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Abstract

This article builds upon Traumatic Brain Injury Common Data Elements (TBI CDE) version 1.0 and the pediatric
CDE Initiative by emphasizing the essential role of psychosocial risk and protective factors in pediatric TBI
research. The goals are to provide a compelling rationale for including psychosocial risk and protective factors in
addition to socioeconomic status (SES), age, and sex in the study design and analyses of pediatric TBI research
and to describe recommendations for core common data elements in this domain. Risk and protective factor
research is based on the ecological theory of child development in which children develop through a series of
interactions with their immediate and more distant environments. Home, school, religious, and social influences
are conceptualized as risk and/or protective factors. Child development and TBI researchers have interpreted
risk and protective variables as main effects or as interactions and have used cumulative risk indices and
moderation models to describe the relationship among these variables and outcomes that have to do with
development and with recovery from TBL It is likely that the number, type, and interaction among risk and
protective factors each contribute unique variance to study outcomes. Longitudinal designs in TBI research will
be essential to understanding the reciprocal relationships between risk/protective factors and the recovery/
outcome made by the child. The search for effective interventions to hasten TBI recovery mandates the need to
target modifiable risks and to promote protective factors in the child’s environment.
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Introduction

IN CONSIDERING the potentially far-reaching outcomes of
pediatric traumatic brain injury (TBI) (see the companion
article published in this issue by McCauley et al.), it became
apparent that there was a host of critically important psy-
chosocial risk and protective factors that influence the course
of recovery from childhood TBI. This companion article was
developed to provide a rationale for including the assessment
of risk and protective factors in future pediatric TBI research
and to identify core measures in this domain. The supple-
mental and emerging measures identified by the Pediatric
Common Data Elements Working Group provide a range of
risk and protective variables that will contribute to a range of
childhood TBI studies.

This article focuses on risk and protective factors identified
for cognitive, behavioral, and social development and recov-
ery following TBI. Although risk and protective factors also
exist as circumstances leading to the injury (see Gerring et al.,

2009), discussion of that literature is beyond the scope of the
current article. The goals of the current article are as follows: 1)
to provide an initial basic framework for understanding
social-environmental influences on recovery following TBI; 2)
to ground the discussion in the broader developmental liter-
ature on environmental influences on social-emotional devel-
opment; 3) to review the existing research on risk and
protective factors following childhood TBI, along with the ad-
vantages and applicability of assessing those risk and protec-
tive factors in medical, cognitive, and behavioral studies; and 4)
to provide recommendations for inclusion of core risk and
protective factors in TBI research studies to further enhance the
quality of the research and approaches to intervention.

A Framework for Understanding
Social-Environmental Influences

Bronfenbrenner (1979) conceptualized human develop-
ment as an evolving interaction between the child and his or
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her experiences. Beginning with the child in the center, the
environment is conceptualized as a series of nested bi-
directional relationships (Fig. 1). The characteristics of the
child, including biology/genetics, temperament, and behav-
ior, along with the interactions that occur within the child’s
immediate home environment can be thought of as proximal
variables or influences. More remote or distal influences, such
as the social, religious, and political institutions of a particular
culture, also indirectly impact the child’s development. Distal
variables exert their effects, in part, through the proximal
environment, and their effects may increase as the child ages
(Copeland-Linder et al., 2010; Stouthamer-Loeber et al., 2002).

