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Abstract

Previous studies of childhood traumatic brain injury (TBI) have emphasized injury-related variables rather than
environmental factors as predictors of recovery. We addressed this concern using data collected during a prospective
study of children with either TBI or orthopedic injuries (Ol) and their families. Participants included 53 children

with severe TBI, 56 with moderate TBI, and 80 with Ol, all from 6 to 12 years of age at the time of injury.

Measures of the preinjury family environment were collected shortly after the injury (baseline). Child cognitive and
behavioral outcomes were assessed at baseline and at 6- and 12-month follow-ups. Individual growth curve analyses
showed that measures of the preinjury family environment consistently predicted both the level of cognitive and
behavioral functioning at 12 months postinjury and the rate of intraindividual change during the 12-month follow-up
period, even after taking into account group membership and injury severity. In some cases, the preinjury family
environment was a significant moderator of the effect of TBI, buffering its impact in high-functioning families and
exacerbating it in low-functioning families. Thus, preinjury environmental factors predict recovery following TBI in
children, even after accounting for injury-related variabld&Ng 1997,3, 617-630.)
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INTRODUCTION tion of cognitive deficits (Fletcher et al., 1990, 1996; Perrot
et al., 1991; Shaffer, 1995). These sequelae, however, are
The annual incidence of traumatic brain injuries (TBI) not characteristic of all children with TBI; previous re-
among children is approximately 180:100,000 (Kraus, 1995)search has documented substantial variability in long-term
Unfortunately, between 2 and 14% of pediatric TBI are fa-outcomes following TBI, even among children with more
tal. Among survivors, moreover, TBI often causes signifi- severe injuries (Levin et al., 1995).
cant neurobehavioral morbidity. Chronic intellectual sequelae Both injury severity and preinjury environmental factors
include deficits in nonverbal skills, attention and memory, have been hypothesized to account for variability in neuro-
executive functions, and speeded motor performance, witBehavioral outcomes following TBI in children. However,
attendant problems in school performance (Fletcher & Levinmost previous studies of childhood TBI have emphasized
1988). Behavioral changes include increases in psychiatrigjury-related variables as predictors of recovery, and have
difficulties, as well as declines in social competence antheglected to assess outcomes relative to important environ-
adaptive functioning, which often persist following resolu- mental factors, such as socioeconomic status, social stress-
ors and resources, or parent or family functioning (Fletcher
) } et al., 1995). Although injury severity has been a consistent
Reprint requests to: Keith Owen Yeates, Department of Psychology . . . .
Children’s Hospital, 700 Children’s Dr., Columbus, OH 43205. E-mail: predictor of neurobehavioral outcomes following pediatric
yeates.1@osu.edu. TBI, it does not account for most of the variance in out-
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comes, leading to the speculation that environmental facthe outcome at a particular point in time postinjury. In growth
tors, such as family and school influences, also may beurve models, the parameters describing rate of change and
critical determinants of injury sequelae (Fletcher et al., 1990)level of outcome are conceptually and statistically distinct,
The hypothesis that environmental influences are criticabnd can have very different relationships to other predictors
determinants of neurobehavioral outcomes in childhood TB[Francis et al., 1991). Previous research on childhood TBI
receives indirect support from two major sources. First, studhas generally focused on level of outcome, and disregarded
ies of children with other chronic childhood illnesses haveintraindividual change. Change is nevertheless a critically
consistently shown that children’s behavioral adjustment iSmportance index of development that is potentially more
linked to environmental variables such as socioeconomisensitive to the effects of TBI and relatively free from the
status, family stressors and resources, and parental and fainfluences of preinjury status (Thompson et al., 1994).
ily adjustment (Wallander & Thompson, 1995). The other A final issue is the possibility that the relative impor-
major source of support for the importance of the environtance of injury severity and social factors varies in accor-
ment is experimental studies of nonhuman animals, whicldance with the type of outcome under consideration. In
have shown that environmental influences can have a majarhildren with TBI, injury severity often accounts for simi-
impact on behavioral functioning following experimental lar amounts of variance in both cognitive and behavioral
brain lesions (Kolb, 1989). Thus, studies of children withoutcomes. However, the two types of outcomes are not
chronic iliness, as well as experiments involving nonhumarstrongly correlated, suggesting that their remaining vari-
animals, argue for a closer examination of the relative conance may not be accounted for by the same influences
tributions of injury characteristics and the social environ-(Fletcher et al., 1990). Previous research involving children
ment as determinants of recovery from TBI. who suffered from meningitis during early childhood found
Studies of the role of injury characteristics and the sociathat social factors and acute-phase medical factors varied in
environment as determinants of recovery from TBI must adtheir relative importance as predictors, depending on the spe-
dress several important issues. One issue is whether the ecific outcome being considered (Taylor & Schatschneider,
vironment moderates the impact of traumatic brain injury,1992). In general, social factors were more highly related to
by either buffering or exacerbating its adverse consequencelehavioral outcomes, whereas medical variables tended to
Environmental factors are clearly related to cognitive andbe better predictors of cognitive performance. Similarly, in
behavioral functioning in normal and high-risk samplesa study of prematurity and low birthweight, psychomotor
(Sameroff & Chandler, 1975). We would not be surprisedskills were more closely related to medical risks, whereas
if individual differences in functioning among children with language skills were more closely associated with social risk
TBI were also predicted by the social environment, inde-(Bendersky & Lewis, 1994). Based on these findings, we
pendent of any relationships with injury severity. In contrast,might anticipate that TBI severity would predict both cog-
the potential moderating effects of the social environmennitive and behavioral outcomes, but that the family envi-
are much less certain, but of considerably more signifi-ronment would be more closely related to behavioral than
cance for understanding the consequences of TBI. That i$p cognitive sequelae.
the social environment can be considered a significant in- We attempted to address these issues using data collected
fluence on children’s recovery from TBI only if it interacts from a prospective study of the effects of TBI on children
with injury-related factors during the recovery process. Inand their families (Taylor et al., 1995). The study involved
contrast, if the social environment simply affects the func-three groups of children, one with severe TBI, one with mod-
tioning of children with TBI in the same way that it does erate TBI, and a comparison group with orthopedic injuries
children without TBI, then it does not play a major role in (Ol). Information regarding premorbid child and family char-
determining the consequences of Tjidr se More practi-  acteristics was collected during a baseline assessment shortly
cally, if injury-related and social factors interact during re- after the children’s injuries. Child neurobehavioral out-
covery from TBI, then rehabilitative efforts should be comes were assessed at baseline and approximately 6 and
directed to both levels, because social intervention may fai2 months postinjury. The data were analyzed using growth
cilitate a more rapid or complete recovery. curve models to test three hypotheses regarding the influ-
The second issue is the manner in which recovery fromence of injury severity and the preinjury social environment
TBI is conceptualized. The impact of childhood TBI is beston neurobehavioral outcomes.
understood in terms of its consequences for subsequent de-Our first hypothesis was that differences between the TBI
velopment, rather than in terms of outcomes at any particand Ol groups would be greater at higher compared to lower
ular point in time postinjury (Fletcher et al., 1995). An levels of preinjury environmental risk. We expected that so-
understanding of the developmental sequelae of TBI deeial risk would moderate the rate of change over time, as
pends on the study of intraindividual change over time, prefwell as the level of functioning at 12 months postinjury. Thus,
erably through growth curve modeling (Francis et al., 1991 we predicted that children with TBI who were at higher so-
Fletcher et al., 1995). Growth curve modeling permits thecial risk would display a slower rate of improvement cog-
outcomes associated with TBI to be characterized in termaitively and a steeper rise in behavior problems, as well as
of individual growth curves that are defined both by the rategreater cognitive deficits and more severe behavior prob-
at which recovery is proceeding and by the overall level oflems at 1 year postinjury, compared to children with TBI at
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lower social risk. Inclusion of the Ol group permitted us to eligible for the Ol group if they sustained a bone fracture
estimate the extent to which environmental risk was relatedhat required at least an overnight hospitalization but did
to outcomes in children without TBI. By taking these influ- not demonstrate any evidence of loss of consciousness or
ences into account, we were able to isolate the effects afther indication of possible brain injury.
environmental risk on recovery from TBler se Our sec- Following established conventions, the TBI group was
ond hypothesis was similar to the first, but pertained onlydivided into two groups based on injury severity (Fletcher
to children with TBI. That is, we expected that when anal-& Levin, 1988). Children whose lowest postresuscitation
yses were restricted to children with TBI, the effect of TBI GCS scores were 8 or less were considered to kavere
severity on rates of change in cognitive and behavioral funcinjuries, and children with scores of 9 or more were con-
tioning over time, and on outcomes at 12 months postsidered to havenoderate injuriesMany of the children in
injury, would be more pronounced for children at higherthe moderate injury group had GCS scores ranging from 13
compared to lower preinjury environmental risk. Finally, ourto 15, but they all demonstrated additional complications
third hypothesis was that in both sets of analyses, preinjurindicative of a more severe injury (e.g., intracranial lesion
environmental risk would be a better predictor of behav-on neuroimaging, skull fracture, focal neurological deficits,
ioral outcomes than of cognitive sequelae. or sustained loss of consciousness). Thus, consistent with
previous research, their injuries were considered moderate
rather than mild in severity (Fletcher & Levin, 1988).

