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The neural mechanisms underlying moral judgment have been extensively studied in
healthy adults. How these mechanisms evolve from adolescence to adulthood has received
less attention. Brain regions that have been consistently implicated in moral judgment in
adults, including the superior temporal cortex and prefrontal cortex, undergo extensive
developmental changes from adolescence to adulthood. Thus, their role in moral judgment
may also change over time. In the present study, 51 healthy male participants age 13-53
were scanned with functional magnetic resonance imaging (fMRI) while they viewed pic-
tures that did or did not depict situations considered by most individuals to represent moral
violations, and rated their degree of moral violation severity. Consistent with predictions, a
regression analysis revealed a positive correlation between age and hemodynamic activity
in the temporo-parietal junction when participants made decisions regarding moral sever-
ity. This region is known to contribute to mentalizing processes during moral judgment
in adults and suggests that adolescents use these types of inferences less during moral
judgment than do adults. A positive correlation with age was also present in the posterior
cingulate. Overall, the results suggest that the brain regions utilized in moral judgment
change over development.

© 2011 Elsevier Ltd. All rights reserved.

Functional neuroimaging studies of moral judgment in
adults have consistently demonstrated the critical role of
several brain regions related to social and affective pro-
cessing. These regions include the medial prefrontal cortex,
posterior temporal cortex including the superior temporal
sulcus and temporo-parietal junction, precuneus, poste-
rior cingulate, and the anterior temporal cortex including
the temporal poles and amygdala (Greene and Haidt,
2002; Moll et al., 2005). While the involvement of these
regions has been demonstrated in many studies of adult
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moral judgment, their involvement in moral judgment
during adolescence, and potential changes from adoles-
cence to adulthood, has been less studied. This represents a
significant gap in the literature, given the substantial devel-
opment that occurs during adolescence in brain structure
and function (Toga et al., 2006; Blakemore and Choudhury,
2006; Blakemore, 2008), and moral sensitivity and judg-
ment (Kohlberg, 1969; Murphy and Gillligan, 1980). The
goal of this study was to investigate whether the role
of brain regions implicated in moral judgment in adults
changes between adolescence and adulthood.

Despite the consistency of the neural circuitry under-
lying moral judgment in adults, the specific contributions
of different regions to moral judgment is not fully under-
stood. One region where notable progress has been made
is the temporo-parietal junction/TP]J. Studies by Young and
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colleagues have provided strong evidence for the role of
this region in mentalizing, defined as the attribution of
mental states such as beliefs and intentions to others, or
theory of mind (Frith and Frith, 2003), during moral judg-
ment. Young et al. (2007) reported increased TPJ activity
associated with beliefs that an individual intended to harm
another, but not when harm was judged to be accidental.
They also demonstrated that temporary disruption to TPJ
function via transcranial magnetic stimulation led partici-
pants to judge attempted harms as less morally wrong and
more morally permissible (Young et al., 2010).

Mentalizing (inferring beliefs and/or intentions in oth-
ers) can be considered a specific type of perspective taking,
the latter referring to the general apprehension of another’s
internal states. Perspective taking skills are generally con-
sidered critical in moral development (Kohlberg, 1969;
Eisenberg et al., 1983; Eisenberg, 1986). Theories of moral
development typically describe early stages as being char-
acterized by hedonistic perspectives (focus on the needs
of the self, e.g. avoiding punishment), then progressively
integrating perspectives beyond the self (understanding
and concerns for the needs and welfare of others). Stud-
ies have shown that the more one is able (and inclined) to
consider the perspectives of others, the more likely they
are to engage in prosocial behavior (e.g. helping others),
and the less likely they are to engage in antisocial behavior
(e.g. harming others)—in other words, the more likely they
are to ‘act morally’ (Roberts and Strayer, 1996; Cohen and
Strayer, 1996). Regarding mentalizing in particular, higher
levels of performance on mentalizing tasks (false-belief) in
early childhood have been shown to predict more sophis-
ticated moral reasoning skills (more frequent references
to other-oriented vs. hedonistic needs when making deci-
sions about moral dilemmas) at a later age (Lane et al.,
2010).

Mentalizing skills begin to develop in childhood, and
continue to do so well into adolescence and adulthood
(Dumontheil et al., 2010). This development is accompa-
nied by extensive changes in the structure of brain regions
involved in mentalizing, including the superior temporal
cortex and the prefrontal cortex (Giedd et al., 1999; Gogtay
et al., 2004; Sowell et al., 1999; for reviews see Toga et al.,
2006; Blakemore and Choudhury, 2006; Blakemore, 2008).
The developmental trajectory differs depending on the spe-
cific region; for example, gray matter density in the lateral
and superior prefrontal cortex increases until the onset of
puberty, followed by a decline throughout adolescence and
early adulthood. The superior temporal cortex also shows
anincrease in gray matter density until puberty followed by
a decline, but the decline is substantially more protracted,
continuing well into adulthood. The posterior superior
temporal cortex, in particular, matures at a relatively later
age (Gogtay et al., 2004). Functional neuroimaging stud-
ies of mentalizing have also reported age-related changes
in activity within these regions. Blakemore et al. (2007)
found that adults and adolescents both showed increased
activity in the posterior superior temporal sulcus/pSTS and
adjacent temporo-parietal junction/TP] when making attri-
butions about intentional vs. physical causality. Relative to
adolescents, adults showed increased activity in the STS.
Burnett et al. (2009) found that adults showed increased

activity relative to adolescents in the left temporal pole
when thinking about social emotions that involved men-
talizing, relative to emotions that did not.

