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ORIGINAL ARTICLE

Family environment influences emotion recognition following
paediatric traumatic brain injury
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Abstract
Objective: This study investigated the relationship between family functioning and performance on two tasks of emotion
recognition (emotional prosody and face emotion recognition) and a cognitive control procedure (the Flanker task)
following paediatric traumatic brain injury (TBI) or orthopaedic injury (OI).
Methods: A total of 142 children (75 TBI, 67 OI) were assessed on three occasions: baseline, 3 months and 1 year post-
injury on the two emotion recognition tasks and the Flanker task. Caregivers also completed the Life Stressors and
Resources Scale (LISRES) on each occasion. Growth curve analysis was used to analyse the data.
Results: Results indicated that family functioning influenced performance on the emotional prosody and Flanker tasks but
not on the face emotion recognition task. Findings on both the emotional prosody and Flanker tasks were generally similar
across groups. However, financial resources emerged as significantly related to emotional prosody performance in the TBI
group only (p¼ 0.0123).
Conclusions: Findings suggest family functioning variables—especially financial resources—can influence performance on an
emotional processing task following TBI in children.
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Introduction

Traumatic brain injury (TBI) is one of the most
common injuries leading to disability in children
[1, 2]. Among the myriad deficits, significant diffi-
culties with social interaction are common following
head injury and can become some of the most
challenging, long-term difficulties faced by children
and their families [3–11]. At the same time, TBI
often drastically increases family burden and can
result in long-term family dysfunction [12]. This
latter finding is critical when considering social
dysfunction following paediatric TBI because
research with typically-developing children demon-
strates a link between family context (such as
discipline practices, parent–child attachment,

parental socialization and the marital relationship)
and the development of emotional regulation and
social interaction [13–19].

Studies of childhood TBI survivors underscore the
interactions between recovery of social skills, beha-
vioural dysfunction and quality-of-life and the family
environment [11, 12, 20–29]. For example, Yeates
et al. [11, 28] showed that children sustaining a
severe TBI who lived in stable family environments
faired better in terms of social reasoning and
behavioural outcomes both in the short-term
(6 and 12 months post-injury) and long-term
(an average of 4 years post-injury) when compared
to children residing in families with limited resources
or significant family turmoil. In a subsequent inves-
tigation, Taylor et al. [29] suggested that the
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interactions between family environment and recov-
ery from TBI are actually reciprocal (e.g. disability
following injury influences the family environment,
but the family environment also influences the extent
of disability).

Caregiver specific factors have also been associ-
ated with overall family burden as well as outcomes
following paediatric TBI. A study by Wade et al.
[30] indicated that parental social resources—
described as the support from friends and/or the
extent to which a spouse, friends or extended family
could be counted on to help out—were crucial
factors in reducing long-term family burden regard-
less of initial level of stress. Aitken et al. [31]
investigated the relationship between a child’s
quality-of-life following TBI and caregiver reported
burden. The authors reported that those children
with relatively lower quality of life scores following
their TBI had caregivers with greater levels of
burden at 3 and 12 months following injury and
this pattern was especially pronounced in parents of
children with unmet healthcare needs. These results
not only indicate an interaction between quality-of-
life following paediatric TBI and caregiver reported
burden, but, along with the findings of Yeates et al.
[11, 28] and Taylor et al. [29], suggest this
relationship may be reciprocal.

The studies discussed above examined the
relationship of family environmental factors
(e.g. caregiver burden) and broad measures of
recovery from paediatric TBI (e.g. performance on
a task of social reasoning [11], ratings of external-
izing/internalizing behaviours [28] or quality-of-life
[31]). No studies have examined the relationship of
family environment to other cognitive abilities that
are thought to be important in the development of
social interaction. For example, a foundational
cognitive process posited to be important for suc-
cessful social interaction is the ability to recognize
the emotions of other people [32]. Previous research
with adults and a few studies with children indicate
difficulties recognizing emotions from voices and
facial expressions are common in both the acute and
chronic stages of recovery after closed head injury
[33–42]. As such, researchers argue that difficulties
with emotion recognition significantly contribute to
deficits in social communication and social compe-
tence following TBI [34, 43, 44].

