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Abstract 

 

Traumatic brain injury (TBI) is a major health problem affecting thousands of 

Canadians and their families each year.  Little is known about the long-term 

consequences of pediatric mild traumatic brain injury (MTBI) on psychological 

functioning in adulthood.  There are two major perspectives on this topic. The Kennard 

Principle asserts that young brains are more plastic and thus better suited to compensate 

following injury. The Early Vulnerability Hypothesis challenges this assertion with the 

idea that early damage to the brain may have significant implications for emerging 

cognitive and social skills.  Executive function and social competence are skills that may 

be especially vulnerable to impairment following head injury in children. Executive 

function and social competence rely on frontal neural networks, which are particularly 

vulnerable to damage from MTBI.  As frontal regions underlying executive functions and 

social competence are slower to mature, the outcome of these faculties following 

pediatric TBI cannot be accurately assessed until brain maturity has been reached.   

The present study thus examined the consequences of pediatric MTBI on 

executive functions and social skills in adulthood.  Participants were undergraduate 

students from the University of Regina.  A screening survey was administered to 1295 

students to identify individuals with a history of head injury and those without.  The 

study sample consisted of 24 participants with a history of head injury (HI) and 29 

participants with no history of head injury. The average age of both groups approximated 

20 years and the average time since injury for the HI group was 10.5 years. A 
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comprehensive battery of executive functioning, emotion recognition, and psychosocial 

measures was administered to the participants.    

The principal results of the study revealed a statistically significant difference 

between the HI and Control group on the Global Deficit Score (GDS; a composite score 

computed using 22 individual objective and demographically-corrected tests of cognitive 

function), with the HI group also falling above the clinical cut-off for neuropsychological 

impairment on this measure.  In addition, the GDS demonstrated an overall moderate 

level of diagnostic accuracy when evaluated using Receiver Operating Curve analysis.  In 

terms of the individual objective cognitive tests, the HI group performed significantly 

more poorly on the PASAT compared to the Control group, suggesting particular 

difficulties in the areas of auditory attention and working memory, findings characteristic 

of executive dysfunction and the known pathophysiology of traumatic brain injury.  On 

the Neuropsychological Impairment Scale, a broad-based self-report measure, the HI 

group endorsed significantly more symptoms of somatic and cognitive dysfunction than 

the Control group. Taken together, these results are consistent with the Early 

Vulnerability Hypothesis and suggest that childhood MTBI may be associated with subtle 

objective deficits in executive function, along with elevated somatic and cognitive 

symptomology in adulthood. 
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1.  INTRODUCTION 

1.1 Background Information 

Traumatic brain injury (TBI) is a major health problem affecting thousands of 

Canadians and their families each year.  It is well accepted that moderate to severe TBI 

results in significant neuropsychological and psychosocial impairments in both adults and 

children.  The topic of mild traumatic brain injury (MTBI), however, is an area of 

controversy within both the adult and child literature in terms of long-term outcomes.  

Some research suggests that symptoms of MTBI resolve rather quickly, whereas other 

research suggests that MTBI can result in symptoms that last for years (Bay & McLean, 

2007; Belanger, Vanderploeg, Curtiss, & Warden, 2007; Dikmen, Macramé, & Timken, 

2001).  Recent literature on pediatric MTBI suggests that age at injury may be a critical 

determinant with respect to symptom duration and long-term consequences.  That is, 

younger children may be at increased risk for neuropsychological and psychosocial 

problems because the brain is still developing at the time of injury, and these problems 

may not become fully apparent until the increased neuropsychological demands of 

adulthood are experienced.  Further, frontal brain areas implicated in executive 

functioning and skills required for social competence (e.g., emotional recognition) have 

the longest developmental trajectory, and are particularly vulnerable to the 

pathophysiological mechanisms of MTBI.  The purpose of the present study was to 

investigate the long-term neuropsychological and psychosocial consequences of pediatric 

MTBI within a developmental framework encompassing the relationships with executive 

function and social competence. 
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2.         LITERATURE REVIEW 

2.1       Traumatic Brain Injury 

2.1.1    Epidemiology of TBI 

TBI is a major public health problem in industrialized countries. The Canadian 

Institute for Health Information (CIHI) (2007) reported that over 200,000 Canadians 

sustain a head injury each year.  The National Centre for Injury Prevention and Control 

(NCIPC) (2008) describes TBI as a silent epidemic involving 235,000 hospitalizations, 

1.1 million emergency room visits, and 50,000 deaths per year in the United States.  

The leading causes of traumatic injury include falls, motor vehicle accidents, and 

intentional injury/assault (CIHI, 2006).  Motor vehicle incidents have been found to be 

the leading cause of TBI for people aged 20-59 years.  Falls account for the majority of 

TBI for people aged 60 years and older and for the majority of children aged 0-19 years 

(CIHI, 2006). 

Recent studies have estimated that of all treated traumatic brain injury, MTBI 

accounts for between 70 and 90 percent, and the rate of hospital treated adults with MTBI 

ranges from about 100 to 300 per 100,000. It is noteworthy that this may be an 

underestimate as many cases go unreported (Cassidy et al., 2004).  MTBI may result in 

persistent problems and numerous post-injury symptoms, and adults who have sustained 

MTBI report fewer employment prospects and increased dependency on others (Thornhill 

et al., 2000). 
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2.1.2    Classification of TBI 

Alteration in consciousness has traditionally been the principal diagnostic 

criterion for TBI.  The Glasgow Coma Scale (GCS) (Teasdale & Jennett, 1974) was 

developed to assess level of consciousness following head injury, as well as to predict 

acute treatment and outcome.  The highest score possible is 15, indicating the person is 

fully awake and responsive.  The lowest score is 3 and indicates deep coma.  Scores 

ranging from 3 to 8 are indicative of severe TBI, scores from 9 to 12 denote a moderate 

TBI, and scores of 13 to 15 indicate a TBI of mild severity. It has been suggested that 

while the GCS may be sufficient for acute critical diagnosis and care, it is inadequate in 

terms of characterizing potential long-term outcome within the neuropsychological and 

psychosocial domains, especially if the injury is of mild severity (McCrea, 2008).  Post-

traumatic amnesia (PTA) is also an important measure of severity and classification of 

TBI, however, it is also problematic in the case of MTBI due to inconsistencies across 

studies.   For example, MTBI has been variously defined as having a PTA period of less 

than 24 hours (Garth, Anderson, & Wrennal, 1997) or of 1 to 2 days (Rutter, 1980). 

Expert panels representing a variety of organizations have established systematic 

clinical and research criteria for MTBI.  The World Health Organization (WHO) task 

force on MTBI designed an operational definition with descriptive criteria (see Holm, 

Cassidy, Carroll, & Borg, 2005). This definition identifies MTBI as an acute brain injury 

due to mechanical energy to the head from external forces, and further specifies that: a) at 

least one of the following is present: confusion/disorientation, loss of consciousness for 

less than 30 minutes, PTA for less than 24 hours, other transient neurological 

abnormalities such as focal signs, seizure, intracranial lesion not requiring surgery; b) the 
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GCS score is 13-15 after 30 minutes post-injury or later upon presentation for health care; 

and c) these manifestations must not be due to drugs/alcohol/medication, caused by other 

injuries/treatment for other injuries (i.e., systemic injuries, facial injuries, or intubation), 

other problems (i.e., psychological trauma, language barrier, or coexisting medical 

conditions), caused by penetrating craniocerebral injury (Holm et al., 2005). 

The Centre for Disease Control (CDC) outlined methods for assessing the 

incidence and prevalence of MTBI in the United States (NCIPC, 2003).  A definition of 

MTBI was formulated to consider mechanism of injury, cognitive dysfunction, and 

neurological or neuropsychological dysfunction.  Synonyms for MTBI were said to 

include concussion, minor head injury, minor brain injury, minor head trauma, or minor 

traumatic brain injury.  The CDC work group stated that a MTBI is an injury to the head 

due to blunt trauma or acceleration/deceleration forces resulting in at least one of the 

following: any period of observed or self-reported transient confusion, disorientation, or 

impaired consciousness; memory dysfunction for events around time of injury; or loss of 

consciousness less than 30 minutes (NCIPC, 2003). The American Congress of 

Rehabilitation Medicine (1993) definition includes similar criteria while emphasizing that 

focal neurological deficits may or may not be transient or accompanied by abnormal 

imaging findings. 

Additional definitions have been used by authors within the context of specific 

research designs.  For example, Torpy, Lynm, and Glass (2005) consider MTBI and 

concussion as synonymous and characterized by a temporary loss of brain function.  

Belanger et al., (2007) state that MTBI is characterized by acute physiological changes 

that result in at least some acute cognitive difficulties and typically resolve by 3 months 
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post-injury. Taken together, the above definitions suggest that MTBI cannot always be 

recognized by readily observable criteria and a gold standard for threshold of injury for 

MTBI has yet to be reached. 

 

2.1.3    Mechanisms of Injury 

The principal pathophysiological mechanisms of TBI involve physical forces on 

the brain related to contact, inertia, and tissue strain (Morales et al., 2005).  Impulsive 

force occurs when the head is put into motion suddenly or when the head is brought to a 

sudden rapid stop without being struck (i.e., acceleration/deceleration of the brain).  

Impulsive force leads to inertial forces producing tissue strain. These forces cause linear, 

rotational or angular injuries or a combination thereof that result in localized or diffuse 

injury to the brain (Bigler, 2007; Povlishock, 2005). Levine et al. (2008) state localized 

or focal injuries are often due to inertial forces that cause localized contusions in ventral 

and polar frontal and anterior temporal areas of the brain (see also Bigler, 2008).  Diffuse 

injury is characterized by widespread axonal damage within the white matter of the 

cerebral hemispheres, corpus callosum, and brainstem, along with widespread tissue tear 

hemorrhages (Gennarelli, Thibault, & Graham, 1998).  Diffuse axonal injury (DAI) may 

be accompanied by a loss of consciousness, however, axonal injury may occur with no 

loss of consciousness in the case of MTBI. 

Animal models have been developed to further understand the mechanisms of 

TBI and its natural course and recovery. Such research has found cortical cell loss 

beneath the impact area and bilateral damage to the cerebral cortex and hippocampal 

regions remote from the direct injury site (Tang, Noda, Hasegawa, & Nabeshima, 1997).   
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Data from acceleration-deceleration injuries provide support for a time course extending 

to a minimum of several hours in experimental animal models and twelve hours in 

humans before axonal disconnection occurs after DAI (Stone et al., 2004).  In addition, 

when the head is met with enough biomechanical force to cause MTBI, a neurometabolic 

cascade is initiated (Giza & Hovda, 2001).  As summarized by McCrea (2008), this 

cascade can contribute to cell death and impair post-traumatic neuronal connectivity. 

Further, it has been suggested that long-term problems with memory and cognition 

following all severity levels of TBI may be due to dysfunctional excitatory 

neurotransmission, including alterations in glutametergic, adrenergic, and cholinergic 

systems (Giza & Hovda, 2001). 

 

2.1.4    Neuroimaging of TBI 

The two most common imaging methods used clinically to characterize TBI are 

Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) (Bigler, 2007).  

While these techniques have high sensitivity in clinically detecting brain injury in 

moderate to severe TBI, their utility is much less in MTBI (Belanger et al., 2007). 

A recent quantitative MRI study by Levine and colleagues (2008) examined the 

relationship between changes in regional brain volume and TBI severity among patients 

with and without focal lesions and uninjured controls.  The results revealed that DAI can 

occur throughout the cerebrum, not just in the corpus callosum, rostral brainstem, and 

cerebral white matter locations.  Levine and colleagues found the most reliable effects to 

be in the frontal lobes, cingulate regions, and temporal lobes (i.e., areas implicated in 

executive functions and memory). 
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Diffusion Tensor Imaging (DTI) uses MRI technology and is the only approach 

available to track brain white matter fibers noninvasively (Arfanakis et al., 2002; Le 

Bihan et al., 2001). For example, in healthy elderly individuals, DTI demonstrates 

decreased white matter in frontal brain regions as a function of normal aging (O’Sullivan 

et al., 2001).  In the case of TBI, Wilde et al. (2008) conducted DTI of the corpus 

callosum on 10 individuals, aged 14-19 years, with MTBI one to six days post-injury; ten 

uninjured controls matched for age and gender were used as the reference group.  

Cognitive, affective, and somatic symptoms were surveyed using self-report 

questionnaires.  White matter integrity was found to be decreased in the MTBI group as 

compared to the control group.  The MTBI group also endorsed more post-concussion 

symptoms and emotional distress as compared to the control group. In addition, DTI 

results were correlated with severity of post-concussion symptoms in the MTBI group. 

Belanger and colleagues (2007) conducted a review of studies that used functional 

neuroimaging techniques in patients with MTBI.  They examined the findings from 

different technologies on the basis of sensitivity to brain injury, incremental validity 

beyond that provided by conventional structural MRI and/or CT scans, and predictive 

validity in terms of correlation with clinical examination or symptom presentation.  They 

concluded that functional magnetic resonance imaging (fMRI), positron emission 

tomography (PET), and single photon emission computed tomography (SPECT) hold 

great potential for detecting abnormalities after MTBI, as demonstrated by associations 

between brain activation and clinical outcomes (Belanger et al., 2007). 
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2.1.5    Clinical Course of TBI 

The nature and course of post-acute cognitive and psychosocial recovery 

following TBI is well delineated for moderate to severe injuries (Alfano, Neilson, & 

Fink, 1993), but is a source of controversy for MTBI (Bay & McLean, 2007; Belanger et 

al., 2007; Dikmen, Macramé, & Timken, 2001).  A combination of cognitive, affective, 

and somatic symptoms are common after MTBI and can be experienced by up to 80% of 

those who sustain such an injury (de Kruijk et al., 2002).  Deficits in cognitive 

functioning after MTBI occur even in cases without loss of consciousness, PTA, or focal 

neurologic deficits (Mathias, Beall, & Bigler, 2004; McCrea, 2008).  Some research with 

adults has suggested that uncomplicated MTBI does not lead to permanent impairment on 

neuropsychological testing by three months post-injury (Iverson, 2006).  Other research 

indicates that post-concussion symptoms and deficits related to cognitive (i.e., memory, 

concentration), somatic (i.e., headache, dizziness), and affective (i.e., depression, 

irritability) functioning may persist over the long-term (Armstrong, 1987; Carroll et al., 

2004; Westcott & Alfano, 2005). 

 

2.1.6    Pediatric TBI 

Consequences of brain injury sustained early in life have been regarded as distinct 

from the sequelae of brain injury sustained in adulthood (Taylor & Alden, 1997).  Data 

obtained from case studies indicate that the young brain may adapt to pathologies that 

would cause permanent impairment in the adult brain (Grafman, 2006).  The idea that 

brain damage has less effect on children than on adults has been referred to as the 

Kennard Principle (Kennard, 1936; 1938).  An alternative to the Kennard Principle is the 
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Early Vulnerability Hypothesis, which reflects a view proposed by Hebb that brain injury 

sustained early in development may result in impairments that ultimately jeopardize 

future cognitive skills (Hebb, 1942).   

The most frequently cited prospective study of brain injury in children and 

adolescents was conducted by Rutter and colleagues (see Rutter, Chadwick, & Shaffer, 

1983; Rutter, Chadwick, Shaffer, & Brown, 1980).  Children aged 5-14 years comprised 

three study groups.  The severe TBI group was defined by PTA duration of at least 7 

days, the mild group was defined by PTA duration of more than one hour but less than 7 

days, and the control group consisted of children with orthopedic injuries.  Participants 

were assessed as soon as possible following injury, and again at 4 months, 1 year, and 2¼ 

years post-injury using the Wechsler Intelligence Scale for Children (WISC). The severe 

TBI injury group was found initially to perform poorly on the performance subtests of the 

WISC compared to the other study groups.  The severe TBI group further demonstrated 

striking recovery between the initial assessment and the 1 year follow-up, whereas the 

other groups showed no change.  Based on this pattern of findings, Rutter and colleagues 

concluded that impairments demonstrated by the severe TBI group were a result of brain 

injury. Given that no recovery phase was observed in the MTBI group, the researchers 

concluded that no injury-related deficits existed in this group.  Despite the 

methodological drawbacks cited by Beers (1992) that plagued this study, such as limited 

neuropsychological assessment, weak pre-morbid functioning data, and inadequate 

control group for the MTBI participants, these findings represented the prevailing view 

for many years. 

