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Introduction

Moral judgments are “evaluations (good versus bad) of  the 
actions or character of  a person that are made with respect to 
a set of  virtues held by a culture or subculture to be obligatory” 
[1]. Both rationalist and, later, intuitionist approaches have sought 
to explain the mental processes underlying moral judgment [1-
3]. More recently, fMRI models have demonstrated a synthesis 
incorporating distinct neural circuitry corresponding to different 
types of  moral thinking [4, 5]. The application of  neuroimaging 
techniques in the search for the neural correlates of  moral 
thinking in the last fifteen years has produced significant overlap 
in a number of  findings and replicable distinctions. Challenging 

the purely rationalist view of  moral judgment dominant in the 
last century are studies demonstrating abnormal moral judgments 
resulting from damage to emotion-related brain areas such as the 
ventromedial prefrontal cortex (VMPFC), while other cognitive 
abilities remain unaffected [6, 7]. A number of  functional imaging 
studies suggest that both conscious reasoning and emotional 
intuition play critical roles in moral judgment and its post hoc 
justification [5, 8, 9]. Greene et al., [4, 6, 10, 11] proposed the 
dual-track theory of  moral judgment based on neuroimaging 
evidence. This theory postulated two different processing systems 
involved in moral judgment: an emotion system and a cognition 
system. It further postulated that these processing systems may 
conflict or compete with each other when facing a complicated 
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situation such as a moral dilemma. Moll et al., [12] argued that 
the emotion system and the cognition system are inseparable 
in forming moral motivations, as some regions of  the brain are 
involved in cognition-emotion interaction.

Investigations of  the neural correlates of  emotional responses 
have similarly found multiple substrates are involved in 
formulating stimulus responses, some of  which may form the 
basis for the evolution of  morality. Among these are immoral 
judgments accompanying disgust responses to incest, pathogen 
exposure, and certain food exposures [13]. Borg and colleagues 
found that while disgust is intimately linked to morality, both are 
multifaceted concepts in which different types of  disgust activate 
distinct neural substrates. Haidt and colleagues [14] have argued 
that conceptions of  disgust expanded from food-based emotional 
responses to moral judgments in social spaces, and Lieberman 
et al., [15] have offered a plausible evolutionary explanation for 
why such an expansion should occur. More, Lieberman and 
colleagues [16] demonstrated that childhood co-residence with 
an opposite sex child predicts the strength with which one will 
judge incest by others disgusting. Because individual differences 
in disgust sensitivity, particularly to incest, vary widely according 
to the circumstances of  one’s childhood and one’s culture, it is 
difficult to identify the neural correlates of  morality by disgust 
responses alone. Instead, the present study looks specifically at 
moral judgment in two conditions: right-wrong moral judgment 
and moral dilemma. 

By correlating neural activity with moral thinking tasks, the 
findings from existing neuroimaging studies show that moral 
judgment is supported by neural substrates including the 
medial frontal gyrus, the posterior cingulate, the precuneus, the 
retrosplenial cortex, the superior temporal sulcus and the inferior 
parietal lobe, which constitutes the “moral brain” [4]. Moll et al., 
[12] summarized that brain areas involved in moral cognition 
include the anterior prefrontal cortex (PFC), the orbitofrontal 
cortex (OFC), the posterior superior temporal sulcus (STS), the 
anterior temporal lobes, the insula, the anterior cingulate cortex 
(ACC) and the limbic regions. Since the contents of  moral stimuli 
are usually straightforward, corresponding moral judgments are 
highly rule-based and have clear right or wrong responses with 
very high agreement [13]. In contrast, moral dilemma tasks require 
participants to make decisions between two imperfect options, 
such as “would you sacrifice a few people’s lives to save many 
other people?”, or “would you steal food to feed the hungry?” 
When artfully constructed, a moral dilemma task presents no 
fully satisfactory answer, thus preventing the participant from 
merely and straight forwardly relying on existing norms. All 
available options should incur some moral violation, though to 
differing degrees. Our analysis revealed a consensus of  findings 
demonstrating that moral dilemma tasks activated distinct neural 
substrates from those activated in moral right-wrong judgment 
tasks. 