Each of these interconnected environments exerts direct
and indirect influences on the child’s development that can be
conceptualized as risk and/or protective factors. With respect
to childhood TBI, if the child lives in a crowded, single-parent
household at the time of injury, this family system may place
the child at risk for adverse outcomes, as the parent may not
have the time or the financial ability to deal with the multiple
needs of the injured child (Wells et al., 2009). The parent may
not be able to attend all of the necessary school meetings to
insure that the child will have optimal school services for
that child’s deficits. A more distant or distal risk factor would
be the inability to obtain funding from a state agency for
necessary equipment that would hasten the child’s recovery.
Importantly, the interrelationships between the child’s de-
velopment and the social environment are reciprocal. For
example, the child’s injury may result in frequent work ab-
sences for the parent that in turn may lead to dismissal from
employment, and a great drop in family income, thus con-
stituting an additional risk for the child.
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FIG. 1. The basic ecological model of child development
shows the proximal and distal environmental variables that
influence the growing child. The inner circle of proximal
variables has the most direct influence on the life of the child
and the outer circles exert indirect influence. Each of these
variables has the potential of contributing a positive or a
negative factor toward the child’s developmental outcome.
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Many social-environmental influences may function as
either a risk or a protective factor depending upon the situa-
tion or level (e.g., high versus low income) (Masten, 2001;
Stouthamer-Loeber et al., 2002). Therefore, the child’s family
environment may constitute a risk factor at high levels of
dysfunction, or a protective factor when functioning well.
Additionally, the absence of protective factors, such as social
resources or a supportive second parent in the home, may
constitute a risk in its own right. Each individual’s social
context consists of interrelated levels or layers of risk and
protective factors, e.g., the risk factor of an ill parent, and the
protective factor of a supportive, involved school. Because
few, if any, investigations have considered the broad range of
potential risk and protective factors and the interrelationships
among them, conclusions that one is more important than
another cannot be drawn (Kessler et al., 1997). However, for
certain outcomes, a specific risk or protective factor may be
particularly salient; whereas at other times risk and protective
factors may balance each other, with neutral or negligible
effect on outcome, as in the above example of the ill parent
and the supportive school (Garmezy et al., 1984; Masten et al.,
1988). Protective factors were initially conceptualized as
contributing to positive outcomes by moderating or buffering
the effects of risk factors on adverse outcomes (i.e., effective
parenting reduces the risk associated with living in a high-
crime neighborhood). However, investigators have increas-
ingly begun to consider the effects of protective factors on
adjustment independent of risk factors (i.e., main or direct
effects) (Luthar et al, 2000). Different approaches have been
taken to examine the relationship of risk and protective factors
to cognitive, behavioral, and social development. In the first
approach, investigators have sought to identify factors that
are associated or correlated with cognitive or behavioral de-
velopment. In these studies, significant correlations indicate
that the environmental factor (i.e., family functioning) has a
main effect on the outcome (i.e., child behavior). Examples of
this approach within the field of pediatric TBI include studies
by Anderson and Rivara and are considered in greater detail
here (Anderson et al., 2005; Nadebaum et al. 2007; Rivara
et al.,, 1993, 1994).

Many studies of the effects of the social environment on TBI
recovery, such as those by Rutter, Gerring, and Max described
subsequently (Rutter, 1987; Gerring et al., 1998; Max et al.,
2005), examined the relationship of psychosocial adversity
indices to behavioral and psychiatric outcomes. Such indices
are constructed by dichotomizing risk factors at cut points or
thresholds that are believed to be associated with poorer
outcomes (i.e., high levels of family dysfunction). A psycho-
social adversity or cumulative risk index is then obtained by
summing the number of risks for each individual. Some
risk factors are dichotomous by nature such as living in a
single-parent household. Although dichotomizing naturally
continuous variables such as income can result in a loss of
predictive power, the approach can be appropriate when a
factor increases risk only when it exceeds a certain threshold.
For example, income may only constitute a risk factor when it
falls below the national poverty level. Recent research has
identified several limitations of cumulative risk indices
(Green et al.,, 2010; Szatmari et al., 1994). Specifically, such
additive models may artificially inflate associations with
disorder, as many risk factors cluster or covary (i.e., single-
parent status, low income, lack of health insurance).
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Additionally, more sophisticated multivariate models (see
Green et al., 2010) provide evidence that specific psychosocial
adversities do not confer equal risk. Some types of adversity
may be unrelated to outcomes whereas other risks may
exacerbate the effects of one another (moderation effects).
Examination of moderation effects represents the third
approach and is described in the next section.