Gulbrandsen (1984) relied on strict exclusion criteria and a matched control group 
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to examine neuropsychological functioning following pediatric TBI.  The principal 

findings indicated that MTBI produced an effect for several tests that were nonverbal and 

timed.  In other words, these researchers found that MTBI in children can produce 

patterns of impairment similar to those in more severe head injury cases.  Subsequent 

research has further suggested that cognitive impairments following pediatric MTBI may 

not necessarily be observed through deficits on neuropsychological testing, but rather 

impairment in learning might relate more to a failure to benefit from practice as 

compared to control groups (Barth et al., 1989).  Gil (2003) conducted a review of 

empirical studies on cognitive and learning problems in children who sustain MTBI.  

Reading and educational skills, memory skills, sustained attention and concentration, 

executive functioning, and cognitive/intellectual functioning were identified as common 

areas of deficit.  In addition, Gil suggested that functional recovery should consider both 

the recovery of old skills and the acquisition of new skills. 

Based on her review of the literature on pediatric TBI, Beers (1992) concluded 

that subtle neuropsychological deficits can occur in children and adolescents, but 

identified a need to further examine the idea that evidence of impairment may only 

emerge when injured brain areas mature. And that “it is not how hard one is hit, but the 

consequences of the injury that are important; the degree of severity of head injury 

required to produce documentable changes in mental function in both adults and children 

appears to be far less than previously thought” (Beers, 1992, p. 311). This reasoning is 

consistent with an Early Vulnerability Hypothesis approach to the consequences of 

pediatric TBI.  It has also been postulated that children may grow into their cognitive 

deficits with new impairments emerging as expected developmental skills are not 



11 

 

 

mastered, thereby creating over time a developmental lag compared to typically 

developing children (e.g., Dennis, 2000). 

Unlike adult head injury, childhood head injury occurs against a background of 

ongoing physical and cognitive development, and age and time may be significant 

moderators of the effects of a closed head injury sustained during childhood (Dennis & 

Levin, 2004).  Furthermore, cognitive abilities often change with time since injury, thus 

demonstrating functional plasticity. However, as explained by Dennis (2000), plasticity 

for recovery is the underlying process that accounts for reorganization of functions lost or 

disrupted by brain injury, whereas plasticity for development is what supports the young 

brain in acquiring new functions, skills, and knowledge. Following injury to the 

developing brain, plasticity for recovery co-exists with plasticity for development, with 

both contributing to long-term cognitive outcome (Dennis & Levin, 2004). 

Gronwall, Wrightson, and McGinn (1997) conducted a review of published 

studies of five groups of researchers.  The purpose of the review was to examine the 

claim that the effects of TBI on young children differ from that in adults.  One of the 

main findings highlighted by this review is the idea the children who sustain MTBI do 

not show initial deficits that recover over time, but rather show a deficit that emerges 

over time.  These authors also suggest that more children with MTBI require special help 

with reading than children who had a non head-injury accident before they started school.  

This finding stems from a line of research identified as the Auckland studies.   As stated 

by Gronwall et al. (1997), the pattern of results from the Auckland studies suggest that 

MTBI sustained in the preschool years does not affect already established skills, as 

demonstrated by no group differences in the first few weeks post-injury, however, 
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children with MTBI did not seem to develop the necessary skill set required to complete 

visual puzzles as quickly as other children at 12 months post-injury. 

Hessen, Nestvold, and Sundet (2006) examined long-term outcomes of childhood 

TBI in terms of neuropsychological function.  The Norwegian sample was drawn from 

data collected as part of a prospective study of all patients referred to a general surgical 

department due to injuries to the head, face, or neck in 1974-75.  As this study was done 

before the use of the GCS, head injury severity was classified based on the length of 

PTA.  Forty- five participants were assessed using the Wechsler Adult Intelligence Scale 

(WAIS) (Engvik, Hjerkinn, & Seim, 1978), Wechsler Memory Scale-Revised (Gimse, 

1995), and the Halstead-Reitan Neuropsychological Test Battery (Reitan & Wolfson, 

1985).  The group scores fell within the normal range of functioning across tests.  Upon 

examination of subgroups of patients defined by various head injury severity, the 

researchers found relationships between head injury severity and current 

neuropsychological function.  Specifically, they found that length of PTA, EEG 

pathology, and loss of consciousness at injury predicted poor outcome on 

neuropsychological measures such as the Category Test, and on the Digit Span and 

Information subtests of the WAIS. 

Ewing-Cobbs and colleagues (1997) conducted a prospective, longitudinal study 

of children aged 4 months to 7 years at time of injury.  The two study groups consisted of 

a severe TBI group and a mild to moderate injury group. No control group was used in 

this study. Assessment was conducted at baseline (i.e., following resolution of PTA), and 

at 6, 12, and 24 months post-injury.  Areas of functioning assessed included motor skills, 

receptive and expressive language, and verbal, performance, and full-scale IQ scores.  
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For the mild-moderate injury group, expressive language scores were lower than 

receptive language scores and verbal IQ scores were lower than performance IQ scores.  

The severe injury group demonstrated deficits in all areas relative to the mild-moderate 

group.  All neuropsychological scores improved from baseline to the 6 month follow-up, 

however, no further change in scores was found from 6 to 24 months post-injury.  The 

authors concluded that the persistent deficits and lack of catch-up over follow-up 

assessments may be suggestive of a reduction in the rate of acquisition of new skills after 

severe TBI.   

A recent study by Kramer et al. (2008) examined attention problems in a group of 

young children who sustained TBI in early childhood and a control group of age-matched 

children with orthopedic injuries.  Children in the TBI group were classified as either 

having sustained moderate or severe injury based on GCS scores 1 to 3 years earlier. The 

researchers used fMRI to examine brain activation patterns during a continuous 

performance task.  They found no group differences on performance and observed similar 

networks of brain regions activated between groups. The TBI group, however, showed 

greater activation in the frontal and parietal regions as compared to the control group.  

The authors concluded that TBI caused an alteration in the functioning of the children’s 

brains that persisted for years after injury. 

Ornstein et al. (2009) examined performance monitoring in children following 

TBI. Three study groups were employed: a mild-moderate group, a severe injury group, 

and a control group.  Mild-moderate severity was defined by a brief loss of consciousness 

of no more than 15 minutes, a GCS score of 13-15, and no subsequent neurological 

deterioration as indicated by a GCS score below 13 within 24 hours after injury.  Severe 
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TBI was defined by a GCS score of 8 or less.  Positive CT findings were present in both 

groups.  Nine patients had bilateral frontal lesions (3 mild; 6 severe), nine had right 

frontal lesions (3 mild; 6 severe), six had left frontal lesions (5 mild; 1 severe) and six 

had non-frontal lesions (4 mild; 2 severe).  The study groups were recruited within 

hospital at the time of injury and were followed at several time points over two years.  

The stop-signal design, a computerized task that requires participants to press one of two 

keys as fast as possible (i.e., go response) and withhold a key response when a tone is 

sounded (i.e., stop response), was used to assess performance monitoring six months after 

injury. The TBI groups were deficient on the stop response task. No group differences 

were found for age or gender or in mean reaction time or accuracy on the go response 

task. The authors suggested that these findings may reflect problems with 

impulse/inhibitory control and performance monitoring, resulting in inconsistent and 

poorly regulated behavior, poor self-directed learning, and lack of awareness of 

performance following TBI. 

A number of age-related effects have been considered in regard to recovery from 

pediatric MTBI including age at injury, time since injury, and age at testing.  Anderson et 

al. (1997) evaluated a sample of 73 young children that sustained a severe head injury (n 

= 17; GCS on admission of 3 to 8), or mild-moderate head injury (n = 32; GCS on 

admission of 9 to 15), and a group of non-injured controls (n = 24).  Participants were 

tested as soon as possible after injury and again at 12 months post-injury.  Injury severity 

predicted poorer outcome one year post-injury, with earlier age at injury and pre-morbid 

ability associated with poorer outcome in intellectual and linguistic domains.  Group 

differences were found in the acute recovery phase and persisted through the one year 
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follow-up assessment.  This pattern of continued impairment is different than the course 

found in adult samples that indicate improvement post-injury.  Younger age at time of 

injury was closely linked to reduced memory capacity, indicating such skills may be 

vulnerable to the impact of early cerebral insult.  The authors also suggested that 

psychosocial deficits following pediatric TBI are cumulative, evident only after months 

post-injury. 

Hawley, Ward, Magnay, and Long (2004) examined the outcomes associated with 

mild (n = 419), moderate (n = 58), and severe (n = 49) TBI in a sample of children (aged 

5-15 years) 1-6 years post-injury (M = 2.2 years).  Severity classification was made based 

on GCS scores and duration of PTA.  A matched control group (n = 45) was also 

included.  The main outcome measure was a questionnaire that queried a number of 

psychiatric, cognitive, medical, and school problems. Information gathered from the 

questionnaire was then used to derive scores for the King’s Outcome Scale for Childhood 

Head Injury (KOSCHI) which contains a five point scale to categorize TBI outcome, with 

a score of 5 indicative of full recovery with no identifiable sequelae and a score of 1 

indicating death. Overall, the results indicated that injury severity was associated with 

poorer outcome.  The majority of children with MTBI fully recovered (i.e., KOSCHI 

score of 5), however, problems with managing negative affect, memory, and learning 

persisted up to 6 years post-injury.  Based on these results the authors state that “No 

evidence was found to suggest a threshold of injury severity below which the risk of late 

sequelae could be safely discounted” (p. 741).  The results of this study thus support the 

idea that pediatric TBI of any severity has the potential to create functional problems in a 

number of areas of daily living for many years post-injury. 
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 The long-term psychosocial outcome after MTBI sustained in childhood has been 

examined in recent years (see Middleton, 2001 for review). McKinlay, Dalrymple-

Alford, Horwood, and Fergusson (2002) used a prospective longitudinal design to track a 

large birth cohort of children from 1977.  MTBI cases sustained before age 10 were 

identified, and these participants were divided into outpatients and those that required an 

overnight stay in hospital. The remainder of the cohort was used as the comparison 

group.  The reasoning behind dividing the MTBI group was to assess the idea that within 

MTBI there may be a degree of injury that reaches a threshold of clinical concern.  MTBI 

was defined as a loss of consciousness (if evident) of less than 20 minutes, hospitalization 

of equal to or less than two days (if this occurred), and no evidence of skull fracture.  By 

use of parental interview, teacher report, standardized testing, and medical records, a 

wide array of child and family variables were available for analysis.  The authors found 

that children who sustained a MTBI that required hospitalization were likely to 

demonstrate poor psychosocial outcomes as determined by hyperactivity/inattention and 

history of conduct disorder at 10-13 years, even more so if the injury occurred before age 

5 years.   

A retrospective study conducted by Koponen et al. (2002) examined 

psychopathology within a group of 60 patients who had sustained TBI 30 years earlier.  

Based on Diagnostic and Statistical Manual, Third Edition (DSM-III) criteria, results 

indicated that 48.3% of the sample had an Axis I disorder that began post-injury and 

61.7% had an Axis I disorder during their lifetime.  Most common diagnoses were major 

depression (26.7% lifetime; 26.7% onset after injury), panic disorder (8.3% lifetime; 

11.7% onset after injury), and alcohol abuse or dependence (21.7% lifetime; 11.7% onset 
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after injury).  Of the sample, 23.3% were found to have personality disorders, and sub-

threshold disorders were found in an additional 18.3% of the sample - paranoid, schizoid, 

and avoidant personality types were found to be the most prevalent.  Although the study 

group was not homogeneous (i.e., mild, moderate, severe, and very severe TBI 

participants, based on length of PTA), the authors noted that total rates of novel Axis I 

disorders and personality disorders did not differ between men and women or among the 

severity levels of TBI.   

Hessen, Anderson, and Nestvold (2008) examined subjective complaints in 

patients 23 years after they sustained pediatric MTBI. Forty-one participants were 

divided into complicated MTBI and uncomplicated MTBI study groups.  Children who 

sustained a complicated MTBI (skull fracture and a combination of PTA > 30 minutes 

and EEG pathology within 24 hours after injury) had more pathological scores on the 

Minnesota Multiphasic Personality Inventory, Second Edition (MMPI-2) (Butcher, 

Dahlstrom, Graham, Tellegen, & Kaemmer, 2004) than the uncomplicated MTBI group. 

Quality of life and psychosocial functioning after MTBI in children and adolescents has 

also been studied. Petersen, Scherwath, Fink, and Koch (2008) studied a sample of 

children aged 4 to 20 years who were admitted to hospital with MTBI as identified by 

International Classification of Diseases, Tenth Edition (ICD-10) codes (WHO, 1992).  

The parents of identified patients (n = 59) were interviewed via telephone and mailed a 

questionnaire querying health related quality of life, behavioral problems, and health 

status.  Ten of the 59 patients partook in a cognitive screening feasibility study which was 

included to explore a possible short screen sensitive to MTBI.  The short screen included 

the Digit Symbol and Digit Span subtests of the WISC III (German Edition), and the 
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Auditory Verbal Learning Test.  Available normative data were used for comparison 

purposes. The results revealed stability over time for health related quality of life, 

behavioral problems, and health status.  No differences were noted for health related 

quality of life between the study group and normative data.  The cognitive screen was 

administered approximately 8 weeks post-injury and again three months following the 

initial screen.  Of the 10 participants in the initial screen, three were classified as being 

cognitively impaired and referred for extensive neuropsychological examination, and thus 

not included in the second assessment. 

Taken together, the above studies highlight that all severity levels of childhood 

TBI have been associated with long-term negative outcomes.  In addition, recovery from 

childhood TBI is complicated by ongoing cognitive development, which creates a 

situation where deficits may emerge over time in a manner consistent with the Early 

Vulnerability Hypothesis. 

 

2.2       The Frontal Lobes and Development 

2.2.1    Early Brain Development 

Structural development of the brain gives rise to dense networks of neural 

connections that form the foundation for increasingly complex behaviors (Swanson, 

Sawchenko, & Cowan, 1980).  Postnatal brain growth is characterized by an increase in 

neuron size and number of glia, as well as the development of synapses and myelin 

sheaths (Thompson, 1993).  Myelination of cortical neurons commences shortly after 

birth and continues until at least 18 years of age, with the rate of myelination differing 

across brain regions (Kolb & Whishaw, 2006).  Synapse formation occurs rapidly in the 
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first few months following birth and continues throughout childhood, with adult levels 

achieved in many parts of the cortex by age 8 to 10.  Importantly, the young brain 

contains many neurons that have not been assigned to a specific function.  This plasticity 

allows for a high capacity for learning, as well as the potential for other parts of the brain 

to take over for damaged regions (Kolb & Whishaw, 2006).   

The development of the frontal lobes begins in the primary motor cortex, proceeds 

to the superior and inferior frontal gyri, and ends with the prefrontal cortex (Dennis, 

2006).  At a cellular level, frontal lobe synapse formation continues through childhood 

and adolescence, with complete synapse formation occurring in adulthood (Nelson, 

2002).  The frontal lobes, therefore, develop in a back to front fashion with increasing 

complexity until adult maturity is reached (Thatcher, 1992). The corpus callosum, a thick 

band of white matter pathways that connects the two hemispheres of the brain, supports 

smooth coordination of movement on both sides of the body and helps to integrate 

perception, attention, memory, language, and problem solving abilities.  The production 

of myelin in the corpus callosum increases at the end of the first year of age and peaks 

between ages 3 and 6 years, continuing at a slower pace through adolescence (Nelson, 

2002).  The cerebellum is responsible for balance and control of movement, and supports 

higher cognitive functions such as memory, planning, and language (Kolb & Whishaw, 

2006).  In the cerebellum, synapses grow and myelination occurs from birth through the 

preschool years (Nelson, 2002). Postnatal brain development is thus a lengthy process 

that occurs principally over the first two decades of life, creating a large window of time 

in which the developing brain is vulnerable to damage or injury. 
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2.2.2    Executive Function 

Executive Functions are a set of higher-order cognitive abilities that underlie a 

number of other skills, including language, memory, and motor skills (Pennington & 

Ozonoff, 1996).  These cognitive abilities are critical to information synthesis and 

influence many aspects of behaviour (Manchester, Priestley, & Jackson, 2004).  The 

abilities encompassed in executive functioning are diverse.  As such, executive function 

has been described as an umbrella term that includes planning, working memory, 

inhibition, mental flexibility, and action initiation/monitoring (Chan, Shum, Toulopoulou, 

& Chen, 2008).  Phonemic and semantic verbal fluency represent generative aspects of 

executive functions that require processing speed, working memory, inhibition, and set 

maintenance (Walshaw, Alloy, & Sabb, 2010).  It has been suggested that impairments in 

executive functioning are associated with a number of childhood disorders such as 

attention-deficit/hyperactivity disorder (Stavro, Ettenhofer, & Nigg, 2007), autistic 

disorder (Sanders, Johnson, Garavan, Gill, & Gallagher, 2008), and TBI (Levin & 

Hanten, 2005). 

