 2000).  Unfortunately, many past studies have failed to take these 

developmental variables into account.  Instead, they often group together all children who have 

had a TBI within a broad range of ages and measure them at widely varying times after the 

injury.  For example, a recent longitudinal study measured children’s cognitive functioning at 

three time points: “during the first months after admission to the rehabilitation center,” “around 

discharge,” and “at least 3 years after discharge” (Van Heugten et al., 2006, pp. 896-897).  
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Although these time points may be clinically relevant markers with respect to recovery, they fail 

to account for developmental variables such as age at injury and time since injury.    

A second methodological problem relates to the measurement of attention itself.  Previous 

studies have used dissimilar measures of attention, which are usually designed to address 

different theoretical concepts and are rarely co-normed, complicating comparison across studies.  

Additionally, the measures themselves are imprecise, often overlapping with other cognitive 

domains or failing to control for factors such as motor speed (Fletcher, 1998).  For instance, most 

continuous performance tasks, popularly used to measure sustained attention, rely to varying 

degrees on working memory and response inhibition.  Furthermore, many tasks designed to 

measure selective attention (e.g., Trail-Making-Test [Reitan & Davison, 1974]; Letter 

Cancellation Test [Talland, 1965]) rely heavily on motor speed, complicating interpretation of 

scores.  Comparing the results of these and other similar attentional measures is also problematic, 

because each test is developed using a different normative sample.  

Another important issue that clouds interpretation of the current literature is the large 

number of ways in which “impairment” is determined.  Impairment is typically defined by 

performance at least 1 standard deviation below the mean of some comparison group.  Clinically, 

pediatric neuropsychologists typically use an age-matched comparison group of healthy children.  

This is also a common practice in the TBI research literature; however, it fails to account for pre-

injury factors that may be unique to injured children, such as inattention.  This makes it difficult 

to conclude that the attentional impairment measured after TBI is the consequence of the injury 

itself, rather than a reflection of characteristics of injury-prone children.  There are many 

possible groups against which a pediatric TBI sample can be compared: healthy peers, siblings, 

friends, children with ADHD, and children who have sustained non-TBI traumas.  A recent 
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report published by the CDC (Langlois, 2000) strongly recommended that a non-TBI trauma 

comparison group be used in outcome studies, since they are thought to be the best control for 

pre-injury factors.  However, the use of clinical control groups in the study of attention in 

pediatric TBI is uncommon, with most studies employing healthy, uninjured children or simply 

comparing the varying severities of pediatric TBI.  Despite the methodological challenges and 

limitations of the existing pediatric TBI literature on attentional impairments, a review of 

published studies exploring selective attention, sustained attention, divided attention, and 

attentional control can provide some clues as to the possible pattern of deficits we might expect 

to see within a multidimensional approach.    

Sustained attention, also known as vigilance, is the ability to maintain the focus of 

attention over time.  In past literature, computerized CPTs utilizing visual stimuli have been used 

to measure this domain of attention, easing comparison across studies.  Indeed, most of these 

studies have reported that sustained attention is impaired following pediatric TBI, especially for 

more severely injured children and for children injured at younger ages (Catroppa & Anderson, 

2005; Ewing-Cobbs et al., 1998; Fenwick & Anderson, 1999).  Wassenberg, Max, and Lindgren 

(2004) showed that performance on CPTs improves as time since injury increases.  The 

performance of children with severe TBIs may be indistinguishable from less severely injured 

children as soon as one year after injury (Catroppa & Anderson, 2005).  However, impairments 

have been reported for severely injured children on more complex versions of the CPT at two 

years post-injury, relative to less severely injured children (Catroppa & Anderson, 2003).  

Recently, a trend to use auditory measures of sustained attention instead of the CPT has appeared 

in the literature.  Studies using these measures have reported slightly lower performance in 

children who have incurred severe TBIs compared to healthy controls, and these differences are 
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present at least five years after injury (Catroppa et al., 2006; Anderson, Fenwick, Manly, & 

Robertson, 1998).  Clearly, sustained attention is impaired following TBI, in both acute and 

long-term measurements. 

Divided attention refers to the ability to divide attention between two or more equally 

important tasks.  It is most commonly measured by dual-task paradigms, in which individuals 

must attend to two simultaneous and equally important events.  However, this domain of 

attention has not been widely studied in pediatric TBI, despite the fact that dual-task paradigms 

often closely represent real-world demands on attention.  One of the first studies to investigate 

divided attention in pediatric TBI found clear evidence of impairments in a sample of children 

who had sustained moderate to severe TBI an average of 6 years prior to testing (Anderson et al., 

1998).  This study used two dual-tasks: one involved a visual selective attention task and an 

auditory sustained attention task, and the other involved an auditory selective attention task and 

an auditory sustained attention task.   A later study duplicated this result in a similar sample 

using a similar measure of divided attention (Catroppa et al., 2006).  While the evidence in this 

area is sparse, there is support for the presence of impairments in divided attention following 

pediatric TBI several years after injury. 