Finally, models can examine whether social-environmental
risk and protective factors moderate the relationship between
a factor such as TBI and cognitive or behavioral outcomes.
Moderation exists when the strength of the association or re-
lationship between two variables (i.e.,, TBI and academic
achievement) is affected by a third variable (i.e., caregiver life
stress). Figure 2 depicts how the risk factor of life stresses
moderated recovery and subsequent development of mathe-
matics achievement following pediatric TBI. Deficits in
mathematics achievement persisted at 12 months post-injury
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FIG. 2. The figure depicts estimates of mean scores on
the calculation subtest of the Woodcock-Johnson Tests of
Achievement-Revised at baseline and 12 months post-injury
for children with a) low and b) high levels of family stressors
as defined by scores one standard deviation above and be-
low the mean, respectively. (a) Children with severe TBI are
shown to catch up in mathematics skills relative to children
with orthopedic injuries with low levels of family stressors.
However, as depicted in b, deficits in mathematics skills
following severe TBI persist at 12 months when there are
high levels of family stress.
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among children with severe TBI and high family stresses
(Taylor et al. 2002). Conversely, the achievement of children
with severe TBI and low family stresses caught up to that of
their peers with orthopedic injuries over the same time period.
These moderation models provide evidence that the effects of
risk or protective factors may differ as a function of the nature
and severity of the injury.

Influence of Risk and Protective Factors
on Recovery following Pediatric TBI

Beginning with the seminal studies of Rutter in the early
1980’s (Brown et al., 1981; Chadwick et al., 1981a,b; Rutter
et al.,, 1980), investigators have sought to more clearly un-
derstand the relationship of social-environmental risk factors
to cognitive and behavioral outcomes and recovery following
TBI. Rutter and colleagues prospectively studied children age
5-14 years with mild and severe TBI, and orthopedic injury
controls, and rated their level of psychosocial adversity using
the Psychosocial Adversity Index (Brown et al., 1981). Results
indicated an interaction between the severity of the brain
injury and the total number of psychosocial risks or adver-
sities in predicting the outcome of pre-injury and post-
injury psychiatric disorders. In children with severe TBI
and high psychosocial adversity (i.e., high numbers of social-
environmental risks), the percent of new, post-injury psychi-
atric disorder was very high, 60%, compared to 14% for
children with severe TBI and low psychosocial adversity.
Conversely, there was no increased incidence of disorders
associated with high psychosocial adversity following mild
brain injury. These data indicated that psychosocial adversity
moderated the effects of severe TBI on psychiatric outcome
following childhood TBI, and demonstrated that psychiatric
outcome following severe TBI is better in the context of low
psychosocial adversity.

In a series of studies Taylor and colleagues (Stancin et al.,
2002; Taylor et al., 1999, 2001, 2002; Yeates, 1997, 2002, 2004)
recruited and followed children between the ages of 6 and 12
who had sustained a severe TBI (1 =42), moderate TBI (n=52),
or orthopedic injury not involving the central nervous system
(n=>58). These children were followed prospectively and
assessed shortly after the injury, and at 6 and 12 months post-
injury as well as at three annual longer-term follow-up
assessments an average of 4, 5, and 6 years post-injury. These
investigators examined whether social-environmental factors
moderated the effects of severe TBI on cognitive, behavioral,
and social outcomes. Their results provided compelling
evidence regarding the relationship of both distal and proxi-
mal social-environmental risk factors to both cognitive and
behavioral outcomes. Specifically, a composite index of so-
cioeconomic status (SES) incorporating parental education,
occupation, and income moderated the effects of injury
severity on the child’s adaptive abilities (Taylor et al., 2002),
academic performance (Taylor et al, 1999), and behav-
ior problems (Taylor et al, 2002). In each case, children
had poorer outcomes following severe TBI in the context of
lower SES.

With respect to more proximal risk factors, these investi-
gators have linked parental mental health (Taylor et al., 1999;
2001), caregiver burden (Taylor et al., 1999), family function-
ing (Stancin et al., 2002; Taylor et al., 1999; Yeates et al., 2004),
and chronic caregiver life stressors (Taylor et al., 2002; Yeates
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etal., 2002) to various aspects of the child’s recovery following
TBI. Depending upon the risk factor under consideration,
these results supported both main effects and moderation
models of social-environmental influences. Specifically,
higher levels of parental distress were associated with poorer
fine motor control, poorer social competence, and higher
levels of behavior problems regardless of the nature or se-
verity of the injury (Taylor et al., 1999). Parental burden was
also predictive of poorer adaptive functioning and fine motor
control across injury severity. Additionally, higher levels of
caregiver burden were associated with lower verbal IQ scores
and worse adaptive functioning particularly following severe
TBI (moderating effect). Chronic stressors in the parent’s life
also moderated the effects of injury severity on academic
achievement and performance (Taylor et al., 2002) and some
aspects of neuropsychological functioning (Yeates et al.,
2002). Taken together, these findings provide support for the
influence of both distal and proximal environmental risk
factors on a range of outcomes following pediatric TBI. In
several instances, environmental influences were greatest in
the context of more severe injuries, consistent with a ‘double
risk” model.

