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Neuroscientific evidence indicates that human social functioning is supported
by a distributed network of frontal and temporal brain regions that undergoes
significant development during childhood and adolescence. Clinical studies of
individuals with early brain insults (EBI) to frontotemporal regions suggest that
such lesions may interfere with the maturation of sociocognitive skills and lead
to increased sociobehavioural problems. However, little attention has focussed on
the direct assessment of sociocognitive skills, such as moral reasoning, following
focal EBI. In the present study, the performance of 15 patients with focal EBI
(8–16 years) was compared to that of 15 demographically matched controls on
basic neuropsychological measures (IQ and executive functions), sociocognitive
tasks (moral reasoning, moral decision-making and empathy) and parent reports
of sociobehavioural problems and social adaptive skills. Patients with focal EBI
had significantly lower levels of moral reasoning maturity, moral decision-making,
and empathy than their matched controls, but did not differ on more general
measures of cognition. Their parents also reported increased sociobehavioural
problems. These findings suggest that focal EBI to frontotemporal regions can
result in reduced sociocognitive capacities, more specifically moral reasoning,
and increased vulnerability to sociobehavioural problems.
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Introduction
The way in which an individual understands and
interacts with the social world is represented in
the functions of the social brain, a set of wide-
ranging neural networks involved in the percep-
tion of social cues and the regulation of socio-
emotional functioning and behaviour (Cacioppo
& Decety, 2011; Frith & Frith, 2010). The so-
cial brain includes frontal, temporal and limbic
regions, and parts of the basal ganglia (Adolphs,
2009; Beauchamp & Anderson, 2010). The per-
ceptual and cognitive functions that support this
system are collectively called social cognition and
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underpin more global social development and com-
petence (Beauchamp & Anderson, 2010). The de-
velopment of the social brain is a dynamic process
that undergoes significant and protracted evolution
from childhood to early adulthood (Blakemore,
2008; Burnett & Blakemore, 2009). This matura-
tion involves a complex and dynamic set of geneti-
cally guided processes by which neural structures,
particularly in frontotemporolimbic areas, interact
with the environment to shape the emergence of
emotional and social behaviour (Bigler et al., 2013;
Blakemore & Frith, 2004; Jernigan, Baare, Stiles,
& Madsen, 2011; Stiles & Jernigan, 2010). As a
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result, the developing social brain is vulnerable
to early insult, which has the potential to disrupt
neural maturation, as well as the development of
associated socio-cognitive skills and may result in
changes to expected trajectories of social develop-
ment across childhood and adolescence.

It has been suggested that the nature of brain
pathology (i.e. focal vs. diffuse insult) may play a
particularly important role in mediating outcome
after EBI (V. Anderson, Spencer-Smith, & Wood,
2011). Traditionally, it has been argued that when
early damage is focal (e.g. tumor, stroke, focal dys-
plasia, etc.), there is a capacity for neuronal reor-
ganisation and relatively better functional outcome
(Aram & Ekelman, 1986; Stiles, Reilly, Paul, &
Moses, 2005). In contrast, sustaining a generalised
cerebral insult (e.g. traumatic brain injury (TBI),
cerebral infection, etc.) is associated with slower
recovery and more severe impairments (Anderson,
Catroppa, Morse, Haritou, & Rosenfeld, 2005). In
keeping with this, studies on social outcomes after
TBI in youth have shown that children and adoles-
cent survivors have an elevated risk of social dys-
function, with consistent difficulties identified for
social adjustment and social cognition (Anderson,
Godfrey, Rosenfeld, & Catroppa, 2012; Rosema,
Crowe, & Anderson, 2012; Yeates et al., 2004).
Amongst the sociocognitive functions affected are
emotion recognition (Tonks, Williams, Frampton,
Yates, & Slater, 2007; Turkstra, McDonald, & De-
Pompei, 2001), theory of mind (Dennis et al.,
2012; Snodgrass & Knott, 2006; Turkstra, Dixon,
& Baker, 2004), social problem-solving (Gane-
salingam, Yeates, Sanson, & Anderson, 2007) and
moral reasoning (MR) (Beauchamp, Dooley, &
Anderson, 2013; Dooley, Beauchamp, & Ander-
son, 2010). Whilst there is mounting evidence that
trauma-induced neuropathology may influence so-
cial behaviour following early TBI, it is less clear
how early lesions of focal aetiology impact social
behaviour and social cognition. The paucity of re-
search in this area may be attributable to several
factors: (1) Data describing the impact of focal EBI
on social functioning comes mainly from case stud-
ies with few group studies conducted; (2) Much of
our knowledge on outcomes after focal EBI relies
on aspects of general cognition (intelligence, lan-
guage, motor function, etc.) and (3) As mentioned
above, it is thought that focal injuries generally
have better prognosis than diffuse injuries.

