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Abstract

Core social interaction behaviors were examined in young children 0–36 months of age who were hospitalized for
accidental (n 5 61) or inflicted (n 5 64) traumatic brain injury (TBI) in comparison to typically developing children
(n 5 60). Responding to and initiating gaze and joint attention (JA) were evaluated during a semi-structured sequence
of social interactions between the child and an examiner at 2 and 12 months after injury. The accidental TBI group
established gaze less often and had an initial deficit initiating JA that resolved by the follow-up. Contrary to expectation,
children with inflicted TBI did not have lower rates of social engagement than other groups. Responding to JA was more
strongly related than initiating JA to measures of injury severity and to later cognitive and social outcomes. Compared
to complicated-mild/moderate TBI, severe TBI in young children was associated with less responsiveness in social
interactions and less favorable caregiver ratings of communication and social behavior. JA response, family resources,
and group interacted to predict outcomes. Children with inflicted TBI who were less socially responsive and had lower
levels of family resources had the least favorable outcomes. Low social responsiveness after TBI may be an early marker
for later cognitive and adaptive behavior difficulties. (JINS, 2013, 19, 497–507)
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INTRODUCTION

For children who acquire brain injury early in life, identifi-
cation of early markers of later neurobehavioral outcomes is
critically important to guide efforts to detect and intervene
with children at high risk for adverse outcomes. There is a
paucity of studies examining social behavior and develop-
ment in infants and young children with TBI. Using a
developmental social cognitive approach, the present study
examines whether accidental (aTBI) or inflicted (iTBI) trau-
matic brain injury disrupts the development of two core
social interaction behaviors: mutual gaze and joint attention
(JA). We examine whether these core social behaviors are
influenced by the family’s access to resources and if they

predict cognitive and social outcomes during the first year
after injury.

Accidental and Inflicted Traumatic Brain Injury
in Early Childhood

Infants and preschoolers are particularly vulnerable to the
effects of early diffuse brain injury (St. James-Roberts, 1979).
Both aTBI and iTBI sustained early in life are associated with
less favorable developmental outcomes than in older children
and adolescents; young children with iTBI have the poorest
outcomes (Ewing-Cobbs et al., 1998; Keenan, Runyan,
& Nocera, 2006). The iTBI is caused by shaking or impact
injuries and occurs most commonly in children who are less
than 2 years old (Duhaime, Christian, Rorke, & Zimmerman,
1998). The acceleration and deceleration forces cause wide-
spread injury, including traumatic axonal injury, hemorrhages
in both brain parenchyma and extracerebral spaces, as well as
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hypoxic-ischemic injury (Bruce & Zimmerman, 1989;
Duhaime et al., 1987; Ewing-Cobbs et al., 2000; Hahn et al.,
1988; Hymel, Rumack, Hay, Strain, & Jenny, 1997). The
quality of developmental outcome is poorer in young children
with iTBI than would be predicted based on magnetic reso-
nance imaging findings of tissue damage and on the level of
impairment in consciousness (Ewing-Cobbs et al., 1998;
Keenan, Hooper, Wetherington, Nocera, & Runyan, 2007).

Social Outcomes after TBI in Young Children

As noted by Yeates and colleagues (this issue), research into the
causes and correlates of social problems following pediatric
TBI has lagged behind research examining cognitive and
academic outcomes. Few studies have used methods validated
in studies of social development; most studies rely on caregiver
ratings and few studies have used direct observation of social
behaviors (Yeates et al., 2007). In infants and preschoolers,
studies using direct assessment of social behavior found that an
array of behaviors, including joint attention (JA), gestures, and
verbal communication, were affected by both iTBI and aTBI
(Ewing-Cobbs et al., 2012; Landry, Swank, Steubing, Prasad,
& Ewing-Cobbs, 2004).

Studies using tests and ratings of social development after
preschool TBI found that social cognition was disrupted in
children injured between 5 and 7 years of age; difficulties were
noted on theory of mind tasks requiring intentional thinking and
perspective-taking (Walz, Yeates, Wade, & Mark, 2009; Walz,
Yeates, Taylor, Stancin, & Wade, 2010). In preschool-aged
children, TBI has been linked to reduction in social competence
and social perspective taking (Ganesalingam et al., 2011;
Walz et al., 2010). Parent ratings from subacute to chronic
stages of outcome indicated social problems, attention-deficit
hyperactivity problems, and externalizing behaviors in pre-
schoolers with a broad range of injury severity (Anderson et al.,
2006, 1997; Beauchamp et al., 2009; Chapman et al., 2010;
Goldstrohm & Arffa, 2005).