Given that mentalizing and its underlying neural sub-
strates undergo extensive developmental changes from
adolescence to adulthood, and the demonstrated role of
these brain regions in moral judgment, we hypothesized
that their involvement in moral judgment would change
over time. To investigate this hypothesis, we used func-
tional magnetic resonance imaging (fMRI) to scan 51
healthy adolescent and adult males, age 13-53, as they
completed a task in which they viewed three types of
pictures: ‘moral’ pictures were unpleasant pictures that
depicted situations considered by most people to repre-
sent moral violations (e.g. a hand breaking into a house),
‘non-moral’ pictures were unpleasant pictures that did not
depict moral violations (e.g. a mutilated hand), and ‘neutral’
pictures were neither unpleasant nor pleasant and did not
depict moral violations (e.g. a hand being fingerprinted)
and rated the degree of moral violation severity in each
picture on a scale from 1 (none) to 5 (severe). We pre-
dicted that viewing and making severity decisions about
pictures depicting moral violations, relative to non-moral
and neutral pictures that did not depict moral violations,
would activate brain regions involved in moral judgment
including the medial PFC, STS/TPJ, posterior cingulate/PCC,
precuneus, and anterior temporal cortex including the
amygdala and temporal poles, as we have found in our
previous studies in adults (Harenski et al., 2008, 2010).
We further predicted that the engagement of the STS/TP]
and temporal poles in response to moral pictures would
be positively correlated with age. These predictions were
based on previous findings that the involvement of these
regions in mentalizing changes from adolescence to adult-
hood (Blakemore et al., 2007; Burnett et al., 2009; Giiroglu
et al,, 2011; Decety et al., 2011), and our expectation that
the involvement of mentalizing in moral judgment would
also change from adolescence to adulthood. Although the
non-moral and neutral pictures depicted similar social
situations as the moral pictures and may also engage men-
talizing, we did not predict significant age correlations in
these conditions with for two reasons: first, prior stud-
ies have shown that STS/TP] and temporal pole activity
is stronger in response to moral relative to non-moral or
neutral stimuli (Greene and Haidt, 2002; Moll et al., 2005).
Second, only our moral pictures depicted intentional harm
caused to others. The TP] has been particularly implicated
in making harm intent attributions (Young et al., 2007,
2010). Thus we expected that overall STS/TP]/temporal
pole activation and age correlations would be stronger in
the moral condition. Previous studies have reported posi-
tive correlations between age and activity in the anterior
medial prefrontal cortex/aMPFC during mentalizing tasks
(Blakemore, 2008). The task used in the present study has
been shown to activate the ventromedial prefrontal cor-
tex, but not the more dorsal aMPFC (Harenski et al., 2008,
2010), thus we did not predict correlations with age in this
region. Whether ventromedial prefrontal activity would be
correlated with age was an open question. A recent study
found no significant correlations between age and pre-
frontal activity during a moral judgment task; however,
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only an adolescent sample was examined (Eslinger et al.,
20009).

Because the primary study hypothesis was that age
would be positively correlated with activity in brain regions
involved in mentalizing during moral judgment, it was
important to ensure that the moral judgment task that
we used did engage mentalizing processes. Since the task
did not employ an overt manipulation of mentalizing pro-
cesses, or specific instructions to consider the beliefs or
intentions of individuals in the pictures, we evaluated
this by conducting a pilot study with a separate group of
adult participants who completed the same task outside
the MRI scanner. After the task, all participants rated the
extent to which they utilized a variety of cognitive and
affective processes, including mentalizing, in their moral
judgments. We predicted that mentalizing would be rated
highly among the concepts, indicating that mentalizing
contributed significantly to moral judgments. We also con-
ducted the same pilot study with a separate group of
male adolescents, to investigate whether adolescents also
reported using mentalizing during moral judgment, and
whether their use differed significantly from adults.

We included only male participants in the present study,
for several reasons. First, studies have shown sex differ-
ences in brain development (Giedd et al., 1999; De Bellis
et al., 2001), and it was not an aim of our study to compare
sex differences in moral brain development. Second, we
have previously reported sex differences in hemodynamic
activity associated with the moral judgment task used in
this study (Harenski et al., 2008). Finally, our choice of male
participants was intended to facilitate comparisons to our
studies in antisocial/incarcerated populations, in which the
participants are mostly male.

1. Methods
1.1. Participants

Eighty-four adult and adolescent males were recruited
from community advertisements. Twenty-one of these
individuals were not enrolled in the study because they
met one or more study exclusion criteria. These included:
age greater than 55 years, less than a fourth grade reading
level; IQ score less than 80; history of head injury with loss
of consciousness for more than 30 min; history of major
medical or neurological illness; history of seizures, current
or lifetime psychotic disorder, current DSM Axis I or Axis
11 diagnosis,! history of psychosis in a first degree relative;
history of alcohol or drug dependence, current drug abuse.
Twelve additional participants were excluded due to
discomfort or claustrophobia in the MRI scanner, excessive
head motion during scanning (>5mm; five adolescents
and two adults), or poor task performance (e.g. missing
several ratings during the task). Analyses are presented
on the remaining 51 participants which included 36
adults (age range 19-53 years, M=27.3, SD=8.37) and 15

1 If the participant was not taking medication for the disorder, had been
symptom free for more than a year, and did not have a recurrent history,
they were included in the study.

adolescents (age range 13-18 years, M=16.5, SD=1.89).
The 36 adults were further subdivided into an ‘older
adult’ group (age range 27-53, M=34.1, SD=8.05)
and a ‘younger adult’ group (age range 19-25,
M=21.7, SD=1.91). All except one adolescent partic-
ipant were right handed. All participants provided
written informed consent, and the study was con-
ducted in accordance with institutional ethical
standards.