Although two types of  moral judgments rely on some identical 
neural correlates [11], the differences between them are instructive 
and should not be ignored in further investigations. Moral right-
wrong judgments are mostly simple rule-based decisions drawn 
from a knowledge base of  clear and consistent concepts and 
norms that contain accepted and conventional social morality, 
whereas moral dilemmas force the subject to go beyond these 
simple rules. Doing so requires additional neural resources 

to facilitate complex and novel decision-making [4, 6, 17]. For 
instance, moral dilemmas may compel the decision maker to 
compute each option’s economic valence and choose the option 
with higher valence (e.g. minimizing the harmful outcome or 
maximizing the positive outcome). Furthermore, moral dilemma 
decisions rely on not only complex reasoning processes, but also 
on multiple emotional factors, including sympathy, preference, 
and fairness [17]. Greene and Haidt [4] showed that a number 
of  neural structures are selectively involved in either moral right-
wrong conditions or moral dilemmas: orbitofrontal/ventromedial 
frontal cortex and temporal poles are specific to moral right-wrong 
judgment, while dorsolateral prefrontal cortex (DLPFC) is only 
associated with moral dilemma reasoning. Eslinger and colleagues 
[18] investigated the neural correlates of  moral development in 
nine individuals aged 10-17. They compared morally ambiguous 
decision-making and moral right-wrong judgment and argued that 
the interpersonal processing of  morally ambiguous judgments 
such as lies for the greater good involves empathy, theory of  
mind, and intentionality, which results in increased reaction time 
and lower agreement on the morality of  the decisions reached - 
57 percent as compared to 98 percent in rule-based right-wrong 
judgments. Moreover, their fMRI findings indicated that the 
morally ambiguous condition stimulated significant activations 
in the bilateral frontal polars, the bilateral superior parietal lobe, 
the right middle/superior frontal gyrus, the precuneus, and the 
fusiform, while the activations of  the hippocampal, the left 
temporal pole, the insula, and the superior temporal regions 
were specific to moral right-wrong judgment. Like Eslinger and 
colleagues [18], our meta-analysis demonstrated a consensus 
across multiple studies that additional cognitive resources and 
their neural neural correlates are mustered in the moral judgment 
of  morally ambiguous or dilemmatic conditions. Interestingly, 
Eslinger et al., did not report significant levels of  overlap in both 
conditions like those our meta-analysis revealed across a number 
of  studies. Apart from these studies, however, very few neural-
based studies have drawn direct comparisons between moral 
dilemma decision-making and moral right-wrong judgment. The 
aim of  our study is to distinguish two types of  moral judgment 
from a neuroanatomical perspective and to summarize a 
functional brain map for each. Based on the distinctions discussed 
above, we expected that moral dilemma decision-making and 
moral right-wrong judgments have two different moral pathways, 
in addition to several common brain regions. We hypothesized 
that the moral circuitry of  moral right-wrong judgment mainly 
depends on two types of  regions: those associated with semantic 
processing and normative knowledge such as social rules, and 
those in response to negative emotions aroused by stimuli that 
present immoral content. We also expected the neural substrates 
involved in moral dilemma decision-making to depend on a more 
complicated structure, that is, the regions associated with more 
complex decision-making function. 

