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Abstract

The social outcomes of pediatric traumatic brain injury (TBI) were examined in a prospective, longitudinal study

that included 53 children with severe TBI, 56 with moderate TBI, and 80 with orthopedic injuries, recruited between
6 and 12 years of age. Child and family functioning were assessed at baseline, at 6- and 12-month follow-ups,

and at an extended follow-up a mean of 4 years post injury. Growth curve analyses revealed that pediatric TBI
yields negative social outcomes that are exacerbated by family environments characterized by lower socioeconomic
status, fewer family resources, and poorer family functioning. After controlling for group membership, age, race,
socioeconomic status, and 1Q, path analyses indicated that long-term social outcomes were accounted for in part by
specific neurocognitive skills, including executive functions and pragmatic language, and by social problem-solving.
Deficits in these domains among children with TBI are likely to reflect damage to a network of brain regions that
have been implicated in social cognitiodIS 2004,10, 412—-426.)
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INTRODUCTION Several different lines of research suggest that children
with TBI are likely to demonstrate poor social outcomes.
First, children with chronic health conditions affecting the

: : " o . Eentral nervous system, such as epilepsy and cerebral palsy,
likely to result in cognitive deficits, _behqworal pFOb'emS* are rated as less socially accepted and less socially compe-
poor SChO.Ol performance_, and de_clmes n adaptlvg beha\fént than peers (Nassau & Drotar, 1997). Second, recent
lor, especially among children with more severe INJUNES, esearch regarding the neural substrates of social cognition

(Yejltes,chOQO). HtOV\;e_F/éalr, surrp]).rlidsing,ly Iittlg Ii? kn(t).wn. " has implicated a network of predominantly frontal and tem-
garding the Impact o on children's social Iunclioning, 1,41 prain regions (Adolphs, 2001; Grady & Keightley,

despit_e the ir_nportance of SOC‘?" competence as a_predict 002) that also have been shown to be especially likely to
of a wide variety of outcomes, including psychological ad—be damaged in pediatric TBI (Levin et al., 1989; Mendel-

Justment, academic performance, gnd health status (Hou ohn et al., 1992). Third, the few existing studies of social
etal., 1988; Rubin et al.,, 1998). Given the developmenta utcomes in childhood TBI have shown that children with

significance of s_ocial C(_)mpetence, poor_social_outco_megevere TBI are rated as less socially competent and more

could play a major ro_Ie in the reductlon_s in quality of life lonely than healthy children or children with injuries not

reported following childhood TBI (Stancin et al., 2002). involving the brain (Andrews et al., 1998; Bohnert et al.,
1997; Dennis et al., 2001; Max et al., 1998; McGuire &

. . Rothenberg, 1986; Papero et al., 1993).
Reprint requests to: Keith Owen Yeates, Ph.D., Department of Psy-

chology, Children’s Hospital, 700 Children’s Dr., Columbus, OH 432205. As part of a rgcent paper reg'ardlng the impact of pediat-
E-mail: yeates.1@osu.edu ric TBI on behavior and academic achievement (Taylor et al.,
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Traumatic brain injuries (TBI) in children result in a vari-
ety of negative sequelae. Research has shown that TBI a
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2002), we examined a specific social outcome measureeficits in social information-processing that predict their
namely the Socialization scale of the Vineland Adaptivesocial and academic outcomes (Janusz et al., 2002; War-
Behavior Scales (VABS; Sparrow et al., 1984). The measchausky et al., 1997). Moreover, social problem-solving
sure was included in a larger prospective, longitudinal studyhas been shown to predict social outcomes in children
that involved children with severe TBI, moderate TBI, andwith TBI even when controlling for general intellectual
orthopedic injuries not involving the head. Preinjury child functioning (Janusz et al., 2002). Recent models of social
and family status were assessed retrospectively shortly aBompetence suggest that social problem-solving is a prox-
ter the injury, and post-injury child and family functioning imal determinant of social behavior that is influenced by
were measured at 6 and 12 months post injury and again @bre neurocognitive abilities, such as executive functions
an extended follow-up on average 4 years post injury. Aand pragmatic language (Dodge et al., 2002; Guralnick,
mixed model analysis of the VABS Socialization scale re-1999; Lemerise & Arsenio, 2000). However, the validity
vealed a significant interaction involving Group Member- of these models has not been tested in children with TBI.
ship X Socioeconomic Status Short-Term Change (i.e., The major goal of the current study, therefore, was to
from 6 to 12 months post injury). Group differences, whichinvestigate social outcomes following childhood TBI. We
were minimal at the 6 month assessment, increased fromsed data collected during our prospective study, which in-
the 6 to 12 month assessment, but only for children froncluded children with moderate to severe TBI and children
families of lower socioeconomic status. Children from fam-with orthopedic injuries not involving the brain, as well as
ilies of lower socioeconomic status showed declines in Sotheir families (Taylor et al., 1995). Our first specific aim
cialization scores in the TBI groups but not in the Ol group.was to determine the relationship of TBI severity and the
In contrast, children from families of higher socioeconomicfamily environment to short- and long-term changes in chil-
status showed increases in Socialization scores in all thre@ren’s social functioning, using measures of social out-
groups. The results demonstrate the importance of studyingomes not examined by us previously (Taylor et al., 2002).
social outcomes in a prospective, longitudinal fashion, toWe hypothesized that children with TBI would show poorer
investigate patterns of intraindividual growth (Fletcher et al.,social outcomes than children with injuries not involving
1995). They also indicate that the family environment isthe brain. We expected that the magnitude of social deficits
likely to play an important role in influencing social out- would vary as a function of the severity of TBI, with more
comes following pediatric TBI, consistent with develop- pronounced deficits in children with severe as compared to
mental research implicating parenting and the familymoderate TBI or orthopedic injuries. We also expected that
environment as determinants of children’s social functionthe family environment would moderate the impact of in-
ing (Parker etal., 1995). However, further studies are needejdiry severity, such that family dysfunction would exacer-
to determine if the findings generalize to measures of sociabate the impact of TBI on children’s social functioning.
outcomes other than the VABS Socialization scale. Our second specific aim was to determine the concurrent