To ensure no significant differences in intelligence
across age, all participants 16 years of age and older com-
pleted the Vocabulary and Matrix Reasoning subtests of the
Wechsler Adult Intelligence Scale (WAIS, 1997) which was
used to estimate IQ (Ryan et al., 1999). Participants 15 years
of age and younger completed the same age-equivalent
subtests from the Wechsler Intelligence Scale for Children
(WISC, 2003). Mean (£SD) IQ scores were 119.7 (£15.6)
for the adult participants and 116.0 (+15.0) for the adoles-
cent participants. The correlation between age and 1Q was
not significant (1(48)=0.07, p=0.63). Two adolescent par-
ticipants did not complete the IQ test, but had education
levels that were comparable to or higher than the majority
of the other adolescent participants (12th grade for both
participants).

1.2. Stimuli and task

Three picture sets (25 moral, 25 non-moral, 25 neutral)
were selected primarily from the International Affective
Picture System (IAPS; Lang et al., 1995), and supplemented
with pictures from media sources. All moral pictures
depicted unpleasant social scenes indicating a moral vio-
lation (e.g. a person attacking another person, a drunk
driver). Non-moral pictures depicted unpleasant social
scenes without moral content (e.g. two individuals argu-
ing, an angry driver). Neutral pictures depicted affectively
neutral social scenes without moral content (e.g. two indi-
viduals having a conversation, a normal driver). Moral and
non-moral pictures were a subset of those used in Harenski
and Hamann (2006), and were matched on emotional
arousal (based on emotional arousal ratings of pictures
from three separate groups of participants: Harenski and
Hamann, 2006; Harenski et al., 2008; Harenski, unpub-
lished data). Moral, non-moral, and neutral pictures were
also matched for social content by using pictures that
depicted similar numbers of individuals and types of
social situation (e.g. a set of moral, non-moral, and neu-
tral pictures that involved one male interacting with one
female). In addition, the participants in our previous stud-
ies who rated pictures on emotional arousal (Harenski and
Hamann, 2006; Harenski et al., 2008, unpublished data)
alsorated them on the degree of social complexity that they
perceived to be present in each picture. There were no sig-
nificant differences in social complexity ratings across the
three picture types. Matching on social content also helped
ensure that there were similar numbers of faces and bodies
in the different conditions, which have been shown to dif-
ferentially engage the TPJ (Kret et al., 2011). The pictures
can be viewed at www.mrn.org/mrt_stimuli.

Participants were informed that they would see a
series of pictures depicting people and events. For
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each picture, they were instructed to rate the moral
violation severity on a 1-5 scale, with 5 representing the
highest violation severity. If no moral violation was present
in the picture, the participant was instructed to give a
rating of 1. Emphasis was placed on asking the partici-
pants to make ratings based on their own moral values, not
what others or society would think was a moral violation.
During fMRI scanning, participants completed five prac-
tice trials to ensure they understood how to perform the
task. In each trial, a picture was displayed for six seconds,
while the participant determined whether it represented
a moral violation. Next, a rating scale was shown. The rat-
ing scale was displayed in continuous presentation format,
such that a red bar began at ‘1’ (none) and progressed to
‘5’ (severe) over a period of 4s. The participant pressed
a button to stop the bar when it reached the rating they
wished to give.? This rating format was chosen for simplic-
ity (needing to press only one button rather than several
different buttons). Next, a 4-s rest period occurred during
which a black screen with a white fixation cross was dis-
played. Moral, non-moral, and neutral picture trials were
presented in a randomized order, and interspersed with
‘null’ fixation trials of the same duration as picture tri-
als. The randomization of the null trials created variable
rest periods (14, 24, or 34s when a picture trial was fol-
lowed by 1, 2, or 3 null trials, respectively). The 100 total
trials (25 moral, 25 non-moral, 25 neutral, and 25 null)
were presented across two separate runs. Images were
rear-projected into the scanner using an LCD projector,
controlled by a PC computer. Tasks were designed and pre-
sented and responses were recorded using Presentation
(version 10.78, http://nbs.neuro-bs.com).

To determine the extent to which participants use men-
talizing to guide moral judgments in the present task, we
collected pilot data from an independent sample of 12
adult male participants (mean age=27.5, range=22-38)
and 10 male adolescent participants (mean age=16.7,
range = 13-18) on the same task outside the MRI scanner.3
In this version of the task, the response format was
changed to a Likert scale so that reaction times could
be recorded. Following the task, participants were asked
to rate the extent to which their moral judgments were
based on six different categories: (1) Emotion (emotional
responses to pictures), (2) Intentions (beliefs that individ-
uals in the pictures were acting intentionally), (3) Law
(whether the picture represented a violation of the law),
(4) Empathy (feeling similar emotions to those depicted
by individuals in the pictures), (5) Sympathy (feelings
of concern/compassion for individuals in the pictures),

2 The continuous presentation format of the rating scale could affect
the ratings of individuals who did not fully attend to the stimuli. In other
words, a higher rating could be given because the participant was slow
to respond rather than because they intended to give a high violation
severity rating. To address this issue, responses were not accepted after
the bar reached ‘5'. If a participant was indeed not paying attention during
the task, they should have many ‘missed’ ratings. Participants who had
multiple missed ratings (more than 5 out of the 75 pictures) were excluded
from analysis (N=1).

3 Datafrom 12 adult females were also collected; however because only
males were included in the current study and in the adolescent pilot study,
we report results from the adult males only.

and (6) Memory (being reminded of one’s own personal
experiences by the pictures), on a scale from 1 (not at all)
to 5 (very much). A group x condition repeated measures
ANOVA was conducted to determine whether any of these
processes contributed significantly more to moral judg-
ments than the others. A main effect of condition revealed a
significant difference across the six rating categories (emo-
tion, intentions, law, empathy, sympathy, memory; F(5,
95)=12.58, p<0.0001). Intentionality was rated the high-
est of all categories, and was rated significantly higher than
all other categories (vs. Emotion: t(20)=4.05, p<0.001;
vs. Law: t(20)=4.11, p<0.001; vs. Empathy: t(20)=5.98,
p<0.0001; vs. Sympathy: t(20)=3.18, p<0.005; vs. Mem-
ory: t(20)=8.25, p<0.0001). Thus, the results indicated
that certain types of mentalizing, particularly intentional-
ity attributions, did guide moral judgments in the present
task. Sympathy was rated second-highest, and was rated
significantly higher than Empathy (t(20)=4.56, p<0.001)
and Memory (t(20)=4.79, p<0.001). The latter two cate-
gories were rated lowest. There was no main effect of group
nor group x condition interaction (ps >0.25) (Table 1).

