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ABSTRACT 

 
 

The purpose of this thesis was to investigate the effect of traumatic brain injury on written 

expression in school-aged children.  In particular, the mediating effect of core and supporting processes 

of written expression on the effect of traumatic brain injury on written expression was explored.  Core 

skills are those that are thought to be specific to written expression, and in particular, the mechanical 

execution of written language.  The core skills assessed in this study were graphomotor speed, fine 

motor speed and coordination, spelling and writing fluency.  Supporting skills are those processes that 

are not unique to writing but are necessary for completing most cognitive tasks, and are frequently 

affected by traumatic brain injury.  The supporting skills assessed in this study were processing speed, 

working memory, and sustained and focused attention. The performance of children with traumatic 

brain injury was compared to a group of children with orthopedic injuries. Principal components analysis 

was used to elucidate the primary core and supporting components of written expression.  Four 

components were retained: orthographic output, fine motor skills, working memory and vigilance. 

Consistent with previous literature, children in the head-injured group performed more poorly on the 

primary outcome measure of written expression, both core components and working memory.  There 

was no difference between groups, however, on vigilance performance.  Bootstrap regression analyses 

revealed that the effect of traumatic brain injury on written expression was significantly mediated by 

orthographic output.  This finding is relevant for intervening on written expression difficulties in children 

with traumatic brain injury.  Emphasizing orthographic output as a part of already well-established 

written expression interventions may provide added benefit in this population.   
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Introduction 
 

Impact of Childhood TBI  

 Following a traumatic brain injury (TBI), children exhibit a wide range of cognitive changes.  

These changes include alterations in motor performance (Gagnon, Forget, Sullivan & Friedman, 1998; 

Kuhtz-Buschbeck, et al, 2003), executive functioning (Levin & Hanten, 2005; Anderson & Catroppa, 

2005), academic performance (Ewing-Cobbs, Fletcher, Levin, Iovino & Miner, 1998; Ewing-Cobbs et al., 

2006), language skills (Ewing-Cobbs et al, 1987; Ewing-Cobbs & Barnes, 2002), memory (Conklin, Salorio 

& Slomine, 2008), attention (Catroppa & Anderson, 2003; Catroppa, Anderson, Morse, Haritou & 

Rosenfield, 2007), behavior and personality (Ganesalingam, Sanson, Anderson & Yeates, 2007; Taylor et 

al., 2002; Schwartz et al., 2003).   These changes often manifest themselves as academic difficulties, 

which have been identified amongst the most disruptive consequences of TBI in children (Jaffe et al., 

1993).  Ewing-Cobbs and colleagues (1998) reported that in a sample of severely head injured children 

and adolescents at a two year follow up, 79% of the sample either failed a grade or had received special 

education assistance.  In this same study, only 11% of mild-moderately head injured children and 

adolescents required a modified curriculum or an altered learning environment and none of the children 

or adolescents in the latter group had failed a grade at the two year follow up.   

Of the three primary academic skills (reading, writing, and math), written expression is thought 

to be the last to fully develop (Johnson & Myklebust, 1967).  Written expression may be particularly 

sensitive to TBI as it incorporates several cognitive skills that are frequently affected in children 

following TBI, including organization and planning, memory, language, attention and fine motor skills 

(Yorkston, Jaffe, Polissar, Liao & Fay, 1997; Berninger, Abbott, Abbott, Graham & Richards, 2002).  Often 

at the time of injury, children are still actively developing these skills, which may be more vulnerable to 

disruption than more established skills (Ewing-Cobbs & Barnes, 2002).   
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 Despite their role in long term academic and vocational achievement, written expression deficits 

following TBI in children and adolescents have received surprisingly little attention.  A better 

understanding of the impact of changes to skills that are core processes for written expression and 

supporting neuropsychological skills often impaired after TBI will aid in developing improved 

intervention techniques as well as to refine cognitive models of written expression.          

Epidemiology and Pathophysiology of Childhood TBI 

 Epidemiology 

Estimates of incidence rates for traumatic TBI in children vary between 70:100,000 and 799:100,000, or 

one million annually in the U.S. (Langlois, et al., 2004).  Finding an accurate incidence figure for 

traumatic TBI in children is a challenge for several reasons.  Lack of hospitalizations following mild TBI, 

lack of standardized definitions of injury (and injury severity), inconsistent rating scales, varied collection 

methods and other factors have made this an increasingly difficult task (Yeates, Ris, Taylor & 

Pennington, 2010).   In 2006 the Centers for Disease Control (CDC) compiled epidemiological data from 

several sites across the U.S. and found that nearly half a million (473,947) emergency department visits 

for TBI are made annually by children aged 0 to 14 years, 35,136 of which require hospitalization.  

Common causes of traumatic TBI listed by the CDC are falls (50.2% of cases), being hit by or against an 

object (24.8%), motor vehicle accidents (6.8%), assault (2.9%) and injuries of an unknown or unlisted 

origin (15.3%).   

 Pathophysiology   

Common pathophysiological consequences of TBI include primary effects, e.g.,axonal injury, which are 

accompanied by a cascade of secondary effects (e.g. cerebral edema, hypoxia, ischemic events, 

alteration in blood flow, neurochemical changes) and late effects (i.e. hydrocephalus, seizure disorders).  

Quantitative neuroimaging studies in children with TBI have revealed a reduction in white and grey 

matter activity in frontotemporal regions as well as reduced integrity of working memory pathways in 
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DTI studies (Ewing-Cobbs et al., 2008; Wilde et al., 2005).  Pediatric TBI in school-aged children results in 

slightly different pathophysiology than adult traumatic TBI.  Children are at an increased risk of 

posttraumatic brain swelling and hypoxic-ischemic insults.  Perhaps most pertinent to recovery of 

cognitive function is the fact that childhood TBI effects are primarily diffuse and multifocal, with 

occasional focal injuries occurring in addition to diffuse effects (Ewing-Cobbs et al., 2008; Adelson & 

Kochanek, 1998).  While this effect is also seen in adults, physiological differences in children such as 

greater head-to-body ratio, less myelination, and greater relative proportion of water content and 

cerebral blood volume make this finding especially relevant in school-aged children (Giza, Mink, & 

Madikians, 2007).   

 Outcomes after TBI vary in children and adolescents as compared with adults.  These 

impairments are due primarily to the diffuse nature of the injury, even in focal injuries, and include 

changes in cognition that directly impact academic performance.  Written expression serves as an 

excellent model to illustrate the detrimental nature of these cognitive changes because it draws on a 

wide range of cognitive skills including attention, working memory, processing speed, psychomotor 

integrity, verbal comprehension as well as proficiency in other related academic realms.   

A Model for Written Expression Disorders Following Pediatric TBI 

Of all the categories of written language (including reading, writing, discourse, etc) disorders, 

reading has been the most extensively researched, likely because of the emphasis on reading as a 

developmental milestone (Beitchman & Young, 1997).  The absence of a similar body of research 

devoted to written expression disorders is puzzling given near equivalent prevalence rates (see Katusic, 

Colligan, Weaver & Barbaresi, 2009, Hooper, et al., 1993 for prevalence rates of WE disorders).   