Selective attention refers to the ability to focus on relevant stimuli while ignoring 

irrelevant stimuli.   Research on the functioning of selective attention following pediatric TBI is 

far from conclusive.  Catroppa and Anderson (2005) found that selective attention, as measured 

by timed tasks involving letter cancellation and connecting a number trail, was impaired in a 

group of severely injured children at one year post-injury.  However, these deficits became 

insignificant relative to children with mild head injuries by two years post-injury.  Likewise, a 

study by Anderson et al. (1998) revealed intact selective attention, as measured by timed 
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auditory and visual discrimination tasks, in a sample of moderately to severely injured children 

an average of over 6 years post-injury.  A recent study by Catroppa et al. (2006) further supports 

this trend.  In this study, no significant differences in a motor-dependent visual discrimination 

task were found between children who had sustained severe TBI and less severely injured 

children measured 5 years post-injury.  Taken together, these studies suggest that selective 

attention may be impaired in the first year following moderate to severe pediatric TBI, 

improving to normal levels in subsequent years.  However, the tasks used to measure selective 

attention rely heavily on motor speed, which is known to be inversely associated with injury 

severity after pediatric TBI (Jaffe et al., 1993; Yeates, 2000).  This suggests that impairments 

found in selective attention may be partially explained by motor speed impairments.  

Unfortunately, few studies control for motor speed when measuring selective attention.  A study 

by Ewing-Cobbs et al. (1998) controlled for motor speed when analyzing selective attention 

differences between children with mild, moderate, and severe TBIs measured about five to eight 

years post injury.  No differences were found in three of the four selective underlining tasks used 

in the study, although children who had sustained severe TBIs had lower scores on one task 

involving discriminating between complex shapes.  Clearly, more questions about the nature of 

selective attention following pediatric TBI remain, and differing measures and methodologies 

have impeded comparison between existing studies. 

Attentional control, or “switching”/”shifting” attention, involves the ability to change the 

focus of attention in a flexible and adaptive manner, as well as the inhibition of automatic 

responses.  Clearly, attentional control is a higher level cognitive function compared to such 

domains as selective and sustained attention, but the exact categorization of this cognitive ability 

is unclear.  As such, there are a variety of studies examining this skill, each of which may use a 
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different name or label to refer to this function.  For example, researchers who focus on higher 

level cognitive functions often refer to attentional control as an executive function, whereas those 

who study attention often include it as a domain of attention.  Thus, attentional control has been 

studied in multiple ways, in both executive functions literature and attention literature.  Since 

there are many ways in which attentional control has been conceptualized, there are also multiple 

ways of measuring it.  Tasks such as the Wisconsin Card Sorting Task (WCST; Heaton, Chelune, 

Talley, Kay, & Curtiss, 1993) are popular in the executive functions literature, while the 

attention literature tends to focus on various response inhibition tasks such as the Contingency 

Naming Test (CNT; Taylor, Schatsneider, & Rich, 2002).  Despite the various ways that 

attentional control has been approached in the literature, most studies have shown that it is 

impaired following pediatric TBI.  Impaired performance on the WCST has been documented in 

the first few years following injury in severely injured children, but these deficits seem to fade 

by about 5-8 years following injury (Van Heugten et al., 2006; Ewing-Cobbs et al., 1998).  It has 

also been shown that impairments in attentional control, as measured by timed response 

inhibition tasks, are related to injury severity (Catroppa et al., 2006).  However, whether 

observed deficits in attentional control tasks may actually be caused by slowed processing speed 

remains to be determined (Catroppa & Anderson, 2005).   

Given the lack of consensus in studies to date, more studies are needed to help characterize 

the pattern of attentional impairments following severe pediatric TBI.  The current study seeks to 

unify past research by using a multidimensional model of attention and using co-normed 

measures representing four popular attentional domains.  Furthermore, the current study will 

utilize an orthopedic control group to account for pre-injury risk factors for injury, which has 

been a neglected practice in past literature.  The purpose of the current study is to characterize 
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the pattern of attentional skills within 1 year after moderate to severe TBI in a group of children 

and adolescents who participated in a longitudinal research study examining the effects of 

childhood head injury on memory and attention.  Based on the previous research, it was 

hypothesized that sustained and divided attention would be impaired relative to the control 

group.  In light of prior findings of deficits in attentional control, measured both as an executive 

function and as an attentional domain, it was hypothesized that attentional control in the current 

study would be impaired as well.  In contrast, selective attention was hypothesized to be 

unimpaired after controlling for motor speed, considering the heavy reliance of most selective 

attention tasks on motor speed, and evidence in the literature of spared selective attention skills. 
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CHAPTER 2 
METHODS 

Participants 

In total, forty-four children participated in the present study.  The sample was comprised of 

26 children who had sustained a moderate (n=3) or severe (n=23) traumatic brain injury within 

the past year (TBI group) and 18 children who had sustained an orthopedic injury not involving 

the head (OI group).  Inclusion criteria for all participants were as follows: (1) documented 

history of moderate or severe TBI within the past year or documented history of orthopedic 

injury with no injury to the head or brain within the past year; (2) age at injury between 6 and 16 

years; and (3) English-speaking.  Exclusion criteria were as follows: (1) pre-injury history of 

neurological or developmental disorder; (2) previous head injury; and (3) pre-injury diagnosis of 

an attentional disorder.   

 Moderate to severe TBI was defined as a Glasgow Coma Scale (GCS; Teasdale & 

Jennett, 1974) score ≤ 12 upon arrival at the hospital, loss of consciousness (LOC) > 1 hour, and 

presence of brain and/or skull abnormalities on CT or MRI scan.  Mechanisms of injury in the 

TBI group included motor vehicle accidents (n=17), recreational vehicle vs. motor vehicle 

accidents (n=4), and falls (n=5).  The OI group had somewhat different injury mechanisms, 

including falls (n=8), sports-related injuries (n=8), and one recreational vehicle roll-over.  One 

child’s mechanism of injury was unclear, but resulted in an orthopedic surgery of the knee.    