METHODS Demographic features of the three groups (i.e., severe TBI,
moderate TBI, Ol) are summarized in Table 1. The groups
Research Participants did not differ in age at injury or sex. They also did not differ

in maternal education, annual family income, or the Dun-
The sample included a total of 189 children; 109 with TBI can occupational status index (Stevens & Featherman, 1981).
and 80 with Ol, who were recruited from consecutive ad-The groups did differ in race, with a significantly higher
missions to four hospitals in the midwestern United Statesproportion of non-Whites in the Ol group compared to the
All children were between 6 and 12 years of age at the timeéwo TBI groups ?(2, N = 189) = 6.64,p < .05].
of injury, and used English as their primary language athome. As anticipated, the groups also differed in injury sever-
Children were excluded if they had a history of child abuse,ty. The Injury Severity Score (ISS; Mayer et al., 1980)
previous neurological disorder, or mental retardation. Chil-presented in Table 1 is based on all injuries the children sus-
dren were eligible for the TBI group if they sustained a blunttained, whereas the partial ISS is calculated based only on
head trauma and their lowest postresuscitation Glasgowjuries unrelated to TBI. As Table 1 shows, the severe TBI
Coma Scale (GCS; Jennett & Bond, 1975) score was 12 agroup suffered more severe injuries overall than either the
less, or if the GCS score was between 13 and 15 but wasoderate TBI group or Ol group. In turn, the moderate TBI
associated with an intracranial lesion on neuroimaging, skulgroup suffered more severe injuries overall than the OI group.
fracture, neurological deficits, or sustained loss of consciouswhen injury severity was defined based only on injuries
ness (i.e., longer than 15 minutes). Children with TBI re-not involving the brain, the severe TBI and Ol groups were
sulting from causes other than blunt head trauma (e.g., neatomparable, and were both higher than the moderate TBI
drowning, gunshot wound) were excluded. Children weregroup. Thus, the severe TBI group had the most severe in-

Table 1. Demographics features of participants

Group
Variable Ol Moderate TBI Severe TBI
n 80 56 53
Child’s sex (% male) 59 73 74
Maternal ethnic status (% White)* 58 75 75
Maternal educatich(M, SD) 3.67 1.13 3.49 1.12 3.61 1.30
Family incomé& (M, SD) 3.45 2.77 4.22 2.81 3.65 2.81
Duncan occupational status indeM,(SD) 32.40 19.68 32.44 18.31 32.59 20.62
Child’s age at injury (years)M, SD) 9.28 1.91 9.98 1.89 9.37 2.09
Glasgow Coma Scale scor®l(SD)* 15.00 0.00 14.02 1.85 4.83 1.81
Injury severity scoreNl, SD)* 7.32 3.15 12.47 5.66 20.08 11.91
Partial injury severity scoreM, SD)* 7.32 3.15 2.29 3.64 8.53 10.25

