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FRONTOPOLAR AND ANTERIOR TEMPORAL CORTEX
ACTIVATION IN A MORAL JUDGMENT TASK

Preliminary functional MRI results in normal subjects

Jorge Moll', Paul J. Eslinger’, Ricardo de Oliveira-Souza’

ABSTRACT - Objective: To study the brain areas which are activated when normal subjects make moral
judgments. Method: Ten normal adults underwent BOLD functional magnetic resonance imaging (fMRI) during
the auditory presentation of sentences that they were instructed to silently judge as either “right” or “wrong”.
Half of the sentences had an explicit moral content (“We break the law when necessary”), the other half
comprised factual statements devoid of moral connotation (“Stones are made of water”). After scanning,
each subject rated the moral content, emotional valence, and judgment difficulty of each sentence on Likert-
like scales. To exclude the effect of emotion on the activation results, individual responses were hemodynamically
modeled for event-related fMRI analysis. The general linear model was used to evaluate the brain areas activated
by moral judgment. Results: Regions activated during moral judgment included the frontopolar cortex (FPC),
medial frontal gyrus, right anterior temporal cortex, lenticular nucleus, and cerebellum. Activation of FPC and
medial frontal gyrus (BA 10/46 and 9) were largely independent of emotional experience and represented the
largest areas of activation. Conclusions: These results concur with clinical observations assigning a critical role
for the frontal poles and right anterior temporal cortex in the mediation of complex judgment processes
according to moral constraints. The FPC may work in concert with the orbitofrontal and dorsolateral cortex in
the regulation of human social conduct.
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Ativacdo do cdrtex frontopolar e temporal anterior em uma tarefa de julgamento moral: resultados
preliminares de ressonancia magnética funcional em individuos normais

RESUMO - Objetivo: Estudar, com ressonancia magnética funcional (RMf), as areas cerebrais normalmente
ativadas por julgamentos morais em tarefa de verificacao de sentengas. Método. Dez adultos normais foram
estudados com RMf-BOLD durante a apresentacao auditiva de sentencas cujo contetdo foram instruidos a
julgar como “certo” ou “errado”. Metade das sentengas possuia um contetido moral explicito (“Transgredimos
a lei se necessario”), enquanto a outra metade era constituida de afirmativas factuais desprovidas de conotacao
moral (“Pedras sao feitas de agua”). Depois do estudo funcional, cada individuo aferiu o contetdo moral, a
valéncia emocional, e a dificuldade de julgamento de cada sentenca em escalas de Likert. Para excluir o efeito
da emogao nos resultados da ativacao, as respostas individuais foram hemodinamicamente modeladas para
analise de RMf relacionada a eventos. O modelo linear geral foi empregado na avaliacdo das areas cerebrais
ativadas pelos julgamentos morais. Resultados: As regides ativadas pelo julgamento moral compreenderam o
cortex frontopolar, o giro frontal medial, o cortex temporal anterior direito, o ndcleo lenticular, e o cerebelo.
As ativacoes frontopolar e médio-frontal (areas 10/46 e 9 de Brodmann) mostraram-se independentes da
experiéncia emocional e representaram as maiores areas de ativacdo. Conclusdo: Estes resultados vao ao
encontro de observagoes clinicas que atribuem papel critico aos polos frontais e ao cortex temporal anterior
direito na regulagdo do comportamento social. O sistema frontopolar-antero-temporal descrito no presente
trabalho pode representar sistema neural relativamente independente, que opera em harmonia com os cortices
orbitario e dorsolateral durante decisdes baseadas em julgamentos morais.
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The recognition that certain cerebral structures
are essential for social cognition and behavior is one
of the outstanding achievements of contemporary
neuroscience’. As originally conceived, the “social
brain” encompasses the superior temporal sulcus,
amygdala, and orbitofrontal cortex (OFC), and is pur-
ported to work as a functional unit in the evaluation
of socially meaningful stimuli and in the regulation
of interpersonal behaviors?. Clinico-anatomic obser-
vations established that damage to neural structures
included, but not limited to, the social brain often
leads to changes in personality and higher order so-
cial behavior®. The severity of symptoms in individual
cases depends on factors such as age of onset, ex-
tension and side of injury, and rate of progression
of the underlying etiology*°. Patients with acquired
sociopathy may be clinically indistinguishable from
individuals with the developmental personality dis-
order subsumed under the rubric of “psychopathy”
in the forensic literature®.