The novelty of this area of research has hindered the development of a commonly agreed upon 

definition of written expression.  Despite early models of written expression developed in the 1960’s 

(Berninger, Abbott, Myklebust, etc) that have been through many revisions, today the terms ‘written 
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expression’ and ‘written expression difficulties’ have not been consistently operationalized.  Some 

researchers prefer a narrow and primarily functional definition, whereas others prefer a broader, 

cognitively influenced definition.  For the purpose of this study, a definition of written expression 

integrates core and supporting processes of written expression (See Figure 1).  Core processes refer to 

those that are integral to the execution of written expression and supporting skills are those commonly 

impaired following TBI in children.  In 1994, Berninger proposed a developmental neuropsychological 

model of written expression.  Her model distills written expression down to two primary processes: text 

generation (words, sentences, and discourse) and transcription (handwriting, keyboarding and spelling) 

with additional emphasis on the role of executive functions (attention, planning, reviewing, revising, and 

self-regulation).  The model being used in this study is a replication of Berninger’s model, with changes 

made to reflect a developmental framework for TBI.  Core processes in this study are analogous to 

Berninger’s ‘transcription’ category, and supporting processes include ‘text generation’ as well as 

executive skills.     

Written expression is the product of the following processes executed in concert:  handwriting, 

spelling, transcription, verbal comprehension, working memory, processing speed and written discourse.  

Any deficit in one or more of the skills listed that results in impaired written expression is sufficient to 

identify a written expression deficit.   

 

 

 

 

 

 

Figure 1. A model of written expression outcomes following TBI, adapted from Berninger (1994). 

TBI 

Core Processes/Transcription: 
graphomotor speed, spelling, 
fine motor skills and writing 

fluency  
 

Supporting Processes/Text 
Generation: processing 
speed, working memory 

and attention 
 

Written Expression:  Story 
Construction, Spontaneous 

& Picture-Prompted 
Written Narrative 
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Core and Supporting Processes of Written Expression Following Pediatric TBI 

 The following discussion reviews those skills that play either core or supporting roles in the 

execution of written expression.  The core processes include: 1) graphomotor speed, 2) spelling and 3) 

fine motor speed and coordination and 4) writing fluency.  The supporting processes include 1) working 

memory, 2) processing speed and 3) attention.  The supporting skills have been highlighted for their 

embedded role in higher cognitive processes, and because of their well-documented vulnerability to the 

effects TBI.   

Written Expression 

Longitudinal research on written expression following pediatric TBI has yielded two primary 

patterns of results.  The first is that the gap between traumatically brain injured children and their peers 

on such measures narrows as related cognitive skills improve.  Conversely, some researchers have found 

that these children experience a failure to improve at age appropriate rates, supposedly as a result of 

changes in fundamental skills that cannot support the acquisition of more complex skills.  Undoubtedly, 

age at time of injury and severity of injury each play a large role in these differing results (Hanten, et al., 

2009).  As of now, consensus supports the latter pattern of results, as does the verbal discourse 

literature (Yorkston, Jaffe, Liao & Polissar, 1999; Chapman et al. 2006, Chapman et al. 2001).           

Yorkston and colleagues (1997, 1999) aimed to highlight components of written expression that 

are most vulnerable or resistant to disruption following mild to severe TBI.  They found significant, 

moderate correlations at one month and at one year post-injury between performance on a 

spontaneous written expression measure and injury severity.  These correlations were strongest for 

efficiency (words written per minute) and completeness (thematic maturity and number of words used).   

Neither vocabulary (semantic variety and complexity as well as characters per word) nor grammatical 

and spelling errors were related to injury severity at one year.  The continued correlation of efficiency 

and completeness scores over the course of a year suggests that skills that require speeded motor 
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components, as well as integrative skills that require planning and organization are most vulnerable to 

the effects of TBI.    

Wilson and Proctor (2002) found a similar pattern in a group of adolescents with TBI.  Using the 

'Cookie Theft Scene' from the Boston Diagnostic Aphasia Examination, injured adolescents did not use as 

many words to describe an idea (productivity, similar to efficiency) as their non-injured peers and what 

they did write was found to be less cohesive.  Cohesion was defined as the degree of interdependence 

of words used in the writing samples.  Three types of cohesion were identified as differentiating writing 

samples from brain injured individuals and non-injured individuals.  These types were lexical (use of 

pronouns), ellipses (missing information) and incomplete ties (a pronoun without a referent).   

Several studies have found written expression to be disproportionately affected following TBI 

when compared to other language or academic measures.  These studies provide support for a rapid 

development hypothesis, stating that those skills that are in rapid acquisition at the time of injury will be 

most impaired.  It is thought that because written expression is a relatively complex function and 

handwriting or, alphabet printing, develops most rapidly between the ages 6-8 that this would be 

commonly affected in school aged children (Gibson & Levin, 1975).  In their sample of children and 

adolescents, Ewing-Cobbs, Levin, Eisenberg & Fletcher (1987) found that expressive language and 

graphic functions were most likely to be affected by closed head injury.   Graphic functions were 

measured by writing to dictation and writing to copy.  The most common mistakes were in omissions, 

spelling and capitalization and are thought to reflect attentional and organizational difficulties, rather 

than deficits in the fundamentals of language.  Taylor, et al. (2002) found that in a sample of 

moderately-severely injured 6-12 year old children, Writing Samples was the only measure on which the 

moderate group scored below the control group.  Other measures included behavior scales, and 

Woodcock-Johnson measures of Calculation and Letter-Word ID.  Additionally, the only significant 

interaction found between injury severity and long-term change was found for scores on writing 
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samples.  The moderate group 'caught up' with the control group, but this was not the case for the 

severely injured group.   

This literature suggests that written expression skills most often affected by TBI in childhood are 

those that require executive functions such as attention and planning, as well as those that involve 

motor components, such as spelling and fluency.  These skills, as well as others, will be assessed in the 

following design.   

Core Cognitive Processes Related to Written Expression 

Fine Motor  

The persistent effects of TBI on fine motor and visuospatial functioning in children have been 

well documented (Thompson et al., 1994; Winogron, Knights & Bawden, 1984).  Severity and age at 

injury have been shown to be strong predictors of motor and visual-spatial skills up to five years 

following TBI.  Thompson and colleagues (1994) utilized growth curve analyses to find that younger 

severely injured children had a slower rate of recovery on tasks with visuospatial and motor tasks than 

did older children with similarly severe injuries, and compared to children of the same age but with less 

severe injuries.  Consistent with other cognitive domains that play a core role in written expression, 

recovery of motor function is also a rapidly developing area of skill development in young children, 

making it more vulnerable to head injury than other better established domains, particularly at earlier 

ages.  Additionally, recovery of these functions follows a dose-response pattern, with severity of injury 

negatively correlated with recovery of function.   

In a study that assessed neurobehavioral recovery at one year post-injury (Jaffe, et al., 1993), 

significant dose-response correlations were found for parent reports of change in fine motor skills 

(Woodcock Johnson Scales of Independent Behavior) and injury severity.  Children with more severe 

injuries showed less improvement over one year than those with less severe injuries.  However, no 
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correlation was found for other measures of motor performance including Coding, name writing, 

tapping speed and grip strength.     