aScale from 1less than 7 yeaj)sto 7 (graduate degree
PScale from 1 & $20,000 to 8 (= $60,000.
*Groups differ significantlyp < .05.
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juries overall, but did not differ from the OI group in the have reduced the generalizability of the findings in terms of
severity of injuries not involving the brain. race and socioeconomic status, but did not differentially af-
fect the Ol and TBI groups. The loss of more severely in-
jured children from the TBI group may have reduced
generalizability, making it less likely to detect differences
All age-appropriate admissions to the four participating hosin outcomes between the Ol and TBI groups or as a func-
pitals were monitored for potential eligibility. Once chil- tion of TBI severity, in part because of a loss of statistical
dren meeting entry criteria were deemed medically stablepower.
their parents were invited to participate in the study. After
informed consent was obtained, baseline family interviews
were conducted, during which demographic information andl€asures
ratings of prem_orbid family charagteristics were eIi<_:ited. Par'Preinjury family environment
ents also provided ratings of children’s premorbid behav-
ioral adjustment and adaptive functioning prior to or duringFour variables were selected as measures of the preinjury
the baseline assessment. Ratings of children’s postinjury béamily environment and used as predictors of neurobehav-
havioral adjustment and adaptive functioning were elicitedoral outcomes. The four variables represent the major mea-
during follow-up interviews conducted approximately 6 andsures of the preinjury family environment collected as part
12 months after the baseline assessments. In most cases, tifehe larger prospective study (Taylor et al., 1995). They
respondent for interviews and questionnaires was the child'sere selected to reflect both distal (i.e., socioeconomic sta-
mother. tus) and proximal (i.e., family functioning) influences on
Baseline assessments of children’s cognitive functioninghildren’s development, as well as more indirect risk fac-
were conducted as soon as possible after their injuries. Itors (i.e., stressors and resources) that influence children even
almost all cases, the baseline assessments occurred withirifbugh they do not experience them directly (Bendersky &
weeks of the injury. Prior to the baseline assessment, chilkewis, 1994). The four variables included the Socioeco-
drenin the TBI groups were screened for posttraumatic amaomic Composite Index (SCI), a summary measure of so-
nesia using the Children’s Orientation of Amnesia Testcioeconomic status; measures of overall social stressors and
(COAT; Ewing-Cobbs et al., 1990). They were not consid-resources derived from the Life Stressors and Social Re-
ered eligible for testing until their score on the COAT wassources Inventory (LSSRI; Moos et al., 1989); and a mea-
within 2 standard deviations of the mean for their age for 2sure of overall family functioning derived from the McMaster
consecutive days. The children completed follow-up asses$-amily Assessment Device (FAD; Miller et al., 1985; Byles
ments of their cognitive functioning approximately 6 andet al., 1988). Preliminary analyses revealed significant but
12 months after the baseline assessment. modest correlations among the variables. The Ol and TBI
Across the entire sample, 149 children completed all thregroups did not differ on any of the variables.
assessments, 20 completed two of the three assessments, andihe SCI was based on three variables: maternal educa-
18 completed only baseline assessments. The 2 remaininigpn, coded on a 7-point scale frdass than 7 yearw grad-
children did not complete any assessments, 1 because thate degregannual family income, coded on an 8-point scale
family dropped out before the baseline assessment, and tli®m = $20,000to = $60,000 and the Duncan occupa-
other because the child was in a persistent vegetative statgonal status index (Stevens & Featherman, 1981). Because
The Ol and TBI groups did not differ significantly in the the three variables were moderately correlated, they were
proportion of children who completed at least two of thecombined in a composite measure that was constructed by
three assessments (86£%.92%, respectively), which was averagingz scores computed for each variable across the
the minimum number required for the estimation of growthentire sample. The averagedscores were then standard-
curve parameters. Eight families, 5 from the Ol group and 3zed M = 0, SD = 1) to produce the SCI.
from the TBI groups, were missing at least one of the mea- The LSSRI (Moos et al., 1989) is an extensive interview
sures of preinjury family status, and also were eliminatedmeasure that generates standard scores for stressors and re-
from data analyses. sources across a variety of domains. It has demonstrated sat-
Thus, 161 children had sufficient data available for growthisfactory reliability and validity in prior research (Wade
curve analyses. They did not differ in age or sex from theet al., 1996). For the current study, standard scores from the
28 children without sufficient data. However, the children following subscales were averaged separately for stressors
included in the analysis did demonstrate a higher proporand resources: (1) personal health; (2) home and neighbor-
tion of Whites, and also scored higher on a composite meaiood; (3) work; (4) spouse or partner; (5) children; (6) rel-
sure of socioeconomic status than the children who weratives; and (7) friends and social activities. The averaged
excluded. These differences did not vary across the Ol angtandard scores were then standardizdd= 0, SD = 1)
TBI groups. Among children with TBI, those who were in- across the entire sample to yield overall measures of pre-
cluded in the analyses displayed less severe injuries (i.einjury stressors and resources. Subscales representing fam-
higher mean GCS score) than those who were excludedly finances and life events were omitted. The former was
These results indicate that attrition and missing data makhighly correlated with the SCI, whereas the latter, unlike

Procedures
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the other subscales, was correlated with injury severity, sugiunctioning. The 6- and 12-month follow-up assessments
gesting that parents had incorporated the experience of themneasured postinjury functioning. The CBC is a well-known
child’s injury into their ratings of life events. rating scale designed to assess disordered behavior. It was
Preinjury family functioning was assessed using the Genstandardized on a large sample of community and clinic-
eral Functioning Scale from the FAD. The FAD is a rating referred children between the ages of 4 and 18, and has dem-
scale that has shown satisfactory reliability and validity inonstrated satisfactory reliability and validity in previous
previous research (Miller et al., 1985; Byles et al., 1988). Itresearch (Achenbach, 1991), although it has not always been
is designed to assess family functioning across a variety odensitive to the effects of childhood TBI (Fletcher et al.,
domains, and generates scores on seven subscales. It al@B0, 1996). For the current study, behavioral adjustment
generates an overall measure of family functioning, whichwas measured using the tofelscore from the CBC. The
is the 12-item General Functioning Scale. For this studyVABS is a widely-used measure of adaptive functioning that
the scores from the General Functioning Scale were staritas been shown to be sensitive to the effects of childhood
dardized across the entire sampl¢ € 0, SD= 1). Con-  TBI (Fletcher et al., 1990, 1996). The VABS is completed
sistent with the scaling of the original scores, high scoreshrough a structured interview with a parent. For the cur-
reflect worse family functioning. rent study, adaptive behavior was measured using the Adap-
tive Behavior Composite standard score from the VABS.