A recent study conducted by the authors [45]
demonstrates the connection between family burden
as it relates to SES and ability to recognize emotion
for children recovering from TBI. Findings indicated
difficulties with recognition of both emotion prosody
and face emotion in the first 2 years following
paediatric TBI. However, the patterns were different
for these tasks and both procedures appeared
influenced by environmental factors. On the

emotional prosody task, children coming from low
socioeconomic backgrounds who sustained a head
injury consistently performed worse and demon-
strated a slower recovery rate than matched ortho-
paedic injury (OI) controls. The performance of
children from relatively higher socioeconomic
circumstances in the closed head injury group
initially lagged behind those in the OI group, but
these children displayed a fast rate of recovery,
eventually allowing their performance to surpass that
of the OI controls. Conversely, children sustaining
an OI always outperformed children with a TBI on
the face emotion recognition task.

In summary, previous research demonstrates:

(1) A likely link between emotion recognition and
social cognition within typically-developing
children.

(2) Deficits in emotion recognition are likely fol-
lowing paediatric TBI.

(3) Emotional recognition is related to environmen-
tal factors in children sustaining a TBI or OI.

(4) Paediatric TBI increases caregiver burden and
can increase family dysfunction.

(5) Research indicates a link between family envi-
ronment and broad measures of social/beha-
vioural functioning.

Thus, the question remains, what is the connec-
tion between other aspects of the family environment
such as caregiver perceived stressors and resources
and emotional recognition following TBI? Exploring
this connection is a necessary first-step toward a
more thorough understanding of the relationship
between the family environment and social out-
comes after childhood head injury. To the authors’
knowledge, no studies have directly addressed this
question.

Study purpose

The current study investigated the relationship
between variables of family functioning (as indexed
by a measure of caregiver social/financial stressors
and resources) and the child’s performance on two
tasks of emotion recognition (emotional prosody and
face emotion recognition). The authors were parti-
cularly interested in whether specific variables within
the broad domains of parental stress and resources
(i.e. friends, finances, spouse, etc.) made indepen-
dent contributions to the child’s emotion recognition
skills. Additionally, the authors were interested in
investigating if any obtained relationships were
specific to emotional processing or more indicative
of cognitive skills in general. Thus, this study
examined the relationship between family function-
ing and performance on the Flanker task, which is
a task of cognitive inhibition. This particular
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procedure was chosen because it is a relatively pure
task of cognition and not likely to be significantly
influenced by emotion processing skills. It was
anticipated that it would provide a basis on which
to interpret any findings by helping to determine if
obtained results were specific to emotion
recognition.

This study is unique in several respects. First,
it examined possible relationships between specific
variables of caregiver functioning and a child’s
performance on two tasks of emotion recognition.
Second, the measure used allowed one to specifically
examine the role that caregiver functioning
(independent from other variables of family
functioning) may play in moderating cognitive
performance over time. Finally, the use of a relatively
emotion-free measure of cognitive skills [46, 47]
(i.e. the Flanker task) allowed for a true comparison
of the influence of family factors on emotional
processing beyond the impact of overall cognitive
performance.

This study used growth curve modelling in order
to examine change over time (i.e. baseline, 3 months
and 1-year follow-ups). It was hypothesized that
some relationships would be observed between
family functioning and performance on the emotion
recognition tasks and that these relationships would
not occur in both the emotion recognition tasks and
the Flanker measure.

Method

Participants

All procedures were approved by the institutional
review boards of the participating organizations and
complied with the NIH policies on human subjects.
Participants with TBI secondary to a closed head
injury or an OI were recruited from Dallas, Houston
and Miami medical centres during or directly after
hospital admission. Inclusion of the OI group was
intended to control for risk factors pre-disposing
children to injury and to equate for non-specific
factors such as maturation or stress resulting from
hospitalization.

The current investigation examined participants
at three time points; baseline within 1 month after
injury, 3 months and 1 year post-injury. A total of
142 children (75 children with TBI and 67 children
with orthopaedic injuries) participated in the current
study as part of a larger project examining neurobe-
havioural outcomes following paediatric TBI.
General participant information, including race,
gender and mother’s education can be found in
Table I Due to scheduling difficulties not every child
participated in each of the three evaluation time

points (see Table II). Participants ranged in age from
7–17 years of age at the time of injury (see Table III).

