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Abstract

Prior functional imaging studies of moral processing have utilized ‘explicit’ moral tasks that
involve moral deliberation (e.g., reading statements such as ‘he shot the victim’ and rating the
moral appropriateness of the behavior) or ‘implicit” moral tasks that involve moral intuition (e.g.,
reading similar statements and memorizing them for a test but not rating their moral
appropriateness). Although the neural mechanisms underlying moral deliberation and moral
intuition may differ, these have not been directly compared. Studies using explicit moral tasks
have reported increased activity in several regions, most consistently the medial prefrontal cortex
and temporo-parietal junction. In the few studies that have utilized implicit moral tasks, medial
prefrontal activity has been less consistent, suggesting the medial prefrontal cortex is more critical
for moral deliberation than moral intuition. Thus, we hypothesized that medial prefrontal activity
would be increased during an explicit, but not an implicit, moral task. Participants (n = 28) were
scanned using fMRI while viewing 50 unpleasant pictures, half of which depicted moral
violations. Half of the participants rated pictures on moral violation severity (explicit task) while
the other half indicated whether pictures occurred indoors or outdoors (implicit task). As
predicted, participants performing the explicit, but not the implicit, task showed increased
ventromedial prefrontal activity while viewing moral pictures. Both groups showed increased
temporo-parietal junction activity while viewing moral pictures. These results suggest that the
ventromedial prefrontal cortex may contribute more to moral deliberation than moral intuition,
whereas the temporo-parietal junction may contribute more to moral intuition than moral
deliberation.

Introduction

Moral judgment is a complex process involving a combination of automatic intuitions and
deliberate reasoning, which contribute to an individual’s personal moral values, i.e., what
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one believes to be ‘right’ and ‘wrong.” To identify the neural mechanisms underlying these
processes, functional imaging studies have explored a wide variety of moral processing,
ranging from passive viewing of pictures depicting moral violations to the evaluation of
complex moral dilemmas (for reviews see Greene and Haidt, 2002; Moll et al., 2005). These
studies have identified a consistent set of brain regions implicated in the evaluation of moral
stimuli, including the medial prefrontal cortex, posterior temporal cortex including the
temporo-parietal junction and superior temporal sulcus, and, less consistently, posterior
cingulate/precuneus and anterior temporal cortex. The roles of these and other brain regions
in moral judgment are becoming increasingly understood, especially in light of several
studies that have directly compared different types of moral processing (Greene et al., 2004;
Heekeren et al., 2005; Young et al., 2007).

The majority of these studies have utilized “‘explicit” moral tasks, tasks in which participants
are presented with morally salient stimuli and instructed to rate their moral appropriateness.
We refer to these tasks as ‘explicit’ because participants are made fully aware that the task
involves moral content which they will be required to evaluate. The moral stimuli range
from simple statements to complex dilemmas, often describing a protagonist who commits a
moral violation such as stealing or physically harming another individual (Greene et al.,
2001, 2004; Moll et al., 2002a; Heekeren et al., 2003, 2005; Schaich Borg et al., 2006;
Robertson et al., 2007; Young et al., 2007; Prehn et al., 2008; Young and Saxe, 2008). These
are contrasted with similar statements or dilemmas that do not contain moral violations. In
these studies neural activity in response to moral stimuli can be inferred to represent moral
deliberation, which includes the process of evaluating stimuli on moral appropriateness, and
the identification of a morally inappropriate act. This type of task is different from an
‘implicit” moral task, in which participants are presented with morally salient stimuli but are
not instructed to evaluate their moral appropriateness, nor are they even informed that a
distinction between morally neutral or morally inappropriate actions characterizes the
stimuli (Moll et al., 2002b; Harenski and Hamann, 2006; Moll et al., 2007; Schaich Borg et
al., 2008). In these studies neural activity in response to moral stimuli is less likely to
represent moral deliberation, and can be inferred to represent moral intuition. Moral
intuitions may include spontaneous, unsolicited attention directed towards cues that have
potential moral salience such as a person in distress, weapons or other objects (pictorial
stimuli), or emotion-laden words such as “assault’ or ‘betrayed” (verbal stimuli).

Several theoretical perspectives on moral judgment have highlighted the role of moral
intuition and moral deliberation (for a review see Hauser, 2006), though the manner in
which these processes contribute to moral judgment and their relative importance (Haidt,
2001; Pizarro and Bloom, 2003) has been debated. Different perspectives have been offered
regarding the nature of moral intuitions that are automatically elicited by the perception of a
morally salient event (e.g., emotion-based (Haidt, 2001) or cause/intention-based (Hauser,
2006)), and whether moral deliberation occurs prior to (Greene et al., 2004) or following
(Haidt, 2001; Hauser, 2006) moral judgment. These differing perspectives emphasize the
complexity of the moral judgment process, and raise intriguing questions regarding which
brain regions implicated in moral processing contribute to moral intuition and/or
deliberation. However, since prior studies have mostly used explicit moral tasks, which
focus on moral deliberation, the neural correlates of moral intuition relative to moral
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deliberation remain largely unknown. The importance of investigating moral intuition is
underscored by the fact that in the ‘real world” (outside of the MRI scanner), individuals do
not typically evaluate their surroundings with the intention to identify morally salient
information. In everyday encounters an individual may unexpectedly find oneself in a moral
dilemma, or witness an action that may or may not constitute a moral violation. Whether
morally salient events are identified as such depends on numerous factors such as the
individuals’ own set of moral values, or those in accordance with a particular culture
(Schweder et al., 1987; Haidt et al., 1993). Moreover, the presence of a moral violation may
not always be obvious. Morally salient cues might be attended but not result in moral
deliberation or moral judgment. Overall, the distinction between moral intuition and moral
deliberation emphasizes the importance of identifying neural systems underlying both forms
of moral processing.