Neurobehavioral Outcomes

Cognitive outcomes were assessed at baseline and r:tppro%ymls'[Ical Analysis

imately 6 and 12 months postinjury using a comprehensivéndividual growth curve analyses (Francis et al., 1991) were
neuropsychological test battery. For the current study, weised to examine quantitative change after injury. Analyses
selected three measures of cognitive functioning from thavere performed on age-dependent raw scores when they were
larger test battery (Taylor et al., 1995) as dependent variexpressed in a meaningful metric (i.e., total words recalled
ables. The three measures were chosen because they tap do-CVLT; total raw score on VMI). Age-corrected standard
mains of functioning (i.e., nonverbal skills and memory) thatscores were used for the other measures (P1Q, CBC, VABC),
have been shown to be particularly sensitive to the effectsvhich combine raw scores from multiple subtests or sub-
of TBI in prior research (Levin et al., 1995). The first mea- scales.
sure of cognitive functioning was a prorated Performance Each outcome measure was subject to two analyses, one
Scale IQ (PIQ) derived from a short form of the third edi- that involved children in both the TBI and Ol groups and
tion of the Wechsler Intelligence Scale for Children (WISC—another that involved only children with TBI. In the first
I1l; Wechsler, 1991). The short form included the Block analysis, injury severity was defined based on group mem-
Design and Object Assembly subtests, from which the probership (Ol, moderate TBI, severe TBI). Two dummy vari-
rated Performance Scale IQ was derived. Based on the foables were used to define group membership. When entered
mula presented by Sattler (1992), the prorated PIQ has #bgether as predictors, the two dummy variables permitted
reliability of .85 and validity coefficient of .83. The PIQ is comparisons between the Ol and moderate TBI groups, and
a measure of nonverbal skills sensitive to the acute effecteetween the Ol and severe TBI groups. For the analyses that
of TBI in children (Fletcher & Levin, 1988). The second were restricted to children with TBI, injury severity was de-
measure of cognitive functioning was the total raw scorefined in terms of the lowest post-resuscitation GCS score
from the Developmental Test of Visual-Motor Integration and treated as a continuous variable.
(VMI; Beery, 1989). The VMI is a drawing task that re- In all analyses, growth curves were characterized using
quires visuoperceptual, constructional, and graphomotothe following model.Y;, = = + m;a; + R;, where the
skills. It has satisfactory reliability and validity, and has beenindividual's (i) score at a given timet), on the outcome
shown to be sensitive to TBI in children (Thompson et al.,measure designateq is modeled by the following param-
1994). The last measure of cognitive functioning was theeters:7y = the intercept or expected performance level;
total number of words recalled across five learning trials onr; = the constant (or linear) rate of change around the in-
a shortened, preliminary version of the children’s Califor-tercept;g; = time postinjury for person at timet; and
nia Verbal Learning Test (CVLT; Delis et al., 1994). The R, = random error, the degree to which an observed score
CVLT is a word-list learning task that measures verbal mem-deviates from the model for persoyat timet. For all anal-
ory skills. Total recall on the CVLT is a reliable and valid yses, time postinjury was centered at 1 year. Thus, the in-
measure of verbal memory that has been shown to discrinmtercept parameter represents expected performance at 1 year
inate between children with TBI and matched controlspostinjury, and the linear change parameter represents the
(Yeates et al., 1995). constant rate of change per year or, by implication, the
Behavioral outcomes also were assessed at baseline aathount of change that occurred during the 1st year post-
6 and 12 months postinjury using the Child Behavior Checkdinjury. Because data were available at only three time points,
list (CBC; Achenbach, 1991) and the Vineland Adaptivethe model did not include a parameter representing the qua-
Behavior Scales (VABS; Sparrow et al., 1984). At baselinedratic rate of change (i.e., nonlinearity). Prior studies of child-
parents were asked to respond based on children’s premorblicbod TBI that have included higher-order components
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suggest that nonlinear change accounts for relatively little We expected that the TBI groups would show poorer per-
variance in outcomes, particularly during the 1st year postformance than the Ol groups at 12 month postinjury in both
injury (Thompson et al., 1994). cognitive and behavioral outcomes, and that the deficits

The hierarchical linear models (HLM; Bryk & Rauden- would be more pronounced among children with more se-
bush, 1987) method of analysis was used because it permit®re TBI. We also expected that the rate of change would be
multivariate estimation of effects on the change paramgreater in the TBI groups than the Ol group, and among
eters. That is, the HLM method evaluates the contributiorchildren with more severe TBI. The direction of change, how-
of a predictor variable to one aspect of the growth curveever, was expected to vary according to the type of out-
(e.g., intercept) while controlling for the effects of that pre- come. Because all cognitive assessments were conducted
dictor on other aspects of the growth curve (e.g., lineapostinjury, we expected to find greater improvement over
change). The HLM method also provides improved estimatime in the TBI groups than in the Ol group, and among
tion of individual growth parameters when not all partici- children with more severe compared to less severe TBI. In
pants are seen at all times (Francis et al., 1991). In the currecbntrast, because the baseline assessment of behavioral out-
study, some children did not complete all neuropsycholog€omes was intended to assess preinjury status, we expected
ical assessments. In other cases, the nature of their injurigs find greater deterioration in the TBI groups than in the
precluded standardized administration of baseline testin@I group, and among children with more severe TBI. Com-
(e.g., upper extremity cast, spica cast, traction). Childremarison of the two TBI groups (i.e., moderate and severe) to
tested despite such circumstances displayed significantlthe Ol group permitted us to examine the effects of TBI
lower baseline PIQ scores than children tested under optseverity in the between-groups as well as within-group
mal conditions. In contrast, their baseline performance oranalyses.
the VMI and the CVLT was not affected by the circum-
stances of testing. Thus, baseline PIQ data obtained undgESULTS
nonoptimal circumstances were excluded from analysis.

The statistical analysis consisted of two steps. In the first
step, unconditional models were run on each outcome varBetween-Groups Analyses
able to examine th_e mean and variance of the growth CUNVE) 1 conditional models
parameters. Significance tests for both means and variances
were conducted. Because of concerns about the power dhe results of the between-groups unconditional models are
the chi-square tests for variances in HLM, a parameter wasummarized in Table 2. As expected, the estimated mean
allowed to remain random (i.e., to vary across participants)ntercepts were significantly different from zero for all vari-
if the probability value of the chi-square was .10 or less orables. In addition, four out of the five linear change param-
if a test of the variance-covariance components was signifeters had an estimated mean significantly different from zero.
icant when the parameter’s variance was fixed to zerd-or instance, at 12 months postinjury, the mean total raw
(cf. Thompson et al., 1994). A parameter was retained whenscore on the VMI for all children was estimated to be 25.37;
ever its variance differed from zero. A parameter was alsaon addition, their total raw score was estimated to increase
retained if its mean value differed from zero, even if thean average of 1.89 points per yeatr.
variance did not; in such cases, the parameter was consid- More critically, the estimated true parameter variance was
ered to be nonrandomly varying (i.e., its residual variancesignificant for all intercepts and four out of five linear change
was fixed to zero). parameters. In other words, the children displayed signifi-