Studies are also needed regarding the neuropsychologielationship of cognitive and social—-cognitive skills to long-
cal correlates of social functioning following childhood TBI. term social outcomes. Specifically, we wanted to examine
Although neuropsychological deficits have been proposedhe contribution of both cognitive skills and social problem-
as a likely cause of social problems following TBI (Mc- solving to the prediction of social functioning. We focused
Gann & Werven, 1995; McGann et al., 1997), few studieson executive function and pragmatic language as specific
have examined the nature of the relationship between neur@ognitive skills based on previous evidence linking them to
psychological and social functioning in children with TBI, social problem-solving and social functioning (Dennis et al.,
and the results from those studies have been inconsisteB001; Dodge et al., 2002; Guralnick, 1999; Lemerise &
(Dennis et al., 2001; Papero et al., 1993). The limited avail-Arsenio, 2000). We hypothesized that measures of the three
able literature suggests that deficits in executive functionsgomains would jointly account for significant variance in
particularly inhibitory control, and in pragmatic language social outcomes, even after controlling for group member-
and discourse skills are likely to be predictive of socialship, age, race, socioeconomic status, and overall cognitive
outcomes following TBI (Dennis et al., 2001). However, ability. We also predicted that social problem-solving would
the specificity of these relationships is unclear, because prenediate the influence of executive function and pragmatic
vious research has not determined whether deficits in spdanguage on social outcomes, consistent with recent models
cific neurocognitive domains account for social outcomesof social competence (Dodge et al., 2002; Guralnick, 1999;
over and above general intellectual functioning. Lemerise & Arsenio, 2000).

The inconsistent findings regarding the relationship be-
tween neuropsychological functioning and social out-
comes following TBI may stem from a failure to consider METHODS
the mechanism by which neurocognitive abilities affect
social behavior. One possibility is that the influence OfStudy Design and Procedures
neuropsychological functioning on social outcomes is me-
diated by children’s social problem-solving skills. Previ- The study used a concurrent cohort, prospective design.
ous research has shown that children with TBI displayChildren with moderate to severe TBI or orthopedic inju-
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ries (Ol) not involving brain insult were recruited at the injury functioning, affect the outcomes of pediatric TBI
time of hospitalization for their injuries. Children and their (Taylor et al., 1995).
families were invited to participate only after the children Consistent with previous reports (Taylor et al., 2002;
were medically stable and parents gave informed consenYeates et al., 2002), severe TBI was defined by the lowest
The Ol group was included to allow comparison of the post-resuscitation Glasgow Coma Scale (GCS; Teasdale &
consequences of TBI to the consequences of traumatic irdennet, 1974) score of 8 or less. Moderate TBI was defined
juries more generally. Comparison with the Ol group alsoas a GCS score of 9 to 12, or a score of 13 to 15 accompa-
controlled for preinjury factors related to the likelihood of nied by skull fracture, intracranial lesion, or diffuse cere-
accidental injury and for the experience of hospitalization.bral swelling on routine clinical neuroimaging; posttraumatic
Children and their parents were assessed shortly aftareurologic abnormality; or loss of consciousness greater
hospitalization (baseline), 6 and 12 months post-injury, andhan 15 min. In the final sample, all children with TBI had
at an extended follow-up that occurred on average 4.1@ GCS of 12 or less, intracranial abnormalities on neuro-
years post injury (range 2.37-5.84 yed@B = 0.91). Mea- imaging, or a sustained loss of consciousness. Only chil-
sures of the family environment and of children’s socialdren with injuries resulting from blunt head trauma were
outcomes were completed by the child’s primary caregiverjncluded in the sample. Many children with TBI also had
usually the mother. At the baseline assessment, caregiveosthopedic injuries; however, children were excluded from
rated children’s social functioning retrospectively, to assesshe Ol group if they demonstrated evidence of possible brain
premorbid status. At the extended follow-up, children com-injury (e.g., symptoms of concussion, severe facial trauma).
pleted measures of overall cognitive ability, executive func- Table 1 summarizes group characteristics at the baseline
tion, pragmatic language, and social problem-solving. assessment. The groups were similar in terms of age at
injury. The OI group had proportionally fewer White chil-
dren than the TBI groups. The racial imbalance may have
reflected differences in emergency transport patterns in the
The original study sample included 189 children recruitedcities where the study occurred. The groups did not differ in
from four hospitals in northern and central Ohio, including socioeconomic status. As expected, the two TBI groups dif-
53 with severe TBI, 56 with moderate TBI, and 80 with Ol fered markedly in injury severity. The Ol group had longer
only. Recruitment criteria included: (1) hospitalization for hospitalizations and more severe injuries to body regions
at least one night for moderate to severe TBI, with or with-other than the head than the moderate TBI group. Length of
out Ol, or for Ol only; (2) age at injury from 6 to 12 years; hospitalization and severity of non-head injuries were sim-
(3) noindications of previous neurological disorder or childilar in the severe TBI and Ol groups.
abuse; and (3) residence in an English-speaking household. Table 2 presents information on group composition and
Children were not excluded for premorbid learning disabil-attrition at each of the follow-ups. The groups did not differ
ities, attention problems, or behavior disorders, because oria the average time elapsed between baseline and follow-up
of the primary goals of the original project was to examineassessments. Attrition occurred primarily because of family
how non-injury related factors, including children’s pre- moves, unwillingness to continue with the study, and mul-

Research Participants

Table 1. Sample characteristics at the baseline assessment (total sample recruited)