There is some evidence that certain brain regions implicated in moral processing may
differentially contribute to moral intuition and moral deliberation. In one study that
examined moral intuition by using an implicit moral task (Harenski and Hamann, 2006),
participants passively viewed moral and non-moral pictures without being instructed to
evaluate their moral appropriateness. Both sets of pictures were matched for emotional and
social content, but only one set depicted moral violations. Participants were not aware of the
moral/non-moral picture distinction (confirmed by post-scan interviews) and thus did not
engage in moral deliberation when viewing moral pictures. Despite this, increased activity
during moral relative to non-moral picture viewing occurred in brain regions that have been
implicated in prior studies of moral processing, including the temporo-parietal junction and
posterior cingulate. This finding suggested that these regions are involved in moral intuition.
In contrast, the medial prefrontal cortex, a brain region that has been consistently implicated
in prior studies using explicit moral tasks, did not show increased activity during moral
relative to non-moral picture viewing. Increased medial prefrontal activity in response to
moral pictures occurred only when participants were instructed to decrease their emotional
responses to the pictures, thus representing an interaction between moral intuitions and the
intentional down-regulation of associated emotional responses. Another study that used an
implicit moral task also found no medial prefrontal activity when moral statements were
contrasted with non-moral statements of similar emotional valence and arousal (Schaich
Borg et al., 2008). In contrast to these findings, Moll et al. (2007) reported increased medial
prefrontal activity during passive reading of statements designed to evoke different types of
‘moral emotion,” such as guilt and compassion. An earlier study by the same researchers
also reported increased medial prefrontal activity during passive viewing of pictures
depicting moral violations relative to those that did not (Moll et al., 2002a,b). However, the
moral and non-moral pictures differed in some critical aspects other than moral content. For
example, most of the moral pictures contained social scenes, whereas many of the non-moral
pictures depicted objects. Given the role of the medial prefrontal cortex in social cognition
(Amodio and Frith, 2006), it is difficult to know whether the ventromedial activity was due
to moral processing per se or a broader factor associated with social cognition.

Thus, while the role of the medial prefrontal cortex in moral deliberation is well established,
its role in moral intuition is less clear. It is possible that the medial prefrontal cortex
contributes more to moral deliberation than moral intuition. This suggestion is consistent
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with the demonstrated role of the medial prefrontal cortex in simple and complex decision
making (Cunningham et al., 2003; Paulus and Frank, 2003; Sanfey et al., 2003; Fellows and
Farah, 2005, 2007), particularly in conjunction with emotional responses (Bechara et al.,
1997, 1999, 2000). The functions of other brain regions implicated in moral processing,
including the temporo-parietal junction and posterior cingulate, have been attributed to
theory of mind (Gallagher and Frith, 2003; Ruby and Decety, 2003; Saxe and Kanwisher,
2003; Ciaramidaro et al., 2007) and emotional and self-reflective processing (Fink et al.,
1996; Maddock, 1999; Damasio et al., 2000; Vogt and Laureys, 2005; Johnson et al., 2006).
In contrast to the medial prefrontal cortex, these regions might contribute more to moral
intuition than moral deliberation, or contribute to both processes. However, these hypotheses
are currently tentative given that few studies have explored moral intuitive processing in the
absence of moral deliberation, and none have directly compared the two processes.

To test these hypotheses, the current study used functional magnetic resonance imaging
(fMRI) to evaluate brain activity during the performance of two different moral processing
tasks. In the first task, referred to as the “‘explicit moral task,” participants viewed unpleasant
pictures that did or did not contain moral violations (e.g., a hand breaking into a house vs. a
mutilated hand), as well as neutral pictures (e.g., a hand being fingerprinted), and rated each
picture on the degree of moral violation severity present in the picture (Harenski et al.,
2008). A second group of participants was recruited to perform an ‘implicit moral task.” In
this task, participants viewed the same pictures as the participants who performed the
explicit moral task, but judged whether each picture occurred indoors or outdoors and were
thus not made aware of the moral/non-moral picture distinction. The between-group design
was chosen over a within-group design to avoid carryover effects from the explicit moral
task to the implicit moral task. The implicit task was designed to ensure that participants did
not engage in moral deliberation during the task by not informing these participants that the
study involved moral processing (this approach has been successful in our prior work; see
Harenski and Hamann, 2006). In a within-group design, the implicit task would always have
to be presented before the explicit task, to reduce the possibility of spontaneous moral
deliberation occurring during the implicit task. This would also require re-presenting the
stimuli during the explicit task, increasing the risk of explicit task-specific habituation
effects. Thus, the between-group design ensured that all effects of each task type were
independent of the other.