Enrolment criteria for the TBI group included the
lowest post-resuscitation Glasgow Coma Scale
(GCS) [48] score recorded at the emergency
centre. In this sample, 75 children had moderate-
to-severe TBI. Moderate TBI was defined by GCS
scores of 9–12 or by GCS scores of 13–15 with brain
lesions (contusions, haematomas) indicated by com-
puted tomographic (CT) scans. Severe TBI was
defined by GCS scores of 3–8. See Table III for a
description of the participants in terms of GCS score
and mechanism of injury. The 67 hospitalized OI
patients had mild-to-moderate orthopaedic injuries
as defined by the Abbreviated Injury Scale [49]. All
participants were English-speaking, had no previous
hospitalization for head injury and did not have a
diagnosis of mental retardation or a neurodevelop-
mental disorder (e.g. Autism).

Procedures

Testing commenced only after parental consent and
child assent were obtained in accordance with
institutional review board-approved guidelines at
each medical centre. Children were assessed at
three time points during the first year of follow-up:
baseline (within 1 month), 3 months (�1 month)

Table I. Participant demographics, including gender, race and
mother’s education.

OI TBI �2 t p

Gender
Males 47 (70.15%) 49 (65.33%) 0.37 0.5404
Females 20 (29.85%) 26 (34.67%)

Race*
White 21 (31.34%) 32 (42.67%) 7.56 0.0228
Black 23 (34.33%) 11 (14.67%)
Other 23 (34.33%) 32 (42.67%)

Mother’s education
M 13.53 12.45 2.21 0.0285
SD 2.68 2.99
Range 7–20 5–18

*Groups are significantly different when p< 0.05.

Table II. Number of participants observed at each occasion and
total number of participants involved in the study.

OI TBI

Number of observations by occasion
Baseline 65 65
3 month 54 68
12 month 44 50

Total participants involved in study 67 75

1552 A. T. Schmidt et al.

B
ra

in
 I

nj
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

A
M

/T
M

C
 L

ib
ra

ry
 o

n 
01

/1
9/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



and 12 months (�2 months) post-injury. Possible
moderating variables relating to age at injury, socio-
economic status (SES), gender and ethnicity were
also collected on each child/family. For the current
study, mother’s education alone was used as a proxy
measure of SES because other approaches for
estimating this variable (e.g. the Socioeconomic
Composite Index [SCI]) [11, 28] rely on variables
such as total family income. In the current study,
the measure of TBI was financial resources (i.e. a
variable of interest) and thus could not also be used
to estimate SES for reasons of redundancy.

Measures

Life Stressors and Social Resources Inventory-Adult

Form (LISRES-A). The LISRES-A [50] measures
the proximal family environment by the parent
completing a self-report inventory (or structured
interview if reading is not adequate to complete the
self-report form). The LISRES-A was developed to
evaluate an individual’s unique pattern of stressors
and resources within and across life domains such as
finances, spouse, work, friends, family and physical
health [51]. The scales measuring life stressors
evaluate circumstances within each domain that
may cause stress. Social resources scales assess
circumstances within these same domains (with the
exception of physical health), which may also be
sources of social support. For example, work
stressors include items such as ‘Do you have
conflicts with your supervisor? Is there constant
pressure?’, whereas work resources include items
such as ‘Are your co-workers friendly toward you?

Is your work challenging?’ Questions regarding
financial stress are concerned with particular issues
such as ‘do you have enough money to pay for. . .’,
and financial resources are assessed in terms of
family income on an eight-point scale ranging
from < $20 000 to > $60 000. It should be noted
that, with the exception of the spouse and financial
domains, research suggests that individuals who
report a high level of stress within a domain do not
necessarily report corresponding low levels of
resources within that same domain [51].

As traditionally used in paediatric TBI studies
[11, 28], the Family Stressors score is defined as the
mean of the T-scores for five Stressors scales
(Health, Work, Spouse, Extended Family, and
Friends), whereas the Family Resources score is
defined as the mean T-score for four Resource scales
(Work, Spouse, Extended Family and Friends).
The correlations between these sub-scales were
low in this sample, indicating a high degree of
independence. Since the authors were interested in
examining specific family factors that may affect
emotion recognition, analyses were conducted
using these individual sub-scales plus the sub-scales
of financial stressors and financial resources.
Of note, the financial resources scale is better
conceptualized as a measure of family income, but
will continue to be referred to as financial resources
scale to remain consistent with the actual instru-
ment. The LISRES-A was administered to each
participating parent at each time point. At baseline,
the measure pertained to pre-injury status, whereas
at each follow-up assessment responses evaluated
post-injury status.