Existing reports of focal EBI outcome on more
general aspects of cognition provide some infor-
mation on the recovery of the immature brain after
focal lesions. Residual language deficits follow-
ing early left or right hemisphere lesions appear
to be more subtle in children compared to adults
(Bates et al., 1997; Chilosi et al., 2008), whereas

the development of visuospatial function follow-
ing early focal brain damage corresponds more
closely to findings obtained in adults with simi-
lar lesions (Stiles et al., 2008). Regarding intellec-
tual functioning, children with focal brain lesions
generally perform below expected norms, but still
within the average range (Carey, Barakat, Foley,
Gyato, & Phillips, 2001; Hetherington, Tuff, An-
derson, Miles, & deVeber, 2005; Hogan, Kirkham,
& Isaacs, 2000). Duval et al. (2008) conducted a
study in 240 patients with focal brain lesions and
found that lower intellectual quotient (IQ) was as-
sociated with early occurring lesions rather than
those sustained later in life, although scores re-
mained in the average range. More specifically, IQ
change over time was negative when the lesions
occurred early in childhood, whereas adult onset
cases benefited from recovery over time with age,
thus highlighting the vulnerability of the develop-
ing brain to early insult.

The literature on social outcomes after fo-
cal EBI consists mostly of reports of individ-
ual cases presenting with prefrontal damage, of-
ten assessed in adulthood, or of aetiology-specific
studies of global social competence after particu-
lar medical conditions. These reports suggest that
early onset lesions to the prefrontal cortex could
lead to severe sociobehavioural problems (Ander-
son, Bechara, Damasio, Tranel, & Damasio, 1999;
Bahia et al., 2013; Boes et al., 2011; Eslinger,
Flaherty-Craig, & Benton, 2004). A review of 31
studies on psychosocial adjustment in survivors of
childhood brain tumours also suggests that these
patients are at risk for deficits in social com-
petence, defined as a multidimensional construct
comprised of adaptive behaviour, social skills, and
peer acceptance (Fuemmeler, Elkin, & Mullins,
2002). Studies on paediatric stroke also document
poorer social functioning following childhood is-
chemic damage (Anderson et al., 2014; Galvin,
Hewish, Rice, & Mackay, 2011; Lo et al., 2014).
In a large-scale study of 147 children with focal
EBI of various aetiologies including developmen-
tal, ischemic, neuroplastic, traumatic and infective
brain lesions, Greenham, Spencer-Smith, Ander-
son, Coleman, and Anderson (2010) reported that
children sustaining these types of lesions were
at high risk for social impairment, according to
teachers’ reports. Interestingly, lesion characteris-
tics (location and laterality) were not predictive of
social outcomes.

Despite recognition that focal EBI is associated
with an elevated risk of global social dysfunction,
the underlying causes are not fully understood. It
seems likely that the presence of deficits in one
or a number of sociocognitive functions may con-
tribute to putative social impairments. Findings in
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this regard emerge from a case series of individ-
uals with early prefrontal damage, which reports
that social impairments are associated with deficits
in executive functions, failure to acquire complex
social knowledge and lower levels of empathy (Es-
linger et al., 2004). However, some of the patients
in that study were tested during adulthood, had
trauma-induced pathology, and formal testing of
social cognition was limited or indirectly studied.

The recent description of heuristic models of
social development have sparked interest in cre-
ating tools to assess social cognition in clinical
populations with the aim of identifying the un-
derpinnings of global sociobehavioural problems
(Beauchamp & Anderson, 2010; Yeates et al.,
2007). Moral reasoning (MR) is a sociocognitive
function that is thought to play an important role
in social competence and has been understudied
in neurological populations. MR is defined as how
individuals think about moral emotions and con-
ventions that govern social interactions in their ev-
eryday lives (Haidt, 2001). It is now widely ac-
cepted that MR is driven by distinct neural net-
works that overlap with the social brain and in-
clude frontotemporolimbic regions (Greene, Nys-
trom, Engell, Darley, & Cohen, 2004; Sevinc &
Spreng, 2014). Studies from developmental psy-
chology suggest that MR is acquired through stages
starting from an ego-oriented morality to a broader,
society-oriented perspective (Gibbs, 2010; Turiel,
1983). The development of MR is thus potentially
vulnerable to disruption in cognitive growth and
brain function, such as in focal EBI. In non-injured
children, important links exist between MR, em-
pathy, externalising behaviour and social adjust-
ment which suggest that poorer MR and empathy
are associated with juvenile delinquency (Jolliffe
& Farrington, 2004; Raaijmakers, Engels, & Van
Hoof, 2005; Schonert-Reichl, 1999; Vera-Estay,
Beauchamp, & Dooley, 2014; Vera-Estay, Seni,
Champagne, & Beauchamp, 2016). MR has also
been found to be associated with several execu-
tive functions, including cognitive flexibility, inhi-
bition and verbal fluency (Vera-Estay, Beauchamp,
& Dooley, 2014; Vera-Estay, Seni, Champagne, &
Beauchamp, 2016).

Despite these associations, studies investigat-
ing MR in focal EBI are scarce. Initial evidence
of moral impairment after focal EBI emerges from
three case studies of patients with prefrontal lobe
damage who displayed less developmentally ma-
ture levels of MR (Anderson et al., 1999; Boes
et al., 2011; Grattan & Eslinger, 1992). In these
studies, MR was assessed during adulthood using
Kohlberg’s Moral Judgment Interview (Colby &
Kohlberg, 1987), a semi-structured interview that
presents extreme moral dilemmas. Whilst other in-

dications of moral impairments after focal lesions
are primarily anecdotal, these studies provide the
groundwork for further exploration of MR in fo-
cal EBI. To our knowledge, only one study so far
has examined the direct, quantitative effect of focal
EBI on MR in a group of paediatric patients, report-
ing that 16 children with focal frontal lesions had
lower levels of MR and poorer adaptive behaviour
ratings than controls on a paper–pencil question-
naire (Couper, Jacobs, & Anderson, 2002).