The hypothesis was that medial prefrontal activity would be significantly increased during
moral picture processing in participants who performed the explicit task, but not those who
performed the implicit task. In contrast, activity in the temporo-parietal junction and
posterior cingulate, which has previously been reported in implicit moral processing tasks
that did not involve moral deliberation (Harenski and Hamann, 2006), was expected during
moral picture processing in both explicit and implicit task participants (since moral
intuitions were expected to occur during both tasks). Whether these and/or other brain
regions involved in moral processing would show increased responses during the implicit
relative to explicit moral task condition was an open question.
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Thirty healthy, right handed female adults (age range 18—34 years) were recruited from
Hartford Hospital (Hartford, CT) and a local liberal arts college (Trinity College, Hartford,
CT) via advertisements and word of mouth. Sixteen of these participants performed the
‘explicit moral task,” and were also included in a prior study that examined gender
differences in explicit moral processing (Harenski et al., 2008). The other 14 participants
were recruited for the present study, and performed the ‘implicit moral task.” Both
participant groups were matched on age (mean explicit task=23.9 (SD=3.85); mean implicit
task=24.5 (SD=3.94); p=.70) and of similar education level. Two participants from the
explicit task group were excluded: one due to excessive head motion during scanning (>5
mm), and another due to poor task performance (the participant missed several ratings
during the scan). All participants provided written informed consent, and the study was
conducted in accordance with institutional ethical standards.

Stimuli and tasks

Three sets of pictures (25 moral, 25 non-moral, 25 neutral) were selected mostly from the
International Affective Picture System (IAPS; Lang, Bradley, and Cuthbert, 1995), and
supplemented with pictures from the popular media (examples shown in Fig. 1). Moral
pictures were unpleasant social scenes depicting a moral violation (e.g., an abusive situation;
a drunk driver). Non-moral pictures depicted unpleasant social scenes without moral content
(e.g., an argument; an angry driver). Neutral pictures depicted affectively neutral social
scenes without moral content (e.g., a conversation and a normal driver). Moral and non-
moral pictures were a subset of those utilized in Harenski and Hamann (2006), and were
matched on emotional arousal and social complexity.

Participants in the explicit moral task group were informed that they would see a series of
different pictures depicting people and events. For each picture, they were instructed to
determine whether it represented a moral violation (an action or attitude that the participant
considered to be morally wrong) and to rate the severity of the moral violation on a scale
from 1 (none) to 5 (severe). If the picture did not represent a moral violation, participants
were instructed to give a rating of 1. Emphasis was placed on asking the participants to
make ratings based on their own system of moral values, rather than what others or society
would consider a moral violation. Participants in the implicit moral task group were
presented with the identical picture set, but were instructed to determine whether each
picture occurred indoors or outdoors. These participants were not informed of the moral/
non-moral distinction across pictures.

Following the instructions, participants entered the scanner and completed five practice
trials to ensure that they understood how to perform the task. Each trial proceeded as
follows: In the explicit task, a picture which did or did not contain a moral violation was
first displayed for 6 s. Next, a rating scale was shown. The rating scale was displayed in
continuous presentation format, such that a red bar began at ‘1’ (none) and progressed to ‘5’
(severe) over a period of4 s (see Fig. 1). The participant pressed a button to stop the bar
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when it reached the violation severity rating that they wished to give. Following the rating, a
4-s rest period occurred during which a black screen with a white fixation cross was
displayed. The implicit task was the same as the explicit task, with the following exceptions:
during the 6-s picture presentation, participants determined whether the picture occurred
indoors or outdoors, and during the 4-s rating period that followed each picture they were
presented with a screen reading ‘Indoor/Outdoor?’ They were instructed to press one button
with their index finger if the picture occurred indoors, and a different button with their
middle finger if the picture occurred outdoors. Due to technical error, online ratings were
not obtained for one explicit task participant.

Moral, non-moral, and neutral picture trials were presented in a randomized order, and were
interspersed with 25 fixation trials of the same duration as picture trials. The fixation trials
were randomized in the same manner as the other trial types, which provided an inherent
jittering of the intertrial interval. The 100 total trials 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 presented and responses were recorded using
Presentation software (Neurobehavioral Systems, Davis, CA).

Following scanning, participants viewed the picture set for a second time and rated them on
degree of emotional arousal (1=low, 5=high). These ratings served as a manipulation check
to verify that moral and non-moral pictures were considered similar in emotional arousal in
the current study participants.

MRI data acquisition and analysis

Whole-brain imaging data were obtained using a Siemens 3T Allegra MRI scanner. The
gradient echo planar sequence (TR=1500 ms, TE=27 ms, FA=65, FOV 24x24 cm, 64x64
matrix, 3.44 by 3.44 mm in plane resolution, 5 mm slice thickness, 30 slices) effectively
covered the entire brain [150 mm]. Within the ventral region of the medial prefrontal cortex,
notable signal dropout was only present ventral to z= -16 (see Supplementary Fig. 1). A
total of 480 scans were obtained in each of 2 scan runs. Head movement was limited by
padding and restraint. Functional images were motion corrected, normalized to a standard
template, and spatially smoothed (8 FWHM) using SPM2 (www.fil.ion.ucl.ac.uk/spm). Low
frequency noise was removed using a high-pass filter (Holmes et al., 1997).