Table III. Participant statistics, including age of injury acquisition, Glasgow Coma Scale score and mechanism
of injury.

OI TBI t p

Age of injury*
M 12.021 13.341 �2.97 0.0035
SD 2.48 2.773
Range 7.053�16.556 7.102�17.216

GCS
M 14.985 7.972
SD 0.122 4.434
Range 14–15 3–15

Mechanism of injury
Auto, truck, bus (driver/passenger) 2 24
Motorcycle/moped 5 7
RV, off road 1 6
Bicycle 5 5
Fall 13 12
Falling object 1 0
Sports/play 32 4
Hit by motor vehicle (pedestrian) 3 12
Other 4 2

*Groups are significantly different, p< 0.05.

Family environment emotion recognition TBI 1553
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Scores for single-parent families or families in
which the parent does not work are limited to the
relevant scales. Further, it should be emphasized
that the LISRES-A provides a measure of the
parent’s perception of their own stressors and
resources, and is not a direct measure of a child’s
stressors or resources. Internal consistency is mod-
erate-to-high for all LISRES-A scales, as is stability
(except for work) over a 1-year interval.

Emotional prosody task [52–54]

Children listened to a digital recording of four
semantically neutral sentences spoken with eight
different emotional prosodic contours: happy, sad,
angry, neutral, afraid, surprised, disgusted and
sleepy. To identify the emotion expressed, the
participant pointed to the name of the emotion
printed beneath a picture of a cartoon face displaying
the emotion. Each sentence was 3-seconds in dura-
tion and all 32 sentences were played in random
order for each participant. The task proceeded based
upon the response rate of each participant making
sure that there was a minimum of 10 seconds
between sentences. Performance was evaluated in
terms of the number of sentences correctly
identified. This task has been shown to be sensitive
to changes in cortical volume following paediatric
TBI [54].

Face emotion recognition [55]

This task evaluated a participant’s ability to
recognize facial emotions. Participants sorted 24
photographs. Each photograph displayed one of six
adults expressing one of four different facial emo-
tions (e.g. anger, happiness, surprise or disgust).
Children were instructed to sort the photographs
into four groups—each group comprising six people
expressing the same emotion (e.g. all happy).
Importantly, the previous study [45] demonstrated
that, regardless of group, most participants were able
to correctly sort faces by facial identity and, thus,
that data is not included in the present investigation.
The task was scored for accuracy of recognizing the
emotion displayed by sorting into the correct
emotion group and completion time to sort the
photographs was recorded. The reliability for this
task for children with TBI was moderately high
(internal consistency coefficient¼ 0.75).

Eriksen FlankerþNo-Go task

In this task, initially developed by Eriksen and
Eriksen [47] and subsequently modified by Bunge
et al. [46], each child was told that a central arrow
would appear with other symbols next to it. The
child was asked to press a key corresponding to the

direction of the arrow as quickly and accurately as
possible except when the central arrow had an X
next to it, in which case no key press was necessary.
This task consisted of 112 trials in four randomized
conditions; stimuli adjacent to the central arrow
were (a) facilitation: two arrows pointing in the same
direction as the central arrow; (b) interference: two
arrows pointing in the direction opposite the central
arrow leading to interference from conflicting stim-
uli; (c) baseline: central arrow flanked by two dashes,
providing a measure of baseline performance under
a neutral condition; and (d) no-go: central arrow
flanked by two Xs, a measure of overriding a pre-
potent response. For these analyses, the authors
were mainly interested in a measure of reaction time
during a cognitive task. Therefore, performance was
analysed by evaluating reaction time during the
interference condition while controlling for baseline
reaction time.

Statistical analysis

The demographic data were compared using t-tests
for continuous variables (e.g. age-at-injury, mother’s
education), and a Chi-Square test for categorical
variables (e.g. gender and ethnicity). Procedures for
the growth curve modelling are described below.