The goals of the present study were therefore
to (1) investigate social cognition, social behaviour
and social adaptive skills in a group of children
and adolescents with focal EBI. It was expected
that these individuals would perform more poorly
than their typically developing peers on measures
of MR (MR maturity, moral decision-making) and
empathy, display more sociobehavioural problems
and have poorer social adaptive skills and (2)
explore the links between social cognition (MR
maturity, moral decision-making and empathy)
and more general cognitive measures such as IQ
and executive functioning (cognitive flexibility),
as well as social behaviour in the focal EBI group.
It was expected that better sociocognitive skills
would be associated with fewer sociobehavioural
problems and better social adaptive skills. In line
with current literature in moral development (Vera-
Estay et al., 2014), it was also expected that IQ and
cognitive flexibility would be positively correlated
with MR maturity. We sought to meet these goals
by using a novel visual MR measure that is based
on an ecological approach and is adapted for chil-
dren and adolescents, the Socio-Moral Reasoning
Aptitude Level Task (So-Moral), and by studying
a group of patients with focal frontal or temporal
lesions to reflect the fact that the social brain is sub-
sumed by both frontal and extra-frontal regions.

Methods
Participants
Thirty children and adolescents (aged 8–16 years)
participated in the study. The clinical sample con-
sisted of 15 children (10 males, 5 females) with
focal frontal or temporal lobe lesions identified by
magnetic resonance imaging (MRI). These chil-
dren were recruited from the neurosurgery depart-
ment at a tertiary urban paediatric hospital. To
meet the selection criteria for the study, children
were required to be fluent in English or French,
be clinically stable (e.g., patients with severe or
hard to control epilepsy were not included), and to
have documented evidence of a focal lesion iden-
tified within frontal or temporal areas (e.g. arte-
rioveinous malformation rupture, tumor, cerebral

104

https://doi.org/10.1017/BrImp.2016.33 Published online by Cambridge University Press

https://doi.org/10.1017/BrImp.2016.33


MORAL REASONING AFTER FOCAL EBI

TABLE 1
Characteristics of the Focal EBI Patients and their Scores on the So-Moral

Lesion description

Patient Sex Age Aetiology Side Lobe Location
Time since
diagnosis1 Seizures MR Maturity MR stage

A M 12 AVM Right Frontal IFG 41 No 24.0 2
B F 13 AVM Right Frontal MFG, IFG 11 No 26.5 3
C M 13 Tumor Left Temporal MTG, ITG 77 No 22.5 2
D M 13 Cyst Left Frontal ACG 12 Yes 19.5 2
E M 13 AVM Left Fontal OFG 32 No 24.5 2
F F 16 Tumor Left Frontal IFG 98 Yes 36.5 4
G M 11 Tumor Left Temporal STG, MTG 75 No 17.0 2
H M 13 Tumor Right Temporal MTG, ITG 54 Yes 20.5 2
I F 16 Tumor Left Temporal MTG, ITG 36 Yes 33.0 3
J M 11 Cyst Left Temporal STG, MTG 83 Yes 20.5 2
K F 8 Cavernoma Right Frontal SFG 68 No 13.5 1
L F 11 Tumor Left Temporal ITG 15 No 31.0 3
M M 16 Tumor Left Frontal MFG, IFG 96 Yes 20.0 2
N M 11 Tumor Left Frontal SFG 20 Yes 23.0 2
O M 12 Cavernoma Left Frontal MFG 12 No 20.5 2

1. In months.
Abbreviations: AVM = arteriovenous malformation rupture; IFG = Inferior frontal gyrus; MFG = middle frontal Gyrus; SFG =
superior frontal gyrus; OFG = orbital frontal gyrus; ACG = anterior cingulate gyrus; ITG = inferior temporal gyrus; MTG =
middle temporal gyrus; STG = superior temporal gyrus; MR = moral reasoning.

cyst, cavernoma, etc.). Children were excluded if
they had evidence of diffuse injury. Seven patients
had surgical resection and they were all seen at
least 6 months post-operatively to minimise acute
recovery effects. See Table 1 for the lesion char-
acteristics of the Focal EBI group and Figure 1
for examples of focal neuropathology identified
via MRI. Presence of seizure history was recorded
since it is associated with poorer social outcomes
(Greenham et al., 2010). Fifteen control partici-
pants (10 males, 5 females) were recruited from a
healthy participant database. These controls were
attending local elementary and high schools. They
were individually matched to clinical participants
on sex, age (±12 months) and parental education.
Controls were excluded if they had any history
of intellectual disability or developmental, psychi-
atric or neurological disturbance.