Individual participant data were analyzed using the general linear model with a random
effects analysis in SPM2 (Friston et al., 1994). Picture presentations (moral, non-moral,
neutral) and the rating period were modeled as separate events. The event of interest, picture
presentation, was modeled with a 6-s duration and convolved with the standard
hemodynamic response function. Statistical maps were computed for each of the picture
conditions in each individual and each group. The linear contrast of moral vs. non-moral
picture viewing assessed hemodynamic responses associated with processing moral content,
while controlling for general effects of emotional arousal and social content. An independent
samples t-test was used to directly compare brain activity associated with moral vs. non-
moral picture viewing in participants performing the explicit (moral rating) task to those
performing the implicit (indoor/outdoor) task. Parameter estimates of individual-participant
activity in brain regions showing increased activity in the explicit vs. implicit groups were
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extracted for each of the four conditions (explicit moral, explicit non-moral, implicit moral,
implicit non-moral) from the activated clusters (i.e., averaged across all voxels) in each
region using the Marsbar toolbox for SPM2 (http://marsbar.sourceforge.net/). To ensure that
any observed differences were specifically due the effects of the moral condition, we
conducted the following additional between-group comparisons: between-group comparison
of moral vs. neutral picture viewing, between-group comparison of non-moral vs. neutral
picture viewing, and between-group comparison of moral picture viewing (without reference
to a control condition).

In a subsequent analysis, moral vs. non-moral picture viewing was again contrasted using a
model in which the violation severity ratings (explicit task participants) and post-scan
emotional arousal ratings (explicit and implicit task participants) were entered as covariates
of no interest to determine whether they influenced the main effects of moral > non-moral
picture viewing, and of interest to explore whether activity in any brain regions during
picture viewing was correlated with the subsequent ratings.

The between-group design, which was used to avoid carryover effects between explicit and
implicit moral processing, is typically less powerful than a within-group design. Thus,
statistical maps for all between-group comparisons were thresholded at p<.005 (uncorrected)
with an extent threshold of 5 contiguous voxels. Statistical maps for within-group
comparisons (e.g., moral > non-moral contrast in the participants who performed either the
explicit or implicit task) were thresholded at p<.001, uncorrected. Small-volume correction
(SVC) analyses were performed on activations within a priori regions of interest (medial
prefrontal cortex, temporo-parietal junction, and posterior cingulate), with anatomical
boundaries determined based on previous studies (Berthoz et al., 2006; Greene et al., 2001,
2004; Harenski and Hamann, 2006; Harenski et al., 2008; Heekeren et al., 2003, 2005;
Schaich Borg et al., 2006, 2008; Moll et al., 2002a,b, 2005; Young et al., 2007; Young and
Saxe, 2008). The local maxima within each region of interest was identified and used as the
center coordinate of the region of interest with a sphere radius of 10 mm (anterior medial
prefrontal cortex, BA 9/10; ventromedial prefrontal cortex/orbitofrontal cortex, BA 10/11),
14 mm (temporo-parietal junction, BA 39), and 12 mm (posterior cingulate, BA 31), which
was corrected using a threshold of p<.05 (see also Moll et al., 2007). Activations were
overlaid on a representative high-resolution structural T1-weighted image from a single
subject from the SPM2 canonical image set, coregistered to Montreal Neurological Institute
(MNI) space. All coordinates are reported in MNI space.

Behavioral results

Task performance—Violation severity ratings across each of the three picture conditions
(moral, non-moral, neutral) made by participants performing the explicit task are reported in
Harenski et al. (2008). Participants rated moral pictures higher on moral violation severity
than non-moral pictures [F1 12 = 209.93, p<.0001] or neutral pictures [Fj 1o = 480.10, p<.
0001] (Fig. 2A). Participants performing the implicit task were more than 85% accurate in
the identification of indoor/outdoor setting across all picture conditions. Accuracy was
higher in the neutral condition relative to the moral [F4 13 = 53.30, p <.0001] and non-moral
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[F1,13 = 30.60, p <.0001] conditions (Fig. 2B). No significant differences were present
between the moral and non-moral conditions [Fq 13 = 0.50, p = .49].

We did not obtain violation severity ratings from participants who performed the implicit
task. However, we did obtain these ratings from a different group of implicit task
participants (passive viewing of moral and non-moral pictures) in a previous study
(Harenski and Hamann, 2006). The violation severity ratings of those participants were
similar to those of participants who performed the explicit task in the current study (moral:
mean explicit = 3.98, mean implicit = 3.90, p = .71; non-moral: mean explicit = 1.77, mean
implicit = 1.95, p = .45).

Post-scan ratings—Since moral and non-moral pictures were matched a priori on
emotional arousal, the post-scan ratings of emotional arousal for these pictures were not
expected to differ. This was true of the implicit task participants (participants who judged
whether pictures occurred indoors or outdoors), who rated moral and non-moral pictures
virtually identical [F1 13 = 0.00, p = 1.00]. However, explicit task participants (participants
who rated pictures on moral violation severity) rated moral pictures significantly higher on
emotional arousal relative to non-moral pictures [F1 13 = 14.12, p<.003] (Fig. 3).