Graphomotor Speed 

In typically developing children, letter writing automaticity has been shown to predict 

handwriting skills, which in turn, predict the quality of writing samples (Graham, Weintraub, & 

Berninger, 2001).  Several researchers have established the importance of fluent letter production on 

the quality of writing by taxing skills needed for composition such as working memory, content 

production and planning (Graham, 1990; Berninger, 1999).  Letter writing automaticity, and thereby 

masterful handwriting, plays an important role in written expression and academic success in children 

(Graham & Harris, 2000).    

Spelling 

Spelling has been found to be adversely affected following TBI across several studies, 

particularly in severely injured children.  Jaffe et al. (1993) observed significant negative correlations 

between scores on academic measures, including spelling, and injury severity across mild-severe 

injuries.  Ewing-Cobbs and colleagues (1998) reported significantly lower spelling scores for children 

ages 5-15 at time of injury with severe injury as compared to mild-moderately injured children.  The 

same authors also found significant impairments in spelling and writing fluency in children with TBI 

compared to normal controls (Ewing-Cobbs, et al, 2006).    

Supporting Cognitive Processes Impaired After TBI 

Working Memory 

Studies of working memory (WM) in traumatically brain injured children commonly find severity 

of injury to be highly predictive of neuropsychological outcomes.  It is well established that severely 

injured children experience more profound deficits in working memory than in mild TBI cases that, in 

turn, have debilitating consequences for cognitive tasks of all complexities.   
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In an N-back task, Levin and colleagues found that while severely head injured children 

improved in WM up to one year following their injury, there was a decline between 12-24 months after 

injury.  Not surprisingly, those with mild and moderate injuries also made gains in the first year, and 

continued to improve throughout the second year.  The authors hypothesized that reduced frontal grey 

matter volume commonly observed in severely head injured individuals may be responsible for this 

delayed decline in WM (Levin, et al. 2004).    

Roncadin and colleagues (2004) also have reported verbal WM deficits across severity of injury.  

Performance for the moderate group only could be predicted by age at injury and time since injury, 

suggesting that subjects in the mild and severe groups do not experience changes in WM over time.  In 

contrast to these findings, Conklin and colleagues (2008) found that in a moderate-severely injured 

group of school aged children, time since injury (M= 2.1, SD= 2.7) was predictive of WM performance, 

along with injury severity and overall cognitive ability.  The discrepancy in these findings may be due to 

differing methods of assessment.  While the first study utilized only one task which was based on direct 

testing of auditory WM, the latter authors included a performance-based task (Digit Span Backward) as 

well as a rater-based measure (BRIEF) from a parent.  It is possible that the qualities captured in the 

parent report provide more insight into the child's everyday competencies, providing more evidence for 

a time since injury predictor of WM performance. 

 Processing Speed 

  Processing speed is described as the ability to perform mental tasks quickly and efficiently.  It is 

considered a major underpinning of attentional performance and is commonly affected following brain 

injury (Catroppa & Anderson, 2005).  In a sample of school-aged children with TBI, Prigatano, Gray and 

Gale (2008) found that nearly 30% of scores on the Coding subtest of the WISC-IV were one standard 

deviation below Vocabulary and Block Design.  Only five percent of normal controls and trauma controls 

met the same criteria.  Until recently, early intellectual measures were only able to show that 
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performance IQ is more adversely affected by TBI than verbal IQ.  More sensitive measures have yielded 

the finding that a specific deficit in processing speed is the underlying construct that has created this 

pattern of results (Donders & Janke, 2008).    

 Consistent with other measures of cognitive skill following pediatric TBI, processing speed 

exhibits a dose-response relationship between severity of injury and level of impairment.  Catroppa and 

Anderson (2003) have observed this effect up to two years post injury.  Children with severe injuries 

showed the most gains over time but continued to underperform compared to peers with less severe 

injuries.  Using a battery meant to assess executive functioning, Beauchamp and others (2011) found 

that severely injured children continued to underperform form on tasks of goal setting and processing 

speed up to a decade following their injuries as compared to less-severely injured children.      

 Attention 

 Studies of attention in children following TBI echo the findings of other studies of cognition 

following pediatric TBI.  In children with mild TBI, there is little evidence of attentional disturbance.  

However, moderate-severely head injured children show an overall impairment in attention, but there is 

also a definite pattern of deficits.  Tasks involving visuomotor coordination, speeded processing and 

sustained attention being the most impaired in these children (Catroppa, Anderson, Morse, Haritou & 

Rosenfeld, 2007; Catroppa & Anderson, 2005; Catroppa & Anderson, 2010).  These changes have been 

shown to persist up to five years following severe TBI (Catroppa, Anderson, Morse, Haritou & Rosenfeld, 

2007).   

Researchers in this field have noted the importance of recognizing that attention is not one 

homogenous cognitive factor, but rather a composite of several distinct skills that develop 

independently.  The type of task, task complexity and speeded components all affect performance 

outcomes.  Furthermore, different aspects of attention do not follow the same developmental trajectory 

as one another.  A developmental perspective suggests that those skills that are emerging at the time of 
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injury should be more vulnerable to the effects of brain injury than those that are well established.  

Exploration of this theory has been met with mixed results.  Willmott, Anderson and Anderson (2000) 

found no age and injury effects on attention in a mildly injured group of children, concluding that these 

effects are likely only to be seen in children with more severe injuries.  Other studies have found modest 

support for the developmental perspective, but small sample sizes and restricted age ranges have been 

thought to limit these findings (Catroppa & Anderson, 2005; McKay, Halperin, Schwartz, & Sharma, 

1994; Catroppa, Anderson, Morse, Haritou & Rosenfeld, 2007).   

 Ewing-Cobbs et al., (2008) assessed several aspects of attention in children ranging in age from 4 

months to 15 years at time of injury.  These authors adopted a five factor model of attention developed 

by Mirsky and colleagues (1991) which includes focus/execute, encode, shift, sustain and stability 

constructs.  Assessment between 5 and 8 years post-injury revealed that, like other cognitive skills, 

attentional performance is affected both by age and injury severity. In some cases, however, 

performance trajectories can be determined solely by age at time of injury.  Performance on an 

encoding task, for example, showed that younger children received lower scores than children who 

were older at time of injury, irrespective of severity of injury.  Other age related performances were 

seen on other types of tasks including perceptual motor and sustained attention.     

Summary 

 Several themes have been observed consistently in the role of pediatric TBI and cognitive 

outcomes.  A clear dose-response relationship between injury severity and level of impairment has been 

illustrated in nearly every cognitive domain, in particular for processing speed, working memory and 

attention, areas that comprise the supporting skills required to execute written expression successfully.  

A case could be made for these skills to be the primary, or core processes in predicting written 

expression outcomes, given their irrefutable role in nearly all cognitive tasks.  This is not the case, 

however, for the current model.  It is the aim of this study to determine what skills specifically 
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contribute to written expression deficits after TBI.  From this review, those core skills are hypothesized 

to be graphomotor speed, spelling, fine motor speed and coordination, and writing fluency.  

Hypotheses 

1. Injury severity would predict thematic maturity in the written sample (TOWL-I) for the TBI 

group. 

2. Relative to children with OI, children with TBI would show reduced quality of writing samples as 

indicated by lower thematic maturity scores on the Test of Written Language.   