For relevant measures, outliers were observed and
removed from the analysis resulting in a minimal loss
of data points. A Poisson distribution was assumed
for the outcome, because the variable was the total
number of correct trials and a generalized linear
mixed model utilizing the Glimmix procedure in
SAS was applied to the data. Linear and quadratic
functions of time were also tested in the model in
order to model the growth curve of task performance
over time. However, the quadratic function of the
effect of time was not significant, so only the
intercept and slope were entered into the model.
Age-at-injury, mother’s education (as an estimate of
SES), gender, ethnicity and injury group were
examined for effects on the intercepts and slopes of
the recovery. The effects of gender and ethnicity
were not significant and therefore not included in the
model. In order to interpret the outcome, age was
centred at the overall mean of age.

On the emotion recognition and cognitive tasks,
we evaluated the relationships among group, specific
family factors, and emotional prosody identification.
The LISRES-A defines specific family stressors as
the sub-domains of Health, Finances, Work, Spouse,
Extended Family and Friends, while specific family
resources are sub-domains of Finances, Work,
Spouse, Extended Family and Friends. For this
study, each of these sub-domains was looked at in
turn to determine its relation to the child’s
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performance on the emotional prosody, face emotion
recognition and Flanker tasks.

Results

Demographic variables

There was no significant difference for gender
between group, but the OI group was comprised of
a higher proportion of participants of African
American ethnicity and a lower proportion of
participants of Caucasian and other ethnicities, �2

(2, n¼142)¼ 7.56, p¼ 0.0228. TBI participants, as
a group, were 1.3 years older than OI participants at
the time of injury, t(140)¼�2.97, p¼ 0.0035, and
estimated SES for the TBI participants was lower
than for OI participants, t(135)¼ 2.21, p¼ 0.0285.
Although attrition was modest, data indicated that
the relationship between groups with regard to these
variables remained relatively stable over the three
occasions.

Emotional prosody

After controlling for SES, only the Finances sub-
domain showed relations with the child’s emotional
prosody performance. Financial resources were
significantly positively related to the total correct
responses on the prosody task (i.e. more resources
resulted in better performance). This relation also
depended on age, F(1,157)¼ 4.31, p¼ 0.0394, with
the relationship stronger for younger participants.
This relation also depended on group,
F(1,157)¼ 7.43, p¼ 0.0072, with a positive rela-
tionship existing only in the TBI group,
t(157)¼5.04, p< 0.0001 (Figure 1; Table IV).

There was a significant negative relation between
family financial stress and the number of correct
responses made by the child on the prosody task (i.e.
greater financial stress was associated with poorer
performance). This depended on the child’s age,
F(1,162)¼ 7.12, p¼ 0.008 (Table IV) with younger
children showing the effect, but not older children.
This relation did not change with group or time
(Figure 2).

Face emotion recognition

No significant relationships between face emotion
recognition performance and any of the stressors or
resources sub-domains of the LISRES-A were
observed.

Flanker

SES as well as baseline reaction time were both
controlled for in the analyses. Financial resources
were negatively related to reaction time for both

groups, F(1,121)¼ 4.20, p¼ 0.0426. Further,
although not reaching statistical significance, finan-
cial stressors trended toward being positively related
to reaction time on the Flanker, F(1,123)¼ 2.73,
p¼ 0.1012. Because of the possible influence of
cognitive inhibition on emotion recognition perfor-
mance, this study re-analysed the initial emotional
recognition data controlling for Flanker perfor-
mance. The obtained results were essentially
unchanged from the previous findings (i.e. Flanker
performance did not alter the relationship between
emotional recognition and family functioning vari-
ables for either the emotional prosody or face
emotion recognition tasks).

Discussion

The current study examined the relationships
between caregiver-perceived stressors and resources,
child performance on two emotion recognition tasks
and child performance on a task of cognitive inhi-
bition. Several interesting findings were observed
providing modest support for the influence of family
environment on emotion recognition skills after
childhood TBI.

LISRES-A and emotion recognition

Financial resources and financial stress appeared to
have the most significant relationships to emotion
recognition performance. Specifically, there was a
significant interaction between financial resources,

Figure 1. The relationship between Financial Resource raw
scores and the total number of correct responses on the
Emotional Prosody task was moderated by the type of injury to
the participant. Orthopaedic control participants were not signif-
icantly affected by family resources, whereas those participants
with TBI showed more improvement in task performance as
family resources improved.
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group and child performance on the emotional
prosody task, so that children with TBI exhibited
significantly better performance at higher levels of
perceived financial resources. This result was stron-
ger in younger vs older children. Caregiver perceived
financial stress was negatively related to the child’s
performance on the emotional prosody task for both
TBI and OI groups, but only for younger children.