Consistent with the higher emotional arousal ratings of moral pictures in participants who
performed the explicit task, violation severity ratings of moral pictures were positively
correlated with post-scan emotional arousal ratings (r(12) =0.45, p<.0001). Similar
correlations were present in the non-moral (r(12) =0.31, p<.0001) and neutral (r(12) = 0.23,
p<.05) conditions, though the correlation in the moral condition was significantly greater
than the non-moral (F1 12 = 6.23, p<.03) and neutral (F1 12 = 13.00, p<.005) conditions; the
correlations in the non-moral and neutral conditions did not significantly differ (F 15 =
1.20, ns). These results suggest that rating pictures on moral violation severity enhanced
their perceived emotional salience.

fMRI results

Explicit vs. implicit moral picture viewing—Brain regions in which participants who
performed the explicit task showed increased activity during moral relative to non-moral
picture viewing are reported by Harenski et al. (2008). Increased activity was present in the
ventromedial prefrontal cortex (BA 10/11). Participants who performed the implicit task
showed increased activity in bilateral temporo-parietal junction, posterior cingulate (BA
30/31), and, at a reduced statistical threshold, left dorsolateral prefrontal cortex (BA 9; p<.
002, uncorrected). No ventromedial prefrontal activity was present, even at lenient statistical
thresholds. At p<.05, uncorrected, activity was present in an area of medial frontopolar
cortex (though this activation, which was 15 mm anterior to the activity observed in
participants who performed the explicit task (x = 3, y = 60, z= -15), was part of a larger
cluster whose peak was located in a more lateral and superior region; x=21,y=63,z=0, z
score = 2.97). Consistent with predictions, between-group comparisons of the moral > non-
moral contrast revealed increased activity in ventromedial prefrontal cortex (BA 10/11) in
participants who performed the explicit versus the implicit task (Table 1 and Figs. 4A and
C). Participants who performed the implicit task showed increased activity in the left
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dorsolateral prefrontal cortex relative to participants who performed the explicit task (BA 9;
Table 1 and Figs. 4B and D). For a complete list of regions showing increased activity in
response to moral vs. non-moral pictures, see Table 1.

The between-group comparison of the moral > neutral contrast also revealed increased
ventromedial prefrontal activity (BA 10) in participants who performed the explicit versus
the implicit task (x = -12, y =57, z=0; zscore = 3.01, p = .082, FWE small-volume
corrected). Additional activations were present in left superior frontal cortex (x=-24, y =
66, z=9 (BA 10); zscore = 2.89) and left premotor cortex (x=-21,y=3,z=60 (BA 6); z
score = 3.75). In contrast, the between-group comparison of the non-moral > neutral contrast
did not show increased ventromedial prefrontal activity in participants who performed the
explicit versus the implicit task; increased activity was present only in left superior frontal
cortex (x=-30, y =63, z= 9 (BA 10); zscore = 3.59). When the explicit moral and implicit
moral conditions were directly compared (without reference to the non-moral or neutral
conditions), increased ventromedial prefrontal activity was again present (x=-3,y =148, z=
-6 (BA 10/11); zscore = 2.67, p = .10, FWE small-volume corrected). Multiple activations
were also present in frontal, temporal, parietal, and occipital cortex, which is likely due to
the fact that the moral rating task was more complex than the indoor/outdoor task.

When violation severity ratings (explicit task) and post-scan emotional arousal ratings
(explicit and implicit task) were entered as additional covariates into the same model that
was used in the above analyses, the results were unchanged, with the following exceptions:
in the explicit moral > non-moral contrast, right temporo-parietal junction activity was
present; in the implicit moral > non-moral contrast, posterior cingulate activity was no
longer present, and the significance level of the left dorsolateral prefrontal cortex activity
was reduced to p<.005, uncorrected.

Correlations between brain activity, violation severity ratings, and post-scan
emotional arousal ratings—Violation severity ratings (explicit task) were entered as
covariates to investigate whether increased activity in any brain regions during moral picture
viewing predicted higher subsequent ratings. A positive correlation was present in the
ventromedial prefrontal cortex (BA 11), a region similar to that which showed increased
activity during explicit versus implicit moral picture viewing (Fig. 5A). This correlation was
not present during non-moral picture viewing. Additional regions positively correlated with
violation severity ratings included the posterior cingulate (BA 31) and left dorsolateral
prefrontal cortex (BA 9) (see also Harenski et al., 2008).

Post-scan emotional arousal ratings made by participants who performed the explicit task
were not significantly correlated with any brain regions during moral picture viewing. In
contrast, participants who performed the implicit task showed a positive correlation between
medial prefrontal activity (BA 10) and post-scan emotional arousal ratings (Fig. 5B). The
activity occurred in a region superior to the ventromedial prefrontal region that showed
increased activity during explicit versus implicit moral picture viewing. Positive correlations
were also present in the left temporo-parietal junction (BA 39), left dorsolateral prefrontal
cortex (BA 9), and right inferior frontal gyrus (BA 47). These correlations were present for

Neuroimage. Author manuscript; available in PMC 2014 December 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Harenski et al.

Page 10

moral pictures only; they did not occur in the non-moral condition. In the non-moral
condition, a positive correlation was present in the right anterior insula (BA 13).

Alternate explanations of increased ventromedial prefrontal activity in explicit
vs. implicit moral conditions—Our hypothesis was that the medial prefrontal cortex
would be activated during moral deliberation but not moral intuition. Consistent with this
hypothesis, we observed increased ventromedial prefrontal activity during moral picture
viewing only in participants who performed the explicit task. However, it is important to
consider alternate explanations. One possibility is that the ventromedial prefrontal cortex
was actually engaged during moral picture viewing in participants who performed the
implicit task, but this activity was suppressed by the cognitive resources required to perform
the indoor/outdoor judgment task. If this were the case, we may expect a negative
correlation between individual parameter estimates of ventromedial prefrontal activity
during moral picture viewing and mean reaction times during the indoor/outdoor judgment.
No such correlation was present, however; instead there was a nonsignificant positive
correlation (r(13) = 0.40, p = .14). Nor was ventromedial prefrontal activity negatively
correlated with activity in the dorsolateral prefrontal (r(13) = 0.04, p = .89) region that was
engaged during moral picture viewing in the implicit condition.