 Table 2-1 shows demographic information for each group.  The TBI and OI groups did 

not differ from one another with respect to age at injury, age at testing, gender, or ethnicity.  

There was also no statistically significant difference detected between the groups with respect to 

family socioeconomic status (t(29.24) = -0.89, p= .378), as measured by the two-factor 
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Hollingshead Index (Hollingshead, 1957) which is calculated based on parental education and 

occupation levels.   

Procedures 

Children were recruited between January 2002 and April 2007.  The TBI group was 

recruited from the University of Florida and Shands Hospital in Gainesville, Florida, while the 

OI group was primarily recruited via community physician referrals and flyers in the same city.  

After the purpose of the study was explained and the children were determined to meet eligibility 

criteria, interested parents signed a consent form and scheduled a visit.  Before any testing took 

place, each child gave signed or verbal assent to participate.  The children were recruited as part 

of a larger longitudinal study examining attention and memory following pediatric head injury, 

and they were paid $20-40 for completion of each visit.  However, for the purposes of this study, 

only data from the first assessment within one year following injury was analyzed.  This study 

was approved by the Institutional Review Board of the Health Science Center at the University 

of Florida, Gainesville.  

Medical information needed to determine severity of injury in the TBI group (e.g. GCS 

score, duration of LOC) was collected from each child’s medical record.  The 

neuropsychological data analyzed in this study were collected during the second hour of a larger 

test battery, following two abbreviated measures of intelligence and achievement.  

Measures 

Parent Report Measures 

Basic participant information. Parents completed a basic study questionnaire that 

provided demographic and injury-related information, as well as information about their child’s 

psychological and medical history. 
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Pre-injury functioning. Although children with formally diagnosed attentional disorders 

(i.e., ADHD) were excluded from the present study, pre-injury attentional functioning was 

assessed to ensure that the results could not be attributed to systematic group differences in this 

area.  The Conners’ Parent Rating Scale-Revised: Long Version (CPRS-R:L; Conners, 1997) is a 

reliable and valid 80-item questionnaire widely used to assess attention and behavior problems in 

children.  Parents answer questions about their child’s behavior over the past month on a four-

point Likert scale (ranging from “Not at all” to “Very much”), and scores are produced for 14 

subscales (e.g., Anxious-Shy, Oppositional Behavior).   

In this study, data from the Cognitive Problems/Inattention, DSM-IV Inattention, and 

ADHD Index subscales were analyzed as estimates of each child’s pre-injury attentional 

functioning.  High scores (t ≥ 65) on the Cognitive Problems/Inattention subscale suggest 

troubles with organization, concentration, and completing tasks.  High scores on the ADHD 

Index suggest children who are “at risk” for developing ADHD, and high scores on the DSM-IV 

Inattention scale correspond to the DSM-IV criteria for ADHD-Inattentive type (e.g., making 

careless mistakes, easily distracted).   

By nature of the study design, parents were asked to rate their child’s functioning 

retrospectively.  To maximize the validity of these ratings, the CPRS-R:L was completed as soon 

as possible following recruitment (m=90.0 days; SD=86.9 days).  However, there are several 

limitations to this method.  Parents may simply forget how a child acted before his or her injury, 

or the child’s post-injury functioning may affect parents’ reports.  Furthermore, having come 

close to losing a child, parents may have a tendency to underreport pre-injury problematic 

behaviors due to a change in perspective or priorities.  Unfortunately, inaccuracies in 
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retrospectively reported information are inevitable; thus, these ratings are best interpreted as 

estimates of pre-injury functioning. 

Child Assessment 

Attentional functioning. Attentional abilities were evaluated using the Test of Everyday 

Attention for Children (TEA-Ch; Manly, Anderson, Robertson, & Nimmo-Smith, 1999), a 

standardized test that uses nine game-like subtests to measure several domains of attention: 

selective, sustained, divided, and attentional control.  The TEA-Ch has been shown to have 

acceptable test-retest reliability and convergence validity with other tests of attention, and it is 

sensitive to attentional impairments seen in both Attention Deficit/Hyperactivity Disorder 

(ADHD) and TBI.  Three domains (selective, sustained, and attentional control) have been 

supported by structured equation models; thus, scores from the TEA-Ch subtests combine to 

form three composite scores.  Although a factor analysis designated the dual task subtests of the 

TEA-Ch as part of the sustained attention composite, past attentional research has used similar 

tasks to measure divided attention.  As such, one of these tasks was selected to represent the 

divided attention component in the present study.  These subtests are co-normed, allowing for 

comparison across domains, and scaled scores take both age and gender into account.  For this 

study, performance on four of the nine subtests was analyzed in order to decrease the number of 

variables while still sampling each of the attentional domains. 

Sustained attention. Score! is a 10-trial auditory sustained attention task that involves 

silently counting “scoring” tones played on an audio tape.  Tone counts for each item range from 

9-15 and occur at varying intervals.  The score of this subtest is based on the number of trials for 

which the child provided the correct tone count.   