Interest in conceptualizing executive functions is evidenced by various models 

outlined in the literature. Luria (1973) suggested that the brain is made up of three main 

interconnected systems that facilitate executive functions.  The first system concerns 

regulation of waking and mental states, and is primarily located in the brain stem; the 

second system, which involves the temporal, parietal, and occipital lobes, functions to 

receive, analyze, and store information; and the third system, situated in the frontal region 

of the brain, acts to regulate behaviour.  Luria (1973) described the prefrontal cortex as 

fundamental for the execution of complex behavioral sequences, including the ability to 
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regulate behavioural outcomes. 

Executive functioning has also been conceptualized as an interconnected system 

comprised of four distinct domains including attentional control, information processing, 

cognitive flexibility, and goal setting (Anderson, 2002).  Dennis (2006) proposed a model 

of executive function and prefrontal cortical function that includes memory 

representations and computational processes.  The model asserts that the prefrontal cortex 

binds together what cannot be sensed and assumes representations arising from 

orbitofrontal and ventromedial cortices, whereas working memory (i.e., a system that 

temporarily stores and manipulates incoming information) and inhibitory control are 

related to dorsolateral prefrontal cortex processes.  Finally, the model suggests that 

components of executive functioning develop early and undergo reorganization and 

integration during childhood before achieving mature adult organization.  These models 

highlight the idea that executive functions are a set of complex skills produced by the 

integration of specialized subsystems involving frontal lobe neural pathways.   

Information on the developmental trajectory and neural correlates of executive 

functions has been informed by both animal and human models (Goldman, 1974).  A 

number of animal studies have been conducted with primates to further understand the 

underlying brain mechanisms of executive functions.  A recent review by Stoet and 

Snyder (2009) sought to provide a synthesis of this research.  Stoet and Snyder suggest 

that task-switching paradigms commonly involve the parietal and frontal lobes. Similarly, 

research with humans has demonstrated frontal lobe involvement with executive 

functions (Stuss & Benson, 1984).  Jacobs and Anderson (2002) used four groups of 

children to examine brain regions involved in executive functions.  The study groups 
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consisted of children with right prefrontal lesions, children with lesions in other brain 

regions, children with general pathology, and a healthy control group.  Children with 

right prefrontal lesions were impaired on a task of executive functioning as compared to 

the other groups.  The authors concluded that the right prefrontal regions may have an 

important role in the development of executive functions in children. 

Inhibition or inhibitory control is an executive function that has been described as 

a limited capacity to stop ongoing actions or to hold competing representations, and 

requires the ability to ignore interference and stop routine behaviours (Dennis, Wilkinson, 

Koski, & Humphreys, 1995).  Development of frontal inhibitory control is a lengthy 

process, with improved inhibition demonstrated between ages three and seven years 

(Williams, Ponesse, Schachar, Logan, & Tannock., 1999), becoming fully developed by 

age 12 (Welsh, Pennington, & Groisser, 1991).  This represents a slightly faster 

developmental path as compared to other aspects of executive functioning, such as set 

shifting, planning, and working memory, which are not fully developed until adulthood 

(Levin et al., 1991).  Inhibition-related skills contribute to success in many different areas 

of human functioning, including psychosocial outcome, where they serve to stop socially 

inappropriate impulses (Singh, DelBello, Fleck, Shear, & Strakowski, 2009). 

Working memory is an aspect of executive function that provides a foundation for 

other cognitive skills. Working memory refers to the complex mental effort or 

computational ability to process incoming information (Roncadin, Guger, Archibald, 

Barnes, & Dennis, 2004).  The ability to maintain and manipulate information using 

working memory becomes faster and more efficient throughout development (Barrouillet 

& Camos, 2001).  Impairments in working memory have been found following childhood 
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TBI and are thought to reflect underlying damage to frontal lobe regions (Fletcher & 

Henson, 2001). 

Roncadin and colleagues (2004) examined working memory in mild, moderate, 

and severe head injury groups.  The researchers employed an auditory-verbal working 

memory task that required participants to retain incoming verbal information over a short 

time period, conduct simple computational operations (i.e., comparing new to old 

information), and remember the updated information. Results revealed impaired working 

memory performance for the severe injury group and to a lesser extent the moderate 

injury group. The authors noted that working memory impairments were not found at the 

group level for the mild injury participant’s, however, some in this group demonstrated 

working memory impairments as compared to a normative sample. 

Neuroimaging techniques have been used to examine brain functioning while 

engaged in working memory tasks. Turner and Levine (2008) employed fMRI 

technology to study adult patients with moderate to severe TBI and a group of healthy 

controls.  The TBI patients all experienced DAI without focal brain lesions.  Participants 

were required to complete a verbal working memory task that involved the manipulation 

of letter sets.  There was no group difference in task performance, however, 

interhemispheric and intrahemispheric regions of the prefrontal cortex and posterior 

cortices displayed greater activation in the TBI groups as compared to the controls. 

Specifically, the left dorsolateral prefrontal cortex, right ventrolateral prefrontal cortex, 

bilateral posterior parietal cortices, and the left tempo-occipital region demonstrated 

enhanced activation. The authors concluded that despite normal behavioural performance, 

DAI may result in less efficient processing as reflected in the activation of additional 
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brain regions compared to normal controls. 

Cognitive flexibility or set shifting is an executive function that has been 

described as the ability to shift between response sets, integrate feedback, develop 

strategies, and divide attention to process multiple pieces of information (Anderson, 

2002).  It has been conceptualized as a skill that draws on both working memory and 

inhibitory function in order to intermittently switch from one condition to another (Levin 

& Hanten, 2005).  Imaging studies conducted with neurologically normal participants 

have demonstrated frontal lobe activation during set shifting tasks (Konishi et al., 2002).  

Other research comparing human participants to primate groups found similar activation 

patterns in the ventrolateral prefrontal cortex (Nakahara, Hayashi, Konishi, & Miyashita, 

2002).  Children three to four years of age can alternate between two simple response 

sets, but may demonstrate greater error rates with the introduction of complex rules 

(Taylor, 2004).  Davidson, Amso, Anderson, and Diamond (2006) found that on 

measures of cognitive flexibility, thirteen year-old adolescents did not perform at adult 

levels, suggesting that this aspect of executive functioning is not yet solidified in early 

adolescence. 

Planning requires the creation of a number of steps, executed in sequence, to 

reach a predetermined goal.  The prefrontal cortex has been implicated in this aspect of 

executive functions (Cabeza & Nyberg, 2000).  Research suggests the ability to plan 

improves through childhood and continues to develop into early adulthood (Luciana & 

Nelson, 1998). Planning is characterized by rigidity in young children and takes on a 

more flexible and opportunistic style in older children (Hayes-Roth & Hayes-Roth, 

1979).  Further research has shown that adolescents who sustained early prefrontal cortex 
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damage demonstrate planning skills similar to that of typically developing younger 

children (Ratterman, Spector, Grafman, Levin, & Harwood, 2001).   

In summary, from the literature it is clear that executive functions are diverse 

higher-order cognitive abilities that continue to develop throughout childhood and into 

early adulthood. Research suggests that many executive functions demonstrate deficits 

following childhood head injury.  

 

2.3       Social Competence and Emotion Recognition 

2.3.1    Theories of Social Competence 

Research on the topic of social competence has been conducted across a variety of 

contexts and been afforded a number of definitions (Dodge, 1985).  Broadly defined, 

social competence refers to effectiveness in everyday social interaction (Rose-Krasnor, 

1997) and is related to the ability to regulate attention, emotions, and behaviour 

(Cicchetti & Tucker, 1994). More precisely, social competence has been defined as a set 

of social-cognitive skills and knowledge that increase the likelihood of positive 

psychosocial adjustment (Yeates & Selman, 1989) and that becomes more complex with 

age due to brain maturity and increased capacity for social information processing 

(Dennis, 2006). Social competence is an important construct when considering social 

outcomes, since it is through social competence that researchers are able to conceptualize 

the quality of social overtures and identify necessary elements that may underlie social 

competence and contribute to social outcomes.  Taken together, the above definitions 

highlight the idea that social competence is a complex construct that is fundamentally 

involved in reciprocal positive interactions with others.  In order to help delineate the 
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underlying skills of social competence, a number of models have been developed which 

integrate existing data and act to inform researchers and clinicians. 

A recent review by Dirks, Treat, and Weersing (2007) outlines two main views of 

social competence.  The first is the trait model and is based on the premise that social 

skills are a reflection of one’s underlying disposition.  The second, alternate, view is the 

social skills model which holds social competence as a characteristic of the behaviour, 

not of the individual.  Dodge (1993) proposed a further model to explain social 

information processing and social competence. This model was later revised (Crick & 

Dodge, 1994) to recognize emotions as an integral part of each social information-

processing step and to reflect the non-liner fashion of social information processing by 

way of feedback loops.  Considered as a dynamic system, the revised model reflects the 

underlying processes of social interaction and social competence.  Crick and Dodge’s 

revised model is a multi-component model where the development of social information 

processing and social competence improve as a function of acquiring cognitive skills, 

such as experiential knowledge, improved attentional abilities, and increased capacity or 

speed of processing. Similarly, Rose-Krasnor (1997) outlined a social competence prism 

as a theoretical framework for understanding interactions and relationships as a reflection 

of social competence. 

Of particular relevance to the present study is a recent comprehensive model on 

social outcomes in childhood brain disorder which draws on literature from social 

cognitive and developmental contexts (Yeates et al., 2007). In this model, multiple levels 

of social competence are described that include: 1) individual characteristics and social 

skills, 2) social performance and interaction, and 3) social adjustment.  As described by 
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Yeates et al. (2007), social information processing falls within the level of individual 

characteristics and social skills and is critical to social competence.  Social information 

processing includes cognitive-executive functions, social problem-solving, and social-

affective functions.  At the level of social performance and interaction, the authors 

highlight the idea that children’s social interactions change as a function of social 

situation and who they interact with.  Social interactions vary across a number of 

dimensions, including behaviour towards others (i.e., affiliative), against others (i.e., 

aggressive), and away from others (i.e., withdrawn).  Further, social interactions can only 

be measured via direct observation across a number of contexts, whereas social 

adjustment is evaluated based on self-perceptions as well as the perception of others 

(Yeates et al., 2007). 

Yeates and colleagues (2007) describe the dimensions of their model as closely 

interrelated and impacted by a number of risk and resilience factors, both intrinsic and 

extrinsic to the child. Similar to their consideration of childhood brain disease, the 

authors suggest that this model of social competence may serve as a framework for 

examining other constructs.  Further, the authors consider this model in light of social 

development, describing the emerging field of social cognitive neuroscience as providing 

a basis for the synthesis of information about brain structure and function within the 

realm of social development. 

In sum, the above models suggest that behaviours identified as socially competent 

result from a number of interrelated skills (e.g., use of social cues) and mental processes 

(e.g., executive functioning) that lead to social behaviour.  A critical social cue and 

component of social functioning is also the ability to recognize emotions. 
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2.3.2    Brain Mechanisms of Emotion Recognition 

Emotional abilities, including the ability to perceive, use, understand, and regulate 

emotion, contribute to optimal social functioning (Brackett, Rivers, Shiffman, Lerner, & 

Salovey, 2006).  Emotional perception is critical to social competence, as individuals that 

have difficulty accurately interpreting social cues also have poor overall social skills 

(Boice, 1983). Difficulties in emotion recognition are, therefore, considered a component 

of poor communication, and are associated with interpersonal problems and the 

development and maintenance of psychopathology (Surcinelli, Codispoti, Montebarocci, 

Rossi, & Baldaro, 2006). 

Deficits in emotion recognition are associated with specific types of social 

impairment, including reduced social competence and interest, poor interpersonal 

functioning and communication, reduced quality of life, and inappropriate social 

behaviour (Carton, Kessler, & Pape, 1999).  Negative social outcomes have been 

associated with a number of childhood brain disorders, including epilepsy (Camfield & 

Camfield, 2007), intellectual disabilities (Hall et al., 2005), attention-deficit/hyperactivity 

disorder (Stormont, 2001), and cerebral palsy (Liptak & Accardo, 2004).  In addition, 

people with TBI have been found to demonstrate difficulty recognizing emotions, 

particularly negative emotions, in facial expressions and/or tone of voice (Hopkins, 

Dywan, & Segalowitz, 2002). 

Recognizing facial expressions of emotion involves perception of the features that 

define an expression and recognition of meaning from an information source (de Hann & 

Groen, 2006).  Adolphs (2002) report possible information sources such as verbal labels 

for the expression, knowledge about the emotion the expression conveys, and perception 
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of an emotional response in the self.  Developmentally, some information sources such as 

verbal labels are not available to infants. As such, the ability to recognize emotions in 

facial expression may follow a developmental course.  Along this vein, research has 

demonstrated that newborns will orient to faces, and by seven months of age can 

discriminate between happy and fearful expressions (de Hann & Groen, 2006).  The 

development of attaching emotional meaning to emotional expressions and 

comprehending the social implications of emotional expressions in others is not well 

understood.  To this end, observations of childhood behaviour have led researchers to 

suggest that by two years of age, a child’s tendency to look to others for social cues may 

indicate that they have begun to understand the face as a social stimulus (Walden & 

Baxter, 1989). 

Research examining the biological foundations of emotional recognition has been 

conducted on a number of neurological samples, including patients with frontal lobe 

epilepsy (Farrant et al., 2005), dementia (Rosen et al., 2006), Parkinson’s disease (Le 

Jeune et al., 2008), and TBI (McDonald & Flanagan, 2004).  Based on the current 

literature, there is an overwhelming consensus that the frontal lobes play a critical role in 

social and emotional processing. 

Imaging studies have been used to further understand the neuroanatomy of 

emotional recognition in faces.  Werner et al. (2007) employed MRI technology to 

examine neural substrates of emotional recognition in a sample of patients with 

frontotemporal lobar degeneration as compared to a control sample.  Poorer emotional 

recognition was associated with decreased volumes in the frontal and temporal lobes.  

Wildgruber et al. (2004) used fMRI to examine the brain regions involved in linguistic 



30 

 

 

prosody and the discrimination of emotional expression. Stronger activation of the left 

inferior frontal gyrus during linguistic tasks was found as compared to the emotional 

tasks that activated areas in the orbitofrontal cortex.  The authors concluded that the 

frontal lobes play an important part in emotional processing, namely the areas responsible 

for discerning emotional tone are the bilateral orbitofrontal regions, whereas the linguistic 

aspects of speech intonation may rely on left hemisphere language areas only. 

Lesion studies have also informed the neuroanatomical study of emotion 

perception. Hornak et al. (2003) examined the differing functions of areas of the 

prefrontal cortex in emotion by comparing patients with prefrontal surgical excisions 

using four different measure of emotion: voice and face emotional expression 

identification, social behaviour, and the subjective experience of emotion.  Hornak et al.’s 

results suggest that orbitofrontal and anterior cingulate cortical regions play significant 

roles in emotion identification, social behaviour, and subjective emotional state, as 

compared to the dorsolateral prefrontal areas of the brain.  A recent study by Heberlein, 

Padon, Gillihan, Farah, and Fellows (2008) examined emotion recognition in a group of 

individuals with ventromedial prefrontal lesions, a group with prefrontal cortical lesions 

in other regions, and a group of healthy controls.  Significant impairment of emotional 

recognition of faces was demonstrated in patients with ventromedial prefrontal lesions as 

compared to the group with dorsal or lateral prefrontal lesions. 

The neural structures associated with emotion processing may be particularly 

vulnerable to damage in TBI due to their anatomical location in the frontal and temporal 

lobes (Fontaine, Azouvi, Remy, Bussel, & Samson, 1999).  As such, research with brain 

damaged individuals has been conducted in order to further understand the regions 
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involved with different aspects of emotion recognition.  Individuals with frontal lobe 

damage have difficulty recognizing facial expressions and emotional prosody in speech, 

and adults with a history of TBI have significant deficits associated with identifying and 

describing emotions (Allerdings & Alfano, 2006).  Other researchers have found that TBI 

patients are impaired on visual and auditory emotion recognition tasks both immediately 

after injury and one year later (Ietswaart, Milders, Crawford, Currie, & Scott, 2008).  