We found a consensus in the literature that the neural correlates 
operational in moral right-wrong judgment are distinct from 
those operational in judgments of  moral dilemmas. The neural 
substrates activated in moral right-wrong judgment correspond 
to the emotional centers of  the brain. These substrates are also 
active in judgments of  moral dilemmas, but their emotive force 
is suppressed by other brain areas, including the ACC, while 
other neural substrates undertake more deliberate and rational 
consideration of  the conflict at hand. 
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In this study, we used a meta-analysis technique, activation 
likelihood estimation (ALE) to analyze the neuroimaging data 
from moral judgment studies. ALE is a quantitative meta-analysis 
technique that pools the foci of  brain activity reported by a 
set of  studies and identifies the brain regions with the highest 
activation probability [19]. ALE analyzes a large quantity of  data 
from previous studies in order to find a result maximizing the 
inter-study consistency and minimizing the subjectivity of  each 
study. Hence, we used ALE to mitigate the bias caused by various 
experimental designs and conditions and seek common points 
among different studies in one category of  moral judgment.

Methods

Literature Search and Selection

We obtained the literature for analysis by searching PubMed and 
Google Scholar using the keywords fMRI, PET, neuroimaging, 
functional imaging, moral judgment, moral dilemma and moral 
decision making. We also utilized the reference lists of  the 
identified papers as additional resources of  usable literature. All 
the articles reporting brain activation foci as 3-D coordinates in 
stereotactic space were included in our study.

Three selection criteria were employed to screen out useable data 
for analysis. First, the moral judgment task had to include the 
explicit procedure of  judgment or decision in order to investigate 
brain activity while subjects were making moral judgments, rather 
than the brain activity during the period when subjects were 
simply reading or viewing moral stimuli. Therefore, the studies 
which only asked subjects to passively observe the moral stimuli 
were excluded. Second, the selected neuroimaging studies had to 
encompass the whole brain since including partial brain studies 
could result in statistical bias in the meta-analysis. Third, the 
experimental participants had to be healthy individuals. Thus data 
from clinical populations (e.g. the patients with brain lesion) were 
not included. Using these criteria, 20 articles were selected and split 
into two group: 13 papers on moral right-wrong judgment and 8 
papers on moral dilemma (Table 1). One study [18] included data 
for both types of  moral judgment. Within each group, coordinates 
were collected from between-task comparisons contrasting moral 
judgment with other types of  judgments (e.g. moral judgment vs. 
factual judgment) and within-task comparisons such as personal 
moral dilemma vs. impersonal dilemma. For these within-task 
comparisons, the activation coordinates from two groups were 
both imputed as combined data.

Together, the selected articles yielded 225 foci, including 100 
foci for the moral right-wrong judgment and 125 foci for the 
moral dilemma decision-making. The selected articles used two 
different coordinate systems: Talairach atlas [36] and Montreal 
Neurological Institute (MNI) template. We used Talairach atlas 
as our standard coordinate system and transformed all the MNI 
coordinates to Talairach space coordinates.

Meta-Analysis Procedure

The ALE meta-analysis technique was initially proposed by 
Turkeltaub et al., [19], and later improved by Laird et al., [37]
and Eickhoff  et al., [38]. ALE technique takes the peak focus of  
brain activation as a probability distribution around the near-by 

coordinates instead of  an exact single point. Aggregating these 
distributions can produce a probabilistic map for all the relevant 
brain activities, namely, an ALE map. The ALE technique also 
provides a subtraction analysis function, which can be used to 
make a direct statistical comparison between two groups of  
neuroimaging data. Krain et al., [39] successfully used this method 
to build ALE maps of  brain activity for risky decision-making 
and ambiguous decision-making, and conducted a comparison 
between them. Later, Soros et al., [40] employed the ALE 
technique to probe differences in neural control between water 
swallowing and saliva swallowing using the foci from 7 studies of  
water swallowing and 5 studies of  saliva swallowing. Recently, The 
ALE technique has been widely used in neuroscience literature 
reviews and is considered a very effective analytical tool for 
neuroimaging data.

