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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 (OI) and their families. Participants included 53 children
with severe TBI, 56 with moderate TBI, and 80 with OI, 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 variables. (JINS, 1997,3, 617–630.)
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INTRODUCTION

The annual incidence of traumatic brain injuries (TBI)
among children is approximately 180:100,000 (Kraus, 1995).
Unfortunately, between 2 and 14% of pediatric TBI are fa-
tal. Among survivors, moreover, TBI often causes signifi-
cant neurobehavioral morbidity. Chronic intellectual sequelae
include deficits in nonverbal skills, attention and memory,
executive functions, and speeded motor performance, with
attendant problems in school performance (Fletcher & Levin,
1988). Behavioral changes include increases in psychiatric
difficulties, as well as declines in social competence and
adaptive functioning, which often persist following resolu-

tion of cognitive deficits (Fletcher et al., 1990, 1996; Perrot
et al., 1991; Shaffer, 1995). These sequelae, however, are
not characteristic of all children with TBI; previous re-
search has documented substantial variability in long-term
outcomes following TBI, even among children with more
severe injuries (Levin et al., 1995).

Both injury severity and preinjury environmental factors
have been hypothesized to account for variability in neuro-
behavioral outcomes following TBI in children. However,
most previous studies of childhood TBI have emphasized
injury-related variables as predictors of recovery, and have
neglected to assess outcomes relative to important environ-
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
predictor of neurobehavioral outcomes following pediatric
TBI, it does not account for most of the variance in out-
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comes, leading to the speculation that environmental fac-
tors, such as family and school influences, also may be
critical determinants of injury sequelae (Fletcher et al., 1990).

The hypothesis that environmental influences are critical
determinants of neurobehavioral outcomes in childhood TBI
receives indirect support from two major sources. First, stud-
ies of children with other chronic childhood illnesses have
consistently shown that children’s behavioral adjustment is
linked to environmental variables such as socioeconomic
status, family stressors and resources, and parental and fam-
ily adjustment (Wallander & Thompson, 1995). The other
major source of support for the importance of the environ-
ment is experimental studies of nonhuman animals, which
have shown that environmental influences can have a major
impact on behavioral functioning following experimental
brain lesions (Kolb, 1989). Thus, studies of children with
chronic illness, as well as experiments involving nonhuman
animals, argue for a closer examination of the relative con-
tributions of injury characteristics and the social environ-
ment as determinants of recovery from TBI.

Studies of the role of injury characteristics and the social
environment as determinants of recovery from TBI must ad-
dress several important issues. One issue is whether the en-
vironment moderates the impact of traumatic brain injury,
by either buffering or exacerbating its adverse consequences.
Environmental factors are clearly related to cognitive and
behavioral functioning in normal and high-risk samples
(Sameroff & Chandler, 1975). We would not be surprised
if individual differences in functioning among children with
TBI were also predicted by the social environment, inde-
pendent of any relationships with injury severity. In contrast,
the potential moderating effects of the social environment
are much less certain, but of considerably more signifi-
cance for understanding the consequences of TBI. That is,
the social environment can be considered a significant in-
fluence on children’s recovery from TBI only if it interacts
with injury-related factors during the recovery process. In
contrast, if the social environment simply affects the func-
tioning of children with TBI in the same way that it does
children without TBI, then it does not play a major role in
determining the consequences of TBIper se. More practi-
cally, if injury-related and social factors interact during re-
covery from TBI, then rehabilitative efforts should be
directed to both levels, because social intervention may fa-
cilitate a more rapid or complete recovery.

The second issue is the manner in which recovery from
TBI is conceptualized. The impact of childhood TBI is best
understood in terms of its consequences for subsequent de-
velopment, rather than in terms of outcomes at any partic-
ular point in time postinjury (Fletcher et al., 1995). An
understanding of the developmental sequelae of TBI de-
pends on the study of intraindividual change over time, pref-
erably through growth curve modeling (Francis et al., 1991;
Fletcher et al., 1995). Growth curve modeling permits the
outcomes associated with TBI to be characterized in terms
of individual growth curves that are defined both by the rate
at which recovery is proceeding and by the overall level of

the outcome at a particular point in time postinjury. In growth
curve models, the parameters describing rate of change and
level of outcome are conceptually and statistically distinct,
and can have very different relationships to other predictors
(Francis et al., 1991). Previous research on childhood TBI
has generally focused on level of outcome, and disregarded
intraindividual change. Change is nevertheless a critically
importance index of development that is potentially more
sensitive to the effects of TBI and relatively free from the
influences of preinjury status (Thompson et al., 1994).

A final issue is the possibility that the relative impor-
tance of injury severity and social factors varies in accor-
dance with the type of outcome under consideration. In
children with TBI, injury severity often accounts for simi-
lar amounts of variance in both cognitive and behavioral
outcomes. However, the two types of outcomes are not
strongly correlated, suggesting that their remaining vari-
ance may not be accounted for by the same influences
(Fletcher et al., 1990). Previous research involving children
who suffered from meningitis during early childhood found
that social factors and acute-phase medical factors varied in
their relative importance as predictors, depending on the spe-
cific outcome being considered (Taylor & Schatschneider,
1992). In general, social factors were more highly related to
behavioral outcomes, whereas medical variables tended to
be better predictors of cognitive performance. Similarly, in
a study of prematurity and low birthweight, psychomotor
skills were more closely related to medical risks, whereas
language skills were more closely associated with social risk
(Bendersky & Lewis, 1994). Based on these findings, we
might anticipate that TBI severity would predict both cog-
nitive and behavioral outcomes, but that the family envi-
ronment would be more closely related to behavioral than
to cognitive sequelae.

We attempted to address these issues using data collected
from a prospective study of the effects of TBI on children
and their families (Taylor et al., 1995). The study involved
three groups of children, one with severe TBI, one with mod-
erate TBI, and a comparison group with orthopedic injuries
(OI). Information regarding premorbid child and family char-
acteristics was collected during a baseline assessment shortly
after the children’s injuries. Child neurobehavioral out-
comes were assessed at baseline and approximately 6 and
12 months postinjury. The data were analyzed using growth
curve models to test three hypotheses regarding the influ-
ence of injury severity and the preinjury social environment
on neurobehavioral outcomes.