3. Covarying for age at injury, children with TBI would perform lower than children with OI on core 

components of WE which assess fine motor speed and coordination (Grooved Pegboard), 

graphomotor speed (Alphabet Printing) and writing fluency (WJ-Writing Fluency). 

4. Covarying for age at injury, children with TBI would perform lower than children with OI on 

supporting components of WE which asses processing speed (WISC-Coding), focused and 

sustained attention (Connors’ CPT), and working memory (Category Listening). 

5. The effect of group on WE outcome performance would be partially mediated by the effect on 

core and supporting components. 

 
 

Method 
 

Participants 
 

 Participants include 102 children who sustained a TBI (n=55) and comparison children 

with orthopedic injuries (OI; n=47). The children in the TBI group were injured between the ages of 6 

and 15 years, and were evaluated at approximately one year post injury.  Inclusionary criteria for 

children in the TBI group were: 1) TBI resulting from acceleration-deceleration or blunt impact injuries 

caused by vehicular accidents, falls or impact with a blunt object, 2) complicated mild TBI defined as 

lowest injury-related post-resuscitation GCS score of 13-15 with neuroimaging evidence of parenchymal 
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injury, and moderate and severe TBI, defined as the lowest injury-related post-resuscitation GCS score 

of 3-12, 3) skeletal or body Abbreviated Injury Scale scores ≤ 2 in children with complicated mild or 

moderate TBI to minimize any confounding influence of severe orthopedic injury on accurate 

assessment of GCS scores and outcome, and 4) fluency in English.  

Exclusionary criteria for the TBI group were: 1) children with injury mechanisms occurring with 

low frequency that have differing outcomes than acceleration/deceleration injuries as with penetrating 

brain injuries, 2) children of illegal immigrants and families who reside outside the catchment area (125 

mile radius) due to difficulty maintaining enrollment, and 3) children with major developmental or 

psychiatric disorders, including mental retardation and pervasive developmental disorders. Exclusionary 

criteria were determined with a brief questionnaire administered to parents. Exclusionary criteria 2 and 

3 were also applied to the OI comparison group, as was the additional criterion of no previous head 

injury.  

Participants were recruited from a Level 1 Pediatric Trauma Center at Children’s Memorial 

Hermann Hospital in Houston, Texas.  After determining that the child met the inclusion criteria, 

informed written consent was obtained from the child’s guardian. Oral assent was obtained from 

children ages 6 to 7 years, and written assent was obtained from children 8 years and older, in 

accordance with guidelines established by the Institutional Review Board at the University of Texas 

Health Sciences Center at Houston.  
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Table 1 
 
Sample Demographic Characteristics and Injury Variables. 

 Group 

 TBI 

(n=55) 

OI 

(n=47) 

Total 

(n=102) 

Age at injury in months, M (SD) 134.6 (35.5) 122.8 (34.7) 129.3 (35.5) 

Age at assessment in months, M (SD) 147.8 (35.6) 136.2 (35.4) 142.3 (35.8) 

Males, n (%) 41 (74.6%) 27 (57.5%) 68 (66.7%) 

Ethnicity, n (%)    

 Caucasian/ Asian 29 (52.7%) 23 (48.9%) 52 (51.0%) 

African American 9 (16.4%) 10 (21.3%) 19 (18.6%) 

Hispanic/ Latino 17 (30.9%) 14 (29.8%) 31 (30.4%) 

Maternal education in years, n (%)    

 ≤ 12 years 26 (43.7%) 17 (36.1%) 43 (42.1%) 

 Bachelor’s 24 (43.6%) 24 (51.1%) 48 (47.1%) 

Graduate 5 (9.1%) 6 (12.8%) 11 (10.8%) 

Time since injury, M (SD)  9.98 (1.98) 10.98 (3.17) 10.44 (2.63) 

Injury severity score, M (SD) ** 23.8 (10.2) 6.62 (2.5) 15.9 (11.6) 

Lowest motor GCS score, M (SD)  2.72 (1.87) 
 

--- --- 

Mechanism of injury, n (%) **    

 MVA 31 (56.5%) 4 (8.5%) 35 (34.3%) 

APED 12 (21.8%) 9 (19.2%) 21 (20.5%) 

Fall 9 (16.4%) 19 (40.4%) 28 (27.5%) 

Other 3 (5.3%) 15 (32.3%) 18 (17.7%) 

Note. *p<.05, **p <.0001 based on independent-samples t-test and chi square analyses.  
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Measures 

 Table 2 gives each measure separated by primary outcome measure, core measures and 

supporting measures.   The associated construct or domain is listed with the dependent measure.  

Written Expression: Test of Written Language-1 Story Construction 

 The Test of Written expression-I (Hammill & Larsen, 1978) is a norm-referenced, comprehensive 

diagnostic test of written expression. In the Story Construction subtest, students are asked to write a 

brief story based on an illustration that is presented to them.  The student’s story is evaluated relative to 

the quality of its composition.  See Appendix A for thematic maturity scoring items.   

 Graphomotor Speed: Alphabet Printing 

 Students are asked to print the alphabet.  Variables include number of correct letters printed in 

30 and/or 60 seconds, time taken to complete the alphabet, sequencing errors and omissions 

(Berninger, 2007).   

 Fine Motor Speed and Coordination: Grooved Pegboard 

 The Lafayette Grooved Pegboard Test (Klove, 1963) is a manipulative dexterity test. This unit 

consists of 25 holes with randomly positioned slots. Pegs, which have a key along one side, must be 

rotated to match the hole before the can be inserted. This test requires complex visual-motor 

coordination.  Time taken to complete the board with the dominant hand (if available) will be assessed.  

Good test-retest reliability has been demonstrated for this test (Kelland & Lewis, 1994).  

 Spelling: WJ-III Spelling 

 This subtest requires the child to write letters and words that are dictated to them orally.  Good 

to excellent internal consistency, inter-rater and test-retest reliability have been established for this 

subtest.  This test has also shown strong predictive and external validity (Woodcock, McGrew, & 

Mather, N., 2001).    

 Writing Fluency: WJ-III Writing Fluency 
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 The child is asked using simple sentences with three given words for each item, to describe a 

given picture with a time limit of seven minutes.  Good to excellent internal consistency, inter-rater and 

test-retest reliability have been established for this subtest.  This test has also shown strong predictive 

and external validity (Woodcock, McGrew, & Mather, N., 2001).       

Working Memory: Category Listening Span Task 

 The CLS task is composed of five sets of one, two, three, four, or five strings of three words with 

the number of word strings corresponding to a particular working memory span (De Beni, Palladino, 

Pazzaglia, & Cornoldi, 1998). The participant is asked to tap the table if the string of three words 

contains an animal name. The child must also remember the last word in each string at the end of the 

trial.  Total correct was determined as the total number of trials the participant correctly completed.  

 Processing Speed: WISC- Coding 

 The participant was asked to copy symbols that were paired with simple geometric shapes or 

numbers (Wechsler, 2003). The participant drew each symbol in its corresponding shape or box until 

they completed each symbol, or until 120 seconds elapsed. Scores used in analyses were the raw scores, 

or total number correctly completed. 