In an ALE meta-analysis, a voxel’s ALE value represents the 
probability that at least one of  the active foci occurs in the voxel. 
Therefore, the ALE value is computed for every voxel by modeling 
all the coordinates with equal weight using a 3-Dimensional 
Gaussian probability density function filtered with an empirical 
value of  full-width half-maximum (FWHM) [38]. The statistical 
significance of  the result is then assessed by a permutation 
of  randomly generated foci. Five thousand permutations are 
generated using the same number of  foci and FWHM to generate 
the ALE map. All computed ALE values are corrected with false 
discovery rates (FDR) and then thresholded with a p value of  
0.05. In the current study, we set the minimal cluster size at 100 
mm3 to correct the results, meaning that any cluster with a size 
less than 100 mm3 was removed from the results. We then overlaid 
the ALE clusters onto an anatomical template in Talairach space 
(colin1.1, http://brainmap.org/ale/colin1.1.nii) using MANGO 
(http://www.ric.uthscsa.edu/mango/) to view the significantly 
active brain regions. Both the ALE computing and coordination 
transforming from MNI to Talairach space were implemented by 
Ginger ALE software (http://www.brainmap.org/ale). 

We also conducted subtraction analysis to statistically compare 
two types of  moral judgments. In this step, the ALE maps of  
“moral right-wrong judgment – moral dilemma” and “moral 
dilemma – moral right-wrong judgment” were generated by 
subtracting the foci of  the latter ones from those of  the former 
ones. The ALE maps of  subtraction were created with the same 
permutation tests as the individual ALE method discussed above.

Results

Moral right-wrong judgment only

With 100 imputed foci of  the moral right-wrong judgment 
condition, the meta-analysis revealed 10 clusters (see Table 2 and 
Figure 1a) with significant activation likelihoods and 16 extreme 
coordinates, which constitute a distributed network of  brain 
regions involving the frontal lobe, the temporal lobe and the 
limbic lobe. The highest activation likelihoods were found in the 
right medial frontal gyrus (BA 9). The left medial frontal gyrus 
(BA 10) also showed significant activation likelihood.

Apart from the medial frontal gyrus, the frontal lobe showed 
significant activation likelihoods in the areas of  left inferior 
frontal gyrus (BA 45; BA 47), left superior frontal gyrus (BA 8) 

http://brainmap.org/ale/
http://ric.uthscsa.edu/mango/
http://www.brainmap.org/ale/
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Table 1. A summary of  data sources included in the meta-analysis.

Type Article Subjects Stimuli Research question Foci

Moral 
right-wrong 
judgment

Moll et al., (2001) [20] 10 Auditory presentation of  sentences Moral judgment vs. factual judgment 10

Moll et al., (2002) [21] 7 Visual presentation of  sentences Moral judgment vs. non-moral judgment (neutral emo-
tion) 3

Takahashi et al.,( 2004) [22] 19 Visual presentation of  sentences Guilt condition vs. neutral condition 5

Heekeren et al., (2005) [23] 12 Visual presentation of  sentences Moral judgment vs. semantic judgment 8

Moll et al., (2005) [17] 13 Visual presentation of  sentences Indignant content vs. neutral content 16
Indignant content vs. disgusting content

Luo et al., (2006) [24] 20 Pictures Illegal vs. legal 9

Berthoz et al., (2006) [25] 12 Visual presentation of  sentences Intentional vs. accidental moral violation 9

Takahashi et al., (2008) [26] 15 Visual presentation of  sentences Moral condition vs. neutral condition 7

Harenski et al., (2008) [27] 28 Pictures Moral vs. non-moral picture; male vs. female 10

Prehn et al., (2008) [28] 23 Visual presentation of  sentences Moral judgments vs. grammatical judgments 6

Harenski et al., (2010) [29] 14 Pictures Explicit moral judgment vs. implicit moral judgment 2
Moral vs. non-moral

Tsukiura et al., (2010) [30] 22 Visual presentation of  sentences Moral judgment vs. brightness judgment of  picture 9

Eslinger et al., (2009) [18] 9 Visual presentation of  sentences Moral judgment vs. non-moral judgment 6

Moral 
dilemma

Greene et al., (2001) [10] 9 Visual presentation of  text scenario Moral-personal vs. moral-impersonal condition 5
Moral-personal vs. non-moral condition.