In the second step of the analysis, we tested a series @fant variation in their level of performance at 12 months
a priori conditional models to assess the contributions ofpostinjury on all variables. They also displayed significant
the predictor variables to level of performance at 12 monthwariation in their rate of linear change across the 1st year
postinjury and to linear change up to that point. Age at in-postinjury for all measures except the CBC. For conditional
jury and ethnic status were included in all models. The firstmodels involving the CBC, the linear change parameter was
model added injury severity (i.e., group membership or low-retained but treated as nonrandomly varying (i.e., its resid-
est postresuscitation GCS score). The second model omitral variance was fixed to zero), because we expected the
ted injury severity but included the four environmental severe TBI group to show an increase in behavior problems
measures (i.e., SCI, LSSRI stressors, LSSRI resources, FABuring the 1st year postinjury when compared to the Ol
General Functioning scale). The third model included bothgroup. The linear change parameter for the VABC was also
injury severity and the environmental measures. The thregeated as nonrandomly varying in all conditional models.
models are analogous to a series of hierarchical regressigfithough the parameter demonstrated significant residual
analyses, and permit an examination of the unique contrivariance in the unconditional model, tests of variance—
bution of injury severity and preinjury family environment covariance components in conditional models were not sig-
to the neurobehavioral outcomes. The fourth model, finallynificant when its residual variance was fixed to zero.
added interaction terms representing the possible moderat- Table 2 also displays the parameters’ reliability, which is
ing effects of the preinjury family environment on injury the ratio of estimated parameter variance (i.e., “true” vari-
severity. ance) to the total parameter variance (i.e., “true” plus error
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Table 2. Results of the between-group unconditional models

Estimated
Estimated parameter Total

Outcome measure parameter SE variance variance Reliability Parameter
VMI

Intercept 25.37** 0.88 114.91* 133.15 .86

Linear 1.89* 0.63 18.20** 64.56 .28 .23
CVLT

Intercept 38.83* 0.67 62.04** 77.35 .80

Linear 5.56** 0.60 19.97** 59.62 .34 —.09
PIQ

Intercept 103.60** 1.54 376.52* 403.56 .93

Linear 6.22** 0.90 62.38** 130.78 .48 A2
VABC

Intercept 94 .45** 1.01 139.83** 167.06 .84

Linear —2.51* 0.77 26.60* 96.38 .28 .66
CcBC

Intercept 51.12** 0.92 114.50** 139.97 .82

Linear® —0.50 0.66 4.82 69.81 .07 .94

Note The intercept represents the average performance at 12 months postinjury. The linear term represents the average amount of
change across the first 12 months postinjury. VMIDevelopmental Test of Visual Motor Integration total raw score. C\AT

California Verbal Learning Test total words recalled, Trials 1-5. Pi@rorated Performance |1Q score. VABEVineland Adaptive

Behavior Composite standard score. CBCChild Behavior Checklist total score.

3The parameter was retained but treated as nonrandomly varying in conditional models (i.e., residual variance was constrained to
zero).

*p < .01.* p < .001.

variance). The reliability reflects the percentage of param<oefficients for those predictors. Table 4 lists the total per-
eter variance that is potentially explainable by predictors incentage of true parameter variance explained by each model.
the conditional models. The reliability of the intercepts was Table 3 demonstrates the importance of controlling for
considerably higher than that of the linear change paramethnic status and age at injury when estimating level of out-
eters. The intercepts were estimated more reliably in partome. Ethnic status was a significant predictor of the inter-
because the number of time points available for estimatingept parameter for all cognitive outcome measures, regardless
linear change (i.e., three) was relatively small, but also beef the specific model being tested, with scores being con-
cause three of the outcome variables were expressed as staistently higher for White compared to non-White children.
dard scores, which afford less accurate estimation of changkge at injury was a significant predictor of the intercept
(Francis et al., 1991). parameter for the VMI, CVLT, and VABC. As expected, older
Finally, Table 2 also provides an estimate of the corre-children performed better than younger children on the two
lation between the intercept and linear change parametersognitive variables that were age-dependent raw scores. An
The correlation was low for the VMI and CVLT, moder- unexpected finding was that older children had a lower
ately large for the PIQ and VABC, and very large for the VABC standard score than younger children.
CBC. The magnitude of the correlations reflects in part the After controlling for ethnic status and age at injury, in-
scaling of the variables. Level of performance is less likelyjury severity accounted for significant variance in the inter-
to be correlated with change when outcome measures aept parameters. When tested collectively, the two dummy
age-dependent raw scores (e.g., VMI, CVLT) as opposed tvariables representing group membership contributed sig-
age-corrected standard scores (e.g., PIQ, CBC, VABC). Thaificantly to the prediction of the CVLT, VABC, and CBC,
correlation for the CBC was particularly high, probably be- even after controlling for the preinjury family environment
cause of the scale’s restricted floor and the skewed distrifi.e., when testing Model 3). The contrast between the se-
bution of scores in the sample. vere TBI and Ol groups accounted for most of the differ-
ences in level of outcome (see Table 3). For instance, under
Model 3 for the CVLT, the severe TBI group was estimated
to recall a total of 5.93 fewer words at 12 months postinjury
The results of the between-groups conditional models aréhan the Ol group, but there was not a significant difference
summarized in Tables 3 and 4. For each between-groupsetween the moderate TBI and Ol groups.
model, Table 3 lists the individual predictors that contrib- Even after controlling for group membership, the four fam-
uted significantly to each outcome, along with the estimatedly variables together accounted for significant variance in

Conditional models
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Table 3. Significant predictors in between-groups models

K.O. Yeates et al.