Moral knowledge and judgment are core ele-
ments of social cognition’. One intriguing aspect of
acquired sociopathy is the fact that some patients
retain their knowledge of moral norms®°. Analogous
dissociations between knowing how to behave and
actually behaving in socially desirable ways is found
in developmental psychopaths as well'®. These ob-
servations suggest that the cerebral organization of
moral knowledge is relatively independent of the
structures that mediate the suppression of socially
untoward impulses and actions. The aforementioned
case studies indicate that lesions restricted to the
OFC which give rise to acquired sociopathy may pre-
serve moral knowledge, suggesting that the ability
to ponder over moral questions depends on circuits
outside the OFC.

Although several aspects of social cognition have
been explored by functional neuroimaging'-'3, the
neural correlates of moral judgment have been relati-
vely neglected by both clinical and neuroimaging rese-
archers. We undertook the present investigation to
identify which cerebral areas are activated when nor-
mal adults reason on moral issues. Part of this work
has already been presented in preliminary form'™.

METHOD

Ten normal adult volunteers (six men and four women,
age range = 24-43 years) participated in the study. All
were right-handed (Edinburgh Inventory = 80 = 30'°) and
had more than 15 years of formal education. No subject
fulfilled criteria for a DSM-IV Axis | or Il disorder'®. Written
informed consent was obtained from all subjects after a
complete description of the study procedure.

Moral judgment eliciting procedures - Moral and fac-
tual sentences (Appendix 1) were auditorily presented by
way of a MR-compatible headphone system while sub-
jects lay quietly with eyes closed in the MR scanner. Senten-
ces were presented every 8 seconds, with an average time
of presentation of 2 seconds. Thus, 6 seconds were left
for the judgment process until the next sentence was de-
livered. Blocks of three moral or factual sentences alter-
nated every 24 seconds. Subjects were asked to think about
each statement and to judge whether they found them
right or wrong. Subjects were instructed to think over the
content of each sentence until the presentation of the
next one. We conscientiously chose the words “certo” and
“errado”, the Portuguese equivalents of “right” and “wrong”
because, as in English, they allow a moral connotation
absent in the words “true” and “false”. Moral sentences
invoked judgments of value, of rights, or responsibilities,
while factual sentences required judgments of facts'’.

Immediately after the scanning session the whole list
was presented a second time. Subjects were then in-
structed to recall to their impressions while in the MR scan-
ner and to rate each sentence on 4-point Likert scales as
right or wrong, as well as the degree of moral content,
emotional valence (positive or negative), and judgment
difficulty (Appendix 2).

Appendix 1. Examples of sentences.

Moral Factual

Old people are useless Stones are made of water

They hung an innocent Telephones never ring

Every human being Every text has words

has the right to live

The boy stole his Walking is good for your health

mother’s savings

The wounded were
left behind

Desserts make you fat

Appendix 2. Assessment of moral content, judgment difficulty, and emotional valence.

Moral content Judgment difficulty Emotional valence (positive or negative)
0 absent 0 none 0 absent or neutral
1 doubtful 1 somewhat difficult to judge 1 weak

2 present, but not exclusive

3 intense or exclusive

2 very difficult to judge

2 strong

3 unable to decide for right or wrong 3 intense
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To remove the effects of emotional valence on judg-
ments'®2, regressor wave functions were modeled on the
individual ratings of emotional valence for positive or nega-
tive emotions and entered as confounding variables in a
multiple regression matrix for event-related fMRI (ER-fMRI)
analysis?'. ER-fMRI allows the modeling of individual neural
responses to isolated stimuli and has been increasingly em-
ployed in studies of emotional?? and cognitive?>?* processing.