Measures
Demographic and developmental variables: De-
mographic and developmental information was
collected via an in-house questionnaire completed
by parents and pertaining to their child’s medical,
developmental and social history.

Intellectual functioning: Participants com-
pleted the Vocabulary and Matrix Reasoning sub-

tests of the Wechsler Abbreviated Scale of Intelli-
gence (WASI, Wechsler, 1999), to provide an esti-
mate of general intellectual ability (Full Scale IQ,
FSIQ, M = 100, SD = 15). The WASI has ad-
equate internal consistency (α = .93), test–retest
reliability (r = .87) and concurrent validity (r =
.87) (Garland, 2005).

Executive functioning: Participants completed
the Trail Making Test from the Delis–Kaplan Exec-
utive Function System (D-KEFS, Delis, Kaplan, &
Kramer, 2001) as a measure of cognitive flexibility.
The Number–Letter sequencing versus Number–
Letter switching contrast score was used in analy-
ses (range 1–19, M = 10, SD = 3).

Moral reasoning: The Socio-Moral Reasoning
Aptitude Level Task (So-Moral, Beauchamp et al.,
2013; Dooley et al., 2010; Vera-Estay et al., 2014;
2016) is a self-paced, visual, computer-based task
that presents visual moral dilemmas specifically
designed for children and adolescents. The task has
gender and age specific versions and includes 10
dilemmas. Each dilemma (see example in Figure 2)
consists of: an introductory screen presenting the
name of the dilemma (e.g. ‘wallet’); three separate
screens showing first-person perspective pictures
of child or adolescent actors in various social sce-
narios representing a moral conflict (e.g. concerns
with justice, welfare/harm and rights) according
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FIGURE 1

Examples of focal lesions identified in study participants via magnetic resonance imaging. Images are in radiological
perspective (subject’s left on viewer’s right). Sagittal and axial views are presented for Patients B, D, N and coronal
and axial views for Patient I. Patient B: Intraparenchymal hemorrhagic lesion in the right ventrolateral prefrontal cortex
of the inferior frontal gyrus and parts of the orbitofrontal cortex following AVM rupture. Patient D: Neuro-epithelial
cystic lesion in the left anterior cingulate cortex located anterior to the left forceps minor of the genu of the corpus
callosum. Patient I: Mixed neuroglial tumor in the left temporopolar cortex (parts of the inferior and middle temporal
gyri) anterior to the amygdala. Patient N: Brain tumor (DNET) in the ventromedial prefrontal cortex (anterio-medial
portion of the superior frontal gyrus).

to Social Domain Theory (Turiel, 1983); and a
final screen presenting a dichotomous decision
(e.g. whether or not to engage in a particular
action such as stealing from a shop, cheating at a
game, etc.).

The aggregate number of morally adapted re-
sponses is compiled to obtain a moral decision
making score, which ranges from 0 to 10 points.
Participants are then asked to provide a justifi-
cation for the choice they made. Each partici-
pant’s justification is recorded verbatim and sub-
sequently scored according to a standardised cod-
ing system (Beauchamp & Dooley, 2012) based
on the cognitive-developmental approach (Gibbs,
2010; Kohlberg, 1981; Turiel, 1983). Developmen-
tal stages of MR have been adapted to fit the
social nature of the dilemmas in the So-Moral
task and consist of the following: (1) Centrations

and authoritarian-based consequences; (2) Ego-
centric/pragmatic exchanges; (3) Interpersonal fo-
cus; (4) Societal regulation; and (5) Societal eval-
uation (see Table 2). Transition stages (1.5, 2.5,
etc.) are used to account for answers that pro-
vide elements of two consecutive reasoning stages.
When elements of non-consecutive stages are pro-
vided, the response is coded according to the high-
est schema detected. The MR maturity score (0 to
50 points) is obtained by summing the justification
scores. The MR maturity score was translated into
an overall moral maturity level as follows: Stage 0
= 0–5 points, Stage 1 = 6–15 points, Stage 2 =
16–25 points, Stage 3 = 26–35 points, Stage 4 =
36–45 points and Stage 5 = 46–50 points. All scor-
ing was done blind to diagnosis and group mem-
bership. A second rater independently scored 20%
of the So-Moral justifications. The consistency for

FIGURE 2

Example item from the So-Moral task.
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TABLE 2
Brief Description of So-Moral Coding and Examples

Level Brief description Example

1 Moral justifications have an egocentric focus, which is based
on obedience to higher authorities and potential
consequences to themselves for their actions (e.g.
punishment). Thinking at this level is inflexible; there is only
one right/wrong way to act.

• Because I could go to jail

2 Moral justifications are based on a concept of pragmatic deals
or exchanging favours with others (fair deals). Thinking is
more flexible and is determined by context. The correct
option is the one that is right for oneself (self-interest).

• Because I might need his/her help
in the future.

3 Moral justifications have a focus on interpersonal relationships,
a sense of ‘good-ness’, and feelings such as empathy and
trust. Decisions are made with good motives and a prosocial
perspective of the world.

• Because he/she could get hurt.

4 Moral justifications start to incorporate a broader view of
morality; based on the compliance with rules, regulations
and standards that society has established to ensure social
order.

• Because if everyone were to be
unfaithful, relationships would not
have any meaning.