A recent study of the recovery of children who sustained a
TBI (1 =80) or orthopedic injury (1 =113) between the ages of 3
and 7 has provided further evidence of both main and mod-
erating effects of environmental risk factors on recovery
(Chapman et al., 2010; Gerrard-Morris et al., 2009; Wade et al.,
2011; Yeates et al., 2010). Moreover, this investigation of
recovery in younger children has provided new evidence
regarding the importance of both parenting style and specific
parenting behaviors to emerging behavior problems. Speci-
fically, overly controlling, authoritarian parenting exacer-
bated negative behavioral outcomes for children with both
moderate and severe TBI, with increasing time since injury.
Permissive parenting and lower quality home environments
were shown to contribute to poorer social outcomes especially
among children with mild-moderate TBI (Yeates et al., 2010).
With respect to parent—child interactions, parental negativity
exacerbated emerging externalizing behaviors and attention-
deficit/hyperactivity disorder (ADHD) symptoms following
severe TBI (Wade et al., 2011).

Further evidence regarding the influence of psychosocial
risk factors on the emergence of secondary attention-deficit/
hyperactivity disorder (SADHD) following childhood TBI
comes from a collaborative study including investigators at
five medical centers (Max et al., 2005 a,b). In this investiga-
tion, children with mild, moderate, and severe TBI were fol-
lowed prospectively at 6, 12, and 24 months post-injury. These
investigators adopted a hybrid approach that considered both
the main effects of SES and family functioning and the cu-
mulative risks associated with total scores on a psychosocial
adversity index. The psychosocial adversity index included in
this study was similar to that developed by Brown and as-
sociates (1981) and included the child not living with biolog-
ical or adoptive parents, overcrowding as defined by four or
more children or more than one person per room, involve-
ment of child services in the child’s care because of family
problems, elevated maternal distress, paternal criminal his-
tory, and either parent with an unskilled or semi-skilled job.
SES was a significant predictor of SADHD at 6 months post-
injury, whereas pre-injury psychosocial adversity emerged as
a stronger predictor of SADHD during the second year post-
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injury. Interestingly, family functioning was not an inde-
pendent predictor when SES and psychosocial adversity
were included in the model, perhaps because of the high in-
tercorrelations between family functioning and psychosocial
adversity.

Gerring and associates (1998) adopted a cumulative risk
approach in their study of 99 children and adolescents 4-19
years of age across the initial year following moderate and
severe closed head injuries. Predictor variables in a series of
studies on this cohort included an 8-item Psychosocial Ad-
versity Scale modified from Rutter’s scale (Brown et al., 1981).
Each risk factor was counted as one point if it occurred within
1 year preceding injury. DSM disorders and symptoms of
SADHD, oppositional defiant disorder, conduct disorder, and
anxiety were the outcome variables. Children who developed
SADHD by 1 year post-injury scored significantly higher on
the psychosocial scale (mean, 2.60) than children who did not
develop SADHD (mean, 1.09) (Gerring et al., 1998). Children
who developed oppositional defiant disorder and conduct
disorder by 1 year post-injury scored significantly higher on
the psychosocial scale, using both univariate and multivariate
regressions, than children who did not develop oppositional
defiant disorder and conduct disorder (Gerring et al., 2009).
Within the same cohort, children with TBI and obsessive-
compulsive symptoms had significantly higher psychosocial
adversity scores than children with TBI only, using unpaired
student ¢ tests (Grados et al., 2008). In contrast, psychosocial
adversity was not correlated with either post-injury anxiety
disorders or post-injury anxiety symptoms in this sample
(Vasa et al., 2002). These varying contributions of childhood
risk factors to the appearance of new psychiatric disorders in
this sample emphasize the importance of including these
predictor variables in studies examining behavioral and social
outcomes of children and youth with TBL