MR acquisition and data analysis - Functional MRI was
performed with a 1.5 MRI scanner (Siemens Vision, Ger-
many) and a quadrature head coil. Anatomic data con-
sisted of 128 high-resolution gradient-echo T1-weighted
volumetric images (slice thickness = 1.25 mm). Functional
images covering the whole brain were acquired across 16
slices parallel to the plane of the anterior and posterior
commissures with echoplanar BOLD technique (TR/TE =
4000/66 ms, FA = 90°, matrix size = 96 x 128, FOV = 250
mm, thickness/gap = 5/0.25 mm). Head movements were
restrained by foam padding. A total of 128 functional
volumes were acquired for each subject in a single run.
During the presentation of each sentence, two functional
volumes were obtained. Functional datasets were motion-
corrected in 3D space using a rigid-body transformation
algorithm. Bandpass filtering in the frequency domain (3-
32 Hz) and linear trend removal were performed at the

voxel level. Spatial normalization with a 9 mm FWHM Gaus-
sian kernel was used to adjust for interindividual anatomi-
cal variability. Structural and functional volumes were trans-
formed into standard Talairach stereotactic space.

Statistical analyses - We used unpaired #tests to com-
pare moral and factual sentences in terms of judgment
difficulty, number of right/wrong decisions, emotional va-
lence, and number of syllables. A 0.05 significance thresh-
old (a), two-tailed, was set for all tests. Activations were
computed according to statistical parametric methods?®
using BrainVoyager v. 3.9 (Brain Innovation, Germany
1999). Univariate and multivariate correlation and regres-
sion analyses were performed independently for the time-
course of each voxel. To adjust for intersubject variability,
the mean level of the signal time-course at each voxel was
z-transformed and included in the multiple regression
model as a separate predictor. Regressors representing the
main condition (moral vs. factual) and positive and nega-
tive emotions were modeled with a hemodynamic re-
sponse filter (delta = 2.5 s, theta = 1.25 s) for ER-fMRI
analysis?2425, Significance was assessed with a random-
effects analysis. The threshold for displaying activations
was set to an uncorrected p < 0.00001 for all contrasts,
adjusted according to a 3D cluster-size extent threshold
of 200 cubic millimiters?¢. The resulting color-coded sta-

Fig 1. Activation results of moralversus factual judgment using simple linear regressions t > 0.23, p < 0.01, extent threshold =

6 voxels) from eight subjects overlaid on their source transversal echoplanar images at the level of the frontal poles. The polar

region (BA10/46) and/or the medial frontal gyrus (BA9) were activated in all subjects. Despite susceptibility effects, which are

usually marked at the base of the temporal and frontal lobes, activations were anatomically consistent in the anterior temporal

and frontopolar regions. Signal dropouts were only observed in the medial portion of the posterior OFC and did not compro-

mise statistical analyses at the anterior and lateral OFC.
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Fig 3. Group activations coregistered
with the averaged anatomical brain.
Activations related to moral judg-
ment after adjusting for the effects
of emotional valence were more
prominent in the left FPC, right me-
dial frontal gyrus, and right tempo-
ral pole (p < 0.00001).