Group

Severe TBI Moderate TBI Ol
Variable (n=53) (n=56) (n=80)
Age at injury (years)M (SD) 9.4 (2.1) 10.0 (1.9) 9.3(1.9)
Number of malesn (%) 39 (74) 41 (73) 47 (59)
Number of Whitesn (%) 40 (76) 43 (77) 45 (56)
Hollingshead Four Factor Index (Hollingshead, 1978)(SD) 33.2(15.4) 33.9(14.9) 33.2(15.2)
Days hospitalized**M (SD) 13.4 (10.0) 7.0 (7.5) 13.8 (13.7)
Modified Injury Severity Score,** (Mayer et al., 1980Y] (SD) 20.2 (11.9) 12.7 (5.9) 7.4 (3.2)
Partial Modified Injury Severity Score,*# (SD) 8.8 (10.4) 2.4 (3.8) 7.4 (3.2)
Glasgow Coma Scale score¥l (SD) 4.8 (1.9) 14.0 (1.8) NA
Days of impaired consciousnes#, (SD) 5.6 (6.7) 0.2 (0.6) NA
*p < .05.
**p < .01.

Note TBI = traumatic brain injury; O+ orthopedic injury. NA= not applicable. Modified Injury Severity Scores were defined as the

sum of the squared scores for the three most affected body regions, including the head. Partial Modified Injury Severity Scores were
defined similarly but excluded the head region. Duration of unconsciousness was defined as the number of days from injury until the
child was able to follow a simple verbal command.
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Table 2. Sample composition, child ages, and baseline to follow-up intervals at each follow-up

Group
Assessment Severe TBI Moderate TBI ol Total sample
6-month follow-up
n 46 53 63 162
Attrition from baseline 13% 5% 21% 14%
Child’s age in yearsi (SD) 10.0 (2.1) 10.5(1.9) 10.0 (1.9) 10.2 (2.0)
Follow-up interval in yearsM (SD) 0.5 (.04) 0.5 (.05) 0.5 (.05) 0.5 (.05)
12-month follow-up
n 44 53 65 162
Attrition from baseline 17% 5% 19% 14%
Child’s age in yearsi (SD) 10.6 (2.1) 11.0(1.9) 10.4 (1.9) 10.6 (2.0)
Follow-up interval in yearsM (SD) 1.0 (.06) 1.0 (.05) 1.0 (.06) 1.0 (.06)
Extended follow-up
n 42 42 50 134
Attrition from baseline* 18% 25% 38% 28%
Child’s age in yearsiM (SD) 13.7 (2.2) 13.7 (1.7) 13.5(1.8) 13.6 (1.9)
Follow-up interval in yearsM (SD) 3.9(0.9) 4.1 (0.9) 4.1 (0.9) 4.0 (0.9)

*Group differences significanp < .05.

Note TBI = traumatic brain injury; OF orthopedic injury. Two cases were excluded by us, one with persistent coma and one with
a second TBI prior to the extended follow-up. The follow-up interval is measured from baseline for the 6- and 12-month follow-ups
and from injury for the extended follow-up.

tiple missed appointments. Children participating in the exthose relationships. Higher scores represent poorer func-
tended follow-up did not differ from those who had droppedtioning. The VABS Socialization scale focuses on the qual-
out in age at injury, sex or ethnic distribution, measures ofty of children’s interpersonal relationships, participation in
premorbid child and family functioning, or post-injury neuro- play and leisure activities, and compliance with social con-
psychological test results obtained at baseline. Howeverentions. Higher scores represent better functioning.
attrition was higher in the Ol group, and dropouts in all
groups had lower family socioeconomic status than chil- . .
dren who remained in the study. Similar differences WereFamlly environment
found when comparing children who dropped out at the 6-The Socioeconomic Composite Index (SCI) provided a dis-
or 12-month assessments to children who remained in th@| measure of the fam||y environment. It was Computed by
study at those times. averaging sample scores for the Duncan Occupational
Status Index (Stevens & Featherman, 1981), annual family
income as coded on the Life Stressors and Social Resources
Measures Inventory—Adult Form (LISRES-A; Moos & Moos, 1994),
Children’s social functioning a_nd years_of matemal education. Higher scores reflected
higher socioeconomic status.
Social functioning was assessed using the Social Compe- The LISRES—A was completed by parents. Scales as-
tence and Social Problems subscales from the Child Behawessing family stressors and resources provided measures
ior Checklist (CBCL; Achenbach, 1991) and the Socializationof the proximal family environment. The Family Stressors
scale from the Vineland Adaptive Behavior Scales (VABS;score was defined as the mean of fhescores for five
Sparrow et al., 1984). The CBCL and VABS are widely Stressors scales (Health, Work, Spouse, Extended Family,
used, standardized instruments that have demonstrated satid Friends). The Family Resources score was computed
isfactory reliability and validity (Bérubé & Achenbach, 2003; as the mean of thd scores for four Resources scales
Kamphaus, 1987). Both measures were completed by pa(Work, Spouse, Extended Family, and Friends). Scores for
ents. The Social Competence subscale from the CBCL asingle-parent families or for families in which parents did
sesses children’s participation in peer-group activitiesnot work were based only on the relevant scales.
number of friends and frequency of contact with them, and Parents also completed the Family Assessment Device
ability to get along with siblings, other children, and par- (FAD; Byles et al., 1988; Miller et al., 1985) to assess
ents. Higher scores represent better functioning. The CBCloverall family functioning. The FAD is a 60-item rating
Social Problem subscale assesses a variety of difficultiescale that has shown satisfactory reliability and validity in
that children may encounter in their relationships with peergrevious research. The 12-item General Functioning (FAD—
and adults, including psychological distress arising fromGF) scale was used to provide an overall measure of fam-
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ily functioning, with higher scores representing greaterData Analyses

dysfunction. o .
Longitudinal group comparisons

Children’s cognitive and social-cognitive skills We used general linear mixed model analysis, also referred
) o to as hierarchical linear or growth modeling, to examine
Children were administered a short form of the Wechslerhypotheses concerning group differences in social out-