5 Moral justifications are characterised by the capacity to
evaluate situations from various points of view to identify
values involved in the specific situation to make the fairest
decision. Protection of fundamental values and people’s
rights is specific to this stage, even though these concepts
are expressed very concretely.

• Because people work hard for their
things and we should respect their
belongings.

the ratings was .92 indicating high inter-rater reli-
abilty. Discrepancies were resolved by discussion
and consensus.

Empathy: Empathy was measured using the
Index of Empathy for Children and Adolescents
(IECA, for participants aged 12 and over) (Bryant,
1982) and its adapted parent version, the Griffith
Empathy Measure (GEM, for participants aged 11
and under) (Dadds et al., 2008). Both the IECA and
GEM are general empathy questionnaires measur-
ing an individual’s understanding of other people’s
emotions. The IECA is a self-report questionnaire
with 22 items using a yes/no format in the first-
person. In the GEM, the same questions are re-
worded in the third person format. For example the
IECA item ‘I get upset when I see an animal being
hurt’ is worded as ‘My child gets upset when he/she
sees an animal being hurt’ in the GEM. The original
version of the GEM is a 23-item questionnaire with
a nine-point Likert scale. For the purpose of this
study, we removed the item that differs between
the two scales and used a yes/no format to make
the scaling of the two questionnaires comparable.
Therefore, items on both measures were scored on
a dichotomous scale (0 = non-empathic response;
1 = empathic response), with higher scores corre-
sponding to higher levels of empathy. The IECA
and the GEM have adequate validity and reliability

and are well correlated (Bryant, 1982; Dadds et al.,
2008).

Social adaptive skills: Social adaptive skills
were assessed using the parent-report version of the
Adaptive Behaviour Assessment System-2 (Harri-
son & Oakland, 2003). Standardised scores on the
Social scale were used in the current study as a
measure of children’s ability to communicate and
behave appropriately in social interactions (M =
100, SD = 15).

Sociobehavioural problems: Sociobehavioural
problems were measured using the parent-report
version of the Child Behaviour Checklist (Achen-
bach & Rescorla, 2001). The CBCL assesses inter-
nalising behaviours (anxiety, depression, somatic
problems, thought problems) and externalising be-
haviours (social problems, attention problems, ag-
gressive behaviour, rule-breaking behaviour). It
has good reliability, as well as the power to dis-
criminate between children who are and are not re-
ferred for a clinical assessment (Achenbach, 1991).
Composite T-scores on the three-broadband scales
(internalising, externalising and total problems) are
reported (M = 50, SD = 10). Scores on the rule-
breaking behaviour scale (M = 50, SD = 10) are
also reported since previous studies in non-injured
children have posited that failure to abide by
moral guidelines is prominent in the rule-breaking
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TABLE 3
Means (SD) and Paired-Sample t-Tests Comparing Group Means on Main Measures

Focal EBI Control Mean Effect
mean (SD) mean (SD) difference t-test p-value size

Demographic variables
Age 12.9 (2.2) 12.9 (2.2) 0.0 − 0.65 0.528 0.03
Parental educationa 15.4 (2.7) 15.0 (2.7) 0.4 0.67 0.511 0.14
General cognition
WASI IQ 99.7 (16.2) 108.3 (14.5) 8.6 − 1.99 0.066 0.56
Vocabulary 50.0 (11.9) 55.9 (12.2) 5.9 − 1.75 0.102 0.49
Matrix reasoning 49.0 (10.5) 53.6 (6.5) 4.6 − 1.94 0.072 0.54
Cognitive Flexibilityb 10.3 (2.3) 11.6 (1.8) 1.3 − 1.50 0.162 0.62
Social cognition
MR maturity 23.5 (6.1) 28.3 (6.2) 4.8 − 2.93 0.011∗ 0.78
Moral decision-making 8.9 (1.5) 9.8 (0.4) 0.9 − 2.20 0.045∗ 0.94
Empathy 13.9 (3.9) 17.7 (4.1) 3.8 − 3.55 0.003∗∗ 0.95
Questionnaires
Rule-breaking behaviour (CBCL) 56.7 (7.5) 53.1 (4.3) 3.6 1.63 0.125 0.61
Externalising problems (CBCL) 55.9 (12.1) 49.1 (10.0) 6.8 1.59 0.133 0.61
Internalising problems (CBCL) 60.9 (8.9) 54.3 (10.3) 6.6 1.64 0.124 0.69
Total problems (CBCL) 60.5 (9.6) 50.6 (10.4) 9.9 2.44 0.029∗ 0.99
Social adaptive skills (ABAS) 90.1 (17.9) 97.9 (19.2) 7.8 − 1.47 0.165 0.42

∗p < .05; ∗∗p < .01. aMean of mother’s and father’s education in years ; bTrail-Making Test Contrast Score between
Number–Letter sequencing and Number–Letter switching.

behaviours that lead to criminality, violence and
delinquent behaviour (Chudzik, 2007; Raaijmak-
ers et al., 2005).