Conditional model

Model 3

Model 1 Model 2 (Age, Ethnic Status, Model 4
Outcome (Age, Ethnic Status, (Age, Ethnic Status, Injury Severity, (Model 3+
measure Injury Severity) Environment) Environment) Interaction terms)
Parameter= Intercept
VMI Ethnic status (7.42)  Ethnic status (5.38)  Ethnic status (5.70)  Ethnic status (6.35)
Age at injury (3.56) Age atinjury (3.52) Age atinjury (3.52) Age atinjury (3.54)
Severe TBI ¢3.35) SCI (1.77) SCI (2.77)  Stress —2.17)
Stress £1.57) Stress €1.50)
CVLT Ethnic status (5.34)  Ethnic status (2.95)  Ethnic status (3.96)  Ethnic status (4.32)
Age at injury (1.98) Age at injury (1.95) Age at injury (1.99) Age atinjury (2.11)
Severe TBI (5.88) SCI (2.35) Severe TBI —5.93) Severe TBI £5.96)
SCI (2.30) Severe TBK FAD (—3.27)
PI1Q Ethnic status (18.94)  Ethnic status (13.65)  Ethnic status (14.12)  Ethnic status (14.84)
SCI (7.53) SCI (7.55)
VABC Age at injury (—1.80) Ageatinjury 1.94) Age atinjury 1.83) Age atinjury ¢1.64)
Severe TBI ¢6.72) SCI (5.02) Severe TBI —6.29) Severe TBI £6.46)
Resources (2.33) SCI (4.99) Resources (3.40)
Resources (2.34) Severe TBIFAD (—5.83)
CBC Moderate TBI (7.40) SCI «<4.09) Moderate TBI (6.62) Moderate TBI (6.54)
Severe TBI (8.37) Stress (3.02) Severe TBI (7.34) Severe TBI (7.52)
SCI (—4.10) Stress (3.86)
Stress (2.36)
Parameter= Linear change
VMI Severe TBI (3.15) Stress —2.02) Severe TBI (3.90) Severe TBI (3.59)
Stress 2.16) Stress €2.26)
CVLT None Age at injury  (0.63) None Moderate TBK FAD  (—3.23)
PIQ Moderate TBI (4.83) Stress (2.42) Moderate TBI (4.24) Moderate TBI (4.36)
Severe TBI (8.01) Severe TBI (7.50) Severe TBI (7.56)
VABC Age at injury (—1.75) Ageatinjury 1.86) Age atinjury ¢1.73) Age atinjury ¢1.64)
Severe TBI ¢5.31) Severe TBI €5.70) Moderate TBI £3.20)
Severe TBI ¢5.70)
Severe TBIX FAD (—4.30)
CBC Moderate TBI (3.09) sScCI «2.36) Severe TBI (6.34) Moderate TBI (3.23)
Severe TBI (6.75) SCI <€2.32) Severe TBI (6.66)

Note Significant predictors are paired with estimated coefficients. \#WMDevelopmental Test of Visual Motor Integration total raw score. C\AT
California Verbal Learning Test total words, Trials 1-5. P¥QProrated Performance IQ score. VABEVineland Adaptive Behavior Composite standard
score. CBC= Child Behavior Checklist total score. SCl= Socioeconomic composite index standardized score. StrelSSSRI average stressors
standardized score. Resource& SSRI average resources standardized score. FAEamily Assessment Device general functioning scale standardized

score.

the level of all of the outcome measures. For example, under A different pattern emerged when modeling linear change
Model 3 for the CVLT, children whose family SCI was 1 parameters, with injury severity explaining more variance
standard deviation above the sample mean recalled approiz change than the preinjury family environment. Collec-
imately 2.30 words more than average, whereas those whoswely, group membership accounted for significant vari-
family SCl was 1 standard deviation below the sample mearmnce in change for all outcomes except the CVLT. In general,
recalled 2.30 words less than average. Notably, Table #he TBI groups displayed more improvement in cognitive
shows that preinjury family environment generally ac- outcomes and more deterioration in behavioral outcomes than
counted for a larger percentage of variance in the level ofthe Ol group, and the amount of change was larger for more
outcome at 12 months postinjury than did group membersevere TBI. For instance, under Model 3 for the PIQ, the
ship, and was an especially potent predictor of behaviorasevere TBI group gained 7.5 more points across the first
year postinjury than did the Ol group, whereas the moder-

outcomes.
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Table 4. Percentage of parameter variance explained by between-groups models

Conditional model

Model 1 Model 3 Model 4
Outcome Age, (add Injury Model 2 (add Injury Severity+ (Model 3 +
measure  Ethnic Status Severity) (add Environment) Environment) Interaction terms)
Intercept

VMI 51 52 57 57 57

CVLT 30 39 33 43 48

PIQ 19 19 28 29 27

VABC 2 5 28 30 31

CBC 0 6 26 31 30

Linear chang®

VMI 1 8 4 13 0
CVLT 9 4 8 3 0
PIQ 5 19 11 23 16

Note VMI = Developmental Test of Visual Motor Integration total raw score. CW.Talifornia Verbal Learning Test total words
recalled, Trials 1-5. PIG Prorated Performance 1Q score. VABEVineland Adaptive Behavior Composite standard score. GBC

Child Behavior Checklist total score.

aThe percentage of variance accounted for in the linear change parameter could not be computed for the VABC or CBC, because both
parameters were considered to be nonrandomly varying in conditional models. Although the linear change parameter for the VABC
was significant in the unconditional model, its residual variance was not significant in conditional models. Tests of variance—
covariance components also were not significant, indicating that the linear change parameter for the VABC should be treated as
nonrandomly varying in conditional models (i.e., its residual variance was constrained to zero). For both the CBC and VABC, the
percentage of variance accounted for in the intercept was computed based on an unconditional model in which the linear change
parameter was considered to be nonrandomly varying.

ate TBI group gained 4.24 more points. Similarly, for the For illustrative purposes, Figure 1 portrays the inter-
VABC, the severe TBI group declined 5.70 more points tharaction between the FAD and group membership for the CVLT
the Ol group, but the moderate TBI and Ol groups did notintercept parameter. The figure shows that at 12 months post-
differ in their rate of change. injury, the difference in total recall between the severe TBI

The four measures of the preinjury family environment,and Ol groups was directly proportional to family function-
collectively, were significant predictors of change for only ing. The group difference was only 2.69 words for families
two of the outcome measures, the VMI and CBC. Severaivhose FAD scores reflected above-average family function-
individual predictors were also significantly related to these
outcomes. For instance, under Model 3, children showed
more improvement over time on the VMI when their fami-
ly’s reported level of stress was lower than the sample mean, 3@ 45 r
and less improvement when family stress was above aver-g >
age. Similarly, children displayed a decline in behavior prob- @
lems as reported on the CBC when their family’s SCI was
higher than the sample mean, but did not do so when the
SCl was below average.