It was striking that no relationships emerged
between face emotion recognition and LISRES-A
sub-scales. Previous research indicated that OI
participants consistently outperformed their TBI

peers on the face emotion recognition task [45].
However, despite there being a general relationship
between estimated SES and face emotion recogni-
tion performance in a previous investigation [45],
there were no significant group by LISRES-A
sub-scale interactions on face emotion recognition.
The previously observed relationship may have been
driven by SES factors other than those elements
specifically related to the family environment. It is
also possible that the measure of caregiver function-
ing was not sensitive to environmental variables
important in face emotion recognition and studies
using other instruments would be able to detect
effects not captured in the current study. Another
possibility is that emotions expressed by voice cues
are more directly linked to the family context.

LISRES-A and Flanker

This study also examined the relationship of family
functioning to performance on the Flanker task in
order to determine how specific the findings were on
the emotion prosody task. When analysing the data
by sub-domain of the LISRES, a significant negative
relationship between financial resources and reaction
time emerged for both groups. Although the authors
did not necessarily expect to observe any relation-
ships between caregiver-reported factors and Flanker
performance, this finding makes intuitive sense and
is consistent with previous research that indicates
children from more financially stable backgrounds
(i.e. higher SES) have a better trajectory of cognitive
recovery after TBI [5, 28, 56]. A re-analysis of the
emotion recognition data controlling for Flanker
performance did not alter the pattern of findings on
either the emotional prosody or face emotion recog-
nition tasks.

Table IV. Results summary for the relation of LISRES-A to performance on the Emotional Prosody task.

Factors of LIRES-A Predictors Estimate t p

Financial stressor
Group (OI vs TBI) 0.0584 1.46 0.1453
Mother’s education 0.0178 2.45 0.0154
Age 0.0210 2.91 0.0041
Financial stressor �0.0115 �2.77 0.0063
Financial stressor*Age 0.0038 2.67 0.0084
Interval 0.0897 2.76 0.0065

Financial resource
Group (OI vs TBI) 0.0979 2.53 0.0123
Mother’s education 0.0115 1.62 0.1068
Age 0.0201 2.89 0.0045
Financial resource 0.0084 5.04 <0.0001
Financial resource*Group �0.0061 �2.73 0.0072
Financial resource*Age �0.0009 �2.08 0.0394
Interval 0.0842 2.57 0.0110

Interval is time since injury interval.

Figure 2. The relationship between Financial Stressor raw scores
and the total number of correct responses on the Emotional
Prosody task was moderated by age. Age categories are shown as
standard deviations from the mean, with a positive deviation (i.e.
older age) resulting in a much weaker negative relationship
between financial stress and task performance.

1556 A. T. Schmidt et al.
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Impact of financial stress

Family financial stress was negatively related to
performance on the emotional prosody task, but only
in younger children. This finding supports previous
research, indicating that younger children are more
susceptible to parental stress and perturbations in
the family system when compared to older children
and adolescents [57, 58].

Previous research has linked financial stability and
income level to cognitive and behavioural outcomes
via direct and indirect mechanisms [59]. Not
surprisingly, financial stress as indicated by poverty
status has been associated with the amount and
quality of a child’s home environment as well as the
types of stimulating experiences a child is exposed to
[60]. The impact of financial status appears parti-
cularly relevant for younger children [59]. Given
these studies, it is speculated that financial stress
may be negatively related to the quantity and quality
of educational opportunities available to the children
involved in this study. Further, it is possible that
financial stress, as measured in the current investi-
gation, is measuring the broader category of parental
stress, which may itself adversely affect a child’s
performance on cognitive tasks such as emotional
prosody [13, 17–19]. Whatever the mechanism, it
does not appear to be unique with regard to children
who sustain a TBI. It cannot be ruled out, however,
that the relationship of financial stress to emotional
prosody performance is related to the parental
stress and family upheaval experienced by families
following a traumatic event (e.g. the serious injury
of a child).