Landry, Swank, Stuebing, Prasad, and Ewing-Cobbs (2004) examined social and 

cognitive competence in infants aged three to 23 months who had sustained moderate to 

severe TBI compared to healthy controls. Social behaviour was assessed using a toy 

based joint attention task and exploratory toy play was used to assess goal-directed play.  

The TBI group demonstrated reduced initiation of social interactions and social 

responsiveness, along with reduced positive affect and compliance.  No group differences 

were found for gestural and verbal communication or negative affect, suggesting early 

brain injury results in deficits in regulating initiation and responsiveness in social 

contexts. 

Emotional impairments following TBI have been suggested to exist along a 

continuum, with some individuals demonstrating no impairments or impairments in one 

modality (recognizing faces) over another (recognizing prosody) or vice versa 

(McDonald & Saunders, 2005).  In addition, it was found that perception of negative 

emotions such as anger, sadness, and fear is poorer in comparison to positive emotions, 

such as happiness and surprise, following TBI (Croker & McDonald, 2005). 

To further understand the pathways involved in emotional recognition, a review 

by Phillips, Drevets, Rauch, and Lane (2003) proposed that emotion perception is the 
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product of two systems: a ventral system to support such abilities as interpreting the 

emotional significance of a stimulus (containing the amygdala, insula, ventral striatum, 

and ventral regions of the anterior cingulate gyrus and prefrontal cortex) and a dorsal 

system to aid in emotional regulation (including the hippocampus and dorsal regions of 

the anterior cingulate gyrus and prefrontal cortex).  Moreover, recent research implicates 

the orbitofrontal cortical region for the recognition of emotion in faces and voice 

(Hornak, Rolls, & Wade, 1996).  Adolphs (2002) reported that the amygdala may be 

implicated in the recognition of negative facial expressions and emotional prosody.  This 

idea was supported by a recent meta-analysis conducted on neuroimaging studies of the 

amygdala in emotion processing (Sergerie, Chochol, & Armony, 2008). 

In summary, emotion recognition is a critical component of social competence. 

Neural regions underlying emotion recognition may be particularly vulnerable to damage 

from head injury, leading to impairments in social emotional processing. 

 

2.4       Summary and Integration 

 The assertion that young brains are more plastic and thus better suited to 

compensate following injury (the Kennard Principle) has been challenged by the idea that 

early damage to the brain may have significant implications for emerging cognitive and 

social skills (the Early Vulnerability Hypothesis). Recent human imaging and animal 

studies show that postnatal brain development is a lengthy process that occurs principally 

over the first two decades of life, with frontal brain regions being the last to develop. 

Executive functions develop in tandem with development of frontal regions of the brain 

(Cragg, 2007; Crone, 2009; Zelazo, Craik & Booth, 2004).  Importantly, frontal regions 
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of the brain are particularly vulnerable to damage following TBI. Disruption of 

development in frontal regions may contribute to executive function impairments 

following pediatric TBI (Levin & Hanten, 2005).  Riggs, Jahromi, Razza, Dillworth-Bart, 

and Mueller (2006) suggest that many of the cognitive skills encompassed by executive 

functions have similar counterparts at the social-emotional level (e.g., behavior 

inhibition, problem solving).  Models of social competence identify skills, such as 

emotion recognition, as critical to socially competent behaviour.  Yeates et al. (2007), in 

particular, discuss social outcomes of childhood brain disorder and present constructs 

relevant to the study of social competence. In addition, frontal brain regions have also 

been implicated in social competence and emotion recognition.  However, as frontal 

regions implicated in executive functions and social competence are slow to mature, the 

outcome of these faculties following pediatric TBI cannot be accurately assessed until 

brain maturity has been reached. 

At present, the long-term consequences of pediatric head injury on 

neuropsychological and psychosocial functioning in adulthood are not well understood. 

With a developmental framework in mind, the present study examined the consequences 

of pediatric MTBI as measured in adulthood. The main focus was on executive function 

and emotion recognition, as these represent complex systems that do not fully develop 

until adulthood, and are governed by neural regions that are particularly vulnerable to 

head injury. 
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2.5 Hypotheses 

 The present study tested the following hypotheses:  

Neuropsychological Measures 

1. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures assessing processing speed.   

2. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures of attention and inhibition.   

3. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures of language productivity. 

4. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures of attention and working memory.   

5. A Global Deficit Score (GDS) was calculated from the neuropsychological 

measures. This is a method to express neuropsychological test scores in a 

way that mimics clinical ratings by taking into account the severity and total 

number of deficits across the test battery (Carey et al., 2004).  It was 

hypothesized that the HI group would have a higher GDS score compared to 

the Control group, reflecting poorer neuropsychological performance. 

 

Emotion Recognition Measures 

6. It was hypothesized that the HI group would have lower emotion 

recognition accuracy on the Emotion Perception Test (EPT) and the 

Facially Expressed Emotion Labeling Test (FEEL) compared to the 

Control group. 
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7. It was hypothesized that the HI group would demonstrate greater overall 

response time (i.e., poorer performance) compared to the Control group 

on the FEEL task. 

 

Psychological and Neuropsychological Inventories 

8. It was hypothesized that the HI group would have higher domain 

scores on the Symptom Assessment-45 compared to the Control 

group. 

9. It was hypothesized that the HI group would have higher domain scores on 

the Neuropsychological Impairment Scale (NIS) compared to the Control 

group. 

10. It was hypothesized that the HI group would have higher domain scores on 

the Behavior Rating Inventory of Executive Function, Adult Version 

(BRIEF-A) compared to the Control group. 

 

Social Competence and Cognition Inventory 

11. It was hypothesized that the HI group would have higher domain scores on 

the Social Skills Inventory compared to the Control group. 

 

Predictive Validity and Regression Analysis 

12. It was hypothesized that, using a logistic regression analysis, the overall 

GDS, overall SSI, and EI scores would predict group membership such that 

higher scores on the GDS, SSI and EI would be associated with membership 

in the HI group. 
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3.         METHOD 

3.1       Participants and Procedure 

Ethics approval for this study was obtained from the University of Regina 

Research Ethics Board (Appendix A).  Participants for this study were undergraduate 

students from the University of Regina.  In order to obtain a sample of individuals whose 

injury history met study criteria, large group administration of a screening questionnaire 

(Health and Injury Survey; see Appendix B) specifically designed for this study was 

conducted in undergraduate courses at the University of Regina. History of TBI was 

identified via the Health and Injury Survey based on self-report using a set of 

predetermined, standardized questions (described in detail in section 4.1). Previous 

research has identified the utility of brief self-report screening questionnaires to identify 

TBI history in a number of clinical and non-clinical populations, including adolescents 

(Segalowitz & Brown, 1991), the homeless (Hux, Schneider, & Bennett, 2009), 

individuals seeking community services (Hwang et al., 2008), and the military (Schwab 

et al., 2006). Self-report has also been described as a clinical gold standard in obtaining 

an accurate history of TBI incidence (Corrigan & Bogner, 2007). The pre-screen 

questionnaire was developed in line with established criteria for MTBI from the 

American Congress of Rehabilitation Medicine (Kay, 1993), the CDC (NCIPC, 2003), 

the WHO (Cassidy et al., 2004), and existing TBI screens, such as the HELPS Screening 

Tool (Hux et al., 2009) and the Brief Traumatic Brain Injury Screen developed by the 

United States Defence and Veteran’s Brain Injury Centre for use with military personnel 

(Schwab et al., 2006). 
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Prior to commencing the study, a power analysis was conducted using the 

computer program SamplePower  (Borenstein et al., 1997) in order to estimate the sample 

size required for a power level of .80. Calculations were performed using data for the 

Trail Making Test taken from a recent study of adult MTBI in athletes (Orosz, 2009). In 

this study, the mean difference between 37 athletes with MTBI compared to a matched 

student control group of 37 non-athletes on Part B of the Trail Making Test was 7.3 

seconds with a pooled standard deviation of 11.6. Based on this, a sample size of 58 cases 

per group was deemed necessary to achieve an effect size of .60 (p < .01, one-tailed test). 

Based on these findings, a sample size of 60 participants per group was originally sought 

for the present study. 

 

3.2 Measures 

Informed consent was obtained and demographic information, such as age and 

education, was acquired during a brief interview.  A comprehensive battery of executive 

functioning, emotion recognition, and psychosocial measures was completed via paper 

and pencil and computerized formats (summarized in Appendix C).  The HELPS tool was 

used to confirm self-reported injury history following administration of the testing 

battery.  The following sections describe the measures in more detail. 

 

3.2.1 Neuropsychological Measures 

Participants completed nine neuropsychological measures to assess current 

functioning, particularly in the area of executive functioning. 
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Stroop Color and Word Test. This test is a highly researched and reliable means 

to assess semantic processing speed, divided attention, and inhibition. Participants are 

presented a series of trials and asked to read the words presented to them or state the 

color of ink the word is printed in within a set time limit.  For the present study four 

scores were computed: Word score, Color score, Color-Word score, and Interference 

score.  The Word score represents how quickly words were read when printed in black 

ink, the Color score represents how quickly colors on a page were named, and the Color-

Word score represents how quickly the color of ink is named when the color is 

incongruent with the word that is printed.  The Color-Word trial is a task which requires 

inhibition in responding.  An Interference score was calculated based on the Color-Word 

score and a predicted Color-Word score.  The predicted Color-Word score is derived 

from Word and Color scores to obtain an Interference score not dependent on reading or 

speed of color naming. It is highly sensitive to impaired cognition related to frontal lobe 

dysfunction (Golden & Freshwater, 2002).  Internal reliability coefficients have been 

reported as .86 (word), .82 (color) and .73 (color-word) (Golden, 1976). The test has also 

demonstrated high specificity in detecting the presence of post-concussion syndrome 

(Cicerone & Azulay, 2002).   

FAS Test. This test is a measure of phonemic fluency that requires the 

spontaneous production of words.  On separate trials lasting 60 seconds, participants are 

asked to name as many words as they can think of that that begin with the letters F, A, or 

S.  Instructions are provided to set limits on acceptable words (i.e., no proper names, 

wrong words, variations, or repetitions). Test-retest reliability for this measure has been 
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found to be .77; the FAS test is also highly correlated with Verbal Intelligence Quotient 

(VIQ) scores (r = .87) (Strauss, Sherman, & Spreen, 2006).   

Animal Naming. This test is a measure of semantic language productivity which 

requires participants to name as many animals as possible within 60 seconds.  Animal 

Naming has demonstrated good sensitivity and specificity when comparing controls to 

other groups with brain based disorders, such as Alzheimer’s disease (Henry, Crawford, 

& Phillips, 2004). Language productivity tasks such as phonemic and semantic fluency 

depend heavily on adequate function of the left frontal lobe. This test has been found to 

have test-retest reliability values of r = .56 (Strauss et al., 2006)  

Paced Auditory Serial Addition Test (PASAT). The PASAT (Gronwall, 1977) is a 

serial-addition task used to assess rate of information processing, sustained attention, and 

working memory. The PASAT was specifically developed to assess the effects of MTBI 

on cognitive function and has also demonstrated utility in identifying cognitive 

impairments among individuals with other neuropsychological syndromes (Tombaugh, 

2006). Participants are presented a series of 61 numbers from 1 to 9 and instructed to add 

the numbers in pairs, so that each number is added to the one that immediately precedes 

it.  The same 61 numbers are presented in four trials that differ in inter-stimulus intervals 

(i.e., 1.2 to 2.4 sec). The total number correct for each speed trial is used to calculate 

standard scores.  The PASAT has been found to have high internal consistency (r = .90; 

Crawford, Obansawin, & Allan, 1998) and good test-retest reliability (r = .90 to .97; for a 

review, see Tombaugh, 2006).  The Victoria Computerized Adaptation of the PASAT 

was used (McInerney, 2010).  
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Computerized Test of Information Processing (CTIP).  The CTIP (Tombough & 

Rees, 2000) was developed to assess information processing speed and semantic 

processing.  The CTIP is comprised of three subtests of simple and complex reaction time 

that differ in terms of difficulty by increasing the quantity of information to process.  

Three subtests are presented that each contain10 practice trials and 30 test trials designed 

to measure simple reaction time, choice reaction time, and semantic search reaction time.   

The Simple Reaction Time (SRT) subtest requires respondents to press a key as quickly 

as possible when a target letter appears on the screen. On the Choice Reaction Time 

(CRT) subtest, respondents must press a key on the right side of the keyboard when target 

word A appears and a key on the left side when target word B appears on the screen.  The 

third subtest, Semantic Search Reaction Time (SSRT), adds to the information processing 

demand by first showing a category on the screen, followed by a target word.  

Respondents press the right side key if the target word belongs to the category or press 

the left side key if the target word does not belong.  Time to respond for each trial 

presented is recorded by the computer program and used to compute the SRT, CRT, and 

SSRT scores.  

Research with TBI populations have found CTIP reaction time increases as 

subtest difficulty increases, and as injury severity increases from mild to severe 

(Tombaugh, Rees, Stormer, Harrison, & Smith, 2007).  The CTIP has also been found to 

be sensitive to the impairments associated with Multiple Sclerosis (Reicker, Tombaugh, 

Walker, & Freedman, 2007).  Previous research has found measures of attention to be 

sensitive to impairment associated with post-concussion syndrome, and more so if the 

attention measure considered processing speed (Cicerone & Azulay, 2002).  The CTIP 
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has also demonstrated good test-retest reliability for simple and choice reaction time 

(ranging from r = .54 to .84) (Baird, Tombaugh, & Francis, 2007).   

Trail Making Test (TMT) (Reitan & Wolfson, 1985). The TMT is a measure of 

visual search speed, attention, mental flexibility, and motor function.  Two parts are 

administered: Part A requires participants to use a pencil to draw lines joining randomly 

positioned numbers in proper ascending sequence.  For Part B, randomly positioned 

numbers and letters are joined in ascending order alternating between a number and a 

letter.  Time to complete each part is used to derive standard scores.  Part B has been 

suggested to be one of the most sensitive tools to detect neurological dysfunction (Reitan 

& Wolfson, 2004).  Levine, Miller, Becker, Selnes, and Cohen (2004) found Parts A and 

B of the TMT to demonstrate high test-retest reliability (r = .79, r = .89, respectively). 

Ruff 2 & 7 Selective Attention Test (Ruff & Allen, 1996). This test is a digit 

cancellation task that was designed to measure sustained and selective visual attention.  A 

series of 20 trials are presented (10 Automatic Detection trials and 10 Controlled Search 

trials) and respondents are given a set time to work on each trial.  The task requires 

participants to scan across rows and cross off target digits embedded within distractor 

stimuli.  For the Automatic Detection trials, the distractor stimuli are letters; on the 

Controlled Search trials, the distracters are digits.  The number of correctly identified 

digits (i.e., hits) and number of errors for each trial is used to calculate speed and 

accuracy scores for Automatic Detection and Controlled Search.  Two total scores are 

also derived, a speeded score representing the total correct hits and an accuracy score 

representing the number of correct hits out of the total possible targets.  The test has 

demonstrated high split-half reliability (r ≥ .80 for all test measures) and good diagnostic 
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accuracy (high sensitivity and specificity) for post-concussion syndrome (Cicerone & 

Azulay, 2002). 

Symbol Digit Modalities Test Oral & Written (SDMT) (Smith, 1991).  The 

SDMT was developed as a brief measure of information processing speed.  This test 

involves using a number-symbol key to identify the correct number-symbol pairing for 

each symbol displayed in a series. This is a speeded test that is completed in both oral and 

written form. The SDMT has demonstrated good test-retest reliability (r = .79) and is 

sensitive to concussion-related DAI (Strauss et al., 2006).  

North American Adult Reading Test (NAART) (Blair & Spreen, 1989). The 

NAART was developed to estimate pre-morbid intellectual functioning in terms of 

reading ability.  Participants are required to read aloud a list of 61 irregularly spelled 

words. Total errors are recorded and used to derive the standard score.  The NAART has 

demonstrated good internal consistency (r = .90), and good validity as a measure of 

estimated intelligence when correlated with WAIS-R vocabulary score (r = .75; Blair & 

Spreen, 1989). 