Divided attention. Score! DT is a 10-trial divided auditory attention task, which involves 

silently counting tones (as required in the Score! subtest) while at the same time listening out for 
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the name of an animal mentioned during a mock news broadcast.  Children must state both a tone 

count and an animal name following each trial, and the score is based on the total number of 

animals plus the total number of tone counts correct (maximum score = 20).  This subtest was 

used because it does not require motor output; thus, motor speed does not complicate 

interpretation of the scores. 

Selective attention. The Sky Search task of the TEA-Ch involves visual scanning and 

discrimination.  In this task, children are timed as they circle target figures which are located 

within an array of similar-looking distractor figures.  There is also a motor control component in 

which the child must circle target figures in the absence of distractors.  The Sky Search subtest 

yields three scores: number of targets found, time per target, and an attention score, which 

represents time-per-target after controlling for motor speed.  This subtest was chosen in 

particular for its ability to control for motor speed, a factor that is commonly overlooked in 

measures of selective attention. 

Attentional control. Creature Counting is a 7-trial timed task that involves switching 

between counting forwards and backwards while counting “creatures” in a winding row.  

Throughout the row, arrows signal the child to count forwards (upward pointing arrow) or 

backwards (downward pointing arrow) from the last counted “creature”.  The trial is considered 

to be correct if the child obtains the correct count at the end of the row, which suggests that the 

child was able to switch between counting forwards and backwards properly upon encountering 

each arrow.  Number of counting switches required to obtain a correct end count ranges from 2 

to 6.  This subtest provides two scores: 1) number of correct trials and 2) time-per-correct-

switches (a measure of accuracy).  Time per-correct-switches is not calculated if the total correct 
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trials is two or less.  For the purposes of this study, children who fell in this range (n=5) were 

assigned a scaled score of 1 for time-per-correct-switches. 

Statistical Analysis 

The TBI and OI groups were first compared on demographic and pre-injury variables to 

determine whether there were significant differences prior to injury.  TEA-Ch subtest scores 

were converted into standardized scaled scores using the published normative data, which adjusts 

for both age and gender.  Data was screened for outliers as well as violations of normality and 

equal variance assumptions.  Independent samples T-tests with Bonferroni’s correction were 

used to compare the TBI and OI group mean scaled scores on the four TEA-Ch subtests.  Results 

were considered statistically significant if p<0.0125.  Levene’s test for equality of variances was 

significant for the Cognitive Problems/Inattention scale of the CPRS-R:L and the Creature 

Counting total correct score of the TEA-Ch; p-values were adjusted accordingly.  Furthermore, 

the attentional performance of the TBI group was analyzed descriptively to provide clinically 

relevant information about impairments in head-injured children relative to a normative sample 

of healthy, age-matched children.  Despite the fact that this method of analysis does not control 

for pre-injury factors, it provides a full picture of the attentional difficulties that will need to be 

addressed in a clinical assessment of childhood TBI.  For this descriptive analysis, group mean 

scaled scores of 7.0 or less (i.e. ≤ 1 SD below the scale mean) were considered to represent 

clinically significant impairment.  This cut-off represents performance at or below one standard 

deviation unit below the mean of the normative sample, a frequently employed cut-off for 

clinical neuropsychological evaluations. 
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Table 2-1. Participant demographics     
 TBI group OI group 
Variable (n=26) (n=18) 
Age at testing, mean months (SD) 154.08 (43.06) 141.44 (37.87)
Age at injury, mean months (SD) 151.69 (45.47) 138.60 (37.60)
Time since injury, mean days (SD) 102.69 (95.76) 72.80 (86..40)
Gender, percent male 50 61.1
Ethnicity, percent Caucasian 69.2 72.2
Hollingshead Index1, 2, mean score (SD) 30.15 (41.56) 22.56 (10.23)
1Hollingshead Index was unable to be calculated for two children in the TBI group. 
2Equal variances not assumed. 
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CHAPTER 3 
RESULTS 

Data screening revealed no outliers and no violations of the assumption of normality.  

However, four measures (Hollingshead Index; CPRS-R:L Cognitive Problems/Inattention; TEA-

Ch Score! DT, Total correct items; TEA-Ch Creature Counting, Total correct) violated the equal 

variances assumption, and adjusted degrees of freedom were used in analyses of these measures 

(reported below).   

Pre-Injury Functioning 

Table 3-1 shows the mean T scores for each group on the selected subscales of the CPRS-

R:L.  The orthopedic injury (OI) group was rated significantly higher on both pre-injury 

Cognitive Problems/Inattention (t(24.68)=2.61, p=0.015) and DSM-IV Inattentive symptoms 

(t(40)=2.63, p=0.012).  Furthermore, there was a trend for the OI group to have a higher ADHD 

Index.  Although this difference was not statistically significant, there was a medium effect size 

of group (Cohen’s d=-.054).  Despite these differences in parental rating of pre-injury attentional 

functioning between the OI and TBI groups, neither group’s mean T scores were in the clinical 

range as defined by the CPRS-R:L manual (t≥65).  As such, it is unlikely that the higher estimate 

of pre-existing attentional difficulties in the OI group was of a large enough magnitude to 

influence the results.  Nevertheless, this potential confound was addressed in post hoc testing.  

The post hoc analysis revealed that the pattern of results, described below, did not change after 

removal of children (n=5) with clinically significant elevations on any of the CPRS-R:L scales.  