Development of Early Social Interaction:
Joint Attention

Children with early brain injury may be particularly vulnerable
to impairments in social interaction and communication skills.
Gaze and JA are important indicators of appropriate social
development (Butterworth, 1995; Carpenter, Pennington, &
Rogers, 2002; Leung & Rheingold, 1981). Developmentally,
early visual attention and gaze behaviors appear at around 3 to
6 months (D’Entremont & Seamans, 2007). Gaze, which
involves establishing social engagement and visual attention
through orienting or shifting attention to look at or follow the
gaze of another person, is a foundational skill supporting later
developing JA (Frischen, Bayliss, & Tipper, 2007), which in
turn is a foundational skill for a variety of later-developing
abilities and behaviors, including general cognitive, social
communication, and psychological adjustment (Carpenter,
Nagell, & Tomasello, 1998; Charman et al., 2000; Mundy &
Jarrold, 2010; Scaife & Bruner, 1975).

JA has been examined in terms of the child’s ability
to respond to the social overture of another person and
to initiate a JA interaction. Responding to JA involves
following the gaze and/or gestures of another person to
share a common reference point (Scaife & Bruner, 1975).
Initiating JA involves the child’s use of gestures and
gaze to engage another person’s attention and direct it
toward objects, actions, or themselves (Landry et al., 2004;
Mundy, 2003).

JA may indicate emerging understanding of social signals
and understanding of the mental states of other people (Hoehl
et al., 2009; Scaife & Bruner, 1975). Several core features of
JA, including the reward involved in sharing an experience
with another person, may predict or contribute to later
social cognition and competence (Mundy & Jarrold, 2010;
Vaughan Van Hecke et al., 2007). Additionally, JA involves
mechanisms of executive control, including attention-
shifting and inhibition, which appear to be related to social
cognition and socially competent behavior (Mundy, 2003).
JA has been shown to enhance several abilities, including
new learning (Hirotani, Stets, Striano, & Friederici, 2009)
as well as problem solving and independent thinking
skills (Tomasello, Carpenter, Call, Behne, & Moll, 2005;
Vygotsky, 1978).

Current Study

There are few studies examining social competencies in
young children with TBI. Consequently, there is minimal
information regarding early markers of later social diffi-
culties and limited understanding of variables shaping
the long-term trajectory of development of social skills.
To investigate the impact of TBI on core social interac-
tion behaviors, we completed a 1-year longitudinal study
examining change in mutual gaze and JA in young children
with either iTBI or aTBI relative to typically developing
comparison children. We also investigated whether the
frequency of JA interactions soon after the injury predicted
later development of cognitive ability and everyday social
and communication competence. The following hypotheses
were examined:

Gaze and JA were expected to vary by group and
to increase during the 1-year follow-up. We hypo-
thesized that the highest proportion of social initiation
and response behaviors would be observed in the healthy
comparison children and the lowest proportion in children
with iTBI.

Family resources before the injury were expected to
moderate the relation of group with initiating and responding
to social overtures.

JA, group membership, and family resources were expec-
ted to predict subsequent development of general cognitive
ability and caregiver ratings of everyday communication and
social skills.

In children with TBI, injury severity and cause of injury
were expected to be related to JA and to social and commu-
nication skills.
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METHODS

Participants

Gaze and JA were evaluated prospectively in 185 children
0 to 3 years of age who were enrolled in one of two cohorts
recruited prospectively from 1994 to 1998 or 2001 to 2006
and were followed in longitudinal studies of neurobehavioral
outcome following acquired brain injury. Sixty children were
healthy community comparison participants. The remaining
125 children were hospitalized at Children’s Memorial
Hermann Hospital or Texas Children’s Hospital in Houston,
Texas following a TBI sustained at ages 1–36 months.
For children with TBI, inclusionary criteria were: (1) mild,
moderate, or severe TBI, (2) no known premorbid neuro-
logic or metabolic disorder, (3) no history of prior TBI, and
(4) gestational age Z32 weeks. Comparison children met
criteria 2–4 and were recruited from well-child clinics and
community notices. Table 1 provides demographic and
developmental variables for each group.

TBI was categorized as inflicted (n 5 64) or accidental
(n 5 61) based on the determination of the Child Protection
Team at each hospital and the county Department of Protec-
tive and Regulatory Services. At the baseline assessment,
32 children in the iTBI group were residing with their bio-
logical parents, 18 were placed with other family members,
and 14 were in foster care.