Arq Neuropsiquiatr 2001;59(3-B)

Fig 2. Group activations coregistered with the
averaged anatomical brain of all subjects (p <
0.00001). Frontopolar activation (BA10/46) was
more prominent in the left hemisphere. Right an-
terior temporal activation is accounted for by cor-
tical responses and temporal muscle activity (20).
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Fig 4. Group activations representing moral versus factual judg-

ment covarying emotional valence overlaid on a cortical surface
rendering. Coronal cut through the brain positioned at y = 53
relative to the anterior-posterior axis in Talairach space.

tistical parametric maps were overlaid on averaged ana-
tomical data from all subjects and on a reference segmen-
ted brain for visualization of sulcal and gyral anatomy.
We first investigated the effect of moral vs. factual
judgments. Ten regressors representing the moral-factual
condition for each subject and their corresponding means
were included in the design matrix. Secondly, the relative

contribution of regressors representing moral vs. factual
judgments was assessed by covarying these regressors with
those representing positive and negative emotional va-
lence, condition means, and linear trends of each subject.

RESULTS

For all subjects, the degree of moral content was
higher in moral than in factual sentences (68 + 12
vs.0; t=17.2,df =9, p < 0.0001), indicating that
moral and factual sentences were judged as in-
tended. Also, moral sentences were more frequently
associated with emotional valence (40 = 7.9 vs. 14.6
+ 3.5; t = 4.76, df = 9, p < 0.001). There were
otherwise no significant differences in moral as com-
pared to factual sentences in judgment difficulty (2.5
+1.0vs. 3.6 +1.0; t=1.38,df =9, p=0.20),
right (12.3 £ 2.1vs. 13.2 = 2.2) and wrong (17.6 =
3.2vs.18.0 £ 2.6; t=0.30, df = 9, p = 0.29) rat-
ings, and mean number of syllables (9.5 + 3.5 vs.
88 +1.4;t=1.64,df =61, p=0.11).

Brain activation in response to moral judgment

Moralversus factual judgments - The FPC and the
medial frontal gyrus, corresponding to Brodmann
areas (BA) 10/46 and 9, were activated bilaterally.
These were the most consistently activated regions
across subjects (Figs 1 e 2). Activation was more pro-
minent in the left hemisphere in six individuals, bi-
lateral in three, and right-sided in one. The right
anterior temporal lobe was also extensively activated.
A more discrete focus of activation was observed
posteriorly, in the superior temporal sulcus. Activa-
tions were also observed in the external division of
left globus pallidus, right cerebellar cortex and left
precuneus (Table 1).

Moral versus factual judgments covarying emo-
tional valence - Figures 3 e 4 shows activated areas
related to moral judgment after adjusting for the
effects of emotional valence. The frontopolar and
medial frontal activations remained almost un-
changed, still representing the largest areas of ac-
tivity (Table 2). There was a marked reduction in the
extent of the anterior temporal lobe activations and
the pallidum was no longer activated, suggesting
that these regions involved emotional valence.

DISCUSSION

The main result of this study was the finding that
moral judgment activates the FPC and the right an-
terior temporal cortex. These frontal regions lay mid-
way between OFC and dorsolateral frontal cortex,
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Table 1. Moral versus factual judgment.

Anatomical area Brodmann area Center talairach coordinates
X y z
Left hemisphere
Frontopolar cortex 10 -28 57 19
extending to
Orbital division of inferior frontal gyrus 46 -35 41 8
Precuneus 7 -12 -57 26
Posterior GPe — -22 -14 1
Right hemisphere
Frontopolar cortex 10 41 56 13
Temporal pole/temporal muscle 21, 22,38 54 7 -21
Posterior superior temporal sulcus 22,39 -47 -60 15
Bilateral
Medial frontal gyrus 9,10 4 54 3
Cerebellum
Right dorsolateral cerebellar cortex — 26 -71 -25
_ 44 -56 -26

Table 2. Moral versus factual judgment after exclusion of emotional valence.