Another possibility concerns potential differences in task difficulty across conditions. The
ventromedial prefrontal cortex is part of the brain’s ‘default network’ (Gusnard and Raichle,
2001), a network of regions that often show task-induced deactivation relative to a rest state.
Further, the degree of deactivation has been found to correlate with task difficulty
(McKiernan et al., 2003). Since our results were due to differences in deactivation (Fig. 4C),
it is possible that evaluating unpleasant non-moral pictures for moral content may have
constituted a more difficult task than evaluating unpleasant moral pictures for moral content,
resulting in deactivation in the non-moral relative to the moral condition.

To test this alternate hypothesis, we used reaction times during the rating period as an index
of task difficulty. However, our current task design, in which the participant’s reaction times
were determined by the rating they gave (increased reaction time for higher ratings due to
the continuous progression scale) did not allow us to assess reaction time in a meaningful
manner for participants who made violation severity ratings. We thus collected data from a
pilot sample of 24 participants (12 female) on the same task outside of the MRI scanner,
with the continuous progression scale changed to a 5-point scale with corresponding button
presses, and evaluated reaction times associated with violation severity ratings. Reaction
times did not significantly differ between moral and non-moral pictures for the entire sample
(F1,22 =0.10, p=.75), or for the female participants alone (F1 11 = 0.09, p=.78). Thus, it is
unlikely that our results reflect greater task difficulty in the non-moral condition.

Discussion

The present study contrasted the neural correlates of moral deliberation and moral intuition
by comparing two groups of participants who performed either an ‘explicit’ moral rating
task or an ‘implicit’ indoor/outdoor judgment task. We hypothesized that the medial
prefrontal cortex would be more engaged in response to moral pictures during the explicit
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relative to the implicit task, and that the temporo-parietal junction would be similarly
engaged during both tasks. Both hypotheses were supported, suggesting that the medial
prefrontal cortex may contribute more to moral deliberation than moral intuition, whereas
the temporo-parietal junction may contribute more to moral intuition than moral
deliberation.

Participants performing the explicit but not the implicit task showed increased activity in the
ventromedial prefrontal cortex when viewing moral relative to non-moral pictures. This
result suggests that the ventromedial prefrontal cortex is more involved in moral deliberation
than moral intuition. An important question then is what aspects of moral deliberation
engage the ventromedial prefrontal cortex? The explicit moral task included several types of
moral deliberation: evaluating pictures for moral content, identifying moral violations, and
rating the severity of identified moral violations. Since the evaluation of pictures for moral
content occurred in both moral and non-moral conditions, it is unlikely that increased
ventromedial prefrontal activity during moral vs. non-moral picture viewing represented the
evaluation process. In contrast, the identification and severity rating of moral violations
occurred more often during moral relative to non-moral picture viewing; thus the
ventromedial prefrontal activity likely contributed to these processes. Indeed, when we
entered violation severity ratings from each participant into a regression analysis, we found
a positive correlation between ventromedial prefrontal activity during picture viewing and
subsequent violation severity ratings in the moral (but not the non-moral) condition.

Participants who performed the implicit task did not show increased ventromedial prefrontal
activity during moral vs. non-moral picture viewing, even at the most lenient statistical
thresholds (p<.05, uncorrected), which likely represents the absence of moral deliberation
during moral picture viewing. It is possible that viewing moral violations could have
engaged moral deliberation, but we do not believe this occurred in our task for two reasons.
First, in a prior study involving passive viewing of the same pictures in the present study
(Harenski and Hamann, 2006), post-scan interviews indicated that the participants did not
engage in moral deliberation, nor were they even aware of the moral/non-moral picture
distinction. Second, in the current study participants who performed the implicit task were
performing a task that was unrelated to moral deliberation, further decreasing the likelihood
that moral deliberation or judgment occurred. As discussed earlier, most prior functional
imaging studies of moral processing used an explicit task in which participants were
instructed to evaluate the moral appropriateness of stimuli, and reported increased medial
prefrontal activity in response to moral stimuli. Whether this activity would still occur if the
tasks in these studies were made implicit is an empirical question, though we would
speculate that processing complex moral stimuli such as moral dilemmas may be more likely
to engage spontaneous moral deliberation than pictures depicting moral violations (and thus
medial prefrontal activity might be present).

Participants performing the explicit task showed a positive correlation between ventromedial
prefrontal activity during moral picture viewing and violation severity ratings, which were in
turn positively correlated with post-scan emotional arousal ratings. We also found that only
participants who performed the explicit task rated moral pictures higher on emotional
arousal than non-moral pictures. This is interesting given that moral and non-moral pictures
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were matched on emotional arousal a priori, based on ratings from two separate groups of
participants (Harenski and Hamann, 2006; Harenski and Hamann, unpublished pilot data).
These results suggest that moral deliberation may have enhanced the perceived emotional
arousal of moral pictures, an effect represented by increased ventromedial prefrontal
activity. Participants who performed the implicit task showed a positive correlation between
medial prefrontal activity and post-scan emotional arousal ratings of moral (but not non-
moral) pictures, though this activity was located in a region superior to the ventromedial
prefrontal region that was activated in participants performing the explicit task. Thus, it may
be that superior medial prefrontal activity represented the inherent emotional salience of
moral pictures, whereas ventromedial prefrontal activity represented the interaction of moral
deliberation and associated emotional responses.