Statistical Analysis
Due to the exploratory nature of the study, the
probability for type 1 error was set at .05 for
each measure. Prior to all statistical analyses, data
were examined for violations of the assumption of
normality. The means and standard deviations for
the different scores were calculated separately for
the Focal EBI and control group and are presented
in Table 3. In accordance with the matched control
study design, paired t-tests were conducted to
compare the mean differences between Focal EBI
patients and their matched controls on sociocogni-
tive measures, IQ, cognitive flexibility and parent
questionnaire ratings (sociobehavioural problems
and social adaptive skills). Prior to this decision,
we performed non-parametric sensitivity analyses
(Wilcoxon signed rank test) and obtained the
same results as those generated with t-tests. We
also performed sensitivity analyses by excluding
the 8-year old patient and the main results did
not change. Therefore, we report findings on
the whole sample. Within group age differences

were explored using a scatterplot to graphically
compare MR maturity between the two groups,
taking age into account. Proportions of individuals
presenting mature MR levels (stage 3 and above) in
both groups were compared using Mcnemar’s test.
Wilcoxon signed rank tests were used to evaluate
between-group differences in MR stages. Bivariate
correlations were performed to investigate the
relationship between social cognition measures
(MR maturity, moral decision-making, empathy),
general cognition measures (IQ and cognitive
flexibility) and more general indicators of social
functioning: externalising problems (CBCL),
internalising problems (CBCL), total problems
(CBCL) and social adaptive skills (ABAS).

Results
The characteristics and individual scores on the
So-Moral of the Focal EBI patients are presented
in Table 1. No participants were excluded based
on the IQ criterion. Means, standard deviations
and paired sample t-tests for the main measures
are presented in Table 3. As expected after match-
ing, no significant differences were found for age
and parental education. The focal EBI group per-
formed significantly worse on all social cognition
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FIGURE 3

Regression lines and scatterplot of distribution of scores for MR maturity as assessed by the So-Moral for patients
with focal EBI and controls across age. Focal EBI patients are identified by letters and their matched controls with the
corresponding letter inside a square.

measures (MR, moral decision and empathy),
whilst they did not differ from the control group
on general cognition measures (IQ and cognitive
flexibility). In terms of social functioning, only the
CBCL Total Problems score differed significantly
between groups. No differences were found for
social adaptive skills (ABAS).

Figure 3 presents a scatterplot comparing MR
maturity between the focal EBI and control groups
across age. This reveals a strong correlation be-
tween MR and age in both Focal EBI (r = .65, p
< .01) and control groups (r = .73, p < .01). The
graph further shows that whilst MR maturity score
increases linearly with age in both groups, control
participants almost systematically perform better
than focal EBI across ages.

Mcnemar’s test indicates that more Focal
EBI patients perform at immature MR levels than
controls (p = .016). When the distribution of
patients and control participants was compared
across all five MR levels (see Table 4), controls
had significantly higher levels of MR than Focal
EBI patients (z = −2.714, p = .007).

As shown in Table 5, empathy was signifi-
cantly correlated with MR and decision-making
in the focal EBI group.

Discussion

In the current study, social cognition and function-
ing were studied in a group of children and ado-
lescents with frontotemporal lesions, with a par-
ticular interest in determining whether focal brain
insults are associated with difficulties in MR dur-
ing a critical period for social development. Our
main results show that children with focal EBI have
less mature MR in addition to displaying lower
rates of moral decision-making and poorer empa-
thy than their non-injured peers. Although these
sociocognitive functions are distinct, they are in-
terrelated and necessary foundations for adequate
social functioning and they share common neural
substrates (Bernhardt & Singer, 2012; Sevinc &
Spreng, 2014). These results are discussed in de-
tail below and links are provided on the complex
interplay between these functions and their poten-
tial role in explaining outcomes after focal EBI.

Children with focal EBI provided significantly
less mature moral justifications to realistic social
dilemmas than their non-injured peers. They had
a mean global stage of MR maturity that was one
level (stage 2) lower than controls (stage 3). Our
findings reflect both a mean group difference, as
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TABLE 4
Distribution of Participants According to MR Maturity Stage

Immature MR Mature MR

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Focal EBI 1 10 3 1 0
Controls 0 4 9 2 0

Note: MR = moral reasoning.

TABLE 5
Correlations Between Main Variables in the Focal EBI Group

Variables MR maturity Moral decision-making Empathy

MR maturity 1 0.47 0.56∗

Moral decision-making 0.48 1 0.52∗

Empathy 0.56∗ 0.52∗ 1
WASI IQ 0.49 − 0.05 0.17
Cognitive Flexibility 0.34 0.13 0.09
Rule breaking behaviour − 0.37 − 0.39 − 0.47
Externalising problems − 0.21 − 0.20 − 0.36
Internalising problems − 0.18 − 0.24 − 0.58∗

Total problems − 0.29 − 0.23 − 0.53∗

Social adaptive skills 0.20 − 0.11 0.43

∗p < .05.
Note: MR = moral reasoning.