Attention Measures 

Sustained Attention 

Analysis of the Score! task revealed that on average, the TBI group scored nearly 3 scaled 

score points lower (i.e., 1 SD) than the OI group.  This difference was statistically significant 
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(t(41)=2.73, p=0.009), and the effect size was large (Cohen’s d=-0.85).  Furthermore, the 

descriptive analysis showed that the TBI group’s mean scaled score of 7.31 (SD=3.62) hovered 

just outside the clinically significant range, with 15 of the 26 children (57.7%) performing at or 

below the cutoff.  In contrast, the OI group mean (m=10.22, SD=3.28) was well within normal 

limits, with only 5 of the 18 children (27.8%) performing at or below the cutoff.  These results 

reveal that the TBI group’s performance in sustained attention was significantly lower than the 

OI group and quite close to meeting the cutoff for clinically significant impairment. 

Divided Attention 

Analysis of the Score! DT task revealed that children in the TBI group had significantly 

worse performance on this measure of divided auditory attention (t(40.32)=3.13, p=0.003).  The 

mean scaled score of the TBI group was 7.60 (SD=4.31), over 3 scaled score points (i.e., >1 SD) 

lower than the OI group (m=10.94, SD=2.69), and this difference is reflected in a large effect 

size (Cohen’s d=-0.92).  Although the TBI group’s low performance on the Score! DT task 

provides evidence of a statistically significant difference from the OI group, it did not fall within 

the clinically significant range. 

Selective Attention 

Table 3-2 presents the mean scaled scores for each group on the Sky Search task.  There 

were no statistically significant differences in mean scaled scores between the TBI and the OI 

groups on the Sky Search task in terms of total targets, time-per-target, or Attention score.  

While not statistically significant, there was a medium effect size (Cohen’s d=-0.58) for group 

differences on time-per-target, indicating that there was a trend for the TBI group to be slower on 

the task despite finding a similar number of targets compared to the OI group (t(41)=1.11; 

p=0.274).  The effect size for the Sky Search Attention score, which controls for motor speed, 
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was much smaller (Cohen’s d=-0.25), supporting the interpretation that differences in selective 

attention may be at least partially explained by differences in motor speed. 

Although there were no statistically significant differences between groups on the Sky 

Search task, the TBI group’s mean scaled score of 6.2 (SD=3.66) on time-per-target represents a 

clinically significant impairment.  In total, 15 of the 25 children (60%) in the TBI group who 

completed this task performed at or below the cutoff.  Furthermore, the TBI group’s mean 

Attention score of 7.32 (SD=4.01), is just outside the clinically significant range, and 10 of the 

25 children (40%) in the TBI group performed in the clinically significant range.  Thus, there is 

evidence for clinically relevant impairment in both motor speed and selective attention.  

However, the TBI group was able to identify an average number of targets (m=10.2, SD=3.04) 

when time was not taken into account at all.   

Attentional Control 

Table 3-2 presents mean scaled scores for both groups on the Creature Counting task.  The 

TBI and OI groups did not differ with respect to total correct trials (t(40.78)=-0.38, p=0.707).  

Furthermore, both groups had mean scaled scores for total correct that were within the average 

range (TBI m=9.46; OI m=9.12).  However, the TBI group had significantly worse performance 

on the Timing score (time-per-correct-switches) relative to the OI group (t(41)=2.67, p=0.011), 

and their mean scaled score of 5.0 (SD=3.68) represents clinically significant impairment.  In 

total, 20 of the 26 children in the TBI group (77%) performed at or below the cutoff for clinical 

significance.  This suggests that the TBI group took a significantly longer amount of time to 

switch between counting forwards and backwards, even though they were unimpaired in their 

ability to perform the task correctly.  Thus, their impairment may be a reflection of impaired 

processing speed relative to the OI group and to the healthy age- and gender-matched normative 

sample. 
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Group means for the attentional tasks are also represented visually in Figure 3-1. 
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Table 3-1. Parent ratings of pre-injury attentional performance (T-scores)     
    TBI group OI group t-value p-value Cohen's
    (n=25) 1 (n=17) 1     d  
       
Cognitive Problems/Inattention  46.84 (5.98) 53.59 (9.45) 2.61 0.015 2 -0.91
ADHD Index 47.40 (7.17) 51.12 (6.87) 1.68 0.101 -0.54
DSM-IV Inattentive  46.80 (5.78) 52.06 (7.15) 2.63 0.012 -0.85
 

 
 
 
 
 

Table 3-2. Performance of study groups on the TEA-Ch (scaled scores) 
    TBI group OI group t-value p-value Cohen’s 
    (n=26) (n=18)     d  
Sustained Attention      
 Score! : Total correct  7.31 (3.62) 10.22 (3.28) 2.73 0.009 -0.85 
       
Divided Attention      
 Score! DT: Total correct items  7.60 (4.31) 2 10.94 (2.69) 3.13   0.003 4 -0.92 
       
Selective Attention      
 Sky Search: Total targets  10.20 (3.04) 1 11.17 (2.48) 1.11 0.274 -0.04 
 Sky Search: Time-per-target  6.20 (3.66) 1 8.06 (2.65) 1.83 0.074 -0.58 
 Sky Search: Attention score  7.32 (4.01) 1 8.22 (3.19) 0.79 0.434 -0.25 
       