Our first hypothesis was that differences between the TBI
and OI groups would be greater at higher compared to lower
levels of preinjury environmental risk. We expected that so-
cial risk would moderate the rate of change over time, as
well as the level of functioning at 12 months postinjury. Thus,
we predicted that children with TBI who were at higher so-
cial risk would display a slower rate of improvement cog-
nitively and a steeper rise in behavior problems, as well as
greater cognitive deficits and more severe behavior prob-
lems at 1 year postinjury, compared to children with TBI at
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lower social risk. Inclusion of the OI group permitted us to
estimate the extent to which environmental risk was related
to outcomes in children without TBI. By taking these influ-
ences into account, we were able to isolate the effects of
environmental risk on recovery from TBIper se. Our sec-
ond hypothesis was similar to the first, but pertained only
to children with TBI. That is, we expected that when anal-
yses were restricted to children with TBI, the effect of TBI
severity on rates of change in cognitive and behavioral func-
tioning over time, and on outcomes at 12 months post-
injury, would be more pronounced for children at higher
compared to lower preinjury environmental risk. Finally, our
third hypothesis was that in both sets of analyses, preinjury
environmental risk would be a better predictor of behav-
ioral outcomes than of cognitive sequelae.

METHODS

Research Participants

The sample included a total of 189 children; 109 with TBI
and 80 with OI, who were recruited from consecutive ad-
missions to four hospitals in the midwestern United States.
All children were between 6 and 12 years of age at the time
of injury, and used English as their primary language at home.
Children were excluded if they had a history of child abuse,
previous neurological disorder, or mental retardation. Chil-
dren were eligible for the TBI group if they sustained a blunt
head trauma and their lowest postresuscitation Glasgow
Coma Scale (GCS; Jennett & Bond, 1975) score was 12 or
less, or if the GCS score was between 13 and 15 but was
associated with an intracranial lesion on neuroimaging, skull
fracture, neurological deficits, or sustained loss of conscious-
ness (i.e., longer than 15 minutes). Children with TBI re-
sulting from causes other than blunt head trauma (e.g., near-
drowning, gunshot wound) were excluded. Children were

eligible for the OI group if they sustained a bone fracture
that required at least an overnight hospitalization but did
not demonstrate any evidence of loss of consciousness or
other indication of possible brain injury.

Following established conventions, the TBI group was
divided into two groups based on injury severity (Fletcher
& Levin, 1988). Children whose lowest postresuscitation
GCS scores were 8 or less were considered to havesevere
injuries, and children with scores of 9 or more were con-
sidered to havemoderate injuries. Many of the children in
the moderate injury group had GCS scores ranging from 13
to 15, but they all demonstrated additional complications
indicative of a more severe injury (e.g., intracranial lesion
on neuroimaging, skull fracture, focal neurological deficits,
or sustained loss of consciousness). Thus, consistent with
previous research, their injuries were considered moderate
rather than mild in severity (Fletcher & Levin, 1988).

Demographic features of the three groups (i.e., severe TBI,
moderate TBI, OI) are summarized in Table 1. The groups
did not differ in age at injury or sex. They also did not differ
in maternal education, annual family income, or the Dun-
can occupational status index (Stevens & Featherman, 1981).
The groups did differ in race, with a significantly higher
proportion of non-Whites in the OI group compared to the
two TBI groups [x 2(2, N 5 189)5 6.64,p , .05].

As anticipated, the groups also differed in injury sever-
ity. The Injury Severity Score (ISS; Mayer et al., 1980)
presented in Table 1 is based on all injuries the children sus-
tained, whereas the partial ISS is calculated based only on
injuries unrelated to TBI. As Table 1 shows, the severe TBI
group suffered more severe injuries overall than either the
moderate TBI group or OI group. In turn, the moderate TBI
group suffered more severe injuries overall than the OI group.
When injury severity was defined based only on injuries
not involving the brain, the severe TBI and OI groups were
comparable, and were both higher than the moderate TBI
group. Thus, the severe TBI group had the most severe in-

Table 1. Demographics features of participants

Group

Variable OI Moderate TBI Severe TBI

n 80 56 53
Child’s sex (% male) 59 73 74
Maternal ethnic status (% White)* 58 75 75
Maternal educationa (M, SD) 3.67 1.13 3.49 1.12 3.61 1.30
Family incomeb (M, SD) 3.45 2.77 4.22 2.81 3.65 2.81
Duncan occupational status index (M, 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 score (M, SD)* 15.00 0.00 14.02 1.85 4.83 1.81
Injury severity score (M, SD)* 7.32 3.15 12.47 5.66 20.08 11.91
Partial injury severity score (M, SD)* 7.32 3.15 2.29 3.64 8.53 10.25

aScale from 1 (less than 7 years) to 7 (graduate degree).
bScale from 1 (# $20,000) to 8 ($ $60,000).
*Groups differ significantly,p , .05.
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juries overall, but did not differ from the OI group in the
severity of injuries not involving the brain.

Procedures

All age-appropriate admissions to the four participating hos-
pitals were monitored for potential eligibility. Once chil-
dren meeting entry criteria were deemed medically stable,
their parents were invited to participate in the study. After
informed consent was obtained, baseline family interviews
were conducted, during which demographic information and
ratings of premorbid family characteristics were elicited. Par-
ents also provided ratings of children’s premorbid behav-
ioral adjustment and adaptive functioning prior to or during
the baseline assessment. Ratings of children’s postinjury be-
havioral adjustment and adaptive functioning were elicited
during follow-up interviews conducted approximately 6 and
12 months after the baseline assessments. In most cases, the
respondent for interviews and questionnaires was the child’s
mother.

Baseline assessments of children’s cognitive functioning
were conducted as soon as possible after their injuries. In
almost all cases, the baseline assessments occurred within 4
weeks of the injury. Prior to the baseline assessment, chil-
dren in the TBI groups were screened for posttraumatic am-
nesia using the Children’s Orientation of Amnesia Test
(COAT; Ewing-Cobbs et al., 1990). They were not consid-
ered eligible for testing until their score on the COAT was
within 2 standard deviations of the mean for their age for 2
consecutive days. The children completed follow-up assess-
ments of their cognitive functioning approximately 6 and
12 months after the baseline assessment.