Intelligence Scale for Children—Third Edition (WISC-III; comes across the four assessment occasions and their mod-
Wechsler, 1991) to assess overall cognitive ability. The shorg4tion by injury severity and the family environment
form consisted of the Vocabulary, Similarities, Block De- (Burchinal et al., 1994; Jennrich & Schluchter, 1986). SAS

sign, and Object Assembly subtests. Following proceduréproc Mixed (SAS Institute, 1990) was used for data analy-
described by Sattler (1992), a prorated Full Scale 1Q scorgjs ynstructured covariance matrices were employed, al-

was computed. The validity coefficient for the prorated IQ|qing variances and covariances to vary across time points
score is .94 (Sattler, 1992). . . rather than to conform ta priori constraints. Group (se-
Exgcutlve function was assessed using the Contmg'enc\yere TBI, moderate TBI, OI), sex, and race were included
Naming Test (CNT; Anderson et al., 2000). The CNT is &j, the models as discrete predictors. Age, %ge account
speeded naming task that assesses verbal rule learning, Wogy nonlinear age effects), and the family variables (SCI,
ing memory, inhibitory control, and cognitive flexibility. | |SREs_A Family Stressors and Resources scales, FAD
The CNT was selected from the larger battery of neuropsygeneral Functioning scale) served as time-varying covari-
chological tests administered to the children because it prosies Because the mixed model approach is designed to as-
vided the best measure of working memory and inhibition.qe s intraindividual change or growth over time, raw scores
Performance was assessed using a measure of efficiengy; ihe social outcome measures were treated as dependent
that reflects the ratio of speed to accuracy of pgrformancgariames_ Analyses were conducted only for the CBC So-
(Anderson et al., 2000). We have reported previously thatia| competence and Social Problems subscales, because

the severe TBI group performs more poorly than the modyye haye presented results for the VABS Socialization scale
erate TBI and OI groups on the CNT (Yeates et al., 2002);, 5 previous paper (Taylor et al., 2002).

P_ragmatic language was assessed using the screening COMpst-injury changes in outcomes were modeled as piece-
posite of the Test of Language Competence-Expanded Edjjise linear splines between successive follow-ups, to rep-
tion (TOLC; Wiig & Secord, 1989). The screening COmposite asant growth over the total follow-up interval. Short-term
consists of the Oral Expression: Recreating Speech ACtéhanges were defined by splines between the 6- and 12-
and Figurative Language subtests. The Oral Expressiony,qnin follow-ups, and long-term changes by splines be-
Recreating Speech Acts subtest assesses the ability to pr@yeen the 12-month and extended follow-ups. Baseline
duce a contextually appropriate utterance using two or thrégeasures of children’s premorbid social functioning were
key words, given a picture representing the participants anfl,cjuded as covariates in the models. Group differences in
§etting. The Figu'rative Language subte§t measures th'e abﬁ'rowth were examined by testing for GroupSpline in-
ity to interpret idioms and metaphors within a given situa-teractions. To investigate the moderating influences of fam-
tion, both orally and by selecting the correct meaning fromjyy factors on group differences in change, triple interactions
among four-picture dlsplays_._ Performance on the_TOLCOf group, each spline, and each family factor (SES, LSSRI
has been shown to be sensitive to the effects of Ch”dhoogtressors, LSSRI resources, FAD) were also included in
TBI (Dennis & Barnes, 1990). _ . the models. Models were trimmed by eliminating first

The Interpersonal Negotiation Strategies (INS) inter-pigher- and then lower-level interaction terms that were
view (Yeates et al., 1990) was administered to assess socight significant.
problem-solving. Children were presented with two hypo- 1, preserve statistical power, the SCI was the only fam-
thetical interpersonal dilemmas involving social conflicts ., tactor included in initial models. Once models involving
(one with a peer, one with a parent) and asked a series Qge SCI had been trimmed, Family Stressors and inter-
standard questions and follow-up probes to assess four sggtions of this factor with group and the splines were added

cial problem-solving steps (i.e., defining the problem, gen+, examine their effects. Models involving Family Stress-
erating alternative strategies, selecting and implementing Brs, in turn, were trimmed. Next, Family Resources were

specific strategy, and evaluating outcome). Interviews Wer@yamined in a similar manner, and finally the FAD was
audiotaped and transcribed verbatim. Answers to the intelzqsidered. Main effects for SCI were included in all mod-
view questions were scored according to which of four de|s pyt main effects for Family Stressors, Family Re-
velopmental levels a response reflected (Schultz etal., 1988} rces, and the FAD were retained only if they or their

A total score was calculated by averaging scores deriveghiaractions predicted outcomes independently of the SCI.
for each problem-solving step across the two stories. The

interview has demonstrated satisfactory reliability and va P .
o . rediction of long-term social outcomes

lidity in previous research (Yeates et al., 1990, 1991), an;iD 9

the total score has been shown to be sensitive to TBI in th@ath analyses were used to test hypotheses regarding the
current sample of participants (Janusz et al., 2002). contributions of cognitive and social-cognitive skills to each
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Executive Samples for analysis

function \ The mixed-model approach permits the inclusion of data
W . even for participants not seen on all occasions. Therefore,
pfé’bclfr'n Social growth curve analyses concerned with patterns of change in