Injury information is provided in Table 2. The severity
of TBI was determined using the lowest post-resuscitation
Glasgow Coma Scale (GCS) score (Teasdale & Jennett, 1974),
and acute computed tomography or brain magnetic resonance
imaging findings. Because the GCS was developed for adults,
the motor and verbal scales were modified to accommodate
the behavioral capabilities of children from birth through
35 months of age (Ewing-Cobbs et al., 1997, 1998). Severity
groups were characterized as follows (Levin et al., 2008): mild—
GCS 5 13–15 with normal neuroimaging; complicated-mild—
GCS 5 13–15 with findings of parenchymal injury; moderate
and severe—GCS 5 9–12 and 3–8, respectively, with or
without positive imaging findings. The duration of impaired
consciousness was defined as the number of days that a child’s
modified motor score was below 6.

Procedure

Written informed consent to participate was obtained from
the children’s guardians. The protocol was approved by the
Institutional Review Board at each medical school and
affiliated hospital. To evaluate change in social behaviors,
neuropsychological evaluations were conducted 2 and
12 months after the injury. Each child was evaluated indi-
vidually by a trained examiner as part of a longitudinal study
examining the development of general cognitive abilities,
executive functions and social communication behaviors.

Table 1. Comparison of demographic and developmental variables by group

Group

Comparison Inflicted TBI Accidental TBI
(n 5 60) (n 5 64) (n 5 61)

Demographic variables
Months of age at testing M (SD) 11.7 (8.6) 9.8 (8.0) 12.6 (10.3)
Gender F/M (n) 31/29 32/32 25/36
Ethnicity (n)

African-American 25 17 11
Hispanic 13 19 21
White 16 23 23
Other/multiethnic 6 5 6

Socioeconomic status (n)
1 (High) 3 1 2
2 16 8 12
3 8 17 16
4 20 25 16
5 (Low) 13 13 15

Developmental variables
Family Resource Scale M (SD) (n 5 58) (n 5 50) (n 5 56)

120.4 (20.3) 125.7 (21.1) 119.05 (21.6)
Bayley Mental Development Index* M (SD) (n 5 60) (n 5 55) (n 5 59)

95.7 (10.8) 81.0 (17.2) 90.7 (14.6)
Vineland Adaptive Behavior Scales M (SD) (n 5 38) (n 5 44) (n 5 45)

Communication* 99.7 (10.2) 87.5 (11.0) 95.0 (12.7)
Social 99.6 (10.0) 95.0 (11.7) 97.3 (12.3)

Note. *p , .01; TBI 5 traumatic brain injury, M 5 mean, SD 5 standard deviation.
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Social interaction procedures were videotaped and coded by
trained staff.

Family, cognitive, and social communication measures

The Family Resource Scale (Dunst & Leet, 1987) is a 31-item
self-report questionnaire using a 5-point scale to rate the
adequacy of tangible and intangible resources, including
food, shelter, financial, transportation, health care, child care,
and leisure time. The Family Resource Scale was adminis-
tered at the initial visit to reflect the biological family’s
resources just before the injury or enrollment. Fourteen
caregivers in the iTBI group did not complete this scale; the
majority were cases in which children had been removed
from the home.

Long-term cognitive and adaptive behavior outcomes were
assessed at the 1-year follow-up using the Bayley Scales of
Infant Development-II (Bayley, 1993) Mental Development
Index and the Vineland Adaptive Behavior Scales-Interview
Edition (Sparrow, Balla, & Cicchetti, 1984) Social and
Communication standard scores.

Social interaction outcomes were assessed using observa-
tional analyses during a semi-structured sequence of social
interactions between the child and an examiner that occurred
within the context of toy play. The examiner made a series of
social exchanges with the child for 5 min. A social exchange
consisted of three steps: (1) the examiner says something to the
child with or without a gesture (the social request), and then
pauses to give the child an opportunity to (2) respond and then,
(3) initiate. Each social request is one test item even though it
may consist of multiple phases. Requests included both verbal
and gestural attention-directing techniques (e.g., Examiner says
‘‘Look’’ then shifts gaze and gestures toward a toy). Using a

time-sampling approach, the examiner pauses for 10 s follow-
ing a social request. The first 5 s are the response time, and the
second 5 s are coded as initiating time. Behaviors beginning in
the response phase and extending into the initiate phase were
coded as responding. Initiate behaviors were characterized by a
distinct break in the child’s vocalization, gaze, or movement.