 Focused and Sustained Attention: Connors’ CPT 
  
 Connors’ Continuous Performance Task (Connors, 2004) is a measure of sustained attention, as 

well as focused or selective attention by asking children to press a computer key each time they see a 

letter, except the letter ‘x’.  The rate of omissions (focused attention) and hit reaction time block change 

(sustained attention) will be the independent variables for this study 
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 Table 2 

Cognitive Domains with Associated Measures 

 Domain Measure Dependent Measure 

Primary 

Outcome 
Written Expression 

TOWL-I Story Construction- 

Thematic Maturity Index 

Raw Score: number of thematic 

maturity criteria met in sample 

Core 

Processes 

Graphomotor 

Speed 
Alphabet Printing Raw Score: letters printed in 60s 

Fine Motor Speed          

and Coordination 

Lafayette Grooved 

Pegboard 
Dominant Hand Time 

Spelling WJ-Spelling 
Raw Score: number of words spelled 

correctly 

Writing Fluency† WJ-Writing Fluency 

Raw Score: number of sentences 

composed that included all prompts 

in seven minutes 

Supporting 

Skills 

Working Memory 
Category Listening-Total 

Span 

Raw Score: longest span of word 

strings 

Processing Speed WISC-Coding 
Raw Score: number of symbols 

correctly transcribed in two minutes  

Focused Attention Connors’ CPT Raw Score: total omissions 

Sustained 

Attention 
Connors’ CPT Raw Score: reaction time change 

Note.* Non-dominant scores will be used if dominant hand data is unavailable, such as in the case of hemiparesis 
or an injured arm/hand.  
† Domains that would be most predictive of written expression outcomes as indicated by previous research.   
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Procedures 
 

Participants were examined individually at the University of Texas Health Sciences Center at 

Houston, in a quiet testing room. Evaluation was conducted by a trained research assistant. The 

aforementioned tests were part of a larger battery including cognitive and academic assessments, which 

took approximately four hours for administration.  The tests presented here would take approximately 

one hour to administer.  All participants were provided with the same directions. 

Statistical Analysis 
 

The goal of the following analyses was to determine the impact of TBI on WE and to examine 

the mediating influence of core and supporting components on WE.  Prior to conducting the statistical 

analyses, visual inspection and screening of the data was conducted to ensure accuracy and to identify 

outliers and other abnormal data points.  It was not necessary to remove any data points from the 

analyses.  Age at injury was used as a covariate in all analyses.  Analyses were conducted using SAS 

software, version 9.3.        

  Hypotheses 1-4 were tested with a general linear modeling (GLM) approach to conduct an 

analysis of covariance (ANCOVA).  In hypothesis 1, severity of injury was used as the independent 

variable.  Hypotheses 2-4 used group (TBI or OI) as the independent variable.  Analysis of covariance was 

then used to compare the groups on several measures of cognitive performance with age at injury 

included as a covariate in all analyses.    

For hypothesis 5, the effect of group on the outcome was expected to be mediated partially 

through the influence of group on the core and supporting mediators of thematic maturity. The 

dependent variable was the thematic maturity score, and the independent variable was group 

membership.  Age at injury was entered as a covariate. Five thousand bootstrap samples were taken for 

each model with replacement to achieve a 95% confidence interval.   Varimax rotation was used to 

produce uncorrelated components and to maximize the variance from the resultant factor pattern.  The 
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four proposed models were 1) the total effect of TBI on thematic maturity scores without inclusion of 

mediators, 2) the mediating effect of core components on thematic maturity scores via pathway a1, 3) 

the mediating effect of supporting components on thematic maturity scores via pathway a2, and 4) all 

pathways included, as depicted in Figure 2.   

Figure 2 depicts the indirect effect of group membership on WE through the core and 

supporting processes for hypothesis 5.  Path a represents the effect of group on core and supporting 

components.  Path b represents the effect of core and supporting components on WE.  The direct effect 

of group on WE with mediators present is denoted by c’, and the total effect (no mediators present) is 

denoted by c.  The estimate c-c’ is the indirect effect of group on WE performance.  The indirect effect of 

group on WE through core and supporting components can be quantified as the product of a and b.  A 

significant value of the a1b1 and a2b2 pathways would provide support for Hypothesis 5.  Significance is 

determined by an ab path with a 95% confidence interval that does not include zero.    

 

 

 

 

 

 

 

 

  

 

Figure 2. Multiple mediation model with core and supporting processes.  The indirect effects are given by a1Xb1 

and a2X 

X: Group 

M1 Core: 
Graphomotor speed, fine motor 

skills, spelling and writing fluency  
 

M2 Supporting: 
Processing speed, working memory, 

focused and sustained attention 
 

Y: TOWL-I 
(TMI) 

Age at injury 

c’: direct effect 

a1 b1 

a2 b2 

 

X: Group 
Y: TOWL-I 

(TMI) 

c: total effect 
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Results 
 

Participant Demographics and Group Comparisons 
 

As indicated in Table 1, t-test and chi square analyses revealed that the TBI and OI groups did 

not differ on age at injury (t= -1.71, p=0.09), age at test (t=-1.64, p=0.11), time since injury (t=1.93, 

p=0.06), gender (X2 (1)=3.33, p=0.07) , ethnicity (X2 (2)=0.41, p=0.82), or maternal years of education (X2 

(2)=1.36, p=0.51).  Maternal years of education were categorized as less than or equal to 12 years, some 

college or bachelor’s degree and graduate school.   The TBI group included children with complicated 

mild (n=3), moderate (n=10) or severe (n=42) injuries.  Groups differed significantly on the overall 

severity of their injuries (t=-12.06, p<0.0001), in addition to mechanism of injury (X2 (7) = 40.35, 

p<0.0001).  Children in the orthopedic group sustained injuries that were significantly less severe as 

compared to those in the TBI group.  This is likely because traumatic brain injury is included in the ISS 

calculation.  Over half of all children with TBI had injuries sustained in a MVA, followed by auto-

pedestrian accidents (APED, 21.8%), falls (16.4%) and ‘other’ mechanisms of injury (5.3%).  The most 

common mechanism of injury for children in the OI group was falls (40.4%), followed by ‘other’ (32.3%) 

mechanisms of injury, which include sports and play injuries, bicycle accidents and falling objects, APED 

(19.2%) and MVA (8.8%).  

 
Results of Principal Components Analysis 
 

Principal components analysis (PCA) was used to determine which components from the core 

and supporting sets would be entered into the following analyses as mediators and dependent variables.  

Eigenvectors and eigenvalues were calculated for the core and supporting sets of measures separately.  

Eigenvectors were ordered by eigenvalue.   Selection of eigenvectors was determined by eigenvalue 

comparison and evaluation of scree plots.  Initially, eigenvectors with eigenvalues of 1 or more were 

retained as principal components.  These selections were confirmed based on scree plot analysis.  Based 

on these criteria, four components were retained, two for each set of measures.  The two core 
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components were labeled fine motor skills and orthographic output.  The two supporting components 

were labeled working memory and vigilance.   Refer to Appendix B for a review of the factor patterns. 

The component labeled orthographic output was loaded on primarily by the scores from 

Alphabet Printing, WJ-Spelling and WJ-Writing Fluency.  The fine motor component was loaded on by 

Grooved Pegboard scores.  The working memory component was loaded on primarily by Category 

Listening and to a lesser degree, WISC-Coding scores.  The vigilance component was loaded on by CPT 

Sustained Attention scores.   