We also compared reaction times of adults and ado-
lescents. A main effect of condition (F(2, 38)=11.03,
p<0.0001) was found, representing longer reaction times
to both moral and non-moral pictures relative to neu-
tral pictures (£(20)=3.17, p<0.006; t(20)=6.63, p<0.0001,
respectively). Reaction times did not differ signifi-
cantly between moral and non-moral pictures (p=0.88).
There was a marginal group x condition interaction (F(2,
38)=3.07, p<0.06). Adolescents showed longer reaction
times (M=1485ms) relative to adults (M=1144ms) in
response to neutral pictures (t(19)=2.10, p<0.05). Adoles-
cents and adults did not differ in reaction times to moral
pictures (M =1545ms and 1578 ms, respectively; p=0.85)
or non-moral pictures (M=1468 ms and 1685 ms, respec-
tively; p=0.25). The main effect of group was not significant
(p=0.21).

1.3. MRI data acquisition and analysis

MR images were collected with a mobile Siemens
1.5T Avanto with advanced SQ gradients (max slew rate
200T/m/s; 346 T/m/s vector summation, rise time 200 jLs)
equipped with a 12 element head coil. The EPI gradient-
echo pulse sequence (TR/TE 2000/39 ms, flip angle 90°, FOV
24 cm x 24 cm, 64 x 64 matrix, 3.4 by 3.4 mm in plane res-
olution, 5 mm slice thickness, 30 slices) effectively covers
the entire brain (150 mm) in 2.0s. Head motion was lim-
ited using padding and restraint. Any participant with head
motion greater than 5 mm was excluded from analysis.

Functional images were analyzed using Statistical Para-
metric Mapping software (SPM5). Images were realigned
using INRIAlign—a motion correction algorithm unbiased
by local signal changes (Freire and Mangin, 2001; Freire
etal., 2002). For each participant, the realignment parame-
ters (3 translation; 3 rotations) were entered as covariates
of no interest in the statistical model to regress variance
due to movement. Functional images were spatially nor-
malized to the MNI template via a 9-parameter affine
transformation followed by smoothing with basis func-
tions to account for nonlinear differences (Ashburner


http://nbs.neuro-bs.com/

166 C.L. Harenski et al. / Developmental Cognitive Neuroscience 2 (2012) 162-173

and Friston, 1999), and smoothed (8 mm FWHM). High
frequency noise was removed using a low pass filter (cut-
off — 128 s). Picture presentations (moral, non-moral, and
neutral) and the rating period were modeled as separate
events. The primary event of interest, picture presentation,
was modeled with the standard hemodynamic response
function with a 6 s duration. The rating period was modeled
as one regressor for all picture ratings with a 4 s hemody-
namic response function.

Functional images were computed for each partici-
pant that represented hemodynamic responses associated
with viewing moral, non-moral, or neutral pictures.
Linear contrasts were used to compare across condi-
tions. Although we present results for three separate
contrasts (moral>non-moral, moral>neutral, and non-
moral > neutral) for completeness, the primary contrast
of interest was the correlation between age and hemo-
dynamic activity in the moral > non-moral contrast, since
the moral and non-moral conditions were matched on
both emotional arousal and social content. Effects that
are related to processing moral stimuli should be present
in both moral>non-moral and moral > neutral contrasts
(meaning they are present for moral stimuli regard-
less of the comparison condition, which reduces the
possibility that findings could be influenced by stimu-
lus qualities that may be more salient in one of the
comparison conditions). Moral related processing should
be limited in the non-moral>neutral contrast, which
represents primarily emotion processing. These analy-
ses were first conducted in the adult and adolescent
groups separately. Age-related activity was then exam-
ined in the entire sample by regressing participant
age in the general linear model for each condition of
interest.

Hemodynamic responses associated with individual
‘severity of moral violation’ ratings were also analyzed,
using a parametric modulation analysis in which the partic-
ipant’s ratings associated with each picture were entered
as covariates. This analysis determined, for each partici-
pant, whetherincreased activity in any brainregions during
picture viewing predicted subsequent higher (or lower)
violation severity ratings. This analysis was conducted in
all participants, then in adolescent and adult groups sepa-
rately.

Relative to the adolescent participants, the adult par-
ticipants were double in number and included a wider
age range. To more closely examine the nature of age-
related changes during moral processing in regions of
interest over time, we also examined differences between
the older adult, younger adults, and adolescents using a
3 (older adult/younger adult/adolescent) x 3 (moral/non-
moral/neutral) ANOVA in SPM5. Post hoc analyses were
performed to identify effects specific to each group (e.g. a 2
(adolescent) — 1 (younger adult) — 1 (older adult) contrast
in the moral condition).

For all analyses, small volume corrections were applied
to regions of interest by creating 10-mm spheres with
center coordinates derived from a prior study in an
independent adult sample (Harenski et al.,, 2008), and
thresholding the results at 0.05, FWE corrected, in SPM5.
ROIs included the ventromedial PFC, bilateral posterior

STS/TPJ, PCC, precuneus, bilateral anterior temporal cortex
and amygdala.*

Post hoc whole-brain analyses were also conducted for
each group and condition of interest. These latter results
were thresholded at p<0.001 uncorrected with an extent
threshold of 37 contiguous voxels. The threshold was
determined based on Monte Carlo simulation using the
AlphaSim program written by D. Ward in AFNI software
(http://afni.nimh.nih.gov/).

