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Neural circuits in the brain that are activated

when mitigating criminal sentences

Makiko Yamada'2, Colin F. Camerer3, Saori Fujie!, Motoichiro Kato?, Tetsuya Matsuda®, Harumasa Takano!,

Hiroshi Ito!, Tetsuya Suhara' & Hidehiko Takahashi!-2>:6

In sentencing guilty defendants, jurors and judges weigh ‘mitigating circumstances’, which create
sympathy for a defendant. Here we use functional magnetic resonance imaging to measure
neural activity in ordinary citizens who are potential jurors, as they decide on mitigation of
punishment for murder. We found that sympathy activated regions associated with mentalising
and moral conflict (dorsomedial prefrontal cortex, precuneus and temporo-parietal junction).
Sentencing also activated precuneus and anterior cingulate cortex, suggesting that mitigation
is based on negative affective responses to murder, sympathy for mitigating circumstances and
cognitive control to choose numerical punishments. Individual differences on the inclination to
mitigate, the sentence reduction per unit of judged sympathy, correlated with activity in the
right middle insula, an area known to represent interoception of visceral states. These results
could help the legal system understand how potential jurors actually decide, and contribute to
growing knowledge about whether emotion and cognition are integrated sensibly in difficult
judgments.
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hilosophers, psychologists and legal scholars have long debated
whether mercy, sympathy and compassion should reduce
. moral culpability of legal defendants. People do have negative
emotional responses to a wide range of situational factors that are
not normatively justifiable because they are not considered evidence,
or appeal to ‘prejudices and sympathy, which jurors are typically
instructed to ignore, for example, gruesome crime scene pictures lead
to more mock jury convictions when they are in colour (compared
with black and white!). Other studies show that evidence that pro-
vides negative emotions leads to more punitive judgments®. A mock
trial study reported that jurors found a defendant less guilty when
they heard a defense attorney urging sympathy for the defendant?.

Studies of moral cognition in hypothetical non-legal scenarios
have revealed the increased activity in emotion-related brain regions
(that is, insula, amygdala and orbitofrontal cortex) and decreased
activity in cognitive processes (that is, dorsolateral prefrontal and
parietal areas) when participants contemplated morally charged
actions, such as a trolley dilemma involving killing lives of some
people to save others®. Other studies indicate that people do some-
times punish norm violators in non-legal or legal situations, driven
by moral judgments in which negative emotional reactions have a
critical role>®. Prosocial emotions, such as sympathy, also influence
decision making (for example, charitable giving)3; however, there is
currently no direct cognitive and neural evidence for how sympathy
is translated into legal outcomes.

All these studies raise an important question of whether moral
judgments and accompanying emotions are used reasonably (as
legal rules require) or not. Neuroscience is now entering this debate
about defendants, but very little is known about whether mental
activity of juries and judges conforms to legal principles. The case
we explore here is ‘mitigating circumstances, a rare case where emo-
tions, such as sympathy, are allowed to influence juror judgment.

The legal domain is unusual because it may be especially
challenging to map emotions into numerical legal outcomes. This
difficulty is found in studies of hypothetical punitive damages in
tort cases, which not only show that jurors typically agree on moral
outrageousness of actions, but also show large disagreement about
how outrage is mapped to punitive dollar awards”-8,

Weighing mitigation puts an unusual burden on people (qua
jurors) to have appropriate emotional sympathetic reactions, then
encode their emotions into prison years. Uncovering the cognitive
and neural mechanisms of sympathy that motivate mitigation will
inform the role of emotion in jurors’ decision process, and per-
haps the ultimate policy issue of what role emotional evidence can
and should have in trials. Understanding the neuroscientific basis
of legal mitigation adds to a basic understanding of moral neuro-
science. Neural evidence could also advance theory and practice of
law, as so little is known about whether the mental activity of juries
and judges conforms to normative legal principles®.