Anatomical area Brodmann area Center talairach coordinates
X y z
Left hemisphere
Frontopolar cortex 10 -30 55 19
extending to
Orbital division of inferior frontal gyrus 46 -38 40 10
Precuneus 7 -19 -51 27
Right hemisphere
Frontopolar cortex 10 41 56 13
Temporal pole 38 46 21 -20
Cerebellum
Right dorsolateral cerebellar cortex — 29 -70 -23
— 41 -53 -28

and account for a sizable portion of the human fron-
tal lobes?”. So far, the FPC had not been specifically
implicated in social cognition in functional neuroima-
ging studies?*3%. Activation of the medial frontal
gyrus (BA9), on the other hand, has been observed
in studies of cognitive empathy?3?° and attention to
subjective emotional states3?. Although our subjects
were not required to infer the mental states of others
or to assess their own emotions introspectively, the
possibility that cognitive and affective empathy were
embedded in the moral judgment process cannot
be ruled out. In fact, these processes likely act in
concert to promote mature moral judgments.

It is unlikely that our findings could be primarily
explained by the recognition of mental state terms
and abstract nouns, semantic monitoring, degree of
mental effort, phonological and semantic process-
ing, verb versus noun recognition, or helplessness
induced by unsolvable anagram tasks''3'-3, Likewise,
since we avoided the use of proverbs and metaphors,
and since an fMRI pattern distinct from ours was
reported in a study of the interpretation of the figu-
rative aspects of language®*, our results cannot be
explained by these cognitive processes.

The ability to distinguish between moral and con-
ventional transgressions probably depends on dif-
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ferent neural substrates®. We did not ask our sub-
jects to perform moral/conventional distinctions.
Instead, the task design we employed emphasized
the distinction between moral and factual judg-
ments. Therefore, the correlates of the moral/con-
ventional distinction were not addressed in this study.

Acquired sociopathy is classically ascribed to dam-
age to the OFC®®. This is in agreement with the im-
plication of the OFC in social behaviors which rely
on biological action-patterns, such as decision-mak-
ing ruled by punishment/reward and operant condi-
tioning in humans and other mammals®’-3°. However,
the fact that patients with OFC damage suffer from
disturbances both in instinctive and complex social
domains* indicates that the human OFC is a com-
mon channel for the expression of the function of
higher-order areas. The organization of behaviors
grounded on moral knowledge, on the other hand,
probably depends on phylogenetically novel corti-
cal circuits*'. This hypothesis is in accord with the
expansion of the FPC in humans as compared to
other primates, the most consistently activated re-
gion in the present study. Further support to this
notion is given by the observation that sociopathy
may result from FPC injuries, extending or not to
other sectors of the frontal lobe*#?43. Another inter-
esting issue is the appearance of sociopathy in cases
of unilateral prefrontal damage**, as well the ab-
sence of gross conduct disorders in others*. The varia-
ble degree of hemispheric asymmetry in the prefron-
tal activations among the individuals in our sample
may help explain this fact.

So far, complex social actions requiring moral eva-
luations, empathy, theory of mind, and stable social
bonds were conceived to rely on two main streams
of processing*: one more cognitively oriented and
dependent on the dorsolateral prefrontal system and
the other more emotion-oriented and mediated by
anterior temporal, limbic and orbito-ventromedial
frontal systems. We believe that the FPC, which has
been largely overlooked in current models of the
brain mechanisms of social control*’, provides fur-
ther regulation of social conduct. Together with the
clinico-anatomic evidence, our results favor the view
that the prefrontal cortex needs further functional
fractionation, with polar, orbital, and dorsolateral
sectors mediating distinct but complementary roles
in the regulation of social cognition and behavior.

In addition, the investigation of moral judgment
may be expanded to parcel out the differential acti-
vation effects of tasks involving moral judgment vs.
moral knowledge vs. moral action. The present in-

vestigation is an early step towards the understand-
ing of the cerebral organization of moral judgment
and the regulation of social behavior. Its relation-
ship to the pathophysiology of antisocial disorders
should be drawn with caution. One related issue
which remains open for future research concerns the
study of patients with acquired or developmental
sociopathy with functional imaging during moral
decision making and judgment tasks.
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