well as individual differences on MR. In fact, ev-
ery patient with focal EBI had a mean score cor-
responding to an equivalent or lower stage of MR
maturity than their matched controls. The majority
(11/15, 73%) of patients with focal EBI reasoned
at stage 2 or below on the So-Moral task. At these
more ‘immature’ stages, individuals justify their
responses to moral dilemmas based on egocen-
tric concerns such as fear of punishment or per-
sonal gains (i.e., exchanging favours with others).
They are able to recognise that different people
may have different opinions about the way things
are done, but their decision-making is ultimately
driven from an egocentric perspective. In other
words, the correct option is the one that is right
for them (i.e., they are self-interested). In contrast,
the majority of controls (11/15, 73%) reasoned at
stage 3 or above, which marks the transition from
an immature MR level (pre-conventional) to a ma-
ture MR level (conventional), according to moral
development theories (Gibbs, 2010; Kohlberg,
Levine, & Hewer, 1983). At stage 3, individuals
justify their actions with a focus on interpersonal
relationships, a sense of ‘goodness’ and feelings
such as empathy and trust. At this stage, decisions
are made with externally oriented motives and a

prosocial perspective. Reasoning is more flexible
as the individual takes into account others’ interests
and/or social norms. One possible explanation for
the difference in MR maturity identified between
patients with focal EBI and controls is related to
the notion of development of decentration; that is,
the ability to shift away from a focus on the self to-
wards attending to and interrelating of situational
features or perspectives (Kaplan, 1989). Decen-
tration develops during ontogenetic development
in parallel with cognitive development, empathy
and social opportunities (Kohlberg, 1984). It re-
quires the integration of multiple pieces of infor-
mation about causes and mental states, as well as
the ability to consider conflicting emotions. Lower
levels of MR after Focal EBI may thus reflect a
broader cognitive impairment (i.e. executive func-
tions, working memory), which may impede the
process of decentration and reflect a failure or de-
lay to reach a mature level of MR (stage 3 and
above). Globally, our findings concord with tradi-
tional case reports (Anderson et al., 1999; Grattan
& Eslinger, 1992) and a previous study investi-
gating MR in children with focal frontal lesions
(Couper et al., 2002), which highlighted impair-
ment in the acquisition of mature MR as a result
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of focal EBI. Importantly, the current results were
obtained using an ecological visual task that limits
the impact of confounding cognitive factors often
impaired in clinical populations such as reading,
attentional and working memory skills (Dooley et
al., 2010) and assesses reasoning during everyday
moral dilemmas. Longitudinal studies would be
useful to track the evolution of MR differences
and verify whether these delays persist or worsen
in the long-term after EBI (Beauchamp & Ander-
son, 2013; Janusz, Kirkwood, Yeates, & Taylor,
2002).

In addition to relying on less mature MR, chil-
dren with focal EBI also provided significantly
fewer moral responses, which were determined
by the number of socially appropriate decisions
taken in the dilemmas presented. In light of this,
it is possible that children with focal EBI may
be more inclined to engage in behaviours that do
not comply with social expectations. Both cog-
nitive and affective functions contribute to moral
decision-making (Rosen, Brand, & Kalbe, 2016);
the lower levels of MR and empathy found in the
focal EBI group may thus provide an explanation
for differences in moral decision-making. A previ-
ous study in TBI identified a distinction between
knowing and understanding in the moral domain
(Beauchamp et al., 2013). That is, children with
TBI were able to identify the correct moral re-
sponses (moral decision-making), but did not have
the capacity to provide mature reasoning to sup-
port their decision, indicating a lack of compre-
hension of the social consequences of a given de-
cision. In the current study, we found significant
differences on both moral indices (moral decision-
making and MR maturity), highlighting difficulties
in both the knowing and understanding facets of
moral dilemmas. However, caution in drawing con-
clusions is advised and a larger sample of focal EBI
is necessary to confirm these findings consider-
ing overall mean differences were relatively small.
Studies of social behaviour in naturalistic settings
could also provide further insights into the moral
decision-making of these children in real-life
situations.

Children with focal EBI also exhibited poorer
empathy compared to control participants. This
finding provides for the first time quantitative ev-
idence of previous anecdotal accounts of lack of
empathy in case studies of focal EBI (Anderson
et al., 1999; Grattan & Eslinger, 1992). Numer-
ous studies have suggested that the lower empa-
thy scores of patients with frontal brain injury
may be related to cognitive flexibility (Grattan,
Bloomer, Archambault, & Eslinger, 1994; Grattan
& Eslinger, 1989; Shamay-Tsoory, Tomer, Berger,
& Aharon-Peretz, 2003; Shamay-Tsoory, Tomer,

Goldsher, Berger, & Aharon-Peretz, 2004). How-
ever, in the present study, no correlation was found
between empathy and cognitive flexibility in the
focal EBI group. The inclusion of multiple cogni-
tive flexibility measures in future studies would be
important since flexibility is hypothesised to de-
velop in a domain-specific fashion as children gain
task-specific skills and knowledge (Deak & Wise-
heart, 2015; Luwel, Verschaffel, Onghena, & De
Corte, 2003). Empathy and morality share com-
mon neural substrates in the social brain and are
both supported by a diffuse network that includes
several frontotemporolimbic structures (Bernhardt
& Singer, 2012; Pascual, Rodrigues, & Gallardo-
Pujol, 2013; Sevinc & Spreng, 2014). The poorer
empathy, MR and moral decision-making found
in the Focal EBI patients may thus be attributable
to disruptions of the frontotemporal circuitry un-
derlying social cognition, as shown in studies of
adults with focal lesions (see Hillis, 2014 for a
review). Given the evidence of phases in develop-
ment of both MR and emotion recognition (Tonks
et al., 2009), it is possible that an early brain insult
to frontal or temporal regions may disrupt normal
acquisition of such sociocognitive functions and
potentially cause delayed effects of deficits as so-
cial demands increase.