Gaze and JA were coded as present or absent during
the respond and initiate steps of each social exchange.
Gaze response was coded when the child responded to the
examiner’s bid for attention by looking at the examiner’s face.
Gaze initiate occurred when the child established eye contact
during the last 5 s of each social exchange. JA was coded when
the child and examiner shared attention to the same object/s. In
the respond condition, the child looked at an object after the
examiner directed attention to it; in the initiate condition, the
child linked an object to the examiner’s attention and back to
the object, looking either from the toy to the examiner to the
toy, or from the examiner to the toy to the examiner. Coded
responses ranged from 0 (no attention) to 1 (joint attention).
Additional information on the validation and reliability of the
scoring system may be found in Landry (Landry, Miller-
Loncar, Smith, & Swank, 2002). The gaze and JA scores
reflect the proportion of response and initiation exchanges in
which the child engaged in the behavior divided by the number
of opportunities. We also examined the number of episodes of
negative affect, such as fussing or crying, the child displayed
throughout the sequence of social interactions.

Statistical Approach

A general or generalized linear mixed model (GLMM)
was used to examine the influence of group (comparison,
iTBI, aTBI), and time of testing (baseline, 1 year) and their

Table 2. Injury information for traumatic brain injury participants

Group

Inflicted TBI Accidental TBI
(n 5 64) (n 5 61)

Months of age at injury M (SD)* 8.0 (7.9) 11.3 (10.5)
Reported external cause of injury (n)*

Fall 17 33
Vehicle-related 0 21
Assault 41 1
Sports/other 0 5
No history 6 1

Glasgow Coma Scale score (n)
3–8 19 15
9–12 12 4
13–15 33 42

Severity grouping (n)
Mild 1 3
Complicated-mild/moderate 44 43
Severe 19 15

Days of impaired consciousness M (SD) 2.7 (6.5) 1.3 (3.5)

Note. *p , .05.
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interaction on the gaze and JA proportion scores while con-
trolling for age at testing. This was done using SAS software,
Proc Mixed, for variables that were reasonably distributed.
In some cases, the variables represented frequency counts of
behaviors and were more distributed as Poisson or negative
binomials and so a non-linear mixed modeling program,
SAS procedure, Glimmix, was used. GLMM was also used
to evaluate whether family resources before the injury mode-
rated the relation of group with JA. To assess variables
influencing later development, we examined whether initial
JA scores, family resources, and group predicted cognitive
and adaptive behavior 1 year after injury. Effect sizes were
calculated using Cohen’s d or R2

D.

For the TBI groups, Pearson correlation coefficients were
calculated to examine the relation of GCS scores and the
duration of impaired consciousness with baseline and follow-
up social interaction variables. To determine whether outcomes
were related to external cause of TBI or to the severity of injury,
we completed Group x Severity GLMs for each of the social
and cognitive outcomes. Although the majority of cases had
GCS scores from 13–15, 32 of 33 children in the iTBI and 39 of
42 children in the aTBI groups had complicated-mild TBI with
positive neuroimaging findings. The outcome of children with
complicated-mild TBI is similar to those with moderate
TBI (Levin et al., 2008). Consequently, the analysis examined
outcomes for children with complicated-mild/moderate and
severe iTBI or aTBI.

RESULTS

As indicated in Table 1, the three groups did not differ sig-
nificantly in terms of age at assessment, gender, ethnicity, or
socioeconomic status (SES) (Hollingshead, 1975). Although
the inflicted group tended to be somewhat younger than the
other groups, the differences were not statistically significant,
either by analysis of variance or the Kruskal-Wallis test,
p 5 .23. The groups did not differ on SES (p 5 .32), nor by
gender (p 5 .45) or ethnicity (p 5 .16).

Age at injury differed for the two TBI groups,
F(1,123) 5 4.13; p 5 .04; the inflicted group was younger than
the accidental group. However, because the standard deviations
were similar to the means, a Kruskal-Wallis test was conducted
which was not significant (p 5 .18). The external cause of injury
varied across TBI groups, w2 (7, N 5 125) 5 74.52, p , .0001.
Falls and vehicle-related incidents predominated in the aTBI
group. For participants with iTBI, assault was the most common
cause of injury, followed by children presenting with changes in
level of consciousness with no reported history of injury who
were subsequently diagnosed with TBI. The distribution of both
GCS scores and the duration of impaired consciousness was
similar in the TBI groups.