solving outcome children’s social outcomes included all children for whom

. A at least one assessment was completed. However, the path

Tgﬁgﬂft{f / analyses involved only children who had complete data avail-

guag able at the extended follow-up. Of the 134 children who

participated in the extended follow-up, 13 were missing
Flg 1. Hypothesized path model of relationships among execuUpne or more of the requisite measures. ThUS, the Sample
tive function, pragmatic language, and social problem-solving agyajlable for the path analyses consisted of 121 children,
predictors of social outcomes. including 35 with severe TBI, 40 with moderate TBI, and
46 with Ol. The groups did not differ significantly in gen-
of the social outcomes. The analyses were restricted to tH&€": race, age at injury, age at testing, time post injury, or
extended follow-up because it was the only occasion ap°¢!0€conomic status.
which the measures of pragmatic language and social
problem-solving were administered. The relationships ofRESULTS
interest are summarized in the path model depicted in Fig-
ure 1. According tq this mgdel, both gognitivg ar_1d SOFiaILongitudinaI Group Comparisons
problem-solving skills contribute to social functioning, with
social problem-solving acting as a mediator. ConfirmationThe analysis of the CBCL Social Competence scale re-
of the model requires each of the following hypotheses tosealed a significant Groug FAD interaction F(2,163)=
be tested (Baron & Kenny, 1986): (1) executive function6.14,p < .01]. The severe TBI group consistently had lower
and pragmatic language predict social problem-solving; (25cores on the Social Competence scale than the Ol group,
executive function and pragmatic language predict sociabut group differences were larger in the presence of higher
outcomes; (3) social problem-solving predicts social out-FAD scores. Thus, children with severe TBI had poorer
comes; and (4) the association of executive function andocial competence than children with Ol, especially when
pragmatic language with social outcomes is weaker aftetheir families demonstrated higher levels of dysfunction.
controlling for social problem-solving. Some evidence for group differences in short-term change
Based on the recommendations of Holmbeck (1997), théi.e., from 6 to 12 months post injury) in social compe-
path analyses consisted of a series of three hierarchical réence was found in significant interactions involving
gression analyses conducted for each dependent variabléroup X Short-Term ChangeH(2,163)= 3.11,p < .05]
Group membership (coded as two dummy variables), ageand Groupx FAD X Short-Term ChangeH(2,163) =
race, and SCl were entered into the regression analyses fir8t75, p < .05]. As shown in Figure 2, the interactions
to control for demographic factors and injury severity. Then reflected an increase in the magnitude of group differences
to determine whether executive function and pragmatic lanen the Social Competence scale, which occurred because
guage predicted social problem-solving, the INS interviewthe severe TBI group showed a short-term decline in their
total score was treated as the dependent variable, and tlseores while the Ol group showed relatively stable scores.
CNT and TOLC measures were entered as predictors in @#he moderate TBI group showed a mixed pattern of change.
second step. Next, to assess whether executive function ar@hildren from families with higher FAD scores (i.e., poorer
pragmatic language predicted social outcomes, analyses wefienctioning) showed short-term declines in their scores,
conducted using each of the social outcome measures aghereas children from families with lower FAD scores
dependent variables, and the CNT and TOLC were entereshowed short-term increases.
as predictors in a second step. The third set of analyses Scores on the CBCL Social Competence scale also were
included all three cognitive and social-cognitive measureselated significantly to raceq(1,163)= 5.11,p < .05], the
(i.e., CNT, TOLC, INS Interview) as predictors in the sec- SCI [F(1,163)= 8.13,p < .01], and the baseline rating on
ond step, both to assess the relationship of social-problerthe Social Competence scale, which reflected premorbid
solving to the outcomes and to determine whether the assdunctioning [F(1,163)= 89.67,p < .001]. Scores on the
ciation of executive function and pragmatic language withSocial Competence scale were lower among children who
the outcomes was reduced after controlling for socialwere non-White, of lower socioeconomic status, and had
problem-solving. We used the Sobel test to determingoorer premorbid functioning.
whether the mediational effect was significant (Holmbeck, For the CBCL Social Problems scale, the group main
2002; Sobel, 1988). As a final step, we added estimated I@ffect was significantif(2,166)= 10.52,p < .001], as was
as a predictor, to determine whether the cognitive and socialthe GroupX Family Resources interactior({2,166) =
cognitive measures continued to account for significant vari3.99,p < .05]. As Figure 3 shows, the severe TBI group
ance after controlling for overall cognitive ability. had higher scores than the moderate TBI and Ol groups,
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Fig. 2. Model estimates of group means on CBCL
— Social Competence scale raw scores, at the

6-month, 12-month, and extended follow-ups for
61 children with (a) high and (b) low levels of fam-
—e ily dysfunction (i.e., those from poores. better

functioning families) as defined by values 1 stan-

5 dard deviation above and 1 standard deviation be-
low the sample mean on the FAD General
Functioning scale. The plots show an increase in
the magnitude of group differences from 6 to 12
months, as well as more pronounced group differ-
ences among children from families with high lev-
Assessment els of family dysfunction.

raw score

4 T T T 1
6-Month 12 Month Extended

CBCL Social Competence

and group differences were larger among families withof social outcomes ranged from small and non-significant
lower scores on the LISRES—A Family Resources scaleto medium in size.