Analysis of covariance with group as the independent variable and each component as the 

dependent variables, and age at injury as the covariate, revealed that three of the four components 

differed significantly by group.  Vigilance was the only component not to differ significantly.  

Additionally, the components fine motor skills and vigilance were uncorrelated with the outcome 

variable.  This meant that mediation analysis with these components would be inappropriate.  For 

hypothesis 5, only two components were entered into the mediation models, orthographic output and 

working memory.   

 
Hypothesis 1: Injury severity would predict thematic maturity in the written sample (TOWL-I) for the TBI 
group. 
 

To determine if injury severity would predict TOWL thematic maturity index for the TBI group, a 

GLM univariate ANCOVA was performed using the TOWL raw score as the dependent variable, with the 

lowest motor GCS score as the independent variable and age at injury as the covariate.  The injury 

severity X age interaction was not significant and was trimmed from the model.  The relation between 

injury severity and TOWL scores was approximately linear by visual inspection.  The distribution of 

scores was verified using kernel density and QQ plots of the residuals for TOWL scores.  Both 

distributions were unimodal and symmetric.  The effect of injury severity on TOWL thematic maturity 
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index scores was significant (F (1, 51) = 4.17, p =.05).  More severe TBI was associated with lower ratings 

of thematic maturity in samples of written expression.   

 
Hypothesis 2: Relative to children with OI, children with TBI would show reduced quality of writing 
samples as indicated by lower thematic maturity scores on the TOWL.   
 

To determine if there would be a reduced quality of writing samples in the TBI group as 

compared to the OI group, a one way ANCOVA with group as the between subjects factor was 

performed again with age at injury as the covariate with the raw thematic maturity score as the 

dependent variable. The group X age interaction was not significant and was trimmed from the model.  

The effect of group on TOWL thematic maturity index scores was significant (F (1,99) =17.82, p<0.0001), 

providing support for hypothesis 2.  The magnitude of the effect of a group comparison on TOWL 

Thematic Maturity scores was large (-0.88), indicating a large effect of group on TOWL Thematic 

Maturity performance.   

Table 3 provides raw adjusted means and standard errors for core and supporting components.  

Effect sizes calculated using Cohen’s d are listed (0.2=small, 0.5=moderate, 0.8=large).  All comparisons 

were in the expected direction (TBI group performing poorer than OI group).  The magnitude of group 

comparisons for the fine motor, orthographic output and working memory components were moderate 

(0.46, -.37 and -0.55, respectively).  A small effect was found for the vigilance component group 

comparison (-0.17).  
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Table 3   

 
Mean Component Scores and Standard Errors Adjusted for Age at Injury by Group with Effect Sizes 

  Group  

  TBI OI  

 Measure Adj. M (se) Adj. M (se) ES 

Core 
Fine Motor 74.16 (3.70) 75.45 (4.01) .46 

Orthographic Output 69.39 (1.99) 78.65 (2.15) -.37 

Supporting 

Working Memory 52.78 (1.72) 62.39 (1.86) -.55 

Vigilance .05 (.02) .07 (.02) -.17 

Note. se=standard error of covariate-adjusted means, ES=effect sizes defined by Cohen’s d: difference 
between covariate-adjusted (age at injury) means/unadjusted standard deviation, †mean scores, 
standard errors and effect size calculated with raw scores, *p<.05, **p<.0001. 
 

 
 
Hypothesis 3: Children with TBI would perform lower than children with OI on core constructs of WE that 
assess fine motor speed and coordination (Grooved Pegboard), graphomotor speed (Alphabet Printing), 
spelling (WJ-Spelling) and writing fluency (WJ-Writing Fluency).  
 

To determine if children with TBI would perform lower than children with OI on core constructs 

of WE, a one way ANCOVA with group as the between subjects factor and age at injury as the covariate, 

was performed using the core components, fine motor and orthographic output as the dependent 

variables.  No significant group X age interaction was found for either model, and the term was trimmed 

from each.  As shown in Table 3, the effect of group on scores from core measures was significant for 

fine motor (F (1, 99) = 5.68, p=0.02), and orthographic output (F (1,99) =  9.82, p=.002) providing support 

for hypothesis 3.  Children with TBI performed less favorably on all of the core measures of WE, as 

compared to their peers in the OI group.  
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Hypothesis 4: Children with TBI would perform lower than children with OI on supporting components of 
WE that measure processing speed (Coding), working memory (Category Listening), focused attention 
(CPT Omissions) and sustained attention (CPT SEM Hit RT Block Change). 
 

To determine if children with TBI would perform lower than children with OI on supporting 

processes of WE, a one way ANCOVA with group as the between subjects factor, and age at injury as the 

covariate, was performed.   No significant group X age interaction was found for either model, so the 

term was trimmed from each.  As shown in Table 3, scores from the TBI group were significantly lower 

than those from the OI group on working memory (F(1,99) =14.18, p=0.0003) but not vigilance (F(1,99) 

=0.64, p=0.43), providing partial support for hypothesis 4. 

 
Hypothesis 5: The effect of group on thematic maturity of writing samples would be mediated partially 
by core and supporting components. 
 

Thematic maturity was expected to be related to core and supporting components.  The two 

core components were fine motor and orthographic output.  The supporting components were working 

memory and vigilance.   For a component to be considered as a potential mediator, it must be related to 

both the independent variable and the dependent variable, in this case to group and to thematic 

maturity.  The analyses for Hypotheses 3 and 4 revealed that the component vigilance did not vary by 

group.  Therefore, it was not considered further as a potential mediator.  

  To examine whether the remaining core and supporting components were related to the TOWL 

thematic maturity score, Pearson partial correlations were determined, with age at injury held constant 

(Table 4).  All components significantly correlated with TOWL scores were retained for the mediation 

analyses.  Fine motor was the only component not significantly correlated with thematic maturity and 

was removed from further analyses.  
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Table 4 

Pearson Partial Correlations between Potential Mediators and Outcome Measure 

Measure 1. 2. 3. 4. 

1. Thematic Maturity 1.00 -.16 .59* 0.47* 

2. Fine Motor  -- 1.00 -0.03 -0.10 

3. Orthographic Output -- -- 1.00 0.77* 

4. Working Memory -- -- -- 1.00 

Note. * p < .0001 
 

To determine if the effect of group on thematic maturity of written samples was mediated 

partially by orthographic output, a mediation model was run using bootstrap regression analyses and 

the syntax provided by Preacher and Hayes (2008).  Path a represents the effect of group on 

orthographic output.  Path b represents the effect of scores on orthographic output on thematic 

maturity scores.   The indirect effect of group on thematic maturity scores through orthographic output 

is represented by the product of the a and b path.  The significance of this path was tested using 

bootstrap regression.   

As shown in Table 5, the total effect (path c) of group membership on thematic maturity scores 

was significant (t=-4.22, p<.0001), indicating that TBI is associated with poorer performance on a 

measure of written expression that incorporate higher order processes such as plot development, 

variegated use of vocabulary and overall continuity.  The direct effect (path c’) of group membership on 

thematic maturity scores, independent of orthographic output, was also significant (t=-2.95, p<0.01).  