Impact of financial resources

The positive relationship between financial resources
(i.e. family income) and emotional prosody perfor-
mance for the TBI group was the only significant
group difference that emerged in the current inves-
tigation. This finding remained significant even after
controlling for estimated SES and is consistent with
previous research demonstrating that income and
financial considerations are significant predictors of
caregiver burden following brain injury. The fact
that this relationship was not depleted by accounting
for SES in the analysis highlights the importance of
adequate financial resources beyond other variables
typically associated with SES in facilitating positive
outcome after brain injury [31, 61]. However, the
variable of financial resources may, in this case,
merely be a proxy for other environmental influences
(e.g. aspects of family functioning or of the commu-
nity in which the family lives) that are important for
TBI outcome but not otherwise captured by the
LISRES-A. For example, the greater the financial
resources, the less stress the caregiver is under and

the better the outcome for the child. This mecha-
nism may be particularly important in the current
sample given the relatively narrow range of financial
resources measured by the LISRES-A.

Osberg et al. [61] argue that the increases in
financial strain after paediatric TBI affect the family
system in a negative manner by exacerbating overall
family stress, eventually leading to greater family
disruption. Work by Montgomery et al. [62] indi-
cated that financial difficulties are experienced by at
least 30% of families even up to 3 years post-injury
and research with adults suggests that decreased
family financial resources have a direct and delete-
rious impact on outcome as well as having an
indirect/moderating effect on caregiver burden [63].

Although confined to a single emotion recognition
task, the findings from this study suggest a model for
reciprocal interactions between financial resources,
caregiver burden and recovery from TBI. One could
imagine a scenario whereby lower family resources
have a direct impact on recovery by restricting access
to rehabilitation services and/or appropriate envi-
ronmental/educational modifications, but also have
an indirect impact on recovery by exacerbating
caregiver burden and increasing overall levels of
family stress [63].

Juxtaposing the relationships between family func-
tioning and emotional prosody and family function-
ing and Flanker performance further highlights the
importance of financial resources to children with
TBI. The lack of group effects on the Flanker task is
in contrast to the significant impact of group on the
relationship between financial resources and emo-
tional prosody performance. Controlling for Flanker
performance did not significantly change the rela-
tionship between financial resources and emotional
prosody. If similar mechanisms accounted for both
Flanker and emotional prosody performance, one
may expect similar patterns of findings between
family functioning and these procedures. Thus, the
continued presence of the group by financial
resources interaction with regard to emotional pros-
ody indicates that reaction time alone cannot
account for this relationship.

Limitations and future directions

These findings are limited by certain considerations.
First, the findings are restricted to two tasks of
emotion recognition. These results cannot be gen-
eralized to other measures of emotional recognition
or more directly related to social cognition. It could
be the case that other emotional recognition tasks
may yield a different pattern of findings in either the
auditory or the visual domains. Second, although
a striking impact of group was noted with regard to
perceived financial resources, this was a singular
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result with regard to group. Third, caregiver distress
and resources were used as a proxy measure of
overall family functioning. Results that are more
robust may have been obtained if we were able to
incorporate other measures of family functioning.
Fourth, even though emotion recognition is hypoth-
esized to be a component of social cognition, the
present findings do not necessarily generalize to
other, more ecologically valid measures of social skill
interaction. It is possible that family environment
would have a larger impact on more complex social
skills tasks. Finally, the estimate of financial
resources was based on a single numeric scale of
self-reported family income on the LISRES-A. As
this scale only assesses financial resources in terms of
income different results may be obtained if a more
thorough measure of financial resources was used.
For example, a scale that not only evaluated income
but availability of medical coverage, savings, etc.
may have provided a more complete picture of the
role of financial resources in recovery from TBI.

In conclusion, these findings provide some support
for the role of environmental factors in influencing the
trajectory of recovery of emotion recognition skills
following TBI. Specifically, they suggest that care-
giver perceived stressors and resources are related to a
child’s performance on a measure of emotional
prosody as well as on a measure of cognitive inhibition
after TBI. These results highlight the importance of
financial resources in recovery from TBI and suggest
that financial considerations may have wide-ranging
implications for long-term outcomes following closed
head injury. However, they also suggest that other
processes related to social cognition (i.e. factors not
related to emotion recognition) may better explain
the link between the family environment and recovery
of social interaction skills following TBI in children.
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