Attentional Control      
 Creature Counting: Total correct 9.46 (3.51)  9.12 (2.45) 3 -0.38   0.707 4 0.11 
  Creature Counting: Timing score  5.00 (3.68)  7.94 (3.34) 3 2.67 0.011 -0.85 

 
Note: SD appears in parentheses. 
1n=25; 2n=25; 3n=17; 4Equal variances not assumed. 
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Figure 3-1.  Attentional performance of children with moderate-severe TBI or orthopedic injuries 
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CHAPTER 4 
DISCUSSION 

Attentional testing within the first year following moderate to severe pediatric TBI 

revealed a pattern of impairment across multiple domains of attention. Consistent with our 

hypotheses, children who had sustained moderate to severe pediatric TBI exhibited statistically 

significant deficits in sustained attention, divided attention, and attentional control.  Clinically 

significant impairment was found in the domain of attentional control, and near-clinically 

significant impairment was found in sustained attention.  However, the TBI group’s performance 

in divided attention was not below the clinical cutoff for impairment.  The hypothesis that 

selective attention would be unimpaired only after controlling for motor speed was not 

supported.  Although deficits in selective attention were not apparent in comparison to the OI 

group after controlling for motor speed, there were no significant differences between groups 

before controlling for motor speed.  Despite a lack of the predicted group differences in speeded 

performance, the TBI group’s performance in this area was suggestive of clinical impairment in 

comparison to the normative sample.  Thus it appears that there is evidence for attentional 

impairment across all four domains of attention examined following moderate to severe TBI. 

The sustained attention deficits found in the present study are consistent with previous 

studies, which have shown that children have difficulties in maintaining attention over time after 

moderate to severe TBI (Ewing-Cobbs et al., 1998; Catroppa & Anderson, 2005; Wassenberg et 

al., 2004).  In these studies, sustained attention was measured via a visual continuous 

performance test.  However, the present study found evidence for impairments in selective 

attention measured via an auditory task, providing evidence that auditory measures of sustained 

attention are sensitive to deficits in sustained attention after pediatric TBI.  This is consistent 

with evidence from two other studies (Catroppa et. al., 2006; Anderson et al., 1998).   
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As mentioned above, the present study had mixed findings regarding divided attention 

performance.  The TBI group was significantly impaired relative to the OI group, but their mean 

scaled score (m=7.60) was in the average range relative to the normative sample.  This suggests 

that while TBI group had poorer performance than would be expected, it is not outside the 

normal range of attentional skills.  This finding is inconsistent with past studies, which have 

found impaired divided attention in children who have sustained TBIs in comparison to 

uninjured children (Catroppa et al., 2006; Anderson et al., 1998).  Of note, the TBI group in the 

present study had a large standard deviation on the divided attention task (SD=4.31).  It is 

possible that the mean score was raised by a small number of high performers in the TBI group, 

thus masking the difficulties that the majority of the group had on the task.  Indeed, nearly half of 

the TBI group (11 of 25) performed at or below the cutoff for clinical impairment.  Still, the 

question of whether or not divided attention is impaired following pediatric TBI needs to be 

explored further in future studies.        

Looking closer at the pattern of performance on the selective attention task offers some 

explanations for why our hypothesis regarding this domain was not fully supported.  It was noted 

that the TBI group located an average number of targets in comparison to both the OI group and 

the normative sample.  This suggests that moderate to severe TBI does not interfere with a 

child’s ability to accurately discriminate between target stimuli and distractors.  However, the 

TBI group performed this task slowly, resulting in a statistically and clinically significant 

impairment in time-per-target.  Past literature has shown that motor speed is impaired in children 

following TBI, especially for children with more severe injuries (Yeates, 2000; Jaffe et al., 

1993).  One study identified specific deficits in upper limb speed and dexterity in a sample of 

children with TBIs measured at least 16 months after injury (Chaplin, Deitz, & Jaffe, 1993).  
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Upper limb speed and dexterity are large components of the motor abilities required by the Sky 

Search task used in the present study.  Controlling for motor speed, as is possible due to the 

design of the TEA-Ch task, allowed for a modest improvement of about one standard score 

point, but the resulting mean Attention score was still below the clinical cutoff for impairment.  

Clearly, motor speed impairments do not fully explain the deficit in selective attention seen after 

pediatric TBI.  Furthermore, this deficit cannot be explained by difficulty discriminating between 

target and distractor stimuli, since no impairments in this ability were seen.   

A similar pattern was seen for Creature Counting, the task designed to measure attentional 

control.  The TBI group had an average number of correct trials but an impaired timing score in 

comparison to both the OI group and the normative sample.  This suggests that the children did 

not have difficulty accurately switching between the tasks; rather, making these switches 

efficiently was the problem.  Given that this task has only a small ocular motor component, this 

time-related impairment cannot be attributed to motor speed.  Instead, it seems that mental speed, 

commonly referred to as processing speed, may contribute strongly to this low score.   

Processing speed, generally defined as the rate at which cognitive processes occur, has not 

been fully explored in the pediatric TBI literature.  However, evidence from adult TBI studies 

may offer insight into how processing speed is affected by TBI.  A recent meta-analysis of 41 

studies showed that adults who have sustained severe TBIs typically perform one standard 

deviation below normal controls on both simple and complex measures of processing speed 

(Mathias & Wheaton, 2007).  Additional studies of adult TBI have also suggested that processing 

speed slows as the complexity of a task increases (Tombaugh, Rees, Stormer, Harrison, & Smith, 

2007).  A pattern of average accuracy despite longer time to completion, as found in the present 
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study, has been documented in adult TBI populations on tasks of attentional control (Ponsford & 

Kinsella, 1992).   