The indirect effect of orthographic output on thematic maturity was significant (-0.66; 95% CI: -1.18 to -

0.28).  Because the confidence interval for the ab path for orthographic output included zero, there was 
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evidence that the effect of group membership (TBI or OI) on thematic maturity scores was significantly 

mediated by orthographic output.  This is depicted in Figure 3.   

To determine if the effect of group on thematic maturity of written samples was mediated 

partially by working memory, a second multiple mediation model was run using bootstrap regression 

analyses.  As in the first mediation model, path a represents the effect of group on working memory 

performance.  Path b represents the effect of working memory performance on thematic maturity 

scores and the indirect effect of group on thematic maturity scores through each the mediator is 

represented by the product of the a and b paths.  The significance of this path was determined using 

bootstrap regression.   

The total effect (path c) of group membership on thematic maturity scores remained significant 

(t=-4.22, p<.0001).  The direct effect (path c’) of group membership on thematic maturity scores, was 

also significant in this model (t=-3.11, p<0.01).  The indirect effect of working memory on thematic 

maturity was significant (-0.44; 95% CI: -0.96 to -0.10).  This is depicted in Figure 4.  

As shown in Figure 5, both mediators were entered into a final model to determine their 

potential effects on the relationship between group membership and WE.  The total and direct effects of 

group membership on thematic maturity scores were significant (t=-4.22, p<.0001; t=-3.11, p=.002, 

respectively).  When entered simultaneously, orthographic output emerged as a significant mediator (-

0.65; 95% CI: -1.28 to -0.25), whereas working memory did not (-0.02; 95% CI: -0.49 to 0.36).   
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Table 5 

 Results of Bootstrap Regression for Orthographic Output and Working Memory Separate 

Effect of Core Component Coefficient Statistic p-value 

Total Effect of Group on TOWL (c) -1.88 t=-4.22 .0001 

Direct Effect of Group on TOWL (c’) -1.22 t =-2.95 .004 

Indirect Effect Through:  Coefficient 95% CI  Lower Bound 95% CI  Upper Bound 

Orthographic Output (ab1) -0.66 -1.18 -0.28 

Effect of Supporting  Component Coefficient Statistic p-value 

Total Effect of Group on TOWL (c) -1.88 t =-4.22 .0001 

Direct Effect of Group on TOWL (c’) -1.44 t =-3.11 .002 

Indirect Effect Through: Coefficient 95% CI  Lower Bound 95% CI  Upper Bound 

Working Memory (ab2) -0.44 -0.96 -0.10 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
Figure 3. Partial mediation of the effect of group on thematic maturity through the impact of group on 
orthographic output. * p<.01, **p<.0001.  The total indirect effect of group on TOWL scores through orthographic 
output (c-c’) is -0.66. 

Group TOWL TMI 
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Figure 4. Partial mediation of the effect of group on thematic maturity through the impact of group on working 
memory. * p<.05, **p<.01, ***p<.001. The total indirect effect of group on TOWL scores through working memory 
(c-c’) is -0.44. 
 
 

 
 
Table 6 

 Results of Bootstrap Regression for Orthographic Output and Working Memory Together 

Effect of Core Component Coefficient Statistic p-value 

Total Effect of Group on TOWL (c) -1.88 t=-4.22 .0001 

Direct Effect of Group on TOWL (c’) -1.20 t =-2.83 .006 

Indirect Effect Through:  Coefficient 95% CI  Lower Bound 95% CI  Upper Bound 

Orthographic Output (ab1) 

Working Memory (ab2) 

-0.65 -1.28 -0.25 

-0.03 -0.49 0.36 
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Figure 5. Final model with direct and indirect effects of mediators on the effect of group on TOWL scores.  * p<.05, 
**p<.01, ***p<.001.  The total indirect effect of group on TOWL scores through the mediators (c-c’) is -0.68.  
Orthographic output accounted for -.65 of this effect (ab1) and working memory accounted for -.03 (ab2).   
    

 

Discussion 

The aim of this study was to determine the effect of TBI in children on written expression.  

Specifically, the role of several constructs that have been determined ‘core’ and ‘supporting’ to the 

successful execution of written expression were explored.  It was hypothesized that severity of injury 

would predict the quality of written expression in children with TBI, as measured by the thematic 

maturity index from the TOWL-I Story Construction subtest.  In addition, it was hypothesized that 

children with TBI would perform more poorly on the TOWL TMI than the comparison group which was 

comprised of children with orthopedic injuries.  It was also hypothesized that children in the TBI group 

would perform more poorly than orthopedically injured children on core and supporting components of 

written expression.  Furthermore, it was hypothesized that these components would at least partially 

mediate the relation between the effects of TBI on the thematic maturity of written expression.  All of 

these hypotheses were at least partially supported.  First, in the TBI group, injury severity predicted 

TOWL TMI performance.  Children with less severe injuries, as measured by the lowest GCS motor 
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response, outperformed those with more severe injuries.  The TBI group performed more poorly than 

the OI group on all core components and working memory, as well as on the primary outcome measure 

of WE.  Finally, bootstrap regression analysis revealed evidence that orthographic output partially 

mediated the effect of head injury on written expression in this sample. 

All measures of core and supporting processes were entered into a PCA to determine which 

components would be entered into the analyses for hypotheses 3-5.  This analysis yielded four 

components; fine motor, orthographic output, working memory and vigilance.  Fine motor was loaded 

on primarily by Grooved Pegboard scores, a measure of fine motor speed and coordination.  

Orthographic output was loaded on evenly by Alphabet Printing (graphomotor speed), WJ-Spelling 

(spelling) and WJ-Writing Fluency (writing fluency) scores.  Working memory was loaded on by Category 

Listening (working memory) and to a lesser degree WISC-Coding (processing speed) scores.  Vigilance 

was loaded on by CPT-Sustained Attention scores.        

The findings of the first two hypotheses illustrate the overall impact of TBI on one’s ability to 

effectively and successfully produce written expression.  In our sample, children with more severe 

injuries performed more poorly than their less severely injured peers at one year post injury, as 

measured by thematic maturity on the TOWL.  Yorkston and colleagues (1997, 1999) showed similar 

findings in their sample of mild to severely injury school-aged children at one month and one year post-

injury.  Injury severity was mostly highly correlated with efficiency (the number of words written per 

minute) and completeness (a composite of thematic maturity and number of words in the story) at both 

time points assessed using TOWL spontaneous writing samples.  This may indicate that the level of 

impairment on written expression in school-aged children is evident very soon after injury.  Similar 

studies in this population have revealed an analogous pattern of findings.  Cognitive and academic skill 

improvement following the initial decline after TBI has been shown to plateau between one month and 

one year post-injury in this age range (Ewing-Cobbs, Fletcher, Levin, Iovino & Miner, 1998; Gintsfeldt & 
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Emanuelson, 2010) and is persistent up to five years later (Jaffe, Polissar, Fay & Liao, 1995; Anderson & 

Catroppa, 2009; Ewing-Cobbs et al., 2006).    

Our second hypothesis, that children with TBI would perform more poorly than children in the 

OI group on their quality of writing samples one year post-injury, was supported by significantly higher 

thematic maturity index scores for the OI group over the TBI group.  Other components of written 

expression that are frequently assessed primarily capture mechanical skills associated with written 

expression, rather than the metacognitive components.  It can be argued that thematic maturity draws 

on cognitive skills that are associated with successful written expression like working memory and 

attention.  As such, performance in this domain is especially sensitive to metacognitive changes.    