Social Interaction by Group, Time, and
Family Resources

The model for the social interaction variables was a repeated
measures design across two time points with group, time, and

the group by time interaction. In addition, age at baseline was
included as a time invariant covariate. Age was significantly
related only to the JA initiation score, F(1,181) 5 7.70,
p 5 .006; older children initiated more JA interactions than
younger children but did not differ on gaze or responding to
JA. Figure 1 depicts the gaze variables across time for each
group. For the gaze variables, responding to the examiner’s
eye contact differed significantly by group, F(2,181) 5 6.35,
p 5 .002. Neither time nor the group by time interaction
accounted for significant variability in responding to the
examiner’s gaze. On average, the aTBI group responded to
social overtures with a significantly lower proportion of
eye contact than either the iTBI (t(181) 5 22.84; p 5 .005;
d 5 .36) or comparison groups, (t(181) 5 23.49; p 5 .0006;
d 5 .50), which did not differ from each other, (t(181) 5

0.80; p 5 .423). For initiating eye contact, the group
and group by time interaction terms were not significant. The
time effect approached significance, F(1,181) 5 3.75;
p 5 .054; d 5 .17.

A different pattern of findings emerged for the JA variables.
Responding to the examiner’s JA overtures did not differ
significantly by either group, F(2,181) 5 2.37, p 5 .097, or
time F(1,181) 5 0.02, p 5 .894. In contrast, the group by time
interaction for children’s initiation of JA was significant,
F(2,181) 5 3.60, p 5 .029. Although the main effect for group
was not significant, the proportion of JA initiation increased
from the baseline to the 1 year evaluation. At baseline, the
comparison group initiated a higher proportion of JA interac-
tions than the aTBI group, (t(181) 5 2.21; p 5 .028; d 5 .33),
and had higher JA scores than the iTBI group, (t(181) 5 2.13;
p 5 .035; d 5 .30). Comparison of change between baseline
and the 1-year follow-up by group revealed that significant
gains were noted for the aTBI group relative to the both the
comparison group, (t(181) 5 22.30; p 5 .023; d 5 .68) and
the iTBI group, (t(181) 5 2.45; p 5 .015; d 5 .82), which did
not differ from each other. Figure 2 shows the proportion of JA
initiation for each group over time. Because the groups had
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Fig. 1. Responding to and initiating mutual gaze varied by group.
The accidental traumatic brain injury (TBI) group responded to
social overtures with a lower proportion of eye contact than the other
groups. Eye contact tended to increase in all groups over time.
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comparable levels of negative affect during the social interac-
tions, F(2,104.5) 5 1.29, p 5 .28, it is unlikely that group
differences were related to situational distress.

We then examined whether the impact of SES or family
resources before the injury exerted a main effect or moderated
the relation of group with the social interaction behaviors.
Family resource data were available in 164 children. Neither
SES nor resources interacted with group or time; nonsignificant
interactions were trimmed from each model. The main effect of
SES was nonsignificant for each model, each F , 1.0, p . .60.
The family resources variable was positively related to gaze
behaviors. More resources predicted children’s responding to
the examiner’s gaze over and above the effect of group,
F(1,210) 5 8.96, p 5 .003, R2

D 5 .07. When added to the
model for gaze initiation, resources were positively related,
F(1,228) 5 4.35, p 5 .038; R2

D 5 .07, whereas the group effect
was no longer significant. Regarding JA, resources positively
predicted both responding, F(1,194) 5 7.00, p 5 .009,
R2

D 5 .04, and initiation F(1,204) 5 4.61, p 5 .033, R2
D 5 .03,

over and above the effect of group.

Relation of Joint Attention with Mental
Development and Adaptive Behavior Scores

We examined whether the baseline proportion of JA initia-
tion or response, level of family resources, and group pre-
dicted cognitive and adaptive behavior scores at the 1-year
follow-up. Bayley Mental Development scores were not
related to JA initiation; however, they were predicted by
group, F(2,153) 5 15.35, p , .0001, R2

D 5 .16, and family
resources, F(1,153) 5 9.13, p 5 .003, R2

D 5 .05. In contrast, a
three-way interaction of JA response behaviors, resources,
and group predicted Bayley scores, F(2,146) 5 3.24,
p 5 .042, R2

D 5 .04. Figure 3 shows that for the comparison
group, neither JA nor resources were associated with
Bayley scores. However, for children with aTBI, lower
family resources were associated with lower Bayley scores
independent of JA. For the iTBI group, developmental
quotients were related to both JA and resources. High
resources were associated with higher scores in children with

low JA but conferred no benefit in children with high JA.
Low resources and low JA were associated with the least
favorable scores.