Table 2 also shows four significant interactions between
group membership and the preinjury family environment. |_ g 30 r
The interactions involved both the intercept and linear change S =
parameters. In all cases, family functioning as measured byo 25
the FAD moderated the effect of TBI, such that above-
average functioning was associated with a more rapid and FAD Standardized Score
Comp,let? recovery foIIQWIng a,TBl’ whereas below'averageFig. 1. Relationship between the preinjury standardized score
functioning was associated with a slower and less completgy, the Family Assessment Device (FAD) General Functioning
recovery (i.e., less cognitive improvement and more behavscale and total words recalled on the California Verbal Learning

ioral deterioration during the 1st year postinjury, and worserest (CVLT) at 12 months postinjury as a function of group
outcomes at 12 months postinjury). membership.

ca
r

Total Words R
Months Post-Injury

40 Fr ol

as | e

Severe TBI

-2.0 -1.0 0.0 1.0 2.0
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ing (i.e., 1SDbelow the sample mean). In contrast, the dif- a less consistent predictor of change when only the children
ference between the severe TBI and Ol groups was 9.2®ith TBI were considered. For instance, under Model 3, in-
words for children whose families had FAD scores that rejury severity was a significant predictor of change for only
flected below-average family functioning (i.e.SDabove the CBC. The lack of consistent relationships between in-
the sample mean). In other words, given a standard devigury severity and the rate of change may reflect the pres-
tion of 5.68 for the CVLT intercept estimate, a difference ence of more rapid change for all children with TBI, as
on the FAD of 2 standard deviations resulted in a greatecompared to those in the Ol group. In the between-group
than 1 standard deviation increase in the discrepancy benalyses, both the moderate and severe TBI groups showed
tween the Ol and severe TBI groups in total recall on themore change than the Ol group on three of the outcome mea-
CVLT. sures (see Table 3). The relationship between injury sever-
ity and rate of change within the TBI group might have been
. stronger if the sample had included children with mild TBI.
Within-Group Analyses The within-group models also provided less evidence for
interactions between injury severity and the preinjury fam-
ily environment. Nevertheless, there was one significant in-
The results of the within-group unconditional models, WhiChteraction, which occurred between the GCS and the LSSRI
involved only the children with TBI, were generally similar Resources standardized score when modeling the level of
to those for the between-group modelshe mean inter-  outcome at 12 months postinjury on the CVLT. The inter-
cepts were significantly different from zero for all out- action was similar to those obtained in the between-group
comes, and the mean estimates of linear change wergnalyses. Specifically, the effect of TBI severity was re-
significantly different from zero for all measures except theduced in families whose preinjury resources were above av-
CBC. Similarly, the estimated parameter variance was sigerage and increased in families whose preinjury resources
nificant for all five intercepts and for all linear change pa- fell below average.
rameters except that for the CBC, and the reliability of the
parameter variance was again higher for the intercepts th
for linear change. aBISCUSSION
The correlations between the intercept and linear changghe findings indicate that preinjury environmental factors
parameters were also similar, although the correlation wagccount for significant variability in neurobehavioral out-
higher for the VABC in the within-group than the between- comes following TBI in children, over and above that ex-
groups models. Nonetheless, the linear change parametglained by injury-related variables. After controlling for the
for the VABC was treated as random in the within-groupfamily environment, age at injury, and ethnic status, TBI
models, because tests of residual parameter variance weggverity (i.e., group membership in between-group models;
generally significant, as were tests of variance-covarianc&cCs score in within-group models) accounted for up to 20%
components when the parameter was treated as nonrasfthe variance in the level of outcome, and as much as 15%

Unconditional models

domly varying. of the variance in the rate of change, following childhood
TBI. In comparison, after controlling for injury severity and
Conditional models demographics, the four measures of the family environ-

ment accounted for up to 25% of the variance in level of

For the intercept parameter, the results of the within-grougyytcome, and as much as 5% of the variance in rate of
conditional models were similar to those of the between—change. The results provide convincing support for the no-
groups models. The results confirmed the importance of conyjop, that environmental factors, including family influ-
trolling for ethnic status and age at injury, especially whengnces, are critical determinants of the children’s functioning
modeling the intercept. They also confirmed the impor-after TBI, and must be considered along with injury-related
tance of injury severity as a predictor of level of outcomes, griaples in predicting neurobehavioral outcomes.
after TBI. Under Model 3, which controlled for the pre-  Eyen more critically, the findings are consistent with our
injury family environment, injury severity was a significant pypothesis that the family environment is a significant mod-
predictor of the level of outcome at 12 months postinjuryerator of the impact of TBI. More specifically, the deficits
for the CVLT and VABC. Finally, the results also con- j5 memory and adaptive functioning associated with severe
firmed the contribution of the preinjury family environ- Tg|were buffered by above-average family functioning and
ment. Collectively, the four measures of the preinjury family ayacerbated by below-average family functioning. Chil-
environment were a significant predictor of all outcomesgren with severe TBI whose families were functioning poorly
except for the VMI. _ displayed less rapid recovery over time and lower function-

The results for the linear change parameter were also SiMng at 12 months postinjury than children whose families
ilar for the two sets of models, although injury severity wasyere functioning well. Given the low probability of detect-

ing interactions in nonexperimental research designs (Mc-

1Tables summarizing the results of the within-group unconditional andCIe”and &Judd, 1993), the presence of multiple significant