Participants who performed the implicit task, as well as those who performed the explicit
task, showed increased activity in the right temporo-parietal junction during moral relative
to non-moral picture viewing. This region has been implicated in a variety of social
perception and reasoning processes, including theory of mind (Gallagher and Frith, 2003;
Saxe and Kanwisher, 2003), perspective taking, empathy, agency, and self-other distinction
(for a review see Decety and Lamm, 2007). Recent work has shown that this region supports
intentionality attributions in the context of moral processing (Young et al., 2008). It has also
been demonstrated that intentionality cues are processed unconsciously and not accessed
during moral deliberation (Cushman et al., 2006). Thus, it is possible that intentionality
attributions, represented by right temporo-parietal activity, constitute moral intuitions that
occurred during implicit and explicit moral picture viewing in the current study. Although it
would be reasonable to suggest that these processes also contributed to moral deliberation,
our results do not support this suggestion, since if this were the case we should have
observed increased temporo-parietal activity in the explicit versus implicit moral task, which
we did not.

Implicit, but not explicit, task participants showed increased dorsolateral prefrontal activity
during moral vs. non-moral picture viewing. This region has not been consistently
implicated in moral processing in prior studies; however, dorsolateral prefrontal activity has
been reported in specific moral processing contexts, including utilitarian vs. non-utilitarian
moral judgments and difficult vs. easy moral judgments (Greene et al., 2001, 2004), and has
also been shown to correlate with individual moral competence (Prehn et al., 2008). Unlike
the current study, these studies highlighted a role of the dorsolateral prefrontal cortex in
moral deliberation. In the current study we observed increased dorsolateral prefrontal
activity only in the implicit moral condition, where no moral deliberation occurred.
Additionally, the dorsolateral prefrontal activity in the studies mentioned above occurred in
different regions than the one activated in the current study (Brodmann areas 10, 45, and 46
versus Brodmann area 9). Thus, the dorsolateral prefrontal activity in the current study may
represent different underlying processes than prior studies. One possibility is that the
presence of moral content was salient enough to compete with the attentional resources
required to make indoor/outdoor discriminations, and the increased dorsolateral prefrontal
activity represented conflict associated with the concurrent processing of task-relevant and
salient-but-task-irrelevant information. Even if moral deliberation was not occurring,
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attention to moral cues (e.g., a pointed gun) may have created some form of interference.
Functional imaging research utilizing the Stroop task has shown that the region of
dorsolateral prefrontal cortex identified in the current study is involved in cognitive control,
i.e., maintaining task performance in the presence of irrelevant information (MacDonald et
al., 2000). This region is also known to be involved in working memory, particularly the
monitoring and manipulation of information held in working memory (D’Esposito et al.,
2000).

In light of the present results, which show increased ventromedial prefrontal activity in
participants who performed the explicit moral task but not the implicit moral task, it is
important to note the results of a recent study that did report increased ventromedial
prefrontal activity during implicit moral processing (Moll et al., 2007). This study found that
reading statements evoking prosocial moral emotions (e.g., guilt and compassion) increased
activity in a ventromedial prefrontal region similar to the one that we observed during
explicit relative to implicit moral processing (see also Kedia et al., 2008; Zahn et al., 2009).
Since our ventromedial prefrontal activity was found to be associated with increased
emotional responses during moral deliberation, perhaps these represent specifically
prosocial emotional responses. When compared with our finding of an association between
emotional responses to moral stimuli and activity in a more superior medial prefrontal
region in participants who performed the implicit task, an intriguing possibility is that
explicit and implicit processing of the same moral stimuli evoke different types of moral
emotions. The findings of Moll et al. (2007) could also indicate that ventromedial prefrontal
activity is engaged during moral intuition (in the absence of moral deliberation) under
certain conditions but not others (e.g., when specific moral emotions are elicited). However,
this cannot be concluded unless it is clear that participants in Moll et al. did not engage in
spontaneous moral deliberation while reading moral statements. As discussed earlier,
passive viewing pictures depicting moral violations may be less likely to engage moral
deliberation (especially when participants are performing a task unrelated to moral
deliberation) relative to reading statements or complex scenarios describing moral
violations. This point underscores the importance of post-task debriefing where participants
are asked whether they engaged in moral deliberation during implicit processing of moral
stimuli.

Although thus far we have described moral intuition as preceding moral deliberation, it may
also be possible for moral deliberation to engender moral intuitions. If this did occur in the
current study it is unlikely that the intuitions are those represented by the right temporal-
parietal junction, since activity in this region occurred during the explicit and implicit tasks,
the latter which did not involve moral deliberation. The increased emotional responses to
moral stimuli that occurred in the explicit task may represent affective intuitions that are
generated by moral deliberation (and represented by increased ventromedial prefrontal
activity).

To further explore the different types of processing that occur during moral deliberation and
intuition, it will be helpful for future studies to determine whether explicit vs. implicit tasks
promote processing of different features of moral stimuli. Pictorial moral stimuli are
complex and include multiple cues to moral violations such as facial expressions, body
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gestures, weapons or other objects. Certain features of moral stimuli might draw attention
for the purpose of evaluating moral salience in an explicit moral task, whereas different
features might draw attention during an implicit task. Indoor/outdoor judgments might shift
focus away from certain aspects of moral stimuli to a greater extent than others. This could
be assessed by eye tracking, or memory testing for different aspects of moral pictures.