Family resources and baseline JA scores were also exam-
ined in relation to parent ratings of everyday communication
and social skills obtained 1 year after TBI in 127 children.
JA initiation did not predict Vineland Communication scores,
F(1,112) 5 0.00, p 5 .99; although main effects were signi-
ficant for group, F(2,112) 5 11.13, p , .0001, R2

D 5 .16, and
family resources, F(1,112) 5 5.14, p 5 .025, R2

D 5 .04. As
depicted in Figure 4, Communication standard scores were
predicted by the interaction of JA responding, group, and
resources, F(2,116) 5 4.31, p 5 .016, R2

D 5 .06. In children
with low JA, higher family resources buffered the impact of
TBI on communication ratings. Family resources had less
impact in children with higher JA.

Family resources did not significantly moderate the effect
of JA and group on Vineland Socialization scores. For
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JA initiate scores, there was a trend for main effects of
JA, F(1,112) 5 3.00, p 5 .086, R2

D 5 .025, and resources,
F(1,112) 5 2.99, p 5 .086, R2

D 5 .025, on the Socialization
scores. For JA respond scores, a trend was obtained for a
three-way interaction of, JA, resources, and group on the
Socialization scores, F(2,105) 5 2.70, p 5 .072, R2

D 5 .04.
The pattern of scores by group was similar to that depicted in
Figure 4 for the Communication score: higher family
resources had a protective effect and lower resources had a
detrimental effect in children with iTBI who responded to
fewer JA overtures.

Relation of Social Interaction Scores with
Injury Variables

Partial correlation of the social interaction scores at the initial
and 1-year follow-up with the GCS score and impaired
consciousness revealed that only the JA respond score at
baseline was significantly correlated with the injury variables.
Higher GCS scores (r 5 0.47; p 5 .0001) and shorter impaired
consciousness (r 5 20.52; p 5 .0001) were associated with
greater social responsiveness.

For children with complicated–mild/moderate and severe
TBI, we also examined whether outcomes were related to
external cause of TBI or to severity of TBI. Descriptive and
inferential statistics for the social interaction, cognitive
and adaptive behavior outcomes are provided in Table 3. There
were no significant interactions of group (inflicted, accidental)

and TBI severity (complicated–mild/moderate, severe) for any
of the outcomes. At baseline, children with iTBI responded to
(d 5 0.57) and initiated (d 5 0.45) more eye contact than
children with aTBI. At follow-up, gaze variables were not
significantly related to either group or severity. In both TBI
groups, children with severe TBI were less responsive to JA
overtures than children with complicated–mild/moderate TBI
at both baseline (d 5 0.82) and 1 year (d 5 0.58) follow-ups.
Children’s initiation of JA interactions was not related to either
group or severity of injury at either time point.

Cognitive and adaptive behavior scores at the 1-year follow-
up were differentially related to group and severity. Children
with complicated–mild/moderate or severe iTBI had lower
Bayley MDI scores than the accidental group (d 5 20.56).
Vineland Communication scores were significantly lower in
the iTBI than the aTBI group (d 5 20.55) and were lower in
children with severe than complicated–mild/moderate TBI
(d 5 0.99). Vineland Social scores were significantly lower
in children with severe than complicated–mild/moderate TBI
(d 5 1.00), but did not vary by external cause of injury.

DISCUSSION

Joint Attention during the First Year after TBI

During the first year after injury, aspects of social interaction
differed in young children with aTBI or iTBI relative to healthy
comparison children. Regarding gaze, initiating eye contact was

Table 3. Social interaction, cognitive, and adaptive behavior scores for children with complicated-mild/moderate and severe TBI

Group

Inflicted TBI Accidental TBI

Complicated- Complicated-
Statistics

mild/moderate Severe mild/moderate Severe Group Severity
Outcomes M (SD) (n 5 44) (n 5 19) (n 5 29) (n 5 15) F-value F-value

Social interaction df (1,103)
Baseline

Gaze respond 28.9 (26.3) 37.8 (28.0) 18.5 (19.3) 18.2 (19.1) 8.88** 0.73
Gaze initiate 16.2 (16.6) 19.8 (17.1) 9.9 (11.2) 12.6 (13.3) 4.63* 1.02
JA respond 94.8 (8.6) 80.0 (29.3) 91.3 (13.4) 74.0 (31.5) 1.42 15.99***
JA initiate 5.7 (9.6) 3.3 (6.1) 3.4 (7.2) 4.2 (7.8) 0.17 0.21

Follow-up
Gaze respond 30.3 (18.0) 35.8 (27.6) 25.5 (19.4) 23.1 (25.2) 2.04 0.07
Gaze initiate 17.4 (12.1) 22.4 (19.3) 19.4 (17.1) 14.2 (19.8) 0.46 0.00
JA respond 94.4 (9.0) 86.4 (26.1) 96.0 (5.3) 82.9 (27.5) 0.04 4.65*
JA initiate 8.4 (9.9) 6.9 (9.6) 16.8 (18.0) 8.7 (10.5) 2.38 2.16