Other prospective longitudinal investigations have high-
lighted the role of environmental risk factors in recovery from
pediatric TBI. Anderson and colleagues (Anderson et al., 2005;
Nadelbaum et al., 2007) have examined the main effects of
social-environmental risk factors on recovery across the initial
5 years following TBI in children who sustained mild (n=14),
moderate (1 =46), and severe TBI (1n=24) between the ages of
2 and 7 relative to a healthy control group (1 =33). Consistent
with the findings from other studies, SES was found to be a
significant predictor of 30-month outcomes including IQ,
language, and memory abilities. At 5 years post-injury, psy-
chosocial risk factors predicted executive functioning skills,
with SES contributing to visual-spatial processing and parent-
reported executive functioning, whereas pre-injury family
functioning predicted processing speed and overall executive
functioning. In general, greater psychosocial adversity as
characterized by lower SES or worse premorbid family
functioning was associated with a lower level of executive
functioning at 5 years post-injury. Contrary to this overall
trend, lower SES was associated with a higher level of parent-
reported executive functioning. In a separate study of 150
children who sustained mild (n=42), moderate (1=70), or
severe TBI (n=38) between the ages of 3 and 12 years, An-
derson and colleagues (2005) found that SES was predictive of
full scale IQ and attention; whereas family burden was pre-
dictive of behavioral functioning. Taken together, the results
provide considerable support for the influence of both SES
and family functioning on cognitive and behavioral recovery
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over time. However, because these investigators did not ex-
amine moderation effects, it is not possible to determine
whether environmental influences varied as a function of in-
jury severity.

Similarly, studies by Rivara and associates (1993, 1994)
examined the main effects of family functioning on recovery
from mild (n=>50), moderate (n =25), and severe TBI (n=19) at
1 and 3 years post-injury. These investigators found that in-
terviewer ratings of pre-injury family functioning and rela-
tionships were correlated with social competence, with poorer
overall functioning and peer and marital relationships con-
tributing to worse social competence. They also found asso-
ciations between ratings of both global family functioning and
total relationship strains and ratings of global child func-
tioning, with greater dysfunction and stress resulting in
poorer child outcomes. In regression models, high levels of
family control were associated with worse child outcomes at
12 months. In a separate report (Rivara et al., 1994), these same
investigators found ratings of pre-injury family functioning to
be more closely related to child behavior at 12 months post-
injury than to measures of academic functioning.

Protective Factors and Recovery

Thus far, we have focused on studies examining the rela-
tionship of social-environmental risk factors to recovery.
However, many of these investigations have also examined
the role of protective factors such as social resources, enriched
home environments, and positive parenting behaviors in
moderating recovery (Chapman et al., 2010; Gerrard-Morris
et al., 2009; Taylor et al., 2002; Wade et al., 2011; Yeates et al.,
2002, 2010). With respect to cognitive recovery, Yeates and
associates (2002) reported less pronounced short-term differ-
ences in verbal learning between children with severe TBI and
those with orthopedic injuries among those with greater
caregiver resources such as supportive relationships with
spouse, family, and friends. Gerard-Morris and associates
(2009) found evidence that home environments with more
supportive parents and greater access to books, educational
games, and creative activities were associated with better
performance on tasks of intellectual functioning, pragmatic
judgment, verbal fluency, visual recognition, and executive
functioning following TBI in early childhood. Pragmatic
judgment refers to the awareness of and ability to modify
appropriate language in a context. More favorable home en-
vironments were also associated with more rapid recovery of
auditory memory over the initial 12 months post-injury, in-
dicating a moderation effect of a good environment on audi-
tory memory recovery. Parental warm responsiveness was
predictive of intellectual functioning and pragmatic judg-
ment. Moreover, parental support or verbal structuring of the
child’s activities was associated with better memory,
language, and executive functioning performance (Gerrard-
Morris et al., 2009). Thus, positive parenting behaviors and
more enriched home environments contributed to better
cognitive recovery following TBI in young children.