Thus, children with TBI displayed more social problems Path analyses were conducted to test the model repre-
than children with Ol, especially when their families had sented in Figure 1. In the first step, regression analyses
fewer social resources. No interactions involving short- orwere conducted using the INS interview total score as the
long-term change were significant. Other variables that werelependent variable, with the CNT and TOLC entered as
significant predictors of the CBCL Social Problems scalepredictors in a second step, to determine whether execu-
were the SCIF(1,163)= 12.42,p < .01] and the baseline tive function (i.e., CNT) and pragmatic language (i.e.,
Social Problems scale rating of premorbid functioningTOLC) predicted social problem-solving (i.e., INS inter-
[F(1,163)= 161.57,p < .001]. Scores were higher among view) after controlling for demographics and injury sever-
children of lower socioeconomic status and those with pooreity (see Table 4). Collectively, the two variables did not
premorbid functioning. account for significant variance in the INS interview total
score F(2,112) = 2.29,p > .10], after controlling for

- . group membership, race, SCI, and age. However, exami-
Prediction of Long-Term Social Qutcomes nation of the beta weights for each predictor showed that
Table 3 presents the pooled within-group correlations amonthe TOLC did account for significant unique variance in
the measures of cognitive and social-cognitive functioninghe INS interview total scoret = 2.06,p < .05).

and of social outcomes at the extended follow-up. The The nextsetof regression analyses used each of the social
measures of cognitive and social-cognitive skills dis-outcome measures as dependent variables, and entered the
played medium to large intercorrelations, as did the mea€NT and TOLC as predictors, to assess whether executive
sures of social outcomes. The correlations between th&inction and pragmatic language predicted social outcomes
cognitive and social-cognitive measures and the measurdsee Table 5). After controlling for demographics and injury
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0 ‘/k
m
o 1 T T T 1
6-Month 12 Month Extended
Assessment
(b) Low Resources
S —
Q9 Fig. 3. Model estimates of group means on CBCL
-8 Social Problem scale raw scores, at the 6-month,
- q,_’ 3 - 12-month, and extended follow-ups for children
E 8 with (a) high and (b) low family resources (i.e.,
S o those from families with more or fewer resources)
(%] 3 2 —4 as defined by values one standard deviation above
UO) © i ‘%: and one standard deviation below the sample mean
_ on the LISRES-A Family Resources scale. The
T plots show greater social problems among chil-
[a1] 1 : : : ‘ dren with severe TBI than among children with
o 6-Month 12 Month Extended Ol, with more pronounced group differences
among children from families with fewer re-
Assessment sources.

severity, the CNT and TOLC collectively did not account for and TOLC collectively accounted for significant incremen-
significant incremental variance in the CBCL Social Com-tal variance F(2,111)= 3.72,p < .05]. Neither variable ac-
petence scaleH(2,111)= 1.18,p > .10] and neither vari- counted for unique variance, although there was a trend for
able accounted for unique variance. In contrast, the analysisigher scores on the CNT to predict fewer social problems
with the CBCL Social Problems scale showed that the CNT(t = —1.87,p < .07). For the VABS Socialization scale, the

Table 3. Pooled within-group correlations among predictors and outcomes at the extended follove=uU® ()

INS Full CBCL Social CBCL Social VABS
Measure TOLC Interview ScalelQ Competence Problems Socialization
CNT .53 .26 .61 .08 -.29 .05
TOLC A2 .68 .25 -.29 27
INS Interview .49 .45 -.16 .30
Full Scale 1Q .30 -.14 .24
CBCL Social Competence -.39 51
CBCL Social Problems —-.34

Note CNT = Contingency Naming Test; TOL& Test of Language Competence; INSInterpersonal Negotiation Strategies;

CBCL = Child Behavior Checklist; VABS= Vineland Adaptive Behavior Scales. Standard scores were used for all measures for
purposes of correlation and regression analyses, except for the INS Interview; age was partialed from correlations involving the INS
Interview total score.
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Table 4. Summary of hierarchical regression analysis with CNT ~ The third set of analyses included all three cognitive and

and TOLC as predictors of INS interview

Step 18
Moderate TBIvs.Ol -0.16
Severe TBIvs.Ol —0.18*
Race 0.16
SCI 0.35*
Age at testing 0.31*
Total R? for Step 1 .29%
Step 28
Moderate TBIvs.Ol -0.16
Severe TBIvs.Ol —-0.15
Race 0.11
SCI 0.26*
Age at testing 0.25*
CNT -0.01
TOLC 0.22*
AR? for Step 2 .03

Note TBI = traumatic brain injury. OF orthopedic injury. SCE Socio-
economic Composite Index. CNF Contingency Naming Test. TOLE
Test of Language Competence. INSnterpersonal Negotiation Strategies.

*p < .05.

social-cognitive measures (i.e., CNT, TOLC, INS Inter-
view) as predictors, both to assess the relationship of social
problem-solving to the outcomes and to determine whether
the association of executive function and pragmatic lan-
guage with the outcomes was reduced after controlling for
social problem-solving (see Table 6). The INS Interview
total score was a significant predictor of the CBCL Social
Competence scalé € 3.58,p < .001) but not of the CBCL
Social Problems scale or the VABS Socialization scale. The
CNT and TOLC continued to collectively explain signifi-
cant variance in the CBCL Social Problems scale after tak-
ing the INS interview total score into accout(R,110)=
3.35,p < .05], as well as in the VABS Socialization scale
[F(2,111)= 4.09,p < .05]. In both cases, the proportion of
variance for which they accounted was slightly smaller af-
ter controlling for social problem-solving (i.e., 596.6%
for the CBCL Social Problems scale; 596. 7% for the
VABS Socialization scale). However, Sobel tests indicated
that the reduction in the individual beta weights was not
significant for either the CNT or the TOLC.