SPMs were overlaid on a representative high-resolution
structural T1-weighted image from a single subject from
the SPM5 canonical image set, coregistered to Montreal
Neurological Institute (MNI) space. All coordinates are
reported in MNI space.

2. Results
2.1. Severity of moral violation ratings

Prior to investigating the brain areas engaged during
moral judgment across age, it was important to evalu-
ate the behavioral ratings of pictures made by adolescent
and adult participants. This ensures that any associations
between brain activity and age are not due to differences in
explicitjudgments regarding the severity of moral violation
in each picture condition. Adult and adolescent partici-
pants rated moral pictures (M =3.68, SD=0.60) higher on
violation severity than non-moral (M=1.90, SD=0.48; F(1,
50)=608.31, p<0.0001) and neutral (M=1.43, SD=0.22;
F(1, 50)=721.19, p<0.0001) pictures (Fig. 1). Non-moral
pictures were also rated higher than neutral pictures (F(1,
50)=80.46, p<0.0001). This may reflect the fact that par-
ticipants occasionally over-interpret what is represented
by the non-moral pictures (e.g. if someone is in dis-
tress, another person must have caused it). There were
no significant correlations between age and ratings in
any condition (all ps>0.30), nor between age and dif-
ference ratings between conditions (moral-non-moral,
moral-neutral, non-moral-neutral; all ps >0.15) indicating
that adults and adolescents were similarly able to identify
moral violations and rate their severity.

2.2. Brain activity during moral picture viewing

In our prior studies with adult male participants
(Harenski et al., 2008, 2010), we compared violation
severity judgments of moral and non-moral pictures and
found that brain areas associated with social and affective
processing, including the medial prefrontal cortex, bilat-
eral pSTS/TP], PCC, precuneus, anterior temporal cortex
and amygdala, showed greater activity during judgments
of moral pictures. The present results, which showed
increased activity in nearly all of these regions in adult and
adolescent participants (Table 2), are consistent with these
findings. We also compared brain activity during violation
severity judgments of moral relative to neutral pictures.

4 Activations in ATC and right amygdala were not reported in Harenski
etal.(2008), but were present at a statistical threshold lower than the one
that was utilized (p <0.01 vs. p<0.005).
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Fig. 1. Moral violation severity ratings by condition.
Table 1
Usage of moral-relevant categories during moral judgments.

Group Emotion Intention Law Empathy Sympathy Memory
Adult 2.73(1.10) 4.45 (0.93) 2.82(1.25) 2.91(1.04) 3.55(1.13) 2.09(1.14)
Adolescent 3.40(1.26) 4.20(0.63) 3.70(0.95) 2.70(1.34) 3.50(1.27) 1.80(1.03)

In adults, greater activity to morally salient pictures was
found in the bilateral pSTS/TP], MPFC, PCC, precuneus,
and inferior frontal gyrus/IFG. Adolescents also showed
increased activity in the IFG, precuneus, and MPFC. Other
regions showing increased activity during moral relative to
non-moral and neutral picture viewing across groups are
listed in Table 2.

2.3. Correlation with age

To investigate whether the engagement of brain regions
associated with moral judgment changes across age, par-
ticipant age was entered as a regressor for the contrasts
described above. As predicted, a significant positive cor-
relation with age was present in the left pSTS/TP] during
moral relative to non-moral and neutral picture viewing
(p<0.05, corrected, Table 3, Fig. 2). A marginal positive
correlation was also present in the right TP] during moral
relative to neutral picture viewing (p<0.07, corrected). A

(cl

positive correlation with left pSTS/TP] was also present
during non-moral relative to neutral picture viewing, but
at a reduced statistical threshold (p <0.005, uncorrected).
The PCC also showed a positive correlation between activ-
ity and age in the moral relative to non-moral and neutral
contrasts (p <0.05, corrected; Table 3, Fig. 3). No significant
negative correlations with age were present.

2.4. Comparisons across age groups

The results of the ANOVA comparing older
adults, younger adults, and adolescents revealed a
group x condition interaction in right TP] and left PCC.
Post hoc analyses showed that bilateral TPJ activity was
significantly greater in older adults compared to younger
adults and adolescents during moral (but not non-moral
or neutral) picture viewing. Activity in the PCC was signif-
icantly greater in older and younger adults compared to
adolescents during moral (but not non-moral or neutral)

Mean parameter estimates
uster at x =-42, y =-63, z = 30)

==  Moral vs. Non-Moral

=  Moral vs. Neutral

Fig. 2. Correlation between age

20 30

Age (yrs.)

40 50 60

and pSTS/TPJ activation.
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Table 2
Brain regions showing increased activity during moral picture viewing.
Contrast Region (BA) MNI coordinates FWE Cluster size
X y z t

Moral > non- Adult (N=36)

moral *L. PCC/precuneus (31) -3 -54 30 10.18 <0.001 171
*L. STS/TPJ (39) —48 -66 24 9.72 <0.001 144
*L. Ventral MPFC (10) -3 54 6 8.68 <0.001 171
*L. PCC (31) -12 —54 18 7.83 <0.001 165
*R.TPJ (39) 48 —-66 30 7.65 <0.001 101
*L. Amygdala/parahippocampal gyrus -18 -9 -21 3.97 0.015 65
L. Superior PFC (8) -21 30 51 7.98 171
R. Occipital cortex (19) 48 -72 3 7.85 1316
R. Cerebellum 9 -54 —45 5.87 49
R. Middle frontal gyrus (8) 27 33 51 4.67 62
R. Middle temporal gyrus (21) 63 -24 -15 448 66
Adolescent (N=15)
*L. PCC/parahippocampal gyrus (30) -15 —48 6 7.83 <0.001 89
*L. Ventral MPFC (10) -9 48 0 7.07 <0.001 158
*R.TPJ (39) 48 -66 27 6.64 <0.001 94
*L. STS/TPJ] (39) -57 -54 21 6.58 <0.001 145
*R. Precuneus (7) 3 -60 33 6.08 0.002 137
L. Occipital cortex (19) -48 -81 3 6.30 44