The third hypothesis explored the role of skills that are core to written expression.  Core skills 

are those that are thought to be specific to written expression, and in particular, the mechanical 

execution of written language.  Work by Virginia Berninger and others has established that written 

expression is mediated by constructs such as fine motor skills, motor speed, handwriting, and spelling 

(Berninger et al., 2002; Berninger & Hart, 1992).  For the current study, that both core constructs were 

significantly more impaired in the TBI group as compared to the OI group confirms that impairment in 

task-specific skills can be observed.   

In addition to core processes, written expression is also facilitated by supporting processes, or, 

those processes that are not unique to writing but are necessary for completing most cognitive tasks, 

like attention and working memory.  Deficits in such skills are frequently documented following TBI 

(Catroppa & Anderson, 2003; Catroppa & Anderson, 2005; Conklin, Solario and Slomine, 2008; Catroppa 

et al., 2007; Ewing-Cobbs et al., 1998; Levin et al., 2004).  To assess the role of supporting processes, it 

was hypothesized that children with TBI would perform more poorly on components representing 

measures of processing speed, working memory, focused attention and sustained attention than their 

OI peers.  Consistent with previous research (Gorman et al., 2011; Prigatano, Grey and Gale, 2008; Levin 
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et al., 2004; Conklin, Solario and Slomine, 2008), this hypothesis was supported for working memory.  

Although previous research has firmly established the effects of TBI on attention (Gintsfelt & 

Emanuelson, 2010), this effect was not demonstrated in the current sample.  Both the TBI and OI groups 

performed in the average range on attentional variables at one year.  Anderson and Pentland (1998) 

demonstrated a similar pattern of attentional deficits as in the current study.  Moderate to severely 

injured adolescents showed no deficits in attentional vigilance as compared to non-injured peers.  Taken 

together, these findings reiterate the multi-faceted nature of attention and in particular, the differential 

effects that TBI has on this complex cognitive skill.    

The potential mediating effect of core and supporting components on the relationship between 

TBI and WE was explored using single and multiple mediation models.  The core and supporting 

components were entered into two separate models.  The first model included the core component, 

orthographic output, which emerged as having a significant mediating role in the relationship between 

TBI and written expression.  The supporting component, working memory, emerged as a significant 

mediator as well.  These components were then entered into a mediation model simultaneously.  In this 

model, only orthographic output emerged as a significant mediator.  As a result, the hypothesis that 

core and supporting measures would mediate the effect of TBI on written expression was partially 

supported.  

 Previous studies that have assessed written expression in children with TBI have utilized a 

correlational approach (Yorkston et al, 1997, 1999).  In such studies, overall neuropsychological 

performance was moderately correlated with written expression, and in particular, with the 

completeness of the writing sample.  Completeness is comprised of the thematic maturity score and the 

number of words written per minute or, a fluency score.  These findings are consistent with those 

presented here, as orthographic output, which was loaded on most strongly by WJ-Writing Fluency 



WRITTEN EXPRESSION SKILLS FOLLOWING PEDIATRIC TBI 
 

40 
 

scores, significantly mediated the effect of TBI on written expression, as measured by thematic maturity 

scores.       

There are several limitations to this study.  First, injury severity in the TBI group is skewed 

toward lower scores on the lowest GCS motor response.  The severity of injuries in this sample limits the 

generalizability of the findings to samples with a similar distribution of injury severity.  Second, only one 

outcome measure was used to assess WE.  Including other measures of WE would be helpful in giving a 

more complete view of WE skills in this population.  Other researchers have incorporated other ranking 

systems of writing samples that incorporate measures of efficiency, completeness, general readability, 

error and vocabulary (Yorkston et al., 1997, 1999).  Additionally, by asking children to write a passage 

based on a picture, the format of the TOWL may have provided a generously structured format for 

children to develop their ‘spontaneous’ writing samples.  Future studies would benefit by incorporating 

measures of WE that provide less metacognitive assistance to the writer.  Finally, it should be noted that 

the average level of performance demonstrated by our TBI group on these cognitive measures does not 

equate to equally unimpaired performance in everyday functioning.  Measures of child behavior, 

adaptive functioning and school performance would provide additional information on the impact of TBI 

in the presence of relatively unimpaired cognitive performance.  

Targeting writing fluency, spelling and graphomotor speed, in conjunction with an intervention 

such as Self-Regulated Strategy Development (SRSD; Graham & Harris, 1996) may be of use in this 

population.  Self-Regulated Strategy development, a cognitive-behavioral intervention technique aimed 

at improving higher-level cognitive processes involved in WE, has been shown to be effective in school-

aged children with and without WE learning disabilities (Graham, 2005; Graham & Harris, 2003).  One 

target of SRSD is facilitating the production of language through improvements in handwriting and 

spelling.  This model may serve as a natural conduit to writing fluency instruction, not to mention the 

added benefit students with TBI would accrue from learning self-regulatory strategies.  Researchers 
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have demonstrated that these improvements generalize to other domains and are maintained over time 

(Graham, Harris, MacArthur & Schwartz, 1991). 

The current findings, taken with previous reports of WE performance in the pediatric TBI 

population, indicate that orthographic output contributes significantly to the execution of written 

expression.  These findings are promising when considering interventions for written expression 

difficulties in the TBI population.  That orthographic output appears to play a role in written expression, 

perhaps over and above several other commonly targeted domains in TBI, may allow interventions to 

more efficiently target the area of most promise.    
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Appendix A 

Test of Written Language 

Thematic Maturity Scoring Items* 

1. Is the sample written in paragraph form?  

2. Is there mention of any of the pictured objects? 

3. Does the writer give personal names to main characters? 

4. Does the writer gives proper names to robots, plants and animals? 

5. Is there mention of why the environment is hostile? 

6. Are all 3 pictures mentioned? 

7. Is the story written as a part of a dream sequence? 

8. Is there a definite ending? 

9. Is there mention of the spacelings starting a new life? 

10. Is the role of spacelings explained? 

11. Does the writer gives personal names to the spacelings? 

12. Does the writer mentions where spacelings came from? 

13. Do the spacelings live in harmony? 

14. Is there use of some futuristic of space language? 

15. Does the story express a moral or philosophic theme? 

16. Does the story have a title? 

17. Is there dialogue? 

18. Are there attempts at humor? 

19. Is there a sequence or a subplot? 

20. Does the writer develop character personalities? 

*All items are in which the answer is ‘yes’ are assigned one point.    
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Appendix B 
 

Factor pattern from core and supporting PCA 
 
 

 Measure Factor 1* Loading Factor 2* Loading 

Core 

AP Letters 82 -8 

Grooved Pegboard -8 99 

WJ-Spelling 90 18 

WJ-Writing Fluency 93 -2 

Supporting 

Category Listening 85 21 

WISC-Coding 84 -12 

CPT Focused Attention -65 -21 

CPT Sustained Attention -23 95 

Note. Both the core and supporting PCA retained two factors.  Factor 1 for the core measures was 
labeled ‘orthographic output’ and factor 2 was labeled ‘fine motor’.  For the supporting measures, factor 
1 was labeled ‘working memory’ and factor 2 was labeled ‘vigilance’.  
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