conditional models are available from the senior author. interactions, all of which were of a similar nature, argues
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strongly for the existence of a complex interplay betweerthe rate of change and level of outcome following severe
the damaged brain and its environmental context during re¥Bl might be a function of changes that occur in family
covery from TBI. More concretely, the findings provide clear functioning following the injury.
evidence that the consequences of TBI in children are mod- The influence of different social risk factors on chil-
erated by environmental factors. dren’s functioning also may vary according to the type of
These results are consistent with previous research on chittevelopmental outcome that is assessed. In the current study;,
dren with meningitis, which found that environmental risk measures of social resources were related to adaptive func-
exacerbated the impact of meningitis on a test of verbal skillsioning (i.e., VABC), whereas measures of social stressors
(Taylor etal., 1993). Family risk factors also have been foundvere related to maladaptive functioning (i.e., CBC). The
to exacerbate the psychiatric sequelae associated with priatter finding is consistent with research indicating that pos-
maturity and very low birth weight (Breslau, 1995), al- itive social support bolsters psychological well-being, but
though family factors were less predictive of developmentathat negative support and social stress tends to result in neg-
outcomes among children with the highest medical riskative psychosocial outcomes (Rook, 1984; Pagel et al., 1987).
(Hack et al., 1992; Bendersky & Lewis, 1994). These find-More generally, the finding also highlights the importance
ings suggest that the nature of the interaction between bicf what Bronfenbrenner and Crouter (1983) calpesison—
logical and social risk is likely to depend on the timing and process—contexhodels of environmental effects, which pos-
nature of the biological insults that children sustain. Futuretulate in part that specific aspects of the environment affect
research will be needed to determine how the role of thearticular developmental functions.
family environment following a biological insult varies ac-  Our findings also indicate that the preinjury family envi-
cording to age at injury, time since insult, age at testing, andonment is related in distinct ways to different aspects of
the type of insult incurred (Taylor & Alden, 1997). recovery. In the growth curve analyses, the measures of the
The results also confirm our hypothesis that the relativepreinjury family environment were more strongly related to
importance of injury characteristics and the preinjury fam-the level of outcome than to the rate of change postinjury.
ily environment as predictors of recovery will vary acrossIndeed, the environmental measures generally accounted for
different types of outcomes. Injury severity accounted for aas much or more variance in the level of outcome than did
similar amount of variance in cognitive and behavioral out-indices of injury severity. In contrast, injury severity was as
comes. The preinjury family environment, on the other handlikely to be related to rate of change as to level of outcome,
was more closely related to behavioral outcomes than to coggnd consistently accounted for more variance in rate of
nitive outcomes. In the between-group growth curve analehange than did the preinjury family environment. These
yses, the measures of the family environment accounted fdindings suggest that injury-related variables are important
approximately 25% of the variance in the VABC and CBC influences on the rate of recovery during the 1st year after a
intercept parameters, but no more than 10% of the varianc&BlI, but that the eventual level of cognitive and behavioral
in the intercept parameters for the CVLT, VMI, or PIQ. A functioning attained by the child depends as much if not
possible explanation for this pattern of findings is that cog-more on environmental factors.
nitive functioning depends primarily upon the integrity of  Of course, the relationship between injury severity and
the central nervous system following a TBI, and hence idevel of functioning is likely to vary according to the amount
less affected by the family environment. In contrast, behavef time that has elapsed since the injury, and might have
ioral adjustment and adaptive functioning are likely to de-been stronger in the current study if we had chosen to cen-
pend not only on the integrity of the central nervous systemter the intercept in the growth curve models at an earlier
but also on the many environmental contingencies that shagéene (e.g., 1 month postinjury). Growth curve analyses re-
behavior. quire the specification of underlying models of intraindi-
The role of the environment may vary according to thevidual change and their associated parameters. Model
specific type of risk factor being considered. In the currentspecification depends in part on the research questions of
study, proximal measures of family functioning derived frominterest. Our decision to center at 12 months postinjury re-
the FAD were more likely to moderate the outcomes assoflected our interest in long-term outcomes. More generally,
ciated with severe TBI than were distal measures, such dsowever, we chose to conduct growth curve analyses be-
the SCI, or measures of indirect influences, such as socialause of our interest in the changes that lead to long-term
stressors and resources. In contrast, distal measures and meatcomes. We wanted to highlight the importance of con-
sures of indirect influences were more likely than proximalceptualizing recovery from TBI as a developmental process
measures to be related to outcomes independent of TBthat involves intraindividual change over time. We believe
These findings confirm the importance of considering theour results illustrate the potential contributions afforded by
effects of distal and proximal variables separately. Proxi-studying rate of change in addition to level of outcome using
mal variables may be more likely than distal variables togrowth curve models (Francis et al., 1991; Fletcher et al.,
change over time, and hence may exert more powerful in1995).
fluences on development (Aylward, 1992; Bendersky & In our study, injury severity and the preinjury family en-
Lewis, 1994). One implication of this notion is that the mod- vironment accounted for considerably more of the variance
erating influence of preinjury family functioning on both inlevel of outcome than in the rate of change. In the between-
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groups models, for instance, Model 3 accounted for as mucforts to assess family functioning, identify families that are
as 60% of the variance in the intercept parameter, but nat risk, and foster better family functioning. The best means
more than 25% of the linear change parameter. The confor promoting family functioning, unfortunately, are un-
paratively small amount of variance accounted for in theclear. Although the current findings confirm the importance
rate of change may reflect the lower reliability of the linear of the preinjury family environment as a predictor of neuro-
change parameters as compared to the intercepts, a diffdsehavioral outcomes following childhood TBI, they afford
ence attributable both to the limited number of time pointslittle insight into the process by which the environment ac-
at which outcome data were collected and to the standartlially affects outcomes. Indeed, the factors that mediate the
score format of several of the outcome measures. Thegelationship between the preinjury family environment and
weaknesses bolster the call for studies of TBI that involveneurobehavioral outcomes after childhood TBI remain to
prospective data collection at multiple time points, to in-be explicated.
crease the reliability with which linear change is estimated An understanding of the mechanisms by which the envi-
as well as to permit modeling of nonlinear change. Theyronment affects outcomes is likely to require study of post-
also highlight the need for outcome measures derived fronmjury family functioning. The current study considered only
interval-scaled test instruments sensitive to developmentaireinjury environmental risk factors, in part to simplify the
variation across the ages under study (Thompson et alcausal assumptions reflected in the growth curve models.
1994). That is, by restricting ourselves to preinjury risk factors, we
Another methodological limitation of the current study is can safely conclude that the family environment affects chil-
that the sample may not be representative of the general popfen’s postinjury functioning, rather thaice versaAt the
ulation of children with TBI (Kraus, 1995). The selective loss same time, we must acknowledge that child outcomes are
of non-White children and of families of lower socioeco- likely to be determined most directly by the postinjury fam-
nomic status may restrict the generalizability of the findings.ily environment, and that the preinjury environment may
The differential attrition of more severely injured children only provide a rough gauge of family status postinjury. Ex-
fromthe TBIgroupisarelated concern. Perhaps amore prolamination of family circumstances after injury, including
lematic shortcoming is that the TBI and OI groups were notthe family’s perceived burden and the ways in which a fam-
equivalent demographically at baseline, because they difily copes with changes in a child as a consequence of TBI,
fered in race. Although ethnic status was controlled for in allwill be needed to better understand the processes by which
statistical analyses, the nonequivalence of the groups on thtee family environment influences child outcomes, as well
importantvariable complicates between-group comparisonss the reciprocal impact of child outcomes on the family
Measurement issues are also a concern in the current studnvironment. We plan to examine several possible models
For instance, we had only one measure of proximal enviof this process using additional postinjury family data col-
ronmental influences (i.e., the FAD). The hypothesized roldected during this prospective study.
of proximal environmental factors as moderators of the im-
pact of severe TBI is difficult to assess without measures of
other variables, such as parental responsivity and the avaifCKNOWLEDGMENTS
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