Cognitive and adaptive behavior follow-up
Bayley Mental Development Index df (1,96)

82.1 (15.8) 76.9 (21.6) 91.4 (15.3) 86.3 (12.5) 6.49* 1.99
Vineland Adaptive Behavior Scales df (1,71)

Communication 89.9 (10.7) 81.7 (10.1) 98.3 (10.7) 88.2 (15.1) 7.04** 10.62**
Social 98.0 (11.0) 88.0 (11.1) 99.8 (11.9) 89.7 (14.1) 0.37 12.14***

Note. p , .05*, p , .01**, p , .001***.
JA 5 joint attention.
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similar across the three groups and tended to increase over time.
Responding to the examiner by establishing mutual gaze was
reduced in the aTBI group relative to the iTBI and comparison
groups. The pattern of findings differed for JA. Initiation of
JA occurred significantly less frequently in the aTBI group than
other groups at the baseline evaluation. All groups increased
JA initiations over time; however, children with aTBI showed
significantly more growth and initiated the highest proportion
of JA interactions at the 1-year follow-up. Given the nature of
the coding system, it is not possible to determine whether the
high rate of social initiation behaviors was appropriate to the
interaction or whether it reflected disinhibited or attention-
demanding behavior.

Contrary to expectation, children with inflicted injuries did
not have lower rates of social engagement than the other
groups. Our initial study found that infants with iTBI initiated
fewer JA interactions and were less responsive using gaze
and JA than a community comparison group (Landry et al.,
2004). However, the sample of children in the present study
did not show the same pattern of reduced social interaction.
This discrepant finding may be due in part to the larger
sample size of the current study.

We also hypothesized that the proportion of social beha-
viors would increase from the initial to the 1-year follow-up
in all groups. Partial support was obtained for this hypo-
thesis; initiating JA was the only measure that increased
over time and with age. Responding to JA in response to the
examiner’s overtures was similar in all groups at baseline and
1-year time points.

Joint Attention Initiation and Responding as
Predictors of Outcomes

Do levels of initiating and responding to JA predict later
developing cognitive abilities and social skills after early brain
injury? Interestingly, JA initiation scores did not predict either
cognitive ability or caregiver ratings of everyday social and
communication behaviors. These outcomes were predicted by
both group membership and family resources. In contrast, the
child’s response to JA overtures interacted with both group
and resources to predict cognitive and adaptive behavior
outcomes. These findings suggest that JA response, but not JA
initiation, is a core social cognitive ability that accounted for
variability in longer-term outcomes following TBI. Respond-
ing to JA has been related more strongly than initiating JA
to disengagement of attention and self-regulation (Vaughan
Van Hecke et al., 2012, 2007). Interestingly, in our sample,
responding to JA was more strongly related than initiating JA
to initial measures of injury severity and to later cognitive and
social outcomes.

Several longitudinal studies have found that initiating and
responding to JA are differentially related to outcomes in
both typically developing and clinical samples. Vaughan Van
Hecke et al. (2007) noted that infants who either initiated and/
or responded to JA overtures more frequently at 12 months of
age were rated as showing fewer externalizing behaviors
and more favorable social and behavioral competence at

30 months of age. Moreover, initiating JA was not correlated
with measures of temperament, cognition, or language;
responding to JA was positively correlated with language
comprehension and negatively correlated with ratings of
inhibitory control (Vaughan Van Hecke et al., 2007).
In a sample of children with prenatal exposure to cocaine,
Sheinkopf, Mundy, Claussen, and Willoughby (2004)
reported that initiating JA at 12 to 18 months of age was
negatively related to general cognitive and language skills, as
well as to caregiver ratings indicating lower positive social
behaviors at 36 months. In contrast, responding to JA was
positively related to ratings of positive social behavior (Shein-
kopf et al., 2004). Overall, these studies suggest that high rates
of initiating JA may be associated with lower IQ and language
scores and with increased disruptive behavior. High rates
of responding to JA were associated with more favorable
language, cognition, and behavior regulation. In the present
study, the higher levels of initiating JA in the aTBI group than
the comparison group may be an indicator of increased risk for
long-term social difficulties.