Moral > neutral ~ Adult (N=36)
*L. PCC/precuneus (31) -3 -57 30 8.51 <0.001 171
*L. MPFC (10) -3 57 15 8.47 <0.001 171
*L. STS/TPJ] (39) —48 -66 24 6.14 <0.001 136
*L. PCC (29) -9 —48 15 6.08 <0.001 82
*R.TPJ (39) 45 -66 33 5.77 <0.001 96
*R. Amygdala/parahippocampal gyrus 27 6 -21 3.87 0.018 27
*L. Amygdala —-18 -6 -18 3.77 0.023 29
R. Occipital cortex (19)/cerebellum 45 -72 0 11.56 1279
R. Cerebellum 6 -54 —45 5.23 74
R. Inferior frontal gyrus (47) 51 33 3 5.18 48
R. Superior frontal gyrus (6) 24 0 54 5.11 112
L. Precuneus (7) 15 -60 63 4.84 85
L. Cerebellum —45 -72 =27 4.79 45
L. Cerebellum -12 -90 -30 4.52 47
Adolescent (N=15)
L. Superior frontal gyrus (6) -3 18 63 8.37 52
R. Middle temporal gyrus (37) 51 —66 3 7.46 98
L. Occipital cortex (19) -48 -84 3 6.06 53
L. Inferior frontal gyrus (47) -33 18 -15 5.35 43
L. Precuneus (7) -18 -57 66 5.09 62
L. Medial frontal gyrus (9) -3 54 33 477 56

Non- Adult (N=36)

moral >neutral *R. Amygdala 24 -3 -21 3.80 0.022 58
R. Inferior frontal gyrus (45) 48 36 3 6.05 141
L. Inferior frontal gyrus (46) —45 39 3 5.73 361
R. Lingual gyrus (18) 18 —87 -3 5.51 185
R. Caudate 12 12 0 491 62
Adolescent (N=15)
*R. Amygdala/parahippocampal gyrus 36 -6 -18 4.42 0.037 65
L. Inferior frontal gyrus (46) —48 33 9 8.60 44
R. Inferior frontal gyrus (47) 48 45 9 6.22 43
R. Middle temporal gyrus (37) 48 -63 -3 5.12 38

BA: Brodmann area. FWE: small volume corrected values listed for regions of interest (denoted with a *). Other regions listed are significant at a whole
brain threshold of p<0.001, uncorrected, extent threshold 37 contiguous voxels.

picture viewing. For all brain regions showing differential
activity across the three groups, see Table 4.

2.5. Brain activity associated with moral severity ratings

The results of the parametric modulation analysis,
which evaluated associations between individual moral
severity ratings and brain activity, did not reveal any sig-
nificant differences in moral severity rating-brain activity

associations in regions of interest between adults and ado-
lescents.

3. Discussion

The present study tested the hypothesis that brain
regions implicated in mentalizing would show increased
engagement during moral judgment from adolescence
to adulthood. Previous studies have shown that brain



C.L. Harenski et al. / Developmental Cognitive Neuroscience 2 (2012) 162-173 169

Table 3
Brain regions correlated with age during moral picture viewing.

Contrast Region (BA) MNI coordinates FWE Cluster size
X y z t

Moral > non-moral Positive
*L. PCC (30) -15 -51 12 3.45 0.035 59
*L. STS/TPJ (39) —45 —60 24 3.30 0.050 15
Negative

Moral > neutral Positive
*L. STS/TPJ (39) —45 -63 27 4.49 0.002 129
*L. PCC (30) -15 =51 9 3.58 0.025 102
*R. TPJ (39) 45 -63 36 3.14 0.066 66
Negative

Non-moral > neutral Positive
Negative

BA: Brodmann area. FWE: small volume corrected values listed for regions of interest (denoted with a *).

regions associated with mentalizing and moral judgment,
particularly the anterior and posterior temporal cortex,
show less engagement during mentalizing tasks in ado-
lescents relative to adults. Here we directly investigated
the engagement of these brain regions in adolescents and
adults during a moral judgment task. In accordance with
hypotheses, age was positively correlated with hemody-
namic activity in the pSTS/TP] while participants made
severity decisions about pictures depicting moral viola-
tions. A similar pattern was found in the PCC. These results
suggest that the involvement of specific brain regions and
their associated functions in moral judgment changes from
adolescence to adulthood.

Making decisions about the violation severity of pic-
tures depicting moral violations was associated with
increased pSTS/TPJ activity in adolescents and adults; and
the magnitude of activity was positively correlated with
age. This region has been implicated in belief and inten-
tionality attributions related to moral judgment in adults
(Young et al., 2007, 2010). The present results may indi-
cate that adolescents, relative to adults, use this type of

mentalizing less during moral judgment. Beliefs and
intentions may be progressively integrated into moral
judgments over time. Although the role of the pSTS/TPJ in
making intentionality attributions during moral judgment
has been well demonstrated, studies have also highlighted
other functions of this region. For example, the right TP] has
beenimplicated in empathy, sense of agency and self-other
discrimination, as well in redirecting attention to task-
relevant stimuli (Decety and Lamm, 2007; Mitchell, 2008).
Decety and Lamm (2007) proposed that rTPJ is associated
with a variety of lower-level processes (e.g. redirection of
attention) that contribute to higher level functions such as
mentalizing or empathy. Regarding empathy, the results
of our pilot study showed that empathy was ranked quite
low compared to intentionality in its importance in mak-
ing moral judgments, suggesting it was less (consciously)
utilized by both adults and adolescents. Attentional redi-
rection may be related to TP] function in the context of
moral judgment, though this has not specifically stud-
ied to our knowledge, nor have studies shown that these
processes are critically related to moral development.