Across the entire sample, 149 children completed all three
assessments, 20 completed two of the three assessments, and
18 completed only baseline assessments. The 2 remaining
children did not complete any assessments, 1 because the
family dropped out before the baseline assessment, and the
other because the child was in a persistent vegetative state.
The OI and TBI groups did not differ significantly in the
proportion of children who completed at least two of the
three assessments (86%vs.92%, respectively), which was
the minimum number required for the estimation of growth
curve parameters. Eight families, 5 from the OI group and 3
from the TBI groups, were missing at least one of the mea-
sures of preinjury family status, and also were eliminated
from data analyses.

Thus, 161 children had sufficient data available for growth
curve analyses. They did not differ in age or sex from the
28 children without sufficient data. However, the children
included in the analysis did demonstrate a higher propor-
tion of Whites, and also scored higher on a composite mea-
sure of socioeconomic status than the children who were
excluded. These differences did not vary across the OI and
TBI groups. Among children with TBI, those who were in-
cluded in the analyses displayed less severe injuries (i.e.,
higher mean GCS score) than those who were excluded.
These results indicate that attrition and missing data may

have reduced the generalizability of the findings in terms of
race and socioeconomic status, but did not differentially af-
fect the OI 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
in outcomes between the OI and TBI groups or as a func-
tion of TBI severity, in part because of a loss of statistical
power.

Measures

Preinjury family environment

Four variables were selected as measures of the preinjury
family environment and used as predictors of neurobehav-
ioral outcomes. The four variables represent the major mea-
sures of the preinjury family environment collected as part
of the larger prospective study (Taylor et al., 1995). They
were selected to reflect both distal (i.e., socioeconomic sta-
tus) and proximal (i.e., family functioning) influences on
children’s development, as well as more indirect risk fac-
tors (i.e., stressors and resources) that influence children even
though they do not experience them directly (Bendersky &
Lewis, 1994). The four variables included the Socioeco-
nomic Composite Index (SCI), a summary measure of so-
cioeconomic status; measures of overall social stressors and
resources derived from the Life Stressors and Social Re-
sources Inventory (LSSRI; Moos et al., 1989); and a mea-
sure of overall family functioning derived from the McMaster
Family Assessment Device (FAD; Miller et al., 1985; Byles
et al., 1988). Preliminary analyses revealed significant but
modest correlations among the variables. The OI and TBI
groups did not differ on any of the variables.

The SCI was based on three variables: maternal educa-
tion, coded on a 7-point scale fromless than 7 yearsto grad-
uate degree; annual family income, coded on an 8-point scale
from # $20,000to $ $60,000; and the Duncan occupa-
tional status index (Stevens & Featherman, 1981). Because
the three variables were moderately correlated, they were
combined in a composite measure that was constructed by
averagingz scores computed for each variable across the
entire sample. The averagedz scores were then standard-
ized (M 5 0, SD5 1) to produce the SCI.

The LSSRI (Moos et al., 1989) is an extensive interview
measure that generates standard scores for stressors and re-
sources across a variety of domains. It has demonstrated sat-
isfactory reliability and validity in prior research (Wade
et al., 1996). For the current study, standard scores from the
following subscales were averaged separately for stressors
and resources: (1) personal health; (2) home and neighbor-
hood; (3) work; (4) spouse or partner; (5) children; (6) rel-
atives; and (7) friends and social activities. The averaged
standard scores were then standardized (M 5 0, SD 5 1)
across the entire sample to yield overall measures of pre-
injury stressors and resources. Subscales representing fam-
ily finances and life events were omitted. The former was
highly correlated with the SCI, whereas the latter, unlike
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the other subscales, was correlated with injury severity, sug-
gesting that parents had incorporated the experience of their
child’s injury into their ratings of life events.

Preinjury family functioning was assessed using the Gen-
eral Functioning Scale from the FAD. The FAD is a rating
scale that has shown satisfactory reliability and validity in
previous research (Miller et al., 1985; Byles et al., 1988). It
is designed to assess family functioning across a variety of
domains, and generates scores on seven subscales. It also
generates an overall measure of family functioning, which
is the 12-item General Functioning Scale. For this study,
the scores from the General Functioning Scale were stan-
dardized across the entire sample (M 5 0, SD 5 1). Con-
sistent with the scaling of the original scores, high scores
reflect worse family functioning.

Neurobehavioral Outcomes

Cognitive outcomes were assessed at baseline and approx-
imately 6 and 12 months postinjury using a comprehensive
neuropsychological test battery. For the current study, we
selected three measures of cognitive functioning from the
larger test battery (Taylor et al., 1995) as dependent vari-
ables. The three measures were chosen because they tap do-
mains of functioning (i.e., nonverbal skills and memory) that
have been shown to be particularly sensitive to the effects
of TBI in prior research (Levin et al., 1995). The first mea-
sure of cognitive functioning was a prorated Performance
Scale IQ (PIQ) derived from a short form of the third edi-
tion of the Wechsler Intelligence Scale for Children (WISC–
III; Wechsler, 1991). The short form included the Block
Design and Object Assembly subtests, from which the pro-
rated Performance Scale IQ was derived. Based on the for-
mula presented by Sattler (1992), the prorated PIQ has a
reliability of .85 and validity coefficient of .83. The PIQ is
a measure of nonverbal skills sensitive to the acute effects
of TBI in children (Fletcher & Levin, 1988). The second
measure of cognitive functioning was the total raw score
from the Developmental Test of Visual–Motor Integration
(VMI; Beery, 1989). The VMI is a drawing task that re-
quires visuoperceptual, constructional, and graphomotor
skills. It has satisfactory reliability and validity, and has been
shown to be sensitive to TBI in children (Thompson et al.,
1994). The last measure of cognitive functioning was the
total number of words recalled across five learning trials on
a shortened, preliminary version of the children’s Califor-
nia Verbal Learning Test (CVLT; Delis et al., 1994). The
CVLT is a word-list learning task that measures verbal mem-
ory skills. Total recall on the CVLT is a reliable and valid
measure of verbal memory that has been shown to discrim-
inate between children with TBI and matched controls
(Yeates et al., 1995).