With respect to behavioral and social outcomes, the effects
of severe TBI on social competence were in part ameliorated
by high levels of caregiver resources (Yeates et al., 2004). Si-
milarly, Yeates and associates (2010) found that authoritative
or democratic parenting style was associated with better so-
cial competence, whereas the quality of the home environ-
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ment moderated adaptive functioning, with less pronounced
effects of TBI among children from more enriched home en-
vironments. These authors concluded that the presence of
multiple significant interactions provides compelling evi-
dence of “the existence of a complex interplay between the
damaged brain and its environmental context during recov-
ery from TBI in young children” (Yeates et al., 2010, p. 353).
There is some evidence that the effects of the social environ-
ment on recovery are stronger with respect to academic,
social, and behavioral outcomes than to cognitive and neu-
ropsychological outcomes involving memory, attention, and
visual-spatial skills (Taylor et al., 2002; Yeates et al., 2002,
2004, 2010). Although social-environmental factors have been
linked to a range of neuropsychological, cognitive, and be-
havioral outcomes, in part because these same factors influ-
ence typical development (Halle et al., 2009), evidence for
psychosocial moderation (i.e., greater effects in the context of
more severe injury) is stronger with respect to social and be-
havioral outcomes. One explanation for this pattern of results
(Yeates et al. 2010) is that cognitive functioning following a
neurological insult such as TBI depends largely upon central
nervous system integrity, and is therefore less influenced by
social-environmental factors. Conversely, behavioral and so-
cial outcomes are likely to be determined by both the integrity
of the central nervous system and the quality of the social
environment.

Common Data Elements (CDE) Recommendations

This review of the role of social-environmental influences
on recovery following pediatric TBI highlights the importance
of a variety of risk and protective factors including parent-
child interactions, parent behaviors, family functioning, social
stressors and resources, SES, and cumulative psychosocial
adversity. In accordance with other CDE work groups, well-
established core measures were recommended as part of the
pediatric work group (McCauley et al.,, 2011; Miller et al.,
2012). These core measures covered risk and protective factors
relevant to most TBI studies. As recommended in the article
by McCauley et al. (2012), core measures of psychosocial risk
and protective factors include the 12-item McMaster Family
Assessment Device, General Functioning Scale (Miller et al.,
1985), an index of SES (Maas et al., 2010), and an 11-item index
assessing psychosocial risk factors. (Table 1).

The 11-item index or list of psychosocial risk factors was
selected from an extensive list of childhood adversities
compiled for the Ontario Child Health Study (Boyle et al.,
1987). This study was conducted with a community sample
of 1869 children ages 4 to 16 years born between 1966 and
1979. The risk factors included household, family, caregiver,
and child variables and were selected because they could be
obtained reliably, and were useful in illuminating etiologic
mechanisms or could be potentially targeted in interventions.
These predictive risk factors have been used in a variety of
bivariate and multivariate statistical models of child emo-
tional, behavioral, and academic outcomes (Szatmari et al.,
1994). Although there have been numerous variations of
psychosocial adversity indices, this list of 11 was chosen
because it is relatively brief, assesses a range of risks, can be
reliably obtained, has considerable predictive validity, and
has been broadly used in the developmental psychopathol-
ogy literature.
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TABLE 1. SCREENING PsycHOsOCIAL Risk FAcTORS FOR PEDIATRIC TBI RESEARCH

Risk Factor

Questions

Child not living with caregiver

Has your child lived away from home for any reason for a period of 3 months

or longer before 16 years of age?

Caregiver death/divorce/loss

Has there been divorce, separation, or the death of a caregiver; how old was

your child when this happened?

Single caregiver
Overcrowding

Are you raising the child by yourself without another adult caregiver?
Are there the same or a fewer number of rooms in your house than there are

people living there?

Low income

Are you receiving welfare, subsidized housing, food subsidies, or disability

payments for your family?

Poor marriage/relationship
partner?