Studies of processing speed following pediatric TBI are less conclusive.  Slowed reaction 

times on computerized continuous performance tasks (CPTs) have not been found after pediatric 

TBI (Catroppa & Anderson, 1999; Robin, Max, Stierwalt, Guenzer, & Lindgren, 1999; Catroppa 

& Anderson, 2005), suggesting that processing speed is unimpaired on this type of task.  In 

contrast, some studies have found low performance on the Processing Speed Index (PSI) of the 

Wechsler Intelligence Scale for Children, Third Edition (WISC-III) after pediatric TBI (Calhoun 

& Dickerson Mayes, 2005; Catroppa & Anderson, 2005).  However, it is important to note that 

motor speed is not measured or accounted for on the tests that comprise the PSI, despite the fact 

that the tests involve motor output.  Furthermore, these tests require the child to discriminate 

between target and distractor stimuli, making it difficult to distinguish between processing speed 

and selective attention.   

The overlap between measures of processing speed and selective attention has also been 

addressed in the literature exploring Attention Deficit/Hyperactivity Disorder (ADHD).  One 

notable study in this area suggested that a processing speed deficit is the basis for symptoms of 

inattention seen in children diagnosed with the Inattentive subtype of Attention 

Deficit/Hyperactivity Disorder (ADHD; Weiler, Holmes Bernstein, Bellinger, & Waber, 2000).  

In this study, children with ADHD-Inattentive type had normal motor speed but impaired scores 

on the PSI.  This suggests that cognitive processing speed impairments and symptoms of 

inattention (e.g. being easily distracted, making careless mistakes) are related; however, the 

authors were careful to note that “a clear distinction…between the constructs of processing speed 

and selective attention is often difficult to make…” (Weiler et al., p. 228).   
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In the present study, the pattern of average accuracy in the context of impaired speeded 

performance (even after controlling for motor speed) suggests that deficits in cognitive 

processing speed may, indeed, be a plausible explanation for the speed-related impairment seen 

in both attentional control and selective attention.  Unfortunately, a pure measure of processing 

speed was not obtained in the present study, hampering any further exploration of this 

hypothesis.  Nevertheless, there is a strong possibility that processing speed deficits contributed 

to the pattern of results.  This brings to light the importance of taking both motor speed and 

processing speed into account when measuring attention in brain-injured populations.  In fact, 

one could argue that the attentional deficits seen after pediatric TBI are secondary to motor and 

processing speed impairments, just as it has been suggested that processing speed impairments 

are the basis of attentional deficits seen in ADHD-Inattentive type (Weiler et al., 2000).   

However, the extent to which the impairments seen in this study are reflective of primary 

deficits in attention is largely irrelevant when it comes to a child’s functioning outside the 

laboratory.  In everyday life, a child must perform with accuracy and efficiency in order to 

succeed.  Put simply, speed is always a factor.  Primary and secondary deficits in attention are 

likely to have a similar negative impact on a child’s academic, social, and behavioral 

functioning, and any discussion of the distinction between the two should not lose sight of this 

fact.   

Nevertheless, the distinction between primary and secondary deficits in attention is 

important in the development of accommodations and rehabilitative strategies.  If a child’s 

attentional difficulties are secondary to motor and processing speed impairments, then the 

standard recommendation for increased time allowances on school tests and assignments is a 

helpful one.  However, if a child has a primary attention deficit, then increased time will be of no 
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benefit.  Impaired accuracy on tasks like Sky Search and Creature Counting, which would be 

suggestive of a primary deficit in attention, may be predictive of continued poor academic 

functioning after implementation of academic accommodations that involve extended time.  On 

the other hand, average accuracy but impaired efficiency on these tasks, as was found in the 

present study, would be suggestive of a secondary deficit in attention.  This pattern may be 

predictive of improved academic functioning upon allowance of extended time for tests and 

assignments.  The distinction between primary and secondary deficits in attention after pediatric 

TBI and its potential implications for the prediction of response to academic accommodations is 

an area that deserves further study.     

It has been proposed that controlling for processing speed may leave “surprisingly little 

evidence” for impairments in selective, divided, and sustained attention after adult TBI (Zomeren 

& Brouwer, 1994, p. 90).  As discussed above, evidence from the present study supports this 

statement in the domain of selective attention.  Questions remain, however, about the role of 

processing speed in sustained and divided attention.  In the present study, children in the TBI 

group performed poorly on the sustained and divided attention tasks in comparison to the OI 

control group.  Interestingly, these tasks have externally imposed time restraints, preventing 

children from slowing down to compensate for any processing speed deficits.  In contrast, 

children were able to control the length of time spent on the selective attention and attentional 

control tasks, and their accuracy was in the average range.  While this may be explained simply 

as a differential pattern of performance across attentional domains, it could also reflect a 

negative impact of external time control on performance.  Allowing children to control the length 

of time spent on a task may enable them to compensate for slow processing speed.  If external 

time control does indeed impair performance, it is possible that allowing children more time on 
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tasks of sustained and divided attention (e.g. by increasing inter-stimulus intervals) would 

improve accuracy.  Direct testing of this hypothesis was not possible within the design of the 

current study, but it is an interesting area for future study.   