Behavioral outcomes also were assessed at baseline and
6 and 12 months postinjury using the Child Behavior Check-
list (CBC; Achenbach, 1991) and the Vineland Adaptive
Behavior Scales (VABS; Sparrow et al., 1984). At baseline,
parents were asked to respond based on children’s premorbid

functioning. The 6- and 12-month follow-up assessments
measured postinjury functioning. The CBC is a well-known
rating scale designed to assess disordered behavior. It was
standardized on a large sample of community and clinic-
referred children between the ages of 4 and 18, and has dem-
onstrated satisfactory reliability and validity in previous
research (Achenbach, 1991), although it has not always been
sensitive to the effects of childhood TBI (Fletcher et al.,
1990, 1996). For the current study, behavioral adjustment
was measured using the totalT score from the CBC. The
VABS is a widely-used measure of adaptive functioning that
has been shown to be sensitive to the effects of childhood
TBI (Fletcher et al., 1990, 1996). The VABS is completed
through a structured interview with a parent. For the cur-
rent study, adaptive behavior was measured using the Adap-
tive Behavior Composite standard score from the VABS.

Statistical Analysis

Individual growth curve analyses (Francis et al., 1991) were
used to examine quantitative change after injury. Analyses
were performed on age-dependent raw scores when they were
expressed in a meaningful metric (i.e., total words recalled
on CVLT; total raw score on VMI). Age-corrected standard
scores were used for the other measures (PIQ, CBC, VABC),
which combine raw scores from multiple subtests or sub-
scales.

Each outcome measure was subject to two analyses, one
that involved children in both the TBI and OI groups and
another that involved only children with TBI. In the first
analysis, injury severity was defined based on group mem-
bership (OI, moderate TBI, severe TBI). Two dummy vari-
ables were used to define group membership. When entered
together as predictors, the two dummy variables permitted
comparisons between the OI and moderate TBI groups, and
between the OI and severe TBI groups. For the analyses that
were restricted to children with TBI, injury severity was de-
fined in terms of the lowest post-resuscitation GCS score
and treated as a continuous variable.

In all analyses, growth curves were characterized using
the following model:Yit 5 p0i 1 pli ait 1 Rit , where the
individual’s (i ) score at a given time (t), on the outcome
measure designatedY, is modeled by the following param-
eters:p0i 5 the intercept or expected performance level;
pli 5 the constant (or linear) rate of change around the in-
tercept;ait 5 time postinjury for personi at time t; and
Rit 5 random error, the degree to which an observed score
deviates from the model for personci at timet. For all anal-
yses, time postinjury was centered at 1 year. Thus, the in-
tercept parameter represents expected performance at 1 year
postinjury, and the linear change parameter represents the
constant rate of change per year or, by implication, the
amount of change that occurred during the 1st year post-
injury. Because data were available at only three time points,
the model did not include a parameter representing the qua-
dratic rate of change (i.e., nonlinearity). Prior studies of child-
hood TBI that have included higher-order components
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suggest that nonlinear change accounts for relatively little
variance in outcomes, particularly during the 1st year post-
injury (Thompson et al., 1994).

The hierarchical linear models (HLM; Bryk & Rauden-
bush, 1987) method of analysis was used because it permits
multivariate estimation of effects on the change param-
eters. That is, the HLM method evaluates the contribution
of a predictor variable to one aspect of the growth curve
(e.g., intercept) while controlling for the effects of that pre-
dictor on other aspects of the growth curve (e.g., linear
change). The HLM method also provides improved estima-
tion of individual growth parameters when not all partici-
pants are seen at all times (Francis et al., 1991). In the current
study, some children did not complete all neuropsycholog-
ical assessments. In other cases, the nature of their injuries
precluded standardized administration of baseline testing
(e.g., upper extremity cast, spica cast, traction). Children
tested despite such circumstances displayed significantly
lower baseline PIQ scores than children tested under opti-
mal conditions. In contrast, their baseline performance on
the VMI and the CVLT was not affected by the circum-
stances of testing. Thus, baseline PIQ data obtained under
nonoptimal circumstances were excluded from analysis.

The statistical analysis consisted of two steps. In the first
step, unconditional models were run on each outcome vari-
able to examine the mean and variance of the growth curve
parameters. Significance tests for both means and variances
were conducted. Because of concerns about the power of
the chi-square tests for variances in HLM, a parameter was
allowed to remain random (i.e., to vary across participants)
if the probability value of the chi-square was .10 or less or
if a test of the variance-covariance components was signif-
icant when the parameter’s variance was fixed to zero
(cf. Thompson et al., 1994). A parameter was retained when-
ever its variance differed from zero. A parameter was also
retained if its mean value differed from zero, even if the
variance did not; in such cases, the parameter was consid-
ered to be nonrandomly varying (i.e., its residual variance
was fixed to zero).

In the second step of the analysis, we tested a series of
a priori conditional models to assess the contributions of
the predictor variables to level of performance at 12 months
postinjury and to linear change up to that point. Age at in-
jury and ethnic status were included in all models. The first
model added injury severity (i.e., group membership or low-
est postresuscitation GCS score). The second model omit-
ted injury severity but included the four environmental
measures (i.e., SCI, LSSRI stressors, LSSRI resources, FAD
General Functioning scale). The third model included both
injury severity and the environmental measures. The three
models are analogous to a series of hierarchical regression
analyses, and permit an examination of the unique contri-
bution of injury severity and preinjury family environment
to the neurobehavioral outcomes. The fourth model, finally,
added interaction terms representing the possible moderat-
ing effects of the preinjury family environment on injury
severity.