As a final step, we added estimated 1Q to analyses that
also included the CNT, TOLC, and INS interview as pre-
dictors. The goal was to determine whether cognitive and

CNT and TOLC again accounted for significant incrementalsocial-cognitive measures continued to account for social

variance F(2,112)= 4.95,p < .01], and the TOLC ex-
plained significant unique variance= 3.05,p < .01), with
higher scores predicting better social functioning.

outcomes after controlling for overall cognitive ability, as
well as for group membership and demographics. The re-
sults of the analyses were essentially unchanged when com-

Table 5. Summary of hierarchical regression analyses with CNT and TOLC as

predictors of social outcomes

Dependent variable

CBCL Social CBCL Social VABS
Predictors Competence Problems Socialization
Step 18
Moderate TBIvs. Ol 0.07 0.07
Severe TBIvs.Ol —-0.17 0.19 —-0.12
Race —0.08 0.03
SCI -0.19 0.31*
Age at testing —0.09 —-0.09 —0.26*
Total R? for Step 1 .08 19*%
Step 28
Moderate TBIvs.Ol 0.05 0.07
Severe TBIvs.Ol —-0.16 0.11 —-0.10
Race 0.03 —0.03
SCI —0.05 0.23*
Age at testing -0.13 0.04 —-0.33*
CNT —0.09 -0.23 -0.17
TOLC -0.15 0.34*
AR? for Step 2 .06* .07*

Note CBCL = Child Behavior Checklist. VABS= Vineland Adaptive Behavior Scales. TBi
traumatic brain injury. OF orthopedic injury. SCk Socioeconomic Composite Index. CNT
Contingency Naming Test. TOLE Test of Language Competence.

*p < .05.
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Table 6. Summary of hierarchical regression analyses with CNT, TOLC, and INS
Interview as predictors of social outcomes (Step 2 only)

Dependent variable

CBCL Social CBCL Social VABS
Predictors Competence Problems Socialization
Step 28
Moderate TBIvs.Ol 0.16 0.05 0.09
Severe TBIvs.Ol -0.11 0.12 —-0.07
Race 0.04 0.02 -0.04
SCI 0.21* -0.04 0.19
Age at testing —0.22* -0.01 -0.37*
CNT —-0.08 -0.20 -0.17
TOLC 0.09 -0.16 0.31*
INS Interview 0.34* -0.03 0.15
AR? for Step 2 .10* .06 .08*

Note For results of step 1, see Table 5. CBELChild Behavior Checklist. VABS= Vineland
Adaptive Behavior Scales. TBt traumatic brain injury. OF orthopedic injury. SCkE Socioeco-
nomic Composite Index. CNF Contingency Naming Test. TOLE Test of Language Compe-
tence. INS= Interpersonal Negotiation Strategies.

*p < .05.

pared to the analyses that did not include 1Q as a predictoDISCUSSION
The only change was that the CNT accounted for unique
variance in the CBCL Social Problems scale after taking IQAs predicted, children who sustained a TBI between the
into account { = —2.15,p < .05). Notably, estimated IQ ages of 6 and 12 years of age demonstrated poorer social
was not a significant predictor of any of the social outcomeoutcomes than children with OI not involving the brain.
measures when the other cognitive and social-cognitive meahe magnitude of group differences was a function of the
sures were taken into consideration. severity of injury, with severe TBI leading to more negative
Figure 4 summarizes the results of the path analyses isequelae than moderate TBI. Group differences also were
terms of the model in Figure 1. As it shows, pragmaticexacerbated by family environments characterized by fewer
language was predictive of social problem-solving, but exfamily resources and poorer family functioning. The latter
ecutive function was not. Pragmatic language and execuindings are consistent with the previous report from our
tive function were significant predictors of two of the three group showing that socioeconomic status moderated the
measures of social outcomes (i.e., CBCL Social Problemsffect of TBI on the VABS Socialization scale (Taylor et al.,
VABS Socialization). Social problem-solving was a signif- 2002), and add to a growing literature indicating that the
icant predictor of only one of the measures of social outfamily environment moderates outcomes after childhood
comes (i.e., CBCL Social Competence), which was noflfBI (Chadwick et al., 1981; Gerring et al., 1998; Kinsella
predicted by either executive function or pragmatic lan-et al., 1999; Max et al., 1998; Rivara et al., 1993, 1994;
guage. After taking social problem-solving into account, Taylor et al., 1999, 2001, 2002; Yeates et al., 1997).
pragmatic language and executive function had a slightly The findings do not reflect substantial recovery in social
weaker association with social outcomes, but the reductiofunctioning over time, and in some cases reflect a worsen-
in the magnitude of the relationships was not significant ining of outcomes. The moderating influence of the family
either case. Thus, the findings provided little support forenvironment affected developmental change in outcomes
the hypothesis that social problem-solving mediates the eftargely over the short term, from 6 to 12 months post injury.
fects of neuropsychological functioning on social out- Group differences actually tended to widen during this time,
comes. The analyses of the CBCL Social Competencearticularly among families with poorer family function-
subscale provided evidence for an indirect effect of laning. Group differences stabilized after the 1st year post in-
guage pragmatics on social outcomes; pragmatic languagery, with little evidence of any differential change (i.e.,
was a predictor of social problem-solving, which in turn recovery) after that time. We have also found relatively
was a predictor of the Social Competence scale. Howevelittle evidence of long-term recovery of cognitive or behav-
the indirect effect must be interpreted cautiously, and doesral outcomes in previous reports based on our larger pro-
not provide evidence of mediation because of the lack of &pective study (Taylor et al., 2002; Yeates et al., 2002), and
significant path between language pragmatics and the Sdhe current findings suggest that poor social outcomes are
cial Competence scale (Holmbeck, 1997). similarly persistent after childhood TBI.
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CNT .87