Mean parameter estimates
(clusteratx =-15,y=-51,z=9)

== Moral vs. Non-Moral ?2

== Moral vs. Neutral 0

20 30 40 50 60
Age (vrs.)

Fig. 3. Correlation between age and PCC activation.
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Table 4
Brain regions showing increased activity by age group.
Region (BA) MNI coordinates FWE Cluster size
X y z F
Main effect of age R. Middle Temporal Gyrus (39) 39 -72 12 11.95 46
R. Lingual Gyrus (17) 15 -90 -6 10.85 40
R. Precuneus (7) 21 —-60 54 9.21 68
Age group x condition *L. PCC (29) -6 —45 12 3.65 0.005 31
interaction *R.TPJ (39) 45 —63 36 5.02 0.058 31
Older adult vs. younger Moral
adult + adolescent *R. TPJ (39) 45 —-63 36 3.08 0.057 92
*R.ATC (21) 57 0 -18 297 0.073 58
*L. STS/TPJ (39) —45 -72 21 2.96 0.075 53
*L. PCC (29) -3 -60 15 2.95 0.076 125
R.PCC(31) 3 —42 33 4.73 186
R. Precuneus (7) 18 -57 48 421 318
27 -63 27 414 57
L. Middle frontal gyrus (8) -33 30 45 4.19 50
L. Superior parietal cortex (7) -27 —66 57 3.98 46
Non-moral
R. Medial frontal gyrus (6) 18 3 63 3.92 40
R. Precuneus (7) 18 —-60 51 3.55 59
Neutral
R. Precuneus 21 —60 51 4.36 196
27 —66 27 4.36 50
L. Precentral gyrus (6) —48 -3 48 4.22 49
R. Middle frontal gyrus (6) 21 6 66 4.04 46
L. Superior parietal cortex (7) -30 —-63 60 3.87 164
L. Paracentral lobule (5) -3 -39 54 3.64 42
Younger adult +adolescent vs. older adult No significant group differences across conditions
Older adult +younger Moral
adult vs. adolescent *L STS/TPJ (39) -51 -69 18 3.78 0.009 85
*L. PCC (29) 3 -57 9 3.41 0.025 143
*R.ATC (21) 60 -3 -12 343 0.023 44
R. Middle temporal gyrus (39) 45 —60 6 4.73 81
R.PCC (23) 6 —45 24 4.61 245
R. Superior temporal gyrus (41) 45 -33 0 4.58 127
L. Anterior cingulate (32) -6 15 45 4.15 138
L. Middle temporal gyrus (39) -48 -72 9 4.09 54
R. Occipital cortex (19) 36 -69 -12 3.99 130
L. Putamen -24 9 3 3.89 37
L. Lingual gyrus (18) -9 -78 -12 3.88 43
R. Superior parietal cortex 36 -60 51 3.77 47
Non-moral
*L STS/TPJ (39) -51 -69 18 3.09 0.054 22
R. Middle temporal gyrus (39) 42 -57 6 4.59 61
R. Superior temporal gyrus (22) 48 -36 3 4.00 60
Neutral
*L STS/TP] (39) -51 -69 18 2.84 0.096 21
R. Middle temporal gyrus (39) 39 -72 15 4.41 51
Adolescent vs. younger adult +older adult No significant group differences across conditions
Older adult +adolescent vs. younger adult No significant group differences across conditions
Younger adult vs. older Moral
adult +adolescent L. Parahippocampal gyrus (19) -33 -54 -9 5.55 477
R. Superior temporal gyrus (41) 48 -39 9 411 38
Non-moral
L. Fusiform gyrus (19) -36 -72 -12 4.62 60
R. Lingual gyrus (17) 15 -90 -6 432 184
R. Superior temporal gyrus (41) 48 -39 6 4.13 41
Neutral
R. Lingual gyrus (17) 15 -90 -6 4.26 85

BA: Brodmann area. FWE: small volume corrected values listed for regions of interest (denoted with a *). Other regions listed are significant at a whole
brain threshold of p<0.001, uncorrected, extent threshold 37 contiguous voxels.
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Fig. 4. pSTS/TPJ (A) and PCC (B) activation by condition and age group.

Self-other discriminations are highly related to mental-
izing, and our TPJ findings might relate more generally
to adolescent vs. adults’ tendency to distinguish between
self and others during moral judgment. Overall, given the
demonstrated association between mentalizing and moral
development, adult moral judgment, and TPJ function, we
consider mentalizing, intentionality attributions in partic-
ular, to be the most parsimonious interpretation of the
correlation between age and pSTS/TPJ activity during moral
judgment (Fig. 4).

We also found a positive correlation between age and
activity in the PCC during moral picture processing. Unlike
the finding in the pSTS/TP], this region has not typically
beenimplicated in previous studies of mentalizing. The role
of this region in moral judgment is also not well under-
stood. It is possible that adolescents are less sensitive to
certain aspects of moral content that engage the PCC. The
PCC has been linked to emotional and self-reflective pro-
cessing, which may contribute to moral judgments (Fink
et al,, 1996; Maddock, 1999; Damasio et al., 2000; Vogt
and Laureys, 2005; Johnson et al., 2006). The PCC result
may appear at first to be at odds with findings from a study
which found that adolescents showed increased activity in
this region during the evaluation of moral dilemmas (Pujol
et al., 2008). However, this study included only adolescent
participants and did not compare adolescents to adults. The
adolescents in our study did activate this region in response
to moral pictures, but the degree of activity significantly
increased with age.

Although both TP] and PCC activity increased with age
during moral picture processing, a closer examination of

age groups revealed different patterns of increased activity
within each region. Whereas right TPJ activity was greater
in older adults relative to younger adults and adolescents,
PCC activity was greater in both older adults and younger
adults relative to adolescents. This suggests different devel-
opmental trajectories related to moral processing in each
region. PCC activity appears to increase during moral pro-
cessing by young adulthood, whereas increased right TPJ
engagement during moral processing appears to occur later
in adulthood.