Low education level of primary caregiver

Caregiver chronic poor health

Parental mental health disorder

Do you have frequent verbal or physical arguments with your spouse or your

What is the highest grade you have finished?
Do you have serious health problems that have lasted for the last 6 months?
Have you or your partner ever been treated or hospitalized for depression,

anxiety, or severe mental illness ?

Parental alcoholism/substance abuse

Have you or your partner ever been treated for or hospitalized for alcoholism

or illicit drug use?

Parental criminal behavior

Have you or your partner ever been arrested or put in jail for any crime?

The CDE work group also proposed a limited number of
supplemental and emerging measures of the social environ-
ment. Recommended supplemental measures include the
complete Family Assessment Device (Miller et al., 1985), the
Family Burden of Injury Interview (Burgess et al., 1999), and
the Conflict Behavior Questionnaire (Prinz et al., 1979). The
self-report Family Burden of Injury Interview and the Child
and Adolescent Scale of Environment were recommended as
emerging measures given their lack of prior use in the litera-
ture. However, these suggestions may require further refine-
ment given that some important measures discussed here
(e.g., parenting) were not included because the findings had
not yet been published.

The three recommended CDEs provide an abbreviated
assessment of psychosocial risk and protection and have been
used widely in the pediatric literature reviewed previously.
Use of the recommended measures will serve as a screen for
psychosocial risk and protective factors. However, such an
abbreviated assessment is unlikely to capture the complexity
of the interaction between multiple aspects of the social en-
vironment and recovery. The relationships among risk and
protective factors and outcomes are complex, and consider-
ation of any individual risk or protective factor in isolation is
likely to provide an inaccurate understanding of its influence
on cognitive, behavioral, or social recovery (Green et al. 2010).
Recent research highlights the importance of considering the
goodness of fit for various models of associations among
multiple risk factors, including additive versus interactive
effects.

Recommendations and Conclusions

Further research is needed to fully understand the rela-
tionship of the range of psychosocial risk and protective fac-
tors to cognitive and behavioral recovery over time.
Longitudinal designs are critical for understanding the re-
ciprocal relationships between social-environmental factors,
such as family functioning, and child recovery over time. As
illustrated by a growing number of studies (e.g., Taylor et al.,

2001), these relationships are bidirectional and only sophisti-
cated longitudinal designs can begin to tease out causality.
Structural equation modeling, a statistical technique for test-
ing hypothesized causal relationships between predictor and
dependent variables, affords an approach to examining
reciprocal relationships over time (Byrne, 2001; Yeates et al.,
2004). Hierarchical linear models, or growth modeling, can
also be a powerful approach to modeling the pattern of
change in outcomes over time when there are incomplete data
or unequal assessment intervals (Singer, 1998; Yeates et al.,
2010).

Additional research on the role of risk and protective fac-
tors is likely to also have implications for intervention. Factors
depicted in Bronfenbrenner’s ecological framework (Fig. 1)
and implicated in recovery from childhood TBI can be clas-
sified as modifiable and non-modifiable. For example, the fact
that a child’s parent has died or been incarcerated cannot be
changed. However, one can potentially improve family
functioning, strengthen family resources and supports, and
promote positive parent—child interactions. Targeting modi-
fiable risks and seeking to promote protective factors in the
child’s environment may facilitate resiliency (Masten, 2001;
Wallander and Varni, 1998) and form the foundation for
clinical interventions to improve cognitive behavioral out-
comes following pediatric TBI (see Wade et al., 2009). There-
fore, including risk and protective factors in pediatric TBI
research will provide the evidence base needed to design
treatments that will address critical modifiable risks and
promote important protective factors.

Despite differing methodologies and measures, the existing
literature provides consistent support for the importance of
the social environment in recovery following childhood TBI.
In many studies, social-environmental factors account for a
greater portion of the variance in child behavioral outcomes
than does the severity of the injury itself (e.g., Taylor et al.,
2002). Consequently, any study examining recovery follow-
ing pediatric TBI must assess potential psychosocial risk and
protective factors. This recommendation is particularly valid
if the investigators wish to understand the effects of specific
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interventions, as previous investigations have shown that
environmental factors such as SES moderate and promote the
effectiveness of interventions for TBI (Wade et al., 2006).
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