Although this study suggests that attentional functions and processing speed are somewhat 

separate constructs, some theories of attention posit that attention is a component of information 

processing (see Cooley & Morris, 1990 for a brief review).  In these theories, attention functions 

as a filter to narrow down the amount of information that is to be processed.  When attention is 

intact, irrelevant information is filtered out, allowing processing to take place efficiently.  

However, if the attentional filter is damaged in some way, the brain’s processing networks are 

overwhelmed with information, slowing down the speed with which it can be processed.  

Viewing attention via this type of theory suggests that slowed processing speed may not cause a 

secondary impairment in attention; rather, impaired attention may cause a secondary impairment 

in processing speed.  A clearer picture of exactly what the construct of attention is and how it 

functions in the brain will develop as future studies investigate the overlap between processing 

speed and attentional functions.  

While differences in attentional ability, processing speed, and motor speed may explain 

much of the variation between groups in the present study, it is possible that other factors 

contribute as well.  One possibility is that attentional performance is under some degree of 

voluntary control.  If this were the case, subjecting children to time pressure, rather than allowing 

them to proceed at their own pace, may improve their performance in some domains.  This 

possibility was explored in post hoc testing. 

Only four of the nine subtests of the TEA-Ch were analyzed in the present study, in an 

effort to decrease the number of dependent variables and preserve power.  However, a fifth 
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subtest, Map Mission, was analyzed post hoc in order to explore the effect of external time 

pressure on attentional performance.  Map Mission is a test designed to measure selective 

attention.  The child is presented with a large map, over which an array of target and distractor 

map symbols (e.g., gas pump, knife and fork) are superimposed.  The child is required to circle 

as many target symbols map as possible in sixty seconds.  Although this task does not provide a 

control for motor speed, it provides an interesting comparison for the Sky Search task.  On the 

Sky Search task, children are able to proceed at their own paces, while the Map Mission task 

requires children to perform within an explicitly stated time limit of 1 minute.  Interestingly, 

children who had sustained a TBI did not perform significantly below the OI group on the Map 

Mission task (t(40.99) = 1.62, p=0.11), and their group mean performance was in the average 

range relative to the normative sample (m=8.52; SD=4.59).  In comparison, the primary study 

findings indicated that the TBI group was impaired on the Sky Search task even after controlling 

for motor speed.  As such, it seems that children in the TBI group had improved performance in 

selective attention when given specific time limits.  It seems that when they were allowed to take 

more time, they do, but when they were required to perform within strict time limits they were 

still able to achieve average performance.   

Of course, this comparison is not straightforward.  There is a notable difference between 

the Sky Search and Map Mission tasks: Sky Search targets are larger but require more complex 

processing, whereas Map Mission targets are smaller, but simpler.  It is possible that the poor 

performance of the TBI group on the Sky Search task could be attributed to the more complex 

nature of the stimuli.  Nevertheless, it is interesting that the TBI group was unimpaired on the 

Map Mission test of selective attention, even without controlling for motor speed.  The 

possibility that children are able to achieve performance in the average range when they must 
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function within strict time limits has interesting implications for academic accommodations.  

Perhaps merely stressing the importance of efficient performance, rather than allowing extended 

time, is enough to accommodate for deficits seen after pediatric TBI, at least on some tasks.  The 

relationship between time pressure and performance after TBI is an important area for future 

research.   

Our study has several strengths.  It approaches attention as a multidimensional construct.  

The tests used to measure each attentional domain are co-normed, allowing for a comparison 

between the tests and a discussion of the pattern of functioning across them.  Also, it makes use 

of an orthopedic injury control group, allowing pre-injury characteristics to be controlled for.  

Despite these strengths, the study does have some limitations.  The sample size was relatively 

small; however, the large effect sizes indicate that significant differences were able to be 

detected statistically when they were present.  The socioeconomic status differences noted 

between the two groups may also be considered as a limitation, although no association between 

SES and attentional performance was found.  Unfortunately, there was limited information 

available about the extent and location of the brain injuries, which prevented any analysis of how 

attentional domains may be differentially impacted by injury to different neuroanatomical 

regions.  Mirsky et al. (1991) suggested that abilities in the different attentional domains may be 

served by distinct cortical regions, which gives rise to the possibility that location of injury may 

play a large role in the pattern of attentional functioning after pediatric TBI.  Also, the wide 

variation in time since injury may have prevented the discovery of a meaningful pattern of post-

injury attentional performance.  A final limitation is the fact that children with pre-existing 

attentional disorders (e.g. ADHD) were excluded from the analysis.  This may impact the 
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generalizability of the study, since ADHD is over-represented in the population of children who 

sustain TBIs (Gerring et al., 1998).  These limitations could be addressed by future studies. 

 In summary, our study found evidence for impairment in selective, sustained, and divided 

attention, as well as attentional control after moderate to severe pediatric TBI.  It also raised 

questions about the role that motor speed and processing speed play in these deficits.  Future 

studies could also explore the questions that have been left unanswered by the current study.  In 

addition to exploring the primary vs. secondary nature of attentional difficulties after pediatric 

TBI and the impact of time pressure on attentional performance, future studies could explore 

how the pattern of attentional impairment changes as a child recovers from brain injury. 
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