53 INS -03 CBCL Social

Interview Problems

ToLC 22 Fig. 4. Path diagrams depicting the rela-
-16 tionships among the Contingency Nam-
ing Test (CNT), Test of Language
(C) Competence (TOLC), and INS Interview
as predictors of three social outcomes: (a)
CBCL Social Competence; (b) CBCL So-
73 cial Problems; and (c) VABS Socializa-
/ tion. Curved, double-arrow lines represent
correlations. Single-arrow lines from vari-
able to variable are labeled with standard-
53* INS 15 > VABS ized regression coefficients. Single-arrow
Interview Socialization lines to the right of the social outcome
/ variables represent residual variances (i.e.,
2% 1 — total R?). Group membership, age,
race, and SCI were treated as covariates
in the path analysesp*< .05.
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Our results additionally indicate that the stable long-science models of social cognition and behavior (Adolphs,
term social outcomes that occur following childhood TBI 2001; Grady & Keightley, 2002). According to these mod-
are predicted by neuropsychological abilities and sociakls, social cognition is mediated by a distributed network
information-processing. Measures of executive functionpof interdependent brain regions subserving discrete cogni-
pragmatic language, and social problem-solving made bottive and affective processes that are integrated during the
collective and independent contributions to the predictioncourse of social behavior.
of social outcomes. Notably, the contributions were inde- Contrary to our expectation, the results do not provide
pendent of intellectual ability, which itself did not explain much evidence that social problem-solving mediates the
variation in social outcomes after neuropsychological abilinfluence of cognitive and social-cognitive abilities on so-
ities and social information-processing were taken into aceial outcomes. Pragmatic language and executive function
count. Moreover, because cognitive skills and socialpredicted a different set of social outcomes than did social
problem-solving were assessed directly with the childrenproblem-solving, and the strength of their association with
whereas social outcomes were assessed using parent intspcial outcomes was not significantly weaker after taking
views and ratings, the predictors and outcomes were natocial problem-solving into account. The lack of support
contaminated by shared method variance, so the finding®r the mediation hypothesis does not invalidate recent mod-
are likely to be robust. The independent contributions ofels of social competence, which include both indirect and
executive function, pragmatic language, and social problemeirect effects of core neurocognitive abilities on social out-
solving to social outcomes are consistent with recent neurccomes (Dodge et al., 2002; Guralnick, 1999; Lemerise &
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Arsenio, 2000). Moreover, the substantial residual varianceontributions of neuropsychological abilities and social
in the three social outcome measures signifies the need taformation-processing vary as a function of the time post-
include additional predictors in the causal model. Strongemijury, or if assessment of these constructs completed shortly
evidence for the mediating effects of social problem-after TBI is prognostic of longer-term social outcomes.
solving might be found using measures of other relevant Despite these limitations, the current study is the first to
abilities that we did not assess, such as the appreciation afur knowledge that examines both short- and long-term
intentionality or the recognition of emotional states, whichsocial outcomes following childhood TBI and relates so-
may have a more direct bearing on social information-cial outcomes to neuropsychological abilities and social
processing than executive function or pragmatic languageformation-processing. The results demonstrate that child-
(Dennis & Barnes, 2001; Dennis et al., 2001). hood TBI lead to persistent problems in social functioning
The current study was characterized by several methodhat are accounted for by multiple factors, including injury
ological limitations. One is that a substantial number ofseverity, specific neuropsychological and social information-
children dropped out by the time of the extended follow-up,processing abilities known to be vulnerable to TBI, and
with disproportional attrition of children of lower socioeco- the family environment. One important implication of our
nomic status and those from the Ol group. Attrition biasfindings is the need to consider each of these factors in
must be considered when interpreting results from longitu-evaluating risks for poor social outcomes and in under-
dinal studies (Cicchetti & Nelson, 1994; Francis et al., 1994) standing how social problems become entrenched follow-
Although attrition bias seems unlikely to have produceding TBI. To the extent the current findings provide a better
spurious findings in this study, the findings may not gener-understanding of the child and family factors that predict
alize to the entire population of children with TBI or accu- social outcomes following TBI, they also may provide the
rately reflect the magnitude of environmental influences orbasis for more effective intervention. Unfortunately, inter-
social outcomes for the most disadvantaged families. ventions designed to promote social competence in chil-
Other limitations involve measurement issues. The meadren with other disabilities have not been very successful
sures of the family environment used in the study are dista{Gresham et al., 2001), and few attempts have been made
in nature and do not shed much light on the mechanism byo evaluate programs designed to promote the social rela-
which the family environment moderates social outcomegionships of children with TBI (Glang et al., 1997).
after childhood TBI (Kolb et al., 2003). Measures of more Future studies are needed to examine social outcomes of
proximal aspects of the family environment, such as parehildhood TBI in a more comprehensive fashion, drawing
enting practices and parent—child interaction (Parker et algn conceptual models and research methods from social
1995), may provide a better understanding of how the famneuroscience (Cacioppo et al., 2000), developmental psy-
ily environment affects recovery from TBI. The use of sin- chology (Rubin et al., 1998), and developmental psychopa-
gle measures for the constructs of executive functionthology (Masten, 2001; Parker et al., 1995; Rutter, 1999).
pragmatic language, and social problem-solving is also probNeuroimaging studies are needed to determine whether the
lematic. The constructs would be more reliably measuredlamage to frontotemporal brain regions that occurs in child-
using multiple indicators, which could be incorporated intohood TBI helps to explain core deficits in neuropsycholog-
latent variables using structural equation modeling techical abilities implicated in social cognition, including
niques. In turn, structural equation modeling could be usedbehavioral inhibition, working memory, emotion percep-
to provide a more robust test of the mediation hypothesigion and regulation, and theory of mind (Adolphs, 2001,
(Klem, 2000). Lastly, although we used multiple measuresGrady & Keightley, 2002). Knowledge will also be ad-
of social outcomes, all assessments were based on parergnced by future studies of causal models linking these
report, which are subject to bias and provide only an indi-core deficits in neuropsychological abilities to social
rect index of social functioning. Measures of social func-problem-solving, and in turn to a broader range of social
tioning derived from parent rating scales may not beoutcomes. Finally, further research is required to identify
especially sensitive to the effects of TBI or other insults toother child or family variables that act as risk or resilience
the central nervous system (Drotar et al., 1995; Nassau &actors by either impeding or promoting social adjustment
Drotar, 1997). A more sensitive and thorough assessmetatfter childhood TBI.
would include direct measures of social outcomes, such as
peer interactions, social networks, social acceptance, behagCKNOWLEDGMENTS
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