 

3.2.2    Emotion Recognition Measures 

 Participants completed two measures to assess aural and visual emotion 

recognition.   

Emotional Perception Test (EPT) (Green, Flaro, & Allen, 1999). The EPT 

requires participants to listen to an audiotape of an actress speaking three simple 

sentences in five different emotional intonations:  happy, angry, frightened, neutral, and 

sad. The series is repeated and the participant responds by pointing to the correct emotion 
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from among five emotions which are presented on a stimulus card.  This test allows for 

the evaluation of an important aspect of social communication in the auditory modality.  

Previous research in this laboratory has established the utility of the EPT in assessing 

auditory emotion recognition in young healthy adults (Makelki & Alfano, 2005). This test 

has good internal consistency (Cronbach’s α = .92; Green et al., 1999). 

 Facially Expressed Emotion Labeling Test (FEEL) (Kessler, Bayer, Deighton, & 

Traue, 2002). The FEEL test is an objective and highly reliable computer administered 

test of facial emotion recognition. Participants are presented a pre-test consisting of six 

photographs each portraying a different facial emotion (i.e., anger, disgust, fear, joy, 

surprise, and sadness).  Following the pre-test, the test items are presented which consist 

of a photograph with a neutral expression followed by a picture of the same person with 

an emotion expression.  Total correct and time to respond are recorded by the computer 

program.  The FEEL task has demonstrated good reliability (r = .77) (Braun, Traue, 

Frisch, Deighton, & Kessler, 2005) and utility in examining individual differences in 

emotion recognition ability (Kossick, Sykes Tottenham, & Alfano, 2007), and was found 

to be sensitive to deficits in emotion recognition following stroke (Kessler et al., 2002). 

 

3.2.3    Psychological and Neuropsychological Inventories 

Participants completed three self-report measures tapping current psychological 

symptoms and neuropsychological function. 

Symptom Assessment 45 (SA-45) (Maruish, Bershadsky, & Goldstein, 1998). 

The SA-45 is a 45-item self-report measure developed to provide a brief and 

comprehensive assessment of psychological symptoms.  Respondents are asked to rate 
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their symptom prevalence on a 5-point scale with responses ranging from not at all to 

extremely.  Nine symptom domain scales (Anxiety, Depression, Hostility, Interpersonal 

Sensitivity, Obsessive-Compulsive, Paranoid Ideation, Phobic Anxiety, Psychoticism, 

Somatization) and two summary indices (Global Severity Index, Positive Symptom 

Total) are calculated.  Previous research has demonstrated strong internal reliability for 

the SA-45 subscales, with all Cronbach’s alpha coefficients ≥ .71 (Maruish et al., 1998). 

Neuropsychological Impairment Scale (NIS) (O’Donnell, De Soto, De Soto, & 

Reynolds, 1994). The NIS is a 95-item self-report inventory that assesses a broad range 

of neuropsychological symptoms. It is comprised of seven clinical subscales (Critical 

Items, Cognitive Efficiency, Attention, Memory, Frustration Tolerance, Verbal learning, 

Academic Skills), three summary scores (Global Measure of Impairment, Total Items 

Endorsed, Total Symptom Intensity), and validity checks (Defensiveness, Affective 

Disturbance, Response Inconsistency). The internal consistency (Cronbach’s α) of the 

subscales, summary scores, and validity checks range from .66 to .96 (O’Donnell et al., 

1994). 

Behavior Rating Inventory of Executive Function – Adult Version (BRIEF) 

(Roth, Isquith, & Gioia, 2005). The BRIEF is a 75 item neuropsychologically-based 

questionnaire that specifically assesses executive functions. The BRIEF has demonstrated 

high internal consistency (r = .93 to .98) and test-retest reliability (r = .94 to .96) and has 

been shown to be a valid measure in identifying individuals with brain injury (Gioia, 

Isquith, Guy, & Kenworthy, 2000; Jacobs & Anderson, 2002).  The BRIEF has also 

shown clinical utility for use with individuals diagnosed with TBI (Waid-Ebbs, Wen, 

Heaton, Donovan, & Velozo, 2012). The BRIEF contains nine subscales that combine to 
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create two indices, the Behavioral Regulation Index (BRI) and the Metacognition Index 

(MI).  The BRI is comprised of the Inhibit, Shift, Emotional Control, and Self-Monitor 

scales that assess the ability to exhibit appropriate regulatory functions.  The MI contains 

the Initiate, Working Memory, Plan/Organize, Organization of Materials, and Task 

Monitor scales and is used to estimate the ability to initiate and execute cognitive plans.  

Scores are also represented by the Global Executive Composite (GEC), an overall 

summary score of executive function.  Higher scores on the subscales and indexes 

indicate problem behaviors.  T-scores greater than 65 fall in the clinical classification 

range.  

 

3.2.4    Social Competence and Cognition Inventory 

Participants completed one self-report measure tapping social competence and 

cognition. 

Social Skills Inventory (SSI). The SSI (Riggio & Carney, 2003) is a 90 item self-

report measure of social competence and social cognition.   Specific areas assessed 

include Emotional Sensitivity, Emotional Expressivity, Emotional Control, Social 

Expressivity, Social Sensitivity, and Social Control.  Expressivity represents the ability to 

communicate to others.  Sensitivity represents the ability to receive and understand 

communication from others, and the ability to maintain and navigate communication is 

referred to as control.  Responses are indicated using a 5-point scale and converted to a 

score for each skill area, as well as a Global Social Intelligence score and Equilibrium 

Index (EI).  The EI provides an estimate of the balance between the 6 SSI scales. A high 

EI suggests a good balance whereas a low EI is suggestive of an imbalance.   Coefficients 
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of internal consistency for SSI scales range from .64 to .89 in a college sample (Riggio, 

1986).  

 

3.3 Data Analyses 

Individual independent-samples t-tests were used to examine group differences on 

the neuropsychological, emotional, social skills, and psychological variables.  All study 

hypotheses were directional, therefore, one-tailed procedures were used for all analyses.  

In line with Carey et al. (2004) a statistical significance level of .01 was used for all 

comparisons to help minimize Type I error due to multiple comparisons. There were no 

missing data and a critical t-value was thus determined for one-tailed analyses with 51 

degrees of freedom; at the .01 level of statistical significance the critical t value is 2.4.  

All data are expressed descriptively in terms of demographically-corrected T-scores, 

unless otherwise indicated, and effect sizes are reported.  

 A Deficit Score approach was also taken with the neuropsychological measures, 

in line with procedures provided by Carey et al. (2004).   To compute deficit scores, the 

scores for each neuropsychological measure were first converted to demographically-

corrected and standardized T-scores based on available normative data (see Appendix D 

for T-score ranges). Individual T-scores were then converted to a quantitative impairment 

index which ranged from 0 (no impairment) to 5 (severe impairment).  Specifically, using 

the conversion table outlined in Carey et al. (2004), T-scores were associated with 

impairment scores and clinical impairment descriptors as follows: T- scores > 40 were 

assigned a score of 0 (normal), T-scores ranging from 39-35 were assigned a score of 1 

(mild impairment), T-scores ranging from 34-30 were assigned a score of 2 (mild to 
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moderate impairment), T-scores ranging from 29-25 were assigned a score of 3 

(moderate impairment), T-scores ranging from 24-20 were assigned a score of 4 

(moderate to severe impairment), and T-scores < 19 were assigned a score of 5 (severe 

impairment). Individual impairment scores were then summed and averaged to yield 

composite domain scores.  Effect size estimates were calculated based upon methods 

outlined in Carey et al. (2004). A receiver operating characteristic (ROC) curve analysis 

was also used to examine the diagnostic efficiency of a Global Deficit Score (GDS) that 

represented the average of all of the individual deficit scores.     

Logistic regression analysis was conducted to predict group status from a 

selection of neuropsychological, emotional, and social skills variables.  Logistic 

regression is a technique used to predict outcome classification for individual cases based 

upon a model created from the predictor variables.  The results of a logistic regression are 

expressed in the form of an odds ratio (Field, 2009).   
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4. RESULTS 

4.1 Screening for Head Injury  

Group administration of the Health and Injury Survey (Appendix B) was 

conducted in undergraduate psychology classes at the University of Regina.  A total of 

1295 Health and Injury Surveys were completed.  Surveys were separated by those 

respondents that agreed to be potentially contacted for future participation (n = 1102) and 

those that did not (n = 293).  The surveys of those willing to participate were examined to 

determine if they met general study criteria (i.e., type of injury, no reported pre-injury 

diagnosis of a neurological or psychiatric disorder, not currently taking psychotropic 

medication, English as a first language, no multiple injuries, age at injury ≤ 16).   

Once it was determined that the general study criteria were met, inclusion criteria 

for the Head Injury group was determined based upon review of the Health and Injury 

Survey.  Participants were included in the HI group if they reported having sustained a 

head injury and answered yes to at least one of questions:  6 (Have you ever hit your head 

or been hit on the head and had to see a doctor or go to the hospital because of it?), 7 

(Were you ever admitted to hospital because of an  injury to your head?), 8 (Have you 

ever been knocked unconscious or had a lapse in memory from a head injury?), 9 (Have 

you ever had a period of feeling dazed, confused, or disoriented from a head injury?), 12 

(Have you ever been diagnosed by a health care professional as having a concussion?), or 

13 (Have you ever had an injury to your head and should have received medical attention 

but didn’t?), and answered no to questions 10 (Have you ever had a skull fracture from a 

head injury?) and 11 (Have you ever had brain surgery because of a head injury?). 

Question 14 (If you answered Yes to any of the above questions, please complete the 
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following Table) was used to further confirm these responses.  Further exclusion criteria 

for the HI group was: previously broken arm or leg, previous skull fracture or brain 

surgery, and/or multiple head injuries.  Participants were included in the Control group if 

they did not report any previous head injury.  Within the Control group, participants were 

placed in the OI group if they answered yes to question 1 (Have you ever fractured or 

broken a bone in an arm or leg?) and 2 (Have you ever gone to the Emergency Room or a 

Hospital Clinic because of a fractured or broken bone in an arm or leg?)  or 3 (Have you 

ever been admitted to hospital because of a fractured or broken bone in an arm or leg?).  

Question 5 (If you answered Yes to any of the above questions, please complete the 

following Table) was used to further confirm these responses.  Group assignment was 

further confirmed using information obtained from the HELPS Brain Injury Screening 

Tool that was individually administered following the completion of all study measures.  

Each survey was assigned a unique study number by the researcher’s supervisor 

and contact information was separated from the survey in order to ensure the researcher 

was blind to group membership.  Based on pre-screen information, 249 participants were 

contacted for further participation.  Of those contacted, 58 agreed to participate in one-

on-one testing sessions (4.5% of the original sample).   

 

4.2 Participant Demographics 

The history of head injury (HI) group was initially comprised of 29 participants.   

Five participants were excluded from the analysis.  One participant was excluded due to a 

revised age at time of injury (i.e., 18 years at time of injury) that did not come to light 

until individual testing was completed, and four were excluded from the analyses due to 
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multiple reported head injuries that also did not come to light until that time. These 

exclusions resulted in a final sample of 24 participants in the HI group.  

The Control group was comprised of nine participants with a history of orthopedic 

injury (OI) and 20 participants with no injury history (NH).  The idea of including an OI 

control group along with a NH control group was considered in the original study design.  

However, given the small number of participants who met OI criteria, this group was 

combined with the NH group to create the final control group of 29 participants 

(Control).  Prior to combining the NH and OI groups, differences on demographic 

variables were examined. No statistically significant differences were found between the 

NH and OI groups with respect to age [t (27) = 1.1, p > 0.05], education [t(27) = 1.6, p > 

0.05], or estimated Full Scale, Verbal, and Performance Intellectual Quotients [all t(27) = 

0.6. p > 0.05]. The OI group had a mean age of 19.1 years (SD = 1.4), and 13.2 years of 

education (SD = 0.4).  The NH group were found to have a mean age of 19.9 years (SD = 

1.8) and 13.8 years of education (SD = 1.1). No statistically significant differences were 

found between the two groups in terms of the representation of males and females [χ
2
(1) 

= 2.4, p > 0.05]. 

The demographic information for the HI and Control groups is presented in Table 

1. The HI group contained 17 female and 7 male participants, and the Control group 

contained 20 female and 9 male participants.  No statistically significant differences were 

found between the HI and Control group with respect to age, education, NAART errors,  
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Table 1 

 

Demographic Information 

 

 
           HI          Control  

 

    M SD     M SD          t 

      

Current  Age (yrs)   20.4 2.9   19.6 1.7        1.2 

Injury Age (yrs)     9.8 3.7     9.6 3.7        0.1 

Education (yrs)   13.2 1.1   13.6 0.9        1.3 

NAART (errors)   30.3 7.9   32.6 7.3        1.1 

      VIQ^ 101.7 7.1   99.6 6.5        1.1 

      PIQ^ 106.6 3.3 105.6 3.1        1.1 

      FSIQ^ 104.1 6.2 102.3 5.7        1.1 

      

^estimated from NAART; HI = Head Injury group; NAART = North American Adult Reading 

Test; VIQ = estimated Verbal Intelligence Quotient; PIQ = estimated Performance Intelligence 

Quotient; FSIQ = estimated Full Scale Intelligence Quotient.  
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or estimated Full Scale, Verbal, and Performance Intellectual Quotients derived from the 

NAART (t range = -1.34 to 1.23).  No statistically significant differences were found 

between the two groups in terms of the representation of males and females [χ
2
(1) = 0.06, 

p > 0.05]. 

The average age at time of injury for the HI group was 9.9 years (SD = 3.7) and 

the average time since injury was 10.5 years (SD = 4.6).  The average age at time of 

injury for participants with a history of orthopedic injury was 9.7 years (SD = 3.7) and the 

average time since injury was 9.4 years (SD = 4.1).  When comparing the groups that 

only sustained injury (i.e., HI and OI), no statistically significant differences were found 

between the HI and OI participants in regard to time since injury [t(31) = .60, p > .05] or 

age at time of injury [t(31) = .79, p > .05].  Due to the large variability observed in the HI 

group’s age at injury (5 years to 16 years) and time since injury (4 years to 22 years), 

correlation analyses were run examining age of injury and years since injury to determine 

if these factors were related to any of the scores on the neuropsychological and 

psychosocial measures.  No statistically significant correlations were observed.  

Falls represented the most prevalent type of injury (62.5%), followed by blunt 

force trauma (25.0%).  Car accident, sports injury, and running injury were reported by 

one participant each (4.2%).  Dazed, Confused, Disoriented was the most commonly 

reported symptom (87.5%), followed by being Knocked Unconscious (29.1%), and 

Memory Lapse (8.3%).  No participants in the HI group reported skull fracture or brain 

surgery.  Of the HI group, 62.5% reported that they saw a physician, 45.8% went to the 

hospital, 8.3% were admitted to hospital, 16.6% were diagnosed with concussion, and 
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37.5% sought no medical attention.  Details about injury information, other health 

problems, and medication use for the HI group can be found in Appendix E1.   

Broken Bone was the most common OI reported (66.6%), with the remaining 

participants reporting Fractured Bone.  Of the nine OI participants, 100% reported they 

saw a physician, 100% went to the hospital, 55.5% were admitted to hospital, and 55.5% 

had surgery.  Injury information, other health problems, and medication use for the OI 

group are listed in Appendix F1.   

 

4.3 Neuropsychological Functioning  

The neuropsychological tests were grouped conceptually based on a rationale in 

line with previous theory and research (Anderson, 2002; Chan et al., 2008; Dennis, 2006; 

Luria, 1973).  These conceptual groupings included: processing speed, attention and 

inhibition, language productivity, and attention and working memory.  

 

1. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures assessing processing speed.   

 

The tests used as indicators of processing speed were: Trail Making Test (Part A), 

Symbol Digit Modalities Test (Oral and Written), Stroop Test (Word and Color), and six 

scores from the CTIP (Simple Reaction Time, Choice Reaction Time, Semantic Search 

Reaction Time, and the Coefficient of Variation for each).  
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Mean T-scores and standard deviations for the HI and Control groups are reported 

in Table 2.  No statistically significant differences were found between the groups on the 

indicators of processing speed (t range = -2.1 to .62).  

 

2. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures assessing attention and inhibition.   