In summary, our results revealed that sympathy activated brain
regions associated with mentalising and moral conflict, including
dorsomedial prefrontal cortex (DMPFC), precuneus and temporo-
parietal junction (TPJ]). Sentence mitigation also recruited these
sympathy regions, uncovering neural evidence for a close relation-
ship between sympathy and mitigation. Furthermore, individual
differences on the inclination to mitigate were reflected in differen-
tial middle insula activity. These findings do not just contribute to
the field of neuroscience, but could help lawmakers to understand
jurors’ decision making and their individual differences in trials.

Results

Sympathy and no-sympathy scenarios. We measured brain activity
using functional magnetic resonance imaging (fMRI) while subjects
are making hypothetical sentence reduction decisions, in dramatic
scenarios adapted from actual murder cases. Sympathy-related brain
activity was collected during reading circumstances pertaining to

defendants’ crimes (Fig. 1a). Only actual Japanese murders were
used, so the crime was serious, uniform across trials and lifelike. This
simple design was chosen to generate engagement and limit nuisance
brain activity due to subtle differences in crimes and plausibility of
artificially created scenarios.

Mitigating circumstances were of two types: those that would
induce sympathy and those that would not. The sympathy scenarios
included desperate situations of defendants suffering from domestic
violence, disease or poverty. Figure la gives one example of each
type. The intentionality and severity of the murders were matched
between conditions (see Supplementary Methods). After reading
about the circumstances, subjects decided how much they would
change the sentence given for the defendant (initially 20 years) if
they were on a jury. After scanning, subjects were again presented
with the same scenarios and asked to rate how much sympathy they
felt for the defendant, using a visual analogue scale.

Sympathy and punishment ratings. The sympathy manipulation is
internally valid because participants gave significantly higher sympathy
ratings to those defendants with sympathy circumstances compared
with those with no-sympathy circumstances (n = 22, paired f-test,
ty1=—18.94, P<0.001, Fig. 1b). They also reduced sentences much
more in sympathy circumstances (n = 22, paired t-test, f,;=11.82,
P<0.001, Fig. 1c). Unsurprisingly, sympathy and punishment (sen-
tence length) were highly negatively correlated (1 = 32 stories, linear
regression analysis, P < 0.001, R?=0.97, Fig. 1d).

fMRI results were analysed using standard generalized linear
model regression techniques (see Methods). A short block design
was used where regressors were included for the various events of
the trials (Fig. 1a). Interaction terms corresponding to punishment
and sympathy ratings interacted with trial onsets that were added
as parametric regressors.

Brain regions associated with sympathy scenarios. We first ana-
lysed brain areas exhibiting a stronger response in sympathy scenar-
ios than no-sympathy scenarios. Precuneus, left TP] and DMPFC
showed larger activities for sympathy than for no-sympathy sce-
narios (n = 22, one-sample ¢-test, Table 1). These regions are related
to mentalization and sympathy as discussed below in detail, which
confirms that the experimental manipulation of sympathy produced
results consistent with the sympathy ratings data.

Brain regions associated with punishment and sympathy. We then
searched for brain regions that responded, during the description, to
the subjects’ trial-by-trial ratings of sympathy and their amounts of
punishment reduction. Activity in precuneus, DMPFC and left TP]
were correlated with sympathy (P<0.05, small-volume-corrected,
Fig. 2, Supplementary Table S1). Signal increase in precuneus and
DMPEC were also associated with the reduction of punishment
(P<0.05, small-volume-corrected, Fig. 2: note that a small TPJ
region was also activated in sentence reduction, but only with k=6
voxels). Thus, precuneus and DMPFC were commonly activated by
both sympathy and reduction of punishment. Sentence reduction
was also associated with activity in anterior cingulate cortex (ACC).
All regions showing a whole-brain correlation at P<0.001 are listed
in Supplementary Tables S1 and S2. )

Brain regions associated with an inclination to mitigate. Next, we
constructed an individual-specific measure of an inclination to miti-
gate, by reducing sentences, as a function of sympathy. This measure
comes from a simple linear regression on each individual’s decisions:
punishment = by + b;*sympathy + error'9. A measure of an inclination
to mitigate, the reduction in sentence per unit of sympathy, was given
by the b; coefficient of the regression. This number represents a com-
plex mapping from an emotional response to a number representing
prison time for a defendant (a years-per-emotion coefficient).
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