We expected that the TBI groups would show poorer per-
formance than the OI groups at 12 month postinjury in both
cognitive and behavioral outcomes, and that the deficits
would be more pronounced among children with more se-
vere TBI. We also expected that the rate of change would be
greater in the TBI groups than the OI group, and among
children with more severe TBI. The direction of change, how-
ever, was expected to vary according to the type of out-
come. Because all cognitive assessments were conducted
postinjury, we expected to find greater improvement over
time in the TBI groups than in the OI group, and among
children with more severe compared to less severe TBI. In
contrast, because the baseline assessment of behavioral out-
comes was intended to assess preinjury status, we expected
to find greater deterioration in the TBI groups than in the
OI group, and among children with more severe TBI. Com-
parison of the two TBI groups (i.e., moderate and severe) to
the OI group permitted us to examine the effects of TBI
severity in the between-groups as well as within-group
analyses.

RESULTS

Between-Groups Analyses

Unconditional models

The results of the between-groups unconditional models are
summarized in Table 2. As expected, the estimated mean
intercepts were significantly different from zero for all vari-
ables. In addition, four out of the five linear change param-
eters had an estimated mean significantly different from zero.
For instance, at 12 months postinjury, the mean total raw
score on the VMI for all children was estimated to be 25.37;
in addition, their total raw score was estimated to increase
an average of 1.89 points per year.

More critically, the estimated true parameter variance was
significant for all intercepts and four out of five linear change
parameters. In other words, the children displayed signifi-
cant variation in their level of performance at 12 months
postinjury on all variables. They also displayed significant
variation in their rate of linear change across the 1st year
postinjury for all measures except the CBC. For conditional
models involving the CBC, the linear change parameter was
retained but treated as nonrandomly varying (i.e., its resid-
ual variance was fixed to zero), because we expected the
severe TBI group to show an increase in behavior problems
during the 1st year postinjury when compared to the OI
group. The linear change parameter for the VABC was also
treated as nonrandomly varying in all conditional models.
Although the parameter demonstrated significant residual
variance in the unconditional model, tests of variance–
covariance components in conditional models were not sig-
nificant when its residual variance was fixed to zero.

Table 2 also displays the parameters’ reliability, which is
the ratio of estimated parameter variance (i.e., “true” vari-
ance) to the total parameter variance (i.e., “true” plus error
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variance). The reliability reflects the percentage of param-
eter variance that is potentially explainable by predictors in
the conditional models. The reliability of the intercepts was
considerably higher than that of the linear change param-
eters. The intercepts were estimated more reliably in part
because the number of time points available for estimating
linear change (i.e., three) was relatively small, but also be-
cause three of the outcome variables were expressed as stan-
dard scores, which afford less accurate estimation of change
(Francis et al., 1991).

Finally, Table 2 also provides an estimate of the corre-
lation between the intercept and linear change parameters.
The correlation was low for the VMI and CVLT, moder-
ately large for the PIQ and VABC, and very large for the
CBC. The magnitude of the correlations reflects in part the
scaling of the variables. Level of performance is less likely
to be correlated with change when outcome measures are
age-dependent raw scores (e.g., VMI, CVLT) as opposed to
age-corrected standard scores (e.g., PIQ, CBC, VABC). The
correlation for the CBC was particularly high, probably be-
cause of the scale’s restricted floor and the skewed distri-
bution of scores in the sample.

Conditional models

The results of the between-groups conditional models are
summarized in Tables 3 and 4. For each between-groups
model, Table 3 lists the individual predictors that contrib-
uted significantly to each outcome, along with the estimated

coefficients for those predictors. Table 4 lists the total per-
centage of true parameter variance explained by each model.

Table 3 demonstrates the importance of controlling for
ethnic status and age at injury when estimating level of out-
come. Ethnic status was a significant predictor of the inter-
cept parameter for all cognitive outcome measures, regardless
of the specific model being tested, with scores being con-
sistently higher for White compared to non-White children.
Age at injury was a significant predictor of the intercept
parameter for the VMI, CVLT, and VABC.As expected, older
children performed better than younger children on the two
cognitive variables that were age-dependent raw scores. An
unexpected finding was that older children had a lower
VABC standard score than younger children.

After controlling for ethnic status and age at injury, in-
jury severity accounted for significant variance in the inter-
cept parameters. When tested collectively, the two dummy
variables representing group membership contributed sig-
nificantly to the prediction of the CVLT, VABC, and CBC,
even after controlling for the preinjury family environment
(i.e., when testing Model 3). The contrast between the se-
vere TBI and OI 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
than the OI group, but there was not a significant difference
between the moderate TBI and OI groups.

Even after controlling for group membership, the four fam-
ily variables together accounted for significant variance in

Table 2. Results of the between-group unconditional models

Outcome measure
Estimated
parameter SE

Estimated
parameter
variance

Total
variance Reliability Parameterr

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 2.09

PIQ
Intercept 103.60** 1.54 376.52** 403.56 .93
Linear 6.22** 0.90 62.38** 130.78 .48 .42

VABC
Intercept 94.45** 1.01 139.83** 167.06 .84
Linear 22.51* 0.77 26.60* 96.38 .28 .66

CBC
Intercept 51.12** 0.92 114.50** 139.97 .82
Lineara 20.50 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. VMI5 Developmental Test of Visual Motor Integration total raw score. CVLT5
California Verbal Learning Test total words recalled, Trials 1–5. PIQ5 Prorated Performance IQ score. VABC5 Vineland Adaptive
Behavior Composite standard score. CBC5 Child Behavior Checklist totalT score.
aThe parameter was retained but treated as nonrandomly varying in conditional models (i.e., residual variance was constrained to
zero).
*p , .01. ** p , .001.
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the level of all of the outcome measures. For example, under
Model 3 for the CVLT, children whose family SCI was 1
standard deviation above the sample mean recalled approx-
imately 2.30 words more than average, whereas those whose
family SCI was 1 standard deviation below the sample mean
recalled 2.30 words less than average. Notably, Table 4
shows that preinjury family environment generally ac-
counted for a larger percentage of variance in the level of
outcome at 12 months postinjury than did group member-
ship, and was an especially potent predictor of behavioral
outcomes.