Family Resources

During the first year after TBI, social interaction behaviors
were influenced by the family’s access to material and social
support, but not by socioeconomic status. Not surprisingly,
the more proximal indicator of the family’s resources
was more strongly related to outcomes than the more distal
measure of parental education and occupation. Across
groups, children from families with more resources engaged
in a higher proportion of gaze and JA interactions than those
from families with lower resources. Contrary to expectation,
the level of resources did not differentially affect the growth
of social behaviors in children with TBI and comparison
children across the follow-up. Greater resources enhanced
social communication in all children in an additive manner
but did not interact with group or time. Similar to findings of
other studies (Kurowski et al., 2011; Yeates, Taylor, Walz,
Stancin, & Wade, 2010), family variables influenced, but did
not moderate, the relation of group and social competence
during the first year after injury in young children.

For typically developing children, the level of family
resources did not exert a major impact on the Bayley Mental
Development Index. Resources had an additive effect on the
developmental scores of children with aTBI; greater access to
resources was associated with higher scores at all levels of
JA. In contrast, outcomes in children with iTBI varied
depending on the level of JA and resources. In children with
low social responsiveness, high resources buffered the
adverse impact of TBI on Bayley scores. Children with iTBI
with low resources and low JA were disproportionately
disadvantaged and had the lowest developmental scores of
any group. A similar pattern of findings was obtained for
caregiver ratings of adaptive behavior. Children with iTBI
who were less responsive and had lower levels of family
resources had the lowest communication and socialization
scores. Clearly, young children with iTBI and low social
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responsiveness are extremely sensitive to environmental
variables, which can either enhance positive outcomes or
potentiate poor long-term outcomes.

Severity of Traumatic Brain Injury

Severity of TBI and external cause of injury had medium
to large effects on several outcomes, which is particularly
salient because the analyses compared children with
complicated-mild/moderate to severe TBI to each other
rather than to a healthy comparison group. During the first
year after complicated-mild/moderate to severe TBI, JA
interactions were similar in children with iTBI and aTBI; in
both groups, children with complicated-mild/moderate TBI
were significantly more responsive than those with severe
TBI. Children with iTBI had significantly lower general
cognitive and communication scores than children with
aTBI. In both groups, children with severe TBI were rated
as less competent than children with complicated-mild/
moderate TBI in communication and social domains.

Infants and preschoolers who sustain complicated-mild/
moderate to severe TBI are clearly at high risk for deficits in core
social interaction and communication abilities that are likely to
influence their future social development and health-related
quality of life. Because JA is a foundational skill, disruption in
JA may contribute to a cascade of difficulties in later-developing
cognitive, social, and communication abilities. Reduced res-
ponsivity to social cues may contribute to the chronic social
problems (Rosema et al., 2012) and poor vocational outcomes
(Koskinicmi, Kyyka, Nybo, & Jarho, 1995; Nybo, Sainio, &
Muller, 2004) reported following TBI in young children.

Limitations and Future Directions

Findings of the present study are limited by several factors. First,
the sample is based on two cohorts of children enrolled into
longitudinal studies from 1994 to 1999 and 2001 to 2006.
Although every effort was made to recruit children admitted
consecutively, there is no information available regarding
whether children who enrolled in the study were representative
of all children admitted to the hospital. Inclusion of a compar-
ison group of children with orthopedic injury would help
to control for factors, such as preinjury child and family
characteristics, which might predispose children to being
hospitalized for an injury. The sole use of preinjury estimates of
family resources as a predictor of outcomes is a limitation.

Research including children with abusive injuries faces
unique challenges. Estimates of preinjury functioning are
less likely to be available in children with putative abusive
injuries. Nonrandom missing data may bias assessment
of the relation of preinjury variables, such as responsive
parenting, with outcomes. Outcomes may also be influenced
by decisions regarding guardianship. For example, biological
and social outcomes may differ, and may sometimes be more
favorable, in maltreated children removed from parental care
relative to children remaining with birth parents (Bernard,
Butzin-Dozier, Rittenhouse, & Dozier, 2010).

Strengths of the study include the longitudinal design that
allowed examination of variables that impacted subsequent
cognitive and social development in a large sample of
young children with different external causes of brain injury.
Direct measures of infant social relatedness in a naturalistic
setting were used to predict later developmental outcomes.
The combination of direct assessment of social communica-
tion and ratings based on caregiver interview minimizes
collinearity given the variability in methods.

This study contributes to the nascent literature showing
relations between early markers of social interaction and
the quality of later social and cognitive development in
children with CNS disorders. Longitudinal studies following
young children with TBI into middle childhood and adole-
scence are essential to characterize how JA during early
stages of outcome is related to long-term social, academic,
and adaptive behavior outcomes. The child’s engagement
of other people and readiness to be engaged in interactions
with others may be candidate markers of later outcomes that
may be used to target children in need of different interven-
tion services.
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