 

The tests used as indicators of sustained, selective, and divided attention, and 

inhibition were the Trail Making Test (Part B),  Stroop Test (Color-Word and 

Interference scores), and the six summary scores from the Ruff 2 & 7 Selective Attention 

Test (Controlled Search Speed, Controlled Search Accuracy, Automatic Detection Speed, 

Automatic Detection Accuracy, Total Speed, and Total Accuracy).  Mean T-scores and 

standard deviations for the HI and Control groups are summarized in Table 3.  No 

statistically significant differences were found on the indicators of attention and 

inhibition (t range = -1.7 to -.14).  

 

3. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures assessing language productivity.   

 

The FAS test was used as an indicator of phonemic language productivity and 

Animal Naming was used as an indicator of semantic language productivity.  Mean T- 

scores and standard deviations for the HI and Control groups are summarized in Table 4.   
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Table 2 

 

Measures of Processing Speed 

 

         HI    Control   

 M   SD M   SD       t      d 

Trail Making Test 
      

            Part A 49.3   7.7 54.7 10.8     -2.1 -.58 

 

Symbol Digit Modalities Test       

            Oral 48.7 12.2 51.2   7.3 -.92 -.25 

Written 47.2 16.6 47.7   9.0 -.11 -.04 

 

Stroop Color and Word Test 

      

            Word 47.9 10.2 49.2   7.2 -.52 -.15 

            Color 44.0 10.5 43.7   7.9 .11 .03 

 

CTIP  

  
  

  

            Simple Reaction Time 41.3   5.8 44.5   8.9 -1.50 -.43 

            Choice Reaction Time  35.7   7.6 39.0   8.3 -1.50 -.41 

            Semantic Search Reaction Time  51.3   7.2 49.8 10.1 .62 .17 

            SRT Coefficient of Variation 40.9   9.9 45.1 10.7 -1.50 -.41 

            CRT Coefficient of Variation 47.0   8.3 46.3   9.2 .29 .08 

            SSRT Coefficient of Variation 45.9 13.1 47.1 11.8 -.34 -.09 
 

HI = Head Injury group; d = Cohen’s d; CTIP = Computerized Test of Information Processing; 

SRT = Semantic Search Reaction Time; CRT = Choice Reaction Time; SSRT = 

Semantic Search Reaction Time. 
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Table 3 

 

Measures of Attention and Inhibition 
 

        HI   Control   

M SD M SD     t     d 

Trail Making Test       

            Part B 50.6 9.7 50.9 8.3   -.14 -.03 

 

Ruff 2 & 7 Selective Attention Test 

      

            Controlled Search Speed  46.3 7.6 50.0 8.2 -1.7 -.47 

            Controlled Search Accuracy 60.6 3.5 60.9 2.0   -.49 -.11 

            Automatic Detection Speed 47.8 8.3 49.6 8.7   -.77 -.20 

            Automatic Detection Accuracy 54.4 6.0 54.6 3.7   -.16 -.04 

            Total Speed  48.8 7.5 51.6 8.4   -1.3 -.36 

            Total Accuracy 57.1 4.1 57.4 2.4   -.37 -.10 

 

Stroop Color and Word Test 

      

            Color-Word 48.5 7.8 50.2 8.3 -.77 -.21 

            Interference 52.7 5.2 54.3 6.5 -.99 -.27 

HI = Head Injury group; d = Cohen’s d.       
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Table 4 

 

Measures of Language Productivity 

 

         HI       Control   

   M    SD    M    SD         t        d 

Phonemic Fluency (FAS) 42.5 8.9 42.2 9.3 .13 .03 

Category Fluency (Animals) 40.7 11.8 42.4 12.3 -.51 -.14 

 

HI = Head Injury group;  d = Cohen’s d. 
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No statistically significant differences were found between the groups on either measure 

(FAS: t = .13; Animal Naming: t = -.51).   

 

4. It was hypothesized that the HI group would perform more poorly than the 

Control group on measures assessing attention and working memory.   

 

The PASAT was used to assess auditory attention and working memory. Mean T-

scores and standard deviations for the HI and Control groups are summarized in Table 5.  

Descriptively, the HI group scored within the mild range of impairment on all four trials 

of the PASAT, with mean T-scores on all trials just below 40. The Control group 

demonstrated mean T-scores on all four trials of the PASAT that were within normal 

limits. Further, the groups demonstrated statistically significant differences on the 

PASAT 1.6 second trial (t = -3.1), with the HI group scoring lower on this trial; group 

differences on the other three PASAT trials did not reach statistical significance (t range 

= -2.2 to -1.6). Generally speaking, these findings are consistent with mild deficits in 

auditory attention and working memory in the HI group.   
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Table 5 

 

Measures of Attention and Working Memory 

 

         HI      Control   

  M   SD   M   SD    t    d 

Paced Auditory Serial Addition Test       

            2.4 second trial 38.0 9.9 43.7 9.4 -2.1 -.59 

            2.0 second trial 39.9 7.7 43.3 8.1 -1.6 -.43 

            1.6 second trial 39.0 5.7 44.1 6.1 -3.1* -.86 

            1.2 second trial 
 

38.4 5.7 42.1 6.2 -2.2 -.62 
 

*p < .01; HI = Head Injury group;  d = Cohen’s d.  
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5. It was hypothesized that the HI group would have a higher GDS score 

compared to the Control group.   

 

For this analysis, a Global Deficit Score (GDS) was calculated based on 22 

individual neuropsychological deficit scores. The 22 scores were regrouped conceptually 

to reduce the number of tests to three broad domains of executive functioning as follows:  

1.  Attention and Working Memory, comprised of six scores: 

 Ruff 2 & 7 Selective Attention Test - Total Speed and Total Accuracy 

 PASAT – 2.4, 2.0, 1.6, 1.2 second trials 

2.  Processing Speed,  comprised of 11 scores: 

 Trail Making Test - Part A 

 Symbol Digit Modalities Test - Written and Oral 

 Stroop Test - Word and Color 

 CTIP - Simple Reaction Time, Choice Reaction Time, Semantic Search 

Reaction Time, and the coefficients of variation for each 

3. Cognitive Flexibility, comprised of 5 scores: 

 FAS and Animal Naming 

 Trail Making Test - Part B 

 Stroop Test -  Color-Word and Interference  

Mean scores and standard deviations are summarized in Table 6. Previous 

research has found that a GDS of ≥ .5 is an optimal cut-off score in terms of sensitivity 

and specificity for delineating normal limits, and is in agreement with clinician ratings in  
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Table 6 

 

Demographically-Corrected Deficit Scores 

 

         HI    Control  

 
   M  SD   M   SD        t     d 

 

Neurocognitive Domain 

            Processing Speed .56 .36 .38 .34 1.8 .50 

            Attention & Working Memory .65 .61 .32 .36 2.3 .65 

            Cognitive Flexibility .39 .45 .39 .39 0.05 .00 

 

Global Deficit Score 

 

.54 

 

.28 

 

.36 

 

.24 

 

   2.5* 

 

.70 
 

*p < .01; HI = Head Injury group;  d = Cohen’s d. 
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classification accuracy (Carey et al., 2004). Descriptively, all three cognitive domain 

deficit scores in the Control group were within normal limits.  In contrast, the Attention 

and Working Memory, Processing Speed, and GDS were all within the range of mild 

impairment in the HI group (i.e., below a T-score of 40). A statistically significant 

difference between the groups was also found for the GDS where the HI group scored 

higher, reflecting comparatively poorer overall neuropsychological performance in this 

group (t = 2.5).  No statistically significant group differences were found for the 

Cognitive Flexibility domain deficit score (t = 0.05), the Attention and Working Memory 

domain deficit score (t = 2.3), or the Processing Speed domain deficit score (t = 1.8).  

 Supplementary analysis of the GDS was conducted using a method similar to 

Carey et al. (2004).  For this analysis, a ROC curve was plotted to determine if the GDS 

classified participants into the HI or Control group at a level greater than chance. ROC 

curves have been well established as a means to determine diagnostic effectiveness for a 

particular test or variable (Zweig & Campbell, 1993).  In a ROC analysis, the sensitivity 

and specificity of a given variable is plotted to create a curve.  The sensitivity is the 

likelihood of a test in detecting the presence of a condition in someone with the 

condition, and specificity is the likelihood of a test in detecting the absence of a condition 

in someone without the condition.  The area under the ROC curve (AUC) is used to 

estimate how well a particular test can differentiate between two groups.  AUC values 

closer to 1 indicate the screening measure more reliably distinguishes between two 

diagnostic groups (Zhou, Obuchowski, & Obuchowski, 2002).  As can be seen in Figure 

1, the GDS correctly classified individuals as HI or Control at a level significantly better  
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Figure 1. Illustration of the AUC showing that the GDS reliably distinguishes between 

the HI and Control groups at a level significantly better than chance.  The Sensitivity 

value (Y-axis) represents the rate of correct HI group assignments, and the Inverse 

Specificity value (1 - Specificity; X-axis) represents the rate of incorrect HI group 

assignments. High Y-axis values and low X-axis values are associated with more 

accurate group identifications, creating a larger area under the curve.  
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than chance (AUC = .70, SE = .073, p = .015) and achieved a moderate level of 

diagnostic accuracy in doing so (Akobeng, 2007).  

Predictive validity of the GDS was also examined by calculating predictive 

values.  A Positive Predictive Value is used to denote how likely a case with the 

condition of interest will have a positive test result.  A Negative Predictive Value 

represents how likely a case without the condition of interest will have a negative test 

result. The Overall Accuracy represents the total number of correctly classified test 

results. Previous research has validated the GDS against clinical ratings of 

neuropsychological impairment and has identified a GDS score of .5 to represent a good  

balance between sensitivity and specificity (see Carey et al., 2004). Using a GDS of .5, 

specificity in this study was found to be .72 and sensitivity .54.    The positive predictive  

value of the GDS was found to be .62 and the negative predictive value .65.  The overall 

accuracy of the GDS for correctly classifying participants into the HI or Control group 

was .64.  

  

6. It was hypothesized that the HI group would demonstrate greater overall 

response time (i.e., poorer performance) compared to the Control group on 

the FEEL task.   

 

Response time was used as an indicator for speed of emotional recognition.  As 

reported in Table 7, no statistically significant differences were found between groups for 

response time on the FEEL (t = -.32).   
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Table 7 

 

Measures of Emotion Recognition 

 

            HI       Control   

   M   SD   M   SD      t     d 

Emotional Perception Test       

            Sense Correct 34.5 5.1 34.9 3.9 -.33 -.09 

            Nonsense Correct 36.9 3.2 37.2 2.9 -.30 -.10 

 

FEEL Test 
      

            Number Correct 38.5 2.2 35.5  7.3 1.9 .56 

            Response Time 

(seconds) 

     .9      .2      .9       .2    -.3 -.09 

HI = Head Injury group;  d = Cohen’s d. 
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4.4 Psychological and Neurobehavioural Functioning  

 

7. It was hypothesized that the HI group would have higher domain scores on 

the Symptom Assessment-45 compared to the Control group.  

 

The SA-45 was used as a measure of psychological symptoms.  Mean T-scores 

and standard deviations for the HI and Control groups are summarized in Table 8.  

Descriptively, both groups produced normal range profiles on the SA-45, with the 

exception of a moderate elevation on the Obsessive-Compulsive domain scale in both 

groups. No statistically significant differences were found between the HI and Control 

group on the Symptom Domain Scales and Indices of the SA-45 (t range = -.71 to 1.5).   

 

8.  It was hypothesized that the HI group would have higher domain scores on 

the Neuropsychological Impairment Scale (NIS) compared to the Control 

group.    

 

The NIS was used as a measure of neuropsychological and neurobehavioural 

symptoms.  Mean T-scores and standard deviations for the HI and Control groups are 

summarized in Table 9.  Descriptively, the HI group scored in the mildly elevated clinical 

range (i.e., a T-score equal to or greater than 60) on the Cognitive Efficiency and 

Attention subscales, and on the Global Measure of Impairment and Symptom Intensity  
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Table 8 

 

Symptom Assessment-45  

 
          HI      Control 

 

    M   SD    M   SD     t     d 

Symptom Domain Scales       

            Anxiety 55.4  15.0 53.6  9.2 0.53 .14 

            Depression 43.9  13.5 41.1  7.8 0.90 .25 

            Obsessive-Compulsive  72.9  6.9 73.8  7.3 -0.46 -.13 

            Somatization  49.1  8.0 47.1  5.8 1.1 .29 

            Phobic Anxiety  53.5  11.0 50.9  8.8 0.95 .26 

            Hostility  47.0  5.8 45.7  3.9 1.0 .26 

            Interpersonal Sensitivity  53.9  12.4 51.5  9.6 0.81 .22 

            Paranoid Ideation  40.8  7.7 42.2  6.8 -0.71 -.19 

            Psychoticism  

 
53.3  11.5 49.9  9.5 1.1 .32 

Global Indices 
      

            Global Severity Index 52.7  11.6 48.8  5.9 1.5 .42 

            Positive Symptom Total 53.9  12.0 49.9  9.4 1.4 .37 

HI = Head Injury group;  d = Cohen’s d. 
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Table 9 

 

Neuropsychological Impairment Scale 

 

 HI Control  

 M SD M SD t d 

Validity Scales       

            Defensiveness 55.7  7.1 55.4  7.9  .2 .04 

            Affective Disturbance 54.5  13.8 48.6  7.0 1.9 .53 

 

Subscales  

      

            Critical Items 58.1  13.5 47.5  6.6 3.5* .99 

            Cognitive Efficiency 61.1  18.1 53.8  9.2 1.8 .51 

            Attention 62.5  16.9 56.5  11.8 1.5 .41 

            Memory 53.5  14.8 48.8  8.8 1.4 .39 

            Frustration Tolerance 56.9  13.8 52.5  8.2 1.5 .39 

            Learning-Verbal 58.4  18.8 52.3  10.7 1.4 .40 

            Academic Skills 58.8  14.7 55.6  9.5 .9 .26 

 

Summary Scores 

      

            Global Measure of Impairment 61.6  17.2 54.2  9.8 1.7 .53 

            Total Items Circled 57.6  13.1 51.9  9.3 1.8 .50 

            Symptom Intensity Measure 61.9  15.3 58.6  11.2 .9 .25 
 

*p< .01; HI = Head Injury group;  d = Cohen’s d. 
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summary scores. The Control group produced a normal range profile across the subscales 

and summary scores of the NIS. 

The groups demonstrated a statistically significant difference on the Critical Items 

subscale, with the HI group scoring higher than the Control group (t = 3.5).   This finding 

reflects significantly greater endorsement of symptoms of somatic and general health 

dysfunction in the HI group. No other statistically significant differences were found on 

the remaining domain scores of the NIS (t range = 0.2 to 1.9).   

 

9. It was hypothesized that the HI group would have higher domain scores on 

the Behavior Rating Inventory of Executive Function, Adult Version 

(BRIEF-A) compared to the Control group.  

  

 The BRIEF-A was used as a self-report measure of executive functioning.  Mean 

T-scores and standard deviations for the HI and Control groups are summarized in Table 

10.  Descriptively, both groups produced normal range profiles on the BRIEF-A.  No 

statistically significant differences were found between the groups on the BRIEF-A (t 

range = 0.0 to 2.1).   
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Table 10 

 

Behaviour Rating Inventory of Executive Functioning – Adult Version 

 

            HI       Control  

   M     SD    M     SD        t     d 

Behavioural Regulation Index 56.2 9.8 54.2 7.9 .84 .22 

            Inhibit 53.8  10.5 53.8  8.0 .0 .0 

            Shift 57.9  9.6 52.7  8.6  2.1 .57 

            Emotional Control 50.2  9.5 49.4  9.4 .32 .08 

            Self-Monitor 52.8  12.9 49.9  8.1 .98 .27 

       

Metacognition Index  57.1  10.9 53.0  8.0 1.6 .42 

            Initiate 53.2  10.9 50.4  7.5 1.1 .29 

            Working Memory 58.2  12.8 54.5 9.2 1.2 .33 

            Plan/Organize 57.3  9.8 52.5  7.6 1.9 .55 

            Task Monitor 55.5  11.6 52.4  9.1 1.1 .29 

            Organization of Materials 55.4  8.7 52.8  9.1 1.0 .29 

       

Global Executive Composite 55.9  10.8 52.5  7.7 1.4 .36 
 

HI = Head Injury group;  d = Cohen’s d. 
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10. It was hypothesized that the HI group would have higher domain scores on 

the SSI compared to the Control group.   