A different pattern emerged when modeling linear change
parameters, with injury severity explaining more variance
in change than the preinjury family environment. Collec-
tively, group membership accounted for significant vari-
ance in change for all outcomes except the CVLT. In general,
the TBI groups displayed more improvement in cognitive
outcomes and more deterioration in behavioral outcomes than
the OI group, and the amount of change was larger for more
severe TBI. For instance, under Model 3 for the PIQ, the
severe TBI group gained 7.5 more points across the first
year postinjury than did the OI group, whereas the moder-

Table 3. Significant predictors in between-groups models

Conditional model

Outcome
measure

Model 1
(Age, Ethnic Status,

Injury Severity)

Model 2
(Age, Ethnic Status,

Environment)

Model 3
(Age, Ethnic Status,

Injury Severity,
Environment)

Model 4
(Model 31

Interaction terms)

Parameter5 Intercept

VMI Ethnic status (7.42) Ethnic status (5.38) Ethnic status (5.70) Ethnic status (6.35)
Age at injury (3.56) Age at injury (3.52) Age at injury (3.52) Age at injury (3.54)
Severe TBI (23.35) SCI (1.77) SCI (1.77) Stress (22.17)

Stress (21.57) Stress (21.50)
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 at injury (2.11)
Severe TBI (25.88) SCI (2.35) Severe TBI (25.93) Severe TBI (25.96)

SCI (2.30) Severe TBI3 FAD (23.27)
PIQ 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 (21.80) Age at injury (21.94) Age at injury (21.83) Age at injury (21.64)

Severe TBI (26.72) SCI (5.02) Severe TBI (26.29) Severe TBI (26.46)
Resources (2.33) SCI (4.99) Resources (3.40)

Resources (2.34) Severe TBI3 FAD (25.83)
CBC Moderate TBI (7.40) SCI (24.09) Moderate TBI (6.62) Moderate TBI (6.54)

Severe TBI (8.37) Stress (3.02) Severe TBI (7.34) Severe TBI (7.52)
SCI (24.10) Stress (3.86)
Stress (2.36)

Parameter5 Linear change

VMI Severe TBI (3.15) Stress (22.02) Severe TBI (3.90) Severe TBI (3.59)
Stress (22.16) Stress (22.26)

CVLT None Age at injury (20.63) None Moderate TBI3 FAD (23.23)
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 (21.75) Age at injury (21.86) Age at injury (21.73) Age at injury (21.64)

Severe TBI (25.31) Severe TBI (25.70) Moderate TBI (23.20)
Severe TBI (25.70)
Severe TBI3 FAD (24.30)

CBC Moderate TBI (3.09) SCI (22.36) Severe TBI (6.34) Moderate TBI (3.23)
Severe TBI (6.75) SCI (22.32) Severe TBI (6.66)

Note. Significant predictors are paired with estimated coefficients. VMI5 Developmental Test of Visual Motor Integration total raw score. CVLT5
California Verbal Learning Test total words, Trials 1–5. PIQ5 Prorated Performance IQ score. VABC5 Vineland Adaptive Behavior Composite standard
score. CBC5 Child Behavior Checklist totalT score. SCI5 Socioeconomic composite index standardized score. Stress5 LSSRI average stressors
standardized score. Resources5 LSSRI average resources standardized score. FAD5 Family Assessment Device general functioning scale standardized
score.
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ate TBI group gained 4.24 more points. Similarly, for the
VABC, the severe TBI group declined 5.70 more points than
the OI group, but the moderate TBI and OI groups did not
differ in their rate of change.

The four measures of the preinjury family environment,
collectively, were significant predictors of change for only
two of the outcome measures, the VMI and CBC. Several
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,
and less improvement when family stress was above aver-
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
SCI was below average.

Table 2 also shows four significant interactions between
group membership and the preinjury family environment.
The interactions involved both the intercept and linear change
parameters. In all cases, family functioning as measured by
the FAD moderated the effect of TBI, such that above-
average functioning was associated with a more rapid and
complete recovery following a TBI, whereas below-average
functioning was associated with a slower and less complete
recovery (i.e., less cognitive improvement and more behav-
ioral deterioration during the 1st year postinjury, and worse
outcomes at 12 months postinjury).

For illustrative purposes, Figure 1 portrays the inter-
action between the FAD and group membership for the CVLT
intercept parameter. The figure shows that at 12 months post-
injury, the difference in total recall between the severe TBI
and OI groups was directly proportional to family function-
ing. The group difference was only 2.69 words for families
whose FAD scores reflected above-average family function-

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

Conditional model

Outcome
measure

Age,
Ethnic Status

Model 1
(add Injury
Severity)

Model 2
(add Environment)

Model 3
(add Injury Severity1

Environment)

Model 4
(Model 31

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 changea

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

Note. VMI 5 Developmental Test of Visual Motor Integration total raw score. CVLT5 California Verbal Learning Test total words
recalled, Trials 1–5. PIQ5 Prorated Performance IQ score. VABC5 Vineland Adaptive Behavior Composite standard score. CBC5
Child Behavior Checklist totalT 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.

Fig. 1. Relationship between the preinjury standardized score
on the Family Assessment Device (FAD) General Functioning
scale and total words recalled on the California Verbal Learning
Test (CVLT) at 12 months postinjury as a function of group
membership.
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ing (i.e., 1SDbelow the sample mean). In contrast, the dif-
ference between the severe TBI and OI groups was 9.23
words for children whose families had FAD scores that re-
flected below-average family functioning (i.e., 1SDabove
the sample mean). In other words, given a standard devia-
tion of 5.68 for the CVLT intercept estimate, a difference
on the FAD of 2 standard deviations resulted in a greater
than 1 standard deviation increase in the discrepancy be-
tween the OI and severe TBI groups in total recall on the
CVLT.

Within-Group Analyses

Unconditional models

The results of the within-group unconditional models, which
involved only the children with TBI, were generally similar
to those for the between-group models.1 The mean inter-
cepts were significantly different from zero for all out-
comes, and the mean estimates of linear change were
significantly different from zero for all measures except the
CBC. Similarly, the estimated parameter variance was sig-
nificant for all five intercepts and for all linear change pa-
rameters except that for the CBC, and the reliability of the
parameter variance was again higher for the intercepts than
for linear change.