As expected, children with focal EBI had more
sociobehavioural problems than controls, although
the standardised scores did not reach the clinical
threshold. Patients with focal EBI had more inter-
nalising than externalising problems, in line with
a previous study investigating psychopathological
profiles of children with focal EBI (Duval, Braun,
Daigneault, & Montour-Proulx, 2002). Elevated
scores on the internalisation subscale could be at-
tributable to physical illness in these children and
emotional response to a threatening medical condi-
tion. Despite the fact that no significant differences
were found on the other CBCL scales or for social
adaptive skills (ABAS), children with frontotem-
poral lesions had consistently lower scores than
their matched counterparts.

Finally, whilst the study methodology did not
include a full cognitive protocol, these preliminary
results suggest that social cognition may be more
vulnerable to focal frontotemporal brain damage
than general cognitive functions. These differen-
tial findings make intuitive sense in that functions
subsumed by discrete lateralised brain regions may
have greater capacity for reorganisation than those
dependent on more diffuse neural networks, such
as social cognition (Anderson et al., 2011). They
also converge with studies of TBI, which highlight
impairments in emotion processing and MR de-
spite adequate intellectual and/or executive func-
tioning (Anderson, Barrash, Bechara, & Tranel,
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2006; Martins, Faisca, Esteves, Muresan, & Reis,
2012; Tousignant et al., 2016). Future work could
seek to answer the question of general cognitive
vs. sociocognitive deficits via more elaborate neu-
ropsychological test batteries and a more ecologi-
cal approach to the assessment of executive func-
tions as suggested by Burgess et al. (2006). Also,
given that the effect sizes for IQ and EF remain
substantial, further studies could test the hypothe-
sis that focal EBI results in a developmental delay
that affects intellectual, executive and sociocogni-
tive functions and leads to more sociobehavioural
problems in accordance with the Socio-Cognitive
Integration of Abilities Model (Beauchamp & An-
derson, 2010).

Clinical Implications
Children with focal EBI may have impaired social
cognitive skills that a clinician might not suspect
based on assessment of general cognitive ability
and behaviour alone. The differences in social cog-
nitive functioning that we identified are subtle and
difficult to detect, yet they may potentially impact
the quality of children’s social life. The challenge
for practitioners working with children who sustain
focal EBI will be to identify those who are in need
of additional intervention to target delay or deficits
in social cognitive functions. In the future, the de-
velopment of further ecological and standardised
measures of social cognition may provide avenues
for specifically assessing these functions in chil-
dren with EBI.

Strengths and Limitations
Whilst the current study is the first to directly in-
vestigate different aspects of social cognition in
a group of children with focal EBI, the statistical
power of our analyses was limited by the small
sample size. This is most obvious with some of the
paired comparisons that were non-significant, but
had medium effect sizes, such as IQ and EF. Still,
statistically significant differences were found in
some of the proposed analyses. The inclusion of
patients with a history of seizure may have con-
tributed to the findings, however, those with se-
vere and uncontrolled epilepsy were excluded. The
sample size and heterogeneity of lesions precluded
examination of the individual contribution of le-
sion variables to outcome. Further examination of
the effects of lesion size, type, location and onset
with a larger group is warranted. Also, the inclu-
sion of a non-cerebral patient control group (e.g.
chronic asthma) could be insightful in controlling
for the effects of hospital admission and chronic
illness.

Despite these limitations, the study has several
strengths. One of them is the use of an innova-
tive MR assessment measure adapted for children
and adolescents and designed to minimise method-
ological flaws associated with traditional MR tasks
(Dooley et al., 2010). The combined use of both di-
rect and indirect measures helped gain a better un-
derstanding of social functioning after focal EBI,
though a direct measure of empathy was not avail-
able. This highlights the need for development of
more innovative measurement approaches for di-
rectly assessing sociocognitive functions. The se-
lection of demographically matched control partic-
ipants on an individual basis represents a strength
that allowed for paired comparisons. Participants
were paired on age, sex, and parental education, in
an attempt to eliminate potential sources of extra-
neous variation.

Conclusions
In summary, our results suggest that early brain
insult involving focal pathology in frontotemporal
regions may have an adverse effect on social cogni-
tion and behaviour. MR appears to be particularly
vulnerable to such brain damage, as highlighted by
lower MR maturity levels in youth with focal EBI.
The variability in lesion locations highlights the di-
versity of frontotemporal damage likely to be asso-
ciated with socio-cognitive vulnerability. Nonethe-
less, individual cases within this study illustrate the
potential for adequate sociocognitive functioning
and social behaviour despite evidence of structural
damage, and suggest that multiple factors need to
be taken into account in identifying children with
focal EBI at risk for social dysfunction.
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