Our study hypotheses were based on previous func-
tional imaging studies of mentalizing in adolescents
relative to adults. Although our finding of a positive corre-
lation between age and activity in the STS/TPJ is somewhat
consistent with the finding by Blakemore et al. (2007) that
adolescents showed less activity than adults in this region
during a mentalizing task, the latter result occurred in a
region of STS that was well inferior to the one which we
observed, which highly overlapped with the TPJ. A possible
reason for this difference is the type of mentalizing that is
involved in a particular task. For example, the task used in
Blakemore et al. (2007) involved making inferences about
intention and causality in a variety of situations, such as
changing seats in a movie theatre in order to have a better
view of the screen. In contrast, the task used in adult moral
judgment studies by Young et al. (2007, 2010) involved
making inferences regarding a person’s belief about caus-
ing harm to another person. The TPJ region activated in
the Young et al. studies more closely resembles the one
we observed, likely reflecting more similarity in the types
of inferences made in this task (i.e. beliefs about causing
harm) and our task. Differences in the type of mentalizing
might also explain why we did not observe correlations
between age and other brain regions which have previ-
ously shown age-related changes in mentalizing, such as
the anterior medial prefrontal cortex/aMPFC (Blakemore
etal.,2007; vanden Bos et al.,2011). This region is involved
in self-referential processing related to mentalizing (e.g.
imagining what other people think of oneself; Amodio
and Frith, 2006; Frith and Frith, 2008). Thus, the involve-
ment of these processes in moral judgment may change
less between adolescence and adulthood. It is also possible
our moral task does not engage the specific self-referential
processes related to the aMPFC (the present study and
prior studies using this task typically find more ventral
mPFC activity), which is why no significant correlation was
present.

A recent study (Decety et al., 2011) reported increased
activity with age in the ventromedial prefrontal cor-
tex/vmPFC in response to pictures showing intentional
physical harm caused to a person compared to acci-
dental harm. In the present study we did not find
evidence that vmPFC activity in response to moral vio-
lations increased with age. This may be explained by
several differences between our study and Decety et al.
(2011). The participants in Decety et al. (2011) included
young children, whereas our participants were adoles-
cents and adults only. It is possible that we would
have observed vmPFC differences if young children were
included in the study. Also, unlike Decety et al. (2011),
our study included male participants only. Perhaps most
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importantly, the participants in Decety et al. (2011) did
not make moral judgments of the pictures during scan-
ning. We have previously shown differential vmPFC activity
during implicit (no moral judgment) vs. explicit (moral
judgment) moral picture processing (Harenski et al., 2010).
It is also worth noting that the pictures used in Decety
et al. (2011) involved direct physical harm caused to a
person, whereas our pictures varied from direct physical
harm (e.g. physical assault) to implied harm or potential
for harm (e.g. a woman smoking while pregnant). Their
pictures also showed bodily actions but not faces, whereas
nearly all of our pictures showed faces and facial expres-
sions. Whether these and/or other factors influence the
involvement of the vmPFC, or other regions, in moral judg-
ment over age are important considerations for future
research.

Apossible alternate explanation for reduced TPJ and PCC
activity in adolescent participants is that they found the
moral rating task more difficult than the adults. To evaluate
the relative task difficulty experienced by adolescents and
adults, it could be informative to compare average reaction
times across groups. Our task design does not allow for the
recording of meaningful reaction time data, because reac-
tion time is determined by the chosen rating. However, as
noted earlier, the adults and adolescents in our pilot study
did not show significant differences in reaction times to
moral (or non-moral) pictures. Thus, it is unlikely that our
results reflect greater task difficulty and longer response
times for adolescents compared to adults.

Although we ensured that moral pictures did not dif-
fer from non-moral pictures on variables such as general
emotional arousal and social content, it is possible that
moral pictures differed on other types of variables that
were not specifically examined. For example, five of the 25
moral pictures represented historical events, such as the
9/11 attacks. Consistent with the group results, the ratings
of those individual pictures were not positively correlated
with age, indicating that adolescent participants perceived
a similar degree of moral salience in those pictures as did
the adults. Nonetheless, the age at which these events were
encoded differs across participants. While this only impacts
a few of the moral pictures used in the present study, the
question of how brain activity may vary as a function of the
age that morally salient events are encoded is an interesting
avenue for future research.

The present study was conducted in males only. As
noted earlier, gender differences have been found in brain
development (Giedd et al., 1999; De Bellis et al., 2001).
For example, frontal and parietal gray matter peak 1 year
earlier in females relative to males (Giedd et al., 1999).
We have previously reported gender differences in brain
activity during moral judgment (Harenski et al., 2008). For
example, males show a stronger correlation between TPJ
activity and moral severity ratings relative to females. In
our pilot study, adult males reported a relatively stronger
reliance on intentionality attributions during moral judg-
ments compared to adult females (intentionality being
rated significantly higher than all five categories in males,
compared to three out of five categories in females). Thus,
correlations between age and TPJ] activity during moral
judgment might not be as strong in females relative to

males. Overall, it will be important to examine age effects in
females, and in females relative to males, in future studies.
In summary, the findings of the present study demon-
strate that the engagement of brain regions implicated in
adult moral judgment, including the pSTS/TP]J and PCC,
increases with age. These findings suggest that from ado-
lescence to adulthood individuals progressively integrate
more information about the mental states of others, such
as intentionality, into moral judgments. It should be noted
that the present results may not necessarily generalize to
different moral judgment tasks, such as evaluating com-
plex moral dilemmas. This is a question for future research.
Overall, the results indicate that the neural correlates of
moral judgment change from adolescence to adulthood.
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