The correlations between the intercept and linear change
parameters were also similar, although the correlation was
higher for the VABC in the within-group than the between-
groups models. Nonetheless, the linear change parameter
for the VABC was treated as random in the within-group
models, because tests of residual parameter variance were
generally significant, as were tests of variance-covariance
components when the parameter was treated as nonran-
domly varying.

Conditional models

For the intercept parameter, the results of the within-group
conditional models were similar to those of the between-
groups models. The results confirmed the importance of con-
trolling for ethnic status and age at injury, especially when
modeling the intercept. They also confirmed the impor-
tance of injury severity as a predictor of level of outcomes
after TBI. Under Model 3, which controlled for the pre-
injury family environment, injury severity was a significant
predictor of the level of outcome at 12 months postinjury
for the CVLT and VABC. Finally, the results also con-
firmed the contribution of the preinjury family environ-
ment. Collectively, the four measures of the preinjury family
environment were a significant predictor of all outcomes
except for the VMI.

The results for the linear change parameter were also sim-
ilar for the two sets of models, although injury severity was

a less consistent predictor of change when only the children
with TBI were considered. For instance, under Model 3, in-
jury severity was a significant predictor of change for only
the CBC. The lack of consistent relationships between in-
jury severity and the rate of change may reflect the pres-
ence of more rapid change for all children with TBI, as
compared to those in the OI group. In the between-group
analyses, both the moderate and severe TBI groups showed
more change than the OI group on three of the outcome mea-
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.

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-
teraction, which occurred between the GCS and the LSSRI
Resources standardized score when modeling the level of
outcome at 12 months postinjury on the CVLT. The inter-
action was similar to those obtained in the between-group
analyses. Specifically, the effect of TBI severity was re-
duced in families whose preinjury resources were above av-
erage and increased in families whose preinjury resources
fell below average.

DISCUSSION

The findings indicate that preinjury environmental factors
account for significant variability in neurobehavioral out-
comes following TBI in children, over and above that ex-
plained by injury-related variables. After controlling for the
family environment, age at injury, and ethnic status, TBI
severity (i.e., group membership in between-group models;
GCS score in within-group models) accounted for up to 20%
of the variance in the level of outcome, and as much as 15%
of the variance in the rate of change, following childhood
TBI. In comparison, after controlling for injury severity and
demographics, the four measures of the family environ-
ment accounted for up to 25% of the variance in level of
outcome, and as much as 5% of the variance in rate of
change. The results provide convincing support for the no-
tion that environmental factors, including family influ-
ences, are critical determinants of the children’s functioning
after TBI, and must be considered along with injury-related
variables in predicting neurobehavioral outcomes.

Even more critically, the findings are consistent with our
hypothesis that the family environment is a significant mod-
erator of the impact of TBI. More specifically, the deficits
in memory and adaptive functioning associated with severe
TBI were buffered by above-average family functioning and
exacerbated by below-average family functioning. Chil-
dren with severe TBI whose families were functioning poorly
displayed less rapid recovery over time and lower function-
ing at 12 months postinjury than children whose families
were functioning well. Given the low probability of detect-
ing interactions in nonexperimental research designs (Mc-
Clelland & Judd, 1993), the presence of multiple significant
interactions, all of which were of a similar nature, argues

1Tables summarizing the results of the within-group unconditional and
conditional models are available from the senior author.
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strongly for the existence of a complex interplay between
the damaged brain and its environmental context during re-
covery from TBI. More concretely, the findings provide clear
evidence that the consequences of TBI in children are mod-
erated by environmental factors.

These results are consistent with previous research on chil-
dren with meningitis, which found that environmental risk
exacerbated the impact of meningitis on a test of verbal skills
(Taylor et al., 1993). Family risk factors also have been found
to exacerbate the psychiatric sequelae associated with pre-
maturity and very low birth weight (Breslau, 1995), al-
though family factors were less predictive of developmental
outcomes among children with the highest medical risk
(Hack et al., 1992; Bendersky & Lewis, 1994). These find-
ings suggest that the nature of the interaction between bio-
logical and social risk is likely to depend on the timing and
nature of the biological insults that children sustain. Future
research will be needed to determine how the role of the
family environment following a biological insult varies ac-
cording to age at injury, time since insult, age at testing, and
the type of insult incurred (Taylor & Alden, 1997).

The results also confirm our hypothesis that the relative
importance of injury characteristics and the preinjury fam-
ily environment as predictors of recovery will vary across
different types of outcomes. Injury severity accounted for a
similar amount of variance in cognitive and behavioral out-
comes. The preinjury family environment, on the other hand,
was more closely related to behavioral outcomes than to cog-
nitive outcomes. In the between-group growth curve anal-
yses, the measures of the family environment accounted for
approximately 25% of the variance in the VABC and CBC
intercept parameters, but no more than 10% of the variance
in the intercept parameters for the CVLT, VMI, or PIQ. A
possible explanation for this pattern of findings is that cog-
nitive functioning depends primarily upon the integrity of
the central nervous system following a TBI, and hence is
less affected by the family environment. In contrast, behav-
ioral adjustment and adaptive functioning are likely to de-
pend not only on the integrity of the central nervous system,
but also on the many environmental contingencies that shape
behavior.

The role of the environment may vary according to the
specific type of risk factor being considered. In the current
study, proximal measures of family functioning derived from
the FAD were more likely to moderate the outcomes asso-
ciated with severe TBI than were distal measures, such as
the SCI, or measures of indirect influences, such as social
stressors and resources. In contrast, distal measures and mea-
sures of indirect influences were more likely than proximal
measures to be related to outcomes independent of TBI.
These findings confirm the importance of considering the
effects of distal and proximal variables separately. Proxi-
mal variables may be more likely than distal variables to
change over time, and hence may exert more powerful in-
fluences on development (Aylward, 1992; Bendersky &
Lewis, 1994). One implication of this notion is that the mod-
erating influence of preinjury family functioning on both

the rate of change and level of outcome following severe
TBI might be a function of changes that occur in family
functioning following the injury.