 

The Social Skills Inventory (SSI) was used as a measure of social communication 

skills assessing emotional control and expressivity.  Mean T-scores and standard 

deviations for the HI and Control groups are summarized in Table 11.  No statistically 

significant differences were found on the SSI scales (t range = -1.5 to 1.9).    

 

4.4.1 Logistic Regression 

A logistic regression was conducted to predict group status from the overall GDS, 

overall SSI, and EI scores.  The logistic regression model was statistically significant, χ
2 

(3) = 11.11, p = .01, Nagelkerke R
2 

= .25.  The one statistically significant predictor was 

GDS, Wald χ2 = 5.47, p < .02.  The odds of having a history of head injury were 17.8 

times greater for those with GDS scores in the impaired range (i.e., greater than .5; see 

Table 12). The SSI and EI were not statistically significant predictors of head injury.  The 

model with three predictors successfully predicted 69.8% of cases compared to 54.7% of 

cases for a model with no predictors.   

 The assumption of linearity was tested by examining interactions between the 

predictors and their respective log transformations.  These interactions were not found to 

be statistically significant (all ps > .25), indicating that the assumption of linearity of the 

logit was met for each of the predictor variables (GDS, overall SSI, and EI scores).  Tests  
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Table 11 

 

Social Skills Inventory 

 

           HI      Control   

    M    SD    M    SD       t        d 

Emotional Scales  

            Emotional Expressivity 50.6 8.1 49.4 10.0 .49 .13 

            Emotional Sensitivity  49.5 9.0 53.1 10.9 -1.3 -.36 

            Emotional Control 46.9 8.2 51.8 13.9 -1.5 -.43 

            Total Emotional 50.5 5.8 53.4 8.5 -1.4 -.39 

 

Social Scales 

            Social Expressivity  

 

 

50.5 

 

 

9.3 

 

 

52.4 

 

 

10.9 

 

 

-.64 

 

 

-.19 

            Social Sensitivity  48.8 8.2 50.2 10.4 -.54 -.15 

            Social Control  50.3 9.6 50.7 10.8 -.14 -.04 

            Total Social 50.9 8.4 52.7 9.2 -.71 -.20 

 

Total Scale Scores  

      

            Total Expressivity 51.5 7.8 52.1 10.0 -.23 -.07 

            Total Sensitivity 50.0 6.9 52.6 9.1 -1.2 -.32 

            Total Control 50.0 7.1 52.5 10.4 -.97 -.28 

       

Overall SSI Score 49.2 8.4 52.3 10.9 -1.1 -.32 

       

Equilibrium Index (EI) 51.6 7.1 47.2 9.4  1.9 .53 
 

HI = Head Injury group;  d = Cohen’s d. 
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Table 12 

 

 

 

      

Logistic Regression      

 B SE Wald Lower Odds 

Ratio 

 

Upper 

Constant -2.9 2.6 1.3    

GDS  2.9 1.2   5.5* 1.6 17.8 198.3 

SSI    -.04     .04 1.1     .89       .96     1.0 

EI     .07     .03 3.2     .99   1.1     1.2 

R
2
 = .19 (Cox & Snell), .25 (Nagelkerke); Model χ

2
(3) = 11.1, p < .01; * p < .02 
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for multicollinearity were conducted.  Tolerance values were all found to be greater than 

.1 (range of 0.99 to 1) and all VIF values were less than 10 (VIF = 1.0 for all), indicating  

that multicollinearity was not an issue in the logistic regression.  The predictor variables 

were not correlated with each other, further indicating that multicollinearity was not an 

issue (all ps > .48; see Table 13). 
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Table 13 

Correlation Matrix for the Logistic Regression Analysis 

 GDS   SSI     EI  

GDS     1 -.03 .001  

SSI      1 -.10  

EI       1  
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5.  DISCUSSION 

5.1 Overview 

The purpose of the present study was to examine the long-term 

neuropsychological and psychosocial consequences of pediatric MTBI within a 

developmental framework.  Childhood MTBI is distinct from TBI acquired in adulthood 

as childhood MTBI occurs at a time when the young brain is still undergoing 

development.  Brain development occurs in a back to front fashion, with frontal brain 

regions having the longest period of development; frontal regions continue to develop 

throughout late adolescence and early adulthood (Sowell, Thompson, Holmes, Jernigan, 

& Toga, 1999). Importantly, frontal brain regions are particularly vulnerable to damage 

following TBI.  

Research into the long-term outcome of pediatric MTBI has lead to the 

development of two main perspectives.  The Kennard Principle posits that the developing 

brain has a great deal of plasticity, which enables an individual to recover skills that were 

previously lost due to injury.  In contrast, the Early Vulnerability Hypothesis puts forth 

the idea that childhood injury interferes with early developmental processes, which in 

turn has future consequences on behaviour.  In other words, this hypothesis suggests that 

younger children may be at increased risk for neuropsychological and psychosocial 

problems, and that evidence of such impairment may only emerge when injured brain 

areas mature and the increased neuropsychological demands of adulthood are placed 

upon them.  It follows then that assessment needs to occur in adulthood. 

A recent article by Anderson, Spencer-Smith, and Wood (2011) provides support 

for the Early Vulnerability Hypothesis. This article summarizes a number of recovery 
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principles that are in support of this perspective, and relevant to the present study, 

including: a) the plasticity process is different between healthy and injured brains; b) 

injury to the immature brain alters the brain’s developmental trajectory, which leads to 

disruption in neural networks; c) the brain is particularly vulnerable during critical 

developmental periods; d) a clear picture of long-term problems is not evident until brain 

maturity is reached and increased demands are encountered; and e) not all abilities are 

impacted to the same degree following injury.   

The present study examined adults who had an early TBI, and compared them to a 

control group to determine if group differences would be observed in areas of executive 

functioning and social competence.  Importantly, late developing frontal brain regions 

underlie executive functions and social competence, which is why these particular areas 

were examined.  Yeates and colleagues’ (2007) model on social outcomes in childhood 

brain disorder was used to define social competence and identify specific areas to be 

examined. In keeping with a developmental model and in line with the Early 

Vulnerability Hypothesis, it was hypothesized that individuals with a history of childhood 

MTBI would perform more poorly on neuropsychological and emotion recognition 

measures, and endorse more problems on the self-report questionnaires assessing these 

areas.  In light of previous research (Bay & McLean, 2007; Frencham, Fox, & Maybery, 

2005), any observed differences between the groups were expected to be subtle.  To 

address this possibility, a GDS and three domain deficit scores (comprised of multiple 

neuropsychological test scores) were examined, as pooled scores from multiple 

neuropsychological variables have been previously found to be more sensitive to subtle 
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deficits than individual test scores (e.g., Carey et al., 2004). Demographically-corrected 

scores were also used throughout the study to enhance the validity of the findings.     

The principal results of the study yielded a select number of findings that were 

consistent with the Early Vulnerability Hypothesis and that were in-line with the idea that 

childhood MTBI may be associated with subtle difficulties in executive function and 

health functioning in adulthood. Specifically, statistically significant group differences 

were found for the GDS, the 1.6 second trial of the PASAT, and the Critical Items 

subscale of the NIS, with all of these reflecting poorer scores in the HI group.  In addition 

to these statistical findings, the HI group was found to perform descriptively in the mild 

range of clinical impairment (i.e., a T-score less than 40) on all four PASAT scores. 

Further, the GDS and two executive domain deficit scores (Attention and Working 

Memory, Processing Speed) fell descriptively above the clinical cut-off for impaired 

performance in the HI group.  

The present study included a variety of measures to capture a comprehensive 

picture of executive functions.  It is noteworthy, however, that the majority of the 

individual objective measures of cognitive function did not produce statistically 

significant group differences whereas deficit scores calculated based on a number of 

measures did. These findings illustrate the important contribution that deficit scores can 

make when examining potential deficits that may not be severe enough to fall in the 

clinically impaired range on the majority of individual measures, but do so when 

reliability is increased through calculation of domain and global deficit scores. These 

findings are in-line with those obtained with other clinical populations (e.g., Carey et al., 

2004; Sun, Abadjian, Rempel, Monto, & Pulliam, 2013). 
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From a neurological perspective, the results of this study are in line with those 

from imaging studies showing that TBI is associated with disruptions in frontal neural 

activation during tests of working memory (McAllister et al., 1999) and processing speed 

(McAllister et al., 2001).  Mathias et al. (2004) concluded that MTBI does not always 

result in focal damage and isolated deficits, but rather often results in DAI that is 

associated with varying effects across neuropsychological testing.  Further, these 

problems may not be apparent or readily observable – they may be subtle and only 

apparent upon neuropsychological testing utilizing measures that require increased 

mental effort and modulation.  The present study’s pattern of individual test findings 

provides support for these conclusions, as group differences were not found consistently 

across all measures used, but were found on rather difficult measures of auditory 

attention and  working memory (i.e., PASAT), in which the HI group performed more 

poorly than the control group. 

   

5.2 Sample Demographics 

In order to obtain as homogeneous a group of participants as possible, the present 

sample was drawn from a pool of psychology undergraduate students.  Individuals were 

selected that met strict study criteria including an injury history of only orthopedic or 

head injury or no other injury history.  The average time since injury was 10.5 years.  

Participants were otherwise healthy young adults of similar age and education history.   

 The idea of diagnosis threat, that is the possibility that individual assessment 

results would be impacted by the researcher emphasizing traumatic brain injury, was of 

potential concern.  Diagnosis threat is a term that arose from the literature on stereotype 
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threat and is based on the idea that fear associated with a medical diagnosis can impair 

performance (Suhr & Gunstad, 2002; 2005).  It has been suggested that diagnosis threat 

may account for poor neuropsychological performance in some individuals with a history 

of brain injury (Kit, Tuokko, & Mateer, 2008) and influence the reporting of cognitive 

complaints following MTBI (Ozen & Fernandes, 2011).   

To decrease the likelihood that fear of diagnosis would have affected 

performance, the researcher spoke plainly of the research study to the participants and 

general information on the goals of the research emphasized that the study was one 

examining long-term psychological functioning among groups of people reporting 

different types of physical injury and people with no injury history.    

 

5.3 Identification of the HI group 

 As described in section 4.1, a history of HI was identified in this study using 

information obtained via the Health and Injury Survey and through clinical interview 

which included the HELPS screening tool.  A summary of participant responses to the 

Health and Injury Survey is presented in Appendices D2 and E2.  Although retrospective 

self-report is not without limitations, strict reliance on medical records to identify 

individuals with a history of mild head injury also has limitations, as many head injuries 

go unreported because individuals may not seek medical attention (Cassidy et al., 2004).  

The use of retrospective self-report for the identification and classification of MTBI was 

thus considered acceptable for the present study, especially in light of the large number of 

pre-screenings that needed to be conducted (n = 1295) to ultimately obtain the study 

sample.    
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5.4 Neuropsychological, Psychological, and Neurobehavioural Assessment Findings  

5.4.1 Validity of Findings  

 Consideration of validity in neuropsychological assessment is an important issue 

when interpreting neuropsychological test results.  Tests used to conduct a 

neuropsychological assessment are measures of behaviour from which inferences are 

drawn about neuropsychological function, although self-report measures are also used to 

assess symptoms.  Literature on the subject of neuropsychological assessment validity 

has listed performance validity and symptom validity as important concepts when 

examining assessment findings.   

Performance validity refers to the validity of objectively measured performance 

on a given test, whereas symptom validity refers to the accuracy of symptom reporting 

(Larrabee, 2012) which is self-report based.  A recent study by An, Zakzanis, and 

Joordens (2012) suggests that undergraduate students demonstrate a high rate of 

suboptimal effort during neuropsychological testing.  Given that an undergraduate 

student population was sampled in the present study validity was an important concern.   

Recommendations for symptom validity assessment have been published by The 

National Academy of Neuropsychology (Bush et al., 2005).  The recommendations 

acknowledge that validity of information and test data gathered during a 

neuropsychological assessment must be determined and the means in which to make this 

determination may vary based upon context.  The National Academy of 

Neuropsychology position paper states that assessments of symptom validity do not 

necessarily have to include specific symptom validity tests but may include other specific 

tests, indices, and observations.  The authors of this paper describe a number of possible 
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methods for assessing symptom validity, including: consistency of obtained information 

across sources, performance on neurocognitive tests, symptom validity tests, and forced-

choice tests.  For the present study, performance on embedded indices within the 

objective measures and validity scales of the self-report measures were used to assess 

validity.  While including additional specific symptom validity tests would have 

strengthened the design of the present study, such were not included in order to avoid 

lengthening the test battery.   

To assess performance validity, embedded indicators within the CTIP were 

examined and all participants were found to be within the range of adequate test 

performance effort.  The NIS and BRIEF-A contain scales through which to assess 

symptom validity. The NIS Defensiveness and Affective Disturbance scales were used as 

validity checks.  Scores on the Defensiveness scale did not reach clinical cut-offs for 

either group (T-scores were under 61; O’Donnell et al., 1994), and did not differ between 

the groups.  Scores on the Affective Disturbance scale did not reach the clinical cut-off in 

either group (T-scores were under 61; O’Donnell et al., 1994). The BRIEF-A includes 

three validity scales - Negativity, Infrequency, and Inconsistency; all profiles were found 

to be in the acceptable range on these scales. All symptom and performance validity 

checks were thus consistently acceptable in this study for both individual participants and 

in terms of group performance.    

 

5.4.2 Neuropsychological Findings 

Impairments in neuropsychological functioning have been indentified following 

TBI in adults (Belanger, Spiegel, & Vanderploeg, 2010; Levin & Hanten, 2005).   The 
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present study used a battery of neuropsychological measures to objectively and 

subjectively examine aspects of executive functioning among adults with and without a 

history of childhood MTBI. These aspects of executive functioning included attention, 

working memory, processing speed, and cognitive flexibility.  In terms of individual 

cognitive test performance, individuals with a history of MTBI demonstrated mild 

deficits in auditory attention and working memory where all four PASAT scores fell in 

the mild range of impairment, whereas all PASAT scores were within normal limits for 

the Control group; statistically significant differences were also found between the HI 

and Control groups on the 1.6 second trial of the PASAT.  The PASAT is a difficult task 

that places a combination of demands on auditory attention, working memory, and 

processing speed. Previous research has found the PASAT to be sensitive to attention 

impairment in individuals with post-concussion syndrome resulting from injury in 

adulthood (Cicerone & Azulay, 2002).  Present findings indicate that a history of 

childhood MTBI may have an effect on working memory in adulthood, specifically for a 

difficult task with increased working memory demands.  The results also support past 

findings that suggest MTBI may compromise the ability to organize mental resources to 

accommodate increased processing load (McAllister et al., 1999), and are consistent with 

the idea that MTBI may result in problems with working memory and processing speed 

(Gil, 2003; Roncadin et al., 2004).  While previous studies show this pattern of deficits in 

individuals who incurred MTBI in adulthood, the present study makes an important 

contribution to the literature by showing that MTBI in childhood may have negative 

effects on cognitive function that are detectable in early adulthood.  
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5.4.3 Deficit Scores   

Clinical ratings have been shown to demonstrate greater sensitivity for detecting 

neuropsychological impairment, as compared to group mean comparisons, in a 

population of HIV infected individuals (Heaton et al. 1995).  Subgroups of this 

population, such as those in the asymptomatic stage, demonstrate subtle 

neuropsychological impairment.  Carey et al. (2004) developed a method using deficit 

scores to identify subtle differences when using multiple measures and different test 

batteries.  Deficit scores are designed to mimic clinical ratings by using a method that 

gives less weight to scores that fall within the average or better range when computing a 

summary score.  Carey et al. suggest that converting a series of test scores into summary 

scores for analysis reduces chance findings due to multiple comparisons (i.e., false 

positives or Type I errors are reduced). Carey and colleagues further argue that summary 

scores are more sensitive to mild neuropsychological impairment than are group mean 

comparisons, which increases the power to find an effect (i.e., false negatives or Type II 

errors are reduced).  The use of deficit scores helps to maintain observed effects when 

pooling data, which provides support for the use of deficit scores to summarize 

neuropsychological functioning across a number of different measures. The results of the 

present study indicated that the group with HI scored within the mild range of clinical 

impairment on domain deficit scores of Attention and Working Memory, and Processing 

Speed, with associated moderate effect sizes (Cohen, 1988) in the absence of statistically 

significant group differences.  Further, the overall GDS was found to yield a statistically 

significant difference between groups and produced a moderate effect size (Cohen, 

1988), with the HI group GDS falling in the mildly impaired clinical range. The utility of 
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the GDS was further examined using a ROC analysis.  This analysis revealed that the 

GDS correctly classified individuals into the HI group 64.2% of the time.  The GDS was 

also found to contribute significantly to a logistic regression model that successfully 

predicted HI 69.8% of the time, with the odds of having a childhood history of MTBI 

17.8 times greater for those with GDS scores in the impaired range.  These results 

support the conclusions of Carey et al. (2004) and more recently Sun et al. (2013) that 

deficit scores are a useful way to summarize test scores and enhance the discrimination 

between groups based on neuropsychological functioning.   