A limitation of the present study is that we did not obtain post-scan violation severity ratings
from participants who performed the implicit task. Violation severity ratings were included
only in the model of participants who performed the explicit task. This could result in a
better fit of their model relative to the participants who performed the implicit task, since
these ratings reflect the personal values of each participant.

To our knowledge, this study is the first to directly compare the neural correlates of moral
deliberation and moral intuition. We observed overlapping and distinct patterns of activation
during each type of moral processing, in the temporo-parietal junction and medial and lateral
prefrontal cortices, respectively. The identification of neural networks engaged in moral
deliberation and intuition may be useful in studies investigating groups of individuals that
show deficits moral processing. For example, Koenigs et al. (2007) found that patients with
medial prefrontal damage made more utilitarian moral judgments relative to patients without
damage to this region, indicating a deficit that affected moral deliberation (and possibly
moral intuition). Another group of individuals that is receiving increasing interest in this
domain are psychopaths, who exhibit personality and behavioral characteristics such as
callousness, manipulativeness, and criminal behavior, and are generally considered to be
deficient in moral sensitivity. de Oliveira-Souza et al. (2008) found that psychopaths,
relative to non-psychopaths, showed widespread gray matter reductions in several brain
regions comprising the ‘moral neural network,” including the medial prefrontal cortex,
temporo-parietal junction and anterior temporal cortex. Whether this dysfunction in the
neural circuitry that contributes to moral processing is related to deficits in moral intuition
and/or deliberation is a question for future research examining both types of processes in
these and other groups of individuals with known neural dysfunction or deficits in moral
processing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
(A) Example moral, non-moral, and neutral pictures. (B) Example ‘moral trial’ for the

explicit and implicit tasks.
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Fig. 2.
(A) Moral violation severity ratings by condition, indicating higher violation severity ratings

in response to moral relative to non-moral and neutral pictures (Harenski et al., 2008). (B)
Accuracy of indoor/outdoor ratings by condition, indicating higher accuracy for neutral
relative to moral and non-moral pictures, but no significant difference for moral vs. non-
moral pictures.
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Fig. 3.

Pogst-scan arousal ratings across conditions for explicit and implicit task participants. Both
explicit and implicit task participants rated moral and non-moral pictures significantly
higher on emotional arousal relative to neutral pictures. Participants who performed the
explicit task rated moral pictures significantly higher on arousal relative to non-moral
pictures, whereas no such effect was present in participants who performed the implicit task.
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Fig. 4.
(A) Increased ventromedial prefrontal activity during moral picture viewing in explicit vs.

implicit task participants. (B) Increased dorsolateral prefrontal activity during moral picture
viewing in implicit vs. explicit task participants. (C) Percent signal change values for
ventromedial prefrontal activity across moral and non-moral condition in explicit and
implicit task participants. (D) Percent signal change values for dorsolateral prefrontal
activity across moral and non-moral condition in explicit and implicit task participants.
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Fig. 5.
(A) Positive correlation between ventromedial prefrontal activity (BA 10/11) and violation

severity ratings of moral pictures in participants who performed the explicit task. (B)
Positive correlation between medial prefrontal activity (BA 10) and post-scan emotional
arousal ratings of moral pictures in participants who performed the implicit task.
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Brain activity during moral picture viewing in explicit vs. implicit task participants.
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Moral > Non-Moral BA Explicit task Implicit task Explicit > Implicit Implicit > Explicit
z (k) pvalue z(k) pvalue z(k) pvalue z(k) p value
(xy.2) (xy.2) (xy.2) (xy.2)
Regions of interest
R. medial frontal gyrus 10/11  4.70 (158) .001 - - 4.28 (137) .001 - -
(12,45,-9) (9,48,-12)
R. medial frontal gyrus 10 - - - - - - - -
L. temporo-parietal junction 39 - - 3.83 (56) .025 - - - -
(-45,-72,24)
L. temporo-parietal junction 39 - - 3.67 (38) .046 - - - -
(-45,-72,24)
R. temporo-parietal junction 39 a .030 3.85(72) .013 - - - -
3.23 (22) (48-78.27)
(48,-72,39)
R. posterior cingulate 30 - - 3.94 (57) 011 - - - -
(9,-54,9)
Other regions
L. parahippocampal gyrus 36 - - 3.83 (16) .001 - - - -
(-27,-45,-15)
L. cerebellum - - 3.67 (5) .001 - - - -
(-15,-36,-12)
L. middle temporal gyrus 21 - - 4.16 (9) .001 - - - -
(-63,-39,-9)
L. middle Occipital occipital 19 - - 3.41 (75) .001 - - - -
gyrus (-54,-75,6)
L. middle frontal gyrus 9 - - 3.06 (40) .002 - - 2.98 (5) .005
(-48,12,39) (-48,15,33)

BA = Brodmann area, Z=z score, k = spatial extent of activation. Activations are reported in MNI coordinate space. p values for regions of interest

represent FWE small-volume-corrected values; p values for other regions are uncorrected. When all explicit and implicit participants were analyzed
together, two additional activations (not present in either group when analyzed separately) were present in left posterior cingulate (BA 31, x= -6,y
=-54, z=24; zscore = 4.04) and right anteromedial prefrontal cortex (BA 10, x= 3, y = 60, z= 6; zscore = 3.70).

a. .. I . . . . . . . L
Activity was present when violation severity ratings were included in the model. When ratings were not included in the model, activity was

present at p<.002, uncorrected.
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