The influence of different social risk factors on chil-
dren’s functioning also may vary according to the type of
developmental outcome that is assessed. In the current study,
measures of social resources were related to adaptive func-
tioning (i.e., VABC), whereas measures of social stressors
were related to maladaptive functioning (i.e., CBC). The
latter finding is consistent with research indicating that pos-
itive social support bolsters psychological well-being, but
that negative support and social stress tends to result in neg-
ative psychosocial outcomes (Rook, 1984; Pagel et al., 1987).
More generally, the finding also highlights the importance
of what Bronfenbrenner and Crouter (1983) calledperson–
process–contextmodels of environmental effects, which pos-
tulate in part that specific aspects of the environment affect
particular developmental functions.

Our findings also indicate that the preinjury family envi-
ronment is related in distinct ways to different aspects of
recovery. In the growth curve analyses, the measures of the
preinjury family environment were more strongly related to
the level of outcome than to the rate of change postinjury.
Indeed, the environmental measures generally accounted for
as much or more variance in the level of outcome than did
indices of injury severity. In contrast, injury severity was as
likely to be related to rate of change as to level of outcome,
and consistently accounted for more variance in rate of
change than did the preinjury family environment. These
findings suggest that injury-related variables are important
influences on the rate of recovery during the 1st year after a
TBI, but that the eventual level of cognitive and behavioral
functioning attained by the child depends as much if not
more on environmental factors.

Of course, the relationship between injury severity and
level of functioning is likely to vary according to the amount
of time that has elapsed since the injury, and might have
been stronger in the current study if we had chosen to cen-
ter the intercept in the growth curve models at an earlier
time (e.g., 1 month postinjury). Growth curve analyses re-
quire the specification of underlying models of intraindi-
vidual change and their associated parameters. Model
specification depends in part on the research questions of
interest. Our decision to center at 12 months postinjury re-
flected our interest in long-term outcomes. More generally,
however, we chose to conduct growth curve analyses be-
cause of our interest in the changes that lead to long-term
outcomes. We wanted to highlight the importance of con-
ceptualizing recovery from TBI as a developmental process
that involves intraindividual change over time. We believe
our results illustrate the potential contributions afforded by
studying rate of change in addition to level of outcome using
growth curve models (Francis et al., 1991; Fletcher et al.,
1995).

In our study, injury severity and the preinjury family en-
vironment accounted for considerably more of the variance
in level of outcome than in the rate of change. In the between-
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groups models, for instance, Model 3 accounted for as much
as 60% of the variance in the intercept parameter, but no
more than 25% of the linear change parameter. The com-
paratively small amount of variance accounted for in the
rate of change may reflect the lower reliability of the linear
change parameters as compared to the intercepts, a differ-
ence attributable both to the limited number of time points
at which outcome data were collected and to the standard
score format of several of the outcome measures. These
weaknesses bolster the call for studies of TBI that involve
prospective data collection at multiple time points, to in-
crease the reliability with which linear change is estimated
as well as to permit modeling of nonlinear change. They
also highlight the need for outcome measures derived from
interval-scaled test instruments sensitive to developmental
variation across the ages under study (Thompson et al.,
1994).

Another methodological limitation of the current study is
that the sample may not be representative of the general pop-
ulationof childrenwithTBI (Kraus,1995).Theselective loss
of non-White children and of families of lower socioeco-
nomic status may restrict the generalizability of the findings.
The differential attrition of more severely injured children
from theTBI group is a related concern. Perhaps a more prob-
lematic shortcoming is that the TBI and OI groups were not
equivalent demographically at baseline, because they dif-
fered in race.Although ethnic status was controlled for in all
statistical analyses, the nonequivalence of the groups on this
importantvariablecomplicatesbetween-groupcomparisons.

Measurement issues are also a concern in the current study.
For instance, we had only one measure of proximal envi-
ronmental influences (i.e., the FAD). The hypothesized role
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 avail-
ability of daily stimulation, which have been found to be
related to children’s functioning independently of distal vari-
ables such as socioeconomic status (Gottfried & Gottfried,
1984). More refined measures of injury severity also would
have been desirable. For instance, the relationship betwen
injury severity and outcomes might have been stronger if
we had obtained measurements of lesion volume (Levin
et al., 1993, 1994). Finally, the scope of outcome measures
was relatively limited. Future studies should include mea-
sures of other cognitive functions known to be affected by
TBI, such as discourse skills and executive functions (Den-
nis & Barnes, 1990; Chapman et al., 1992; Dennis et al.,
1996; Levin et al., 1997). Studies of more specific behav-
ioral outcomes, particularly those linked to frontal lobe dam-
age (Levin et al., 1991), also would be informative.

Despite these weaknesses, the results of the current study
have important clinical implications. They suggest that re-
habilitation programs must devote resources, not only to the
child who has suffered a TBI, but also to the child’s family.
To the extent that the family environment is related to neuro-
behavioral outcomes, and actually moderates the effects of
severe TBI, rehabilitative interventions must involve ef-

forts to assess family functioning, identify families that are
at risk, and foster better family functioning. The best means
for promoting family functioning, unfortunately, are un-
clear. Although the current findings confirm the importance
of the preinjury family environment as a predictor of neuro-
behavioral outcomes following childhood TBI, they afford
little insight into the process by which the environment ac-
tually affects outcomes. Indeed, the factors that mediate the
relationship between the preinjury family environment and
neurobehavioral outcomes after childhood TBI remain to
be explicated.

An understanding of the mechanisms by which the envi-
ronment affects outcomes is likely to require study of post-
injury family functioning. The current study considered only
preinjury environmental risk factors, in part to simplify the
causal assumptions reflected in the growth curve models.
That is, by restricting ourselves to preinjury risk factors, we
can safely conclude that the family environment affects chil-
dren’s postinjury functioning, rather thanvice versa. At the
same time, we must acknowledge that child outcomes are
likely to be determined most directly by the postinjury fam-
ily environment, and that the preinjury environment may
only provide a rough gauge of family status postinjury. Ex-
amination of family circumstances after injury, including
the family’s perceived burden and the ways in which a fam-
ily copes with changes in a child as a consequence of TBI,
will be needed to better understand the processes by which
the family environment influences child outcomes, as well
as the reciprocal impact of child outcomes on the family
environment. We plan to examine several possible models
of this process using additional postinjury family data col-
lected during this prospective study.
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