 

5.4.4 Psychological and Neurobehavioural Findings  

Previous research has found significant symptom endorsement to be common 

following TBI in adults, and a common experience of individuals following TBI of any 

severity (Dikmen, Machamer, Fann, & Temkin, 2010).  Zhou et al. (2013) used MRI to 

demonstrate significant decreases in global brain volume and some regions of the frontal 

lobe one year after a single concussive episode in adults, findings that were also 

correlated with neurocognitive deficits and persistent post-concussion symptoms. A 

number of self-report measures were used in the present study to determine if participants 

were experiencing psychological distress (SA-45), neuropsychological symptoms (NIS), 

or specific problems in executive function (BRIEF-A).  Psychological distress, such as 

depression and anxiety, represent common features of neuropsychological dysfunction 

and has been found in neuropsychological populations (Allott, Wells, Morrison, & 

Walker, 2005).  A recent study by Sigurdardottir, Andelic, Roe, and Schanke (2013) 

found, of 118 individuals aged 16-55 years with mild to severe TBI, 18% reported 
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depressive symptoms at 3 months post-injury, 13% reported these symptoms at 12 

months post- injury, and 18% reported them at 5 years post-injury.   

In the present study, the HI and Control groups demonstrated similar levels of 

general psychological symptoms as reported on the SA-45, with no statistically 

significant differences found between groups.  However, both groups produced 

moderately elevated scores on the Obsessive-Compulsive (OC) subscale of the SA-45.  

These findings were not expected, but the elevated OC scores might be explained as an 

artifact of the sample being comprised of university students.  For example, items on the 

OC scale query symptoms such as: repetitive checking, doing tasks slowly to ensure 

correctness, and problems with one’s mind ‘going blank.’ These symptoms may be 

characteristic of first and second year university students, in light of the nature of the 

challenging academic activities in which they are engaged (Stallman, 2010).   

In terms of neuropsychological functioning, no significant differences were found 

between the groups on the BRIEF-A. In contrast, statistically significant group 

differences were observed on the Critical Items subscale of the NIS that reflected overall 

greater endorsement of symptoms related to somatic dysfunction in the HI group.  A 

number of additional NIS subscale scores fell within the mild clinically significant range 

(i.e., a T-score equal to or greater than 60) in the HI, but not the Control  group, including 

the Cognitive Efficiency, Attention, Global Measure of Impairment, and Symptom 

Intensity subscales. The Cognitive Efficiency subscale of the NIS taps symptoms related 

to problems with reasoning and problem solving, psychomotor slowness, cognitive 

rigidity, and difficulty coping with fast-paced environments.  The pervasiveness and 
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intensity of an individual’s symptoms on the NIS are represented by the Global Measure 

of Impairment and the Symptom Intensity subscales.        

Taken together, the overall pattern of findings on the self-report measures of 

psychological and neuropsychological functioning suggest individuals who have 

sustained a MTBI in childhood may experience a greater number and intensity of somatic 

and cognitive symptoms in adulthood.    

 

5.4.5 Emotion Recognition and Social Competence Findings 

In the present study, Yeates and colleagues’ (2007) model on social outcomes in 

childhood brain disorder was used as a framework for identifying factors related to social 

competence.  Measures of emotion recognition (FEEL and EPT) and self-perceived social 

adjustment (SSI)  were included to assess factors identified in their model, in addition to 

measures of executive function (BRIEF) and individual characteristics (NIS), discussed 

above. Previous research has identified problems with auditory and visual emotion 

recognition following TBI in children aged 7-17 years (Schmidt, Hanten, Li, Orsten, & 

Levin, 2010).  Similar findings have also been reported for adult samples (Williams & 

Wood, 2010).  The neural networks responsible for emotion recognition are complex and 

may involve many different neural structures including: the posterior orbitofrontal cortex, 

anterior temporal sensory association areas, and amygdala (Barbas, 2007), discrete visual 

and somatosensory cortical sections of the right hemisphere (Adolphs, Damasio, Tranel, 

& Damasio, 1996), and the left hemisphere for the verbal identification of facial emotion 

(Allerdings & Alfano, 2006).   
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For the present study, the EPT was used to assess participants’ ability to judge 

emotional expression in tone of voice.  Both groups performed equally well for the 

identification of emotion in tone of voice, regardless of the presence or absence of 

meaningful semantic content.  The FEEL task was used to assess participants’ ability to 

identify emotion in facial expression.  Both groups demonstrated similar overall accuracy 

and response time in identifying facial expression of emotion.  These results do not 

provide evidence for long-term consequences of childhood MTBI on the identification of 

emotion for either the visual or auditory modality.   

On subjective ratings of social competence, both groups fell within normal limits 

with no statistically significant differences between groups.  Although the HI group was 

expected to perform more poorly than the Control group when identifying emotion in 

tone of voice and facial expression, these differences were not found.  Brain regions 

involved in emotion recognition include lower limbic regions (in addition to the cortical 

areas), which may be less susceptible to damage from MTBI, and thus less susceptible to 

the long-term consequences of MTBI sustained in childhood.  

Taken together, the results indicate that individuals who have sustained a 

childhood mild traumatic brain injury perform similarly on objective and subjective 

measures of emotion recognition and social competence compared to Controls.    

 

5.5  Study Strengths and Limitations  

One of the main strengths of the present study was the use of strict inclusion and 

exclusion criteria.  These criteria were adhered to in order to minimize the influence of 

extraneous variables and other potential factors that could mask differences between the 
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HI and Control groups. Such factors that are known to influence scores on the selected 

measures include psychotropic medication use and multiple injury history.  This was 

especially important because differences between the groups were expected to be subtle.  

The use of strict criteria and screening measures also provided means for ensuring that 

the injury occurred in childhood or early adolescence.  This was critical for the 

developmental aspect of the present study.  The use of a demographically similar control 

group that was free of a head injury history was also a strength of this study, as past 

research often has relied on injury groups from other populations and/or more severe HI 

groups for comparison.   

Participants were all university students and were confirmed to be comparable on 

demographic variables, such as education and age.  Participant recruitment and data 

collection was conducted at two different time points (2010 and 2012), which helped to 

obtain the greatest number of possible participants from introductory and 2
nd

 year 

psychology courses.  Data were collected in a standardized fashion, and the researcher 

was blind to the injury history of participants until the completion of all tests.  The 

breadth of measures used to assess executive function, and neurobehavioural and 

emotional domains, is also a strength of the present study, as it provided both objective 

and subjective measures.  The use of demographically-corrected and standardized scores 

was also a strength as it permitted direct comparisons of the test findings across several 

measures and allowed deficit scores to be computed. The present study also took into 

account the possibility of diagnosis threat.  The measures chosen were all valid and 

standardized.  While a specific symptom validity test was not used, validity checks were 
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embedded in some of the objective and self-report measures and were utilized in keeping 

with the recommendations outlined by Bush et al. (2005).  

An important limitation of the study was that the neuropsychological assessment 

in this study focused specifically on executive functions, as opposed to comprehensively 

examining neuropsychological functions per se. For example, measures of verbal and/or 

visuospatial learning and memory were not included in this study, despite previous 

research that has suggested impairments in these areas of cognitive function following 

TBI (Middleton, 2001).  

A potential limitation of the present study was the sample size. Based on the 

power analysis presented in the Method section (see section 3.1), a sample size of 58 

cases per group was originally deemed necessary to achieve an effect size of .60 (p < .01, 

one-tailed test). Although a large number of Health and Injury Surveys were completed 

for the present study (n = 1295), the number of respondents that met study criteria, agreed 

to one-on-one testing, and attended the testing session was considerably less (n = 58).  

Despite the limited sample size, statistically significant differences were nonetheless 

found between the HI and Control groups on a number objective and self-report measures 

that together created a relatively conceptually cohesive picture of subtle 

neuropsychological dysfunction in the HI group that is consistent with the known features 

of executive dysfunction and the pathophysiology of traumatic brain injury. Future 

research in this area would nonetheless benefit from larger and ideally prospectively 

obtained samples.    

A large number of neuropsychological measures are typically given during an 

assessment, as is the case with the present study.  Consequently, multiple statistical 
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comparisons were conducted in the present study and pose a potential limitation due to an 

increased likelihood of Type 1 errors.  The use of a correction procedure following 

multiple testing has become recommended practice to decrease this likelihood (Sainani, 

2009).  Similar to Carey et al. (2004), a number of statistical tests were conducted.  

Following the established method used by Carey et al. (2004), an alpha level of .01 was 

applied to interpret statistically significant results and minimize the likelihood of a 

chance finding (i.e., a Type 1 error).   Setting alpha at .01 is the convention in this area as 

extreme corrections for multiple comparisons (e.g., the Bonferroni procedure) may be too 

conservative (Moran, 2003).   

The use of volunteers (i.e., self-selecting sample) raises the issue of sampling bias 

and is acknowledged as a possible limitation of the present study.  Further, the use of an 

undergraduate student sample could limit the generalizability of the study results to a 

wider population due to the sample’s young adult age range and higher educational level.  

That being said, the purpose of the current study was to examine neuropsychological and 

psychosocial functioning in a sample of young healthy adults, which was achieved with 

the student volunteers.  Further, in some ways undergraduate students were an ideal 

sample as they are a more homogeneous group and were confirmed to be comparable 

between the HI and Control groups on demographic variables, such as education and age.  

The present sample’s advanced level of education (i.e., enrolled in post-secondary 

education) may have produced results that will not generalize to a population with lower 

education levels. To account for the advanced level of education, the present study used 

T- scores corrected for age and education level in the statistical analyses.   
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A recent study by An, Zakzanis, and Joordens (2012) found a high base rate of 

suboptimal performance in healthy undergraduates on specific symptom validity tests, 

suggesting that the validity of test results may be compromised by a lack of effort in this 

population.  As the present study also used an undergraduate sample, another potential 

limitation of this study was that a specific symptom validity test was not administered.  

Although standardized symptom validity measures have been developed, the National 

Academy of Neuropsychology indicates that symptom validity may be assessed in a 

variety of ways and need not always include specific tests designed for this purpose 

(Bush et al., 2005).  The present study relied on validity indicators embedded within 

some of the measures administered.  Due to the length of the test battery, it was not 

feasible to include specific symptom validity tests, however, future research in this area 

may consider including at least one such measure.    

 Additional limitations include large variability observed in the HI group’s age at 

injury (5 years to 16 years) and time since injury (4 years to 22 years), which are 

important factors to consider for the outcome of pediatric MTBI.  Correlation analyses 

revealed no statistically significant relationships between age of injury and years since 

injury and scores on the neuropsychological and psychosocial measures.  These results 

suggest that age at injury and time since injury likely did not impact performance or 

responses in the present HI sample.  However, when study design permits, future research 

in this area should attempt to lessen the range of both age at injury and time since injury.   

Another potential limitation was the lack of a comprehensive assessment that 

included neuroimaging and baseline/pre-injury information. Inclusion of neuroimaging 

and baseline performance was beyond the scope of the present study in light of 
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infrastructure and practical constraints.  Additionally, self-report was used to assess 

history of head injury and, while clinically this approach has merits, it does potentially 

suffer from limitations related to retrospective recall and selective reporting. Self-report 

questionnaires were completed by participants, and injury details were obtained by self-

report and interview.  Although a common method, self-report necessarily entails the 

potential influence of subjectivity and is reliant upon participants’ ability to accurately 

recall their injury history.  Future research may consider collecting corroborating 

information from sources such as medical records to verify injury and from close 

relatives (e.g., parent) to more comprehensively assess psychological and 

neuropsychological functioning.   

   

5.6 Study Implications and Future Research 

 Mild traumatic brain injury represents a major health concern in Canada and 

around the world. Information on the long-term consequences of childhood MTBI is 

particularly relevant for a number of stakeholders, including families, medical personnel, 

policy writers, rehabilitation providers, and insurance providers.  One of the main 

findings of the present study was that individuals with a history of MTBI in childhood 

may be at increased risk for a number of neuropsychological and neurobehavioural 

problems and challenges as adults.   

These findings may be of direct relevance to a related area of research, which 

shows that there are long-term health implications of adult TBI.  Jellinger, Paulus, 

Wrocklage, and Litvan (2001) found head injury to be a risk factor in Alzheimer’s 

Disease. In a meta-analysis, Mortimer et al. (1991) also found that those with head injury 
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were more likely to develop Alzheimer’s disease, and that this was especially true for 

males.  A systematic review by Fleminger, Oliver, Lovestone, Rabe-Hesketh, and Giora 

(2003) similarly showed that a history of head injury was associated with Alzheimer’s 

Disease in males. Research has also found an association between TBI in adulthood and 

schizophrenia (Corcoran & Malaspina, 2007).  A recent meta-analysis revealed that 

individuals with a history of adult TBI were at increased risk for schizophrenia, 

especially in those with a family history of the disease (Molloy, Conroy, Cotter, & 

Cannon, 2011). 

In light of the important influence of TBI on physical and mental health, an 

emphasis on identification of early injuries and consideration of the impact of these 

injuries on brain development should be an important aspect of clinician assessments and 

case conceptualizations.     

 

5.7  Conclusion 

Taken together, the present findings support the idea that childhood MTBI may 

result in long-term consequences that are observable in adulthood.  These findings are in 

support of the Early Vulnerability Hypothesis.  In particular, the results of some of the 

behavioural and self-report assessments suggest that certain executive functions that arise 

from frontal brain regions may be susceptible to long-term impairment following 

childhood MTBI.  These findings are particularly important because injury sustained by 

the immature brain occurs among the ongoing processes of brain development, creating a 

complex situation in which development and injury/recovery occur simultaneously.  

Earlier developing skills obtained prior to injury may initially be impaired following 



95 

 

 

injury, but show improvement post-injury.  The results of the present study further 

suggest, however, that it is important to also consider skills yet to be developed, as they 

may fail to follow a typical developmental path, resulting in later deficits and problems in 

adulthood.   
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APPENDIX D 

  

T-Score Ranges for the 22 Measures Comprising the GDS  
 

 

 
 

HI 

T-Score Range 

 

Control 

T-Score Range 

 

Ruff 2 & 7 Selective Attention Test 

  

            Total Speed  35 to 67 33 to 68 

            Total Accuracy 41 to 59 50 to 59 

 

Paced Auditory Serial Addition Test 
 

 

            2.4 second trial 15 to 59 26 to 60 

            2.0 second trial 24 to 56 32 to 61 

            1.6 second trial 29 to 49 34 to 59 

            1.2 second trial 
 

35 to 51 33 to 58 

 

Trail Making Test 

 

 

 

 

            Part A 33 to 64 38 to 84 

            Part B 35 to 71 40 to 81 

 

Symbol Digit Modalities Test 
 

 

Written 29 to 79 38 to 69 

Oral 19 to 82 31 to 61 

 

Stroop Color and Word Test 
 

 

            Word 30 to 71 33 to 68 

            Color 23 to 61 19 to 58 

            Color-Word 31 to 63 34 to 73 

            Interference 43 to 63 37 to 73 

 

Computerized Test of  Information Processing  
 

 

            Simple Reaction Time (SRT) 27 to 50 27 to 58 

            Choice Reaction Time  (CRT) 20 to 58 27 to 58 

            Semantic Search Reaction Time (SSRT) 37 to 63 20 to 63 

            SRT Coefficient of Variation 20 to 58 20 to 63 

            CRT Coefficient of Variation 34 to 66 20 to 58 

            SSRT Coefficient of Variation 20 to 73 20 to 73 

 

Phonemic Fluency (FAS) 

 

25 to 65 

 

25 to 61 

 

Category Fluency (Animals) 
 

19 to 69 

 

13 to 64 
 

 

HI = Head Injury group 
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