Greene et al., (2004) [6] 41 Visual presentation of  text scenario Personal vs. impersonal moral Judgment 53
Difficult vs. easy personal moral judgment 

Utilitarian vs. non-utilitarian personal moral judgment

Borg et al., (2006) [31] 24 Visual presentation of  text scenario Moral dilemma vs. non-moral dilemma 7
Perez-Alvarez et al.,(2007) 

[32] 15 Picture and cartoons Painful-emotional dilemma vs. non-painful-emotional 
dilemma 14

Cikara et al., (2010) [33] 18 Pictures Warmth of  victim × competence of  victim 11

Shenhav et al., (2010) [34] 34 Visual presentation of  text scenario Outcome magnitude × probability × expected value 25

Schleim et al., (2011) [35] 46 Visual presentation of  text scenario Moral decision making vs. neutral 6

Eslinger et al., (2009) [18] 9 Visual presentation of  sentences moral ambiguous judgment vs. non-moral judgment 4

The column of  research question showed the contrasts or independent variables used in each study.

Table 2. Individual analyses for moral right-wrong judgment and moral dilemma.

Type Cluster No. Brain Region Volume X y z BA ALE

Moral right-wrong 
judgment only

3
6

4-a
2-a
1-a
1-b
7
5

2-b
9

8-a
2-c
10
8-b
2-d
4-b

R Medial Frontal Gyrus
R Anterior Cingulate

L Inferior Frontal Gyrus
L Medial Frontal Gyrus

L Middle Temporal Gyrus
L Middle Temporal Gyrus

L Posterior Cingulate
R Middle Temporal Gyrus
R Medial Frontal Gyrus 

L Superior Frontal Gyrus
L Middle Frontal Gyrus

L Anterior Cingulate
L Medial Frontal Gyrus
L Inferior Frontal Gyrus
L Medial Frontal Gyrus

L Superior Temporal Gyrus

1216
448
752
1312
1720
1720
352
536
1312
144
304
1312
136
304
1312
752

2
10
-38
-10
-46
-50
-8
52
4

-24
-48
-4
-16
-52
-6
-46

54
42
28
38
-62
-66
-52
6
52
28
20
44
50
20
50
18

18
-2
-14
-10
18
26
10
-20
0
52
20
0
10
12
-6
-16

9
32
47
10
39
39
30
21
10
8
46
-

10
45
10
38

0.01968
0.01508
0.01453
0.01394
0.01281
0.01270
0.01268
0.01203
0.01169
0.00994
0.00988
0.00939
0.00938
0.00896
0.00879
0.00841

Moral dilemma only

2
1
3
7
6
4
5
10
8
9
12
13
11
14

L Cingulate Gyrus
L Superior Temporal Gyrus

L Middle Frontal Gyrus
L Inferior Temporal Gyrus
L Middle Temporal Gyrus

L Cingulate Gyrus
R Superior Temporal Gyrus

L Medial Frontal Gyrus
L Precuneus

L Middle Temporal Gyrus
R Superior Temporal Gyrus

R Middle Frontal Gyrus
L Cingulate Gyrus
L Cingulate Gyrus

952
952
672
256
264
448
328
168
200
184
152
144
168
104

-2
-44
-26
-52
-58
-6
48
0
-4
-54
50
30
-2
-2

-30
-58
48
-70
-48
32
-54
54
-52
-6
-6
48
26
-60

30
18
8
0
8
26
22
18
36
-10
-10
8
34
26

31
39
10
37
21
32
39
9
7
21
21
10
32
31

0.02562
0.02197
0.01960
0.01572
0.01553
0.01525
0.01465
0.01464
0.01405
0.01326
0.01282
0.01282
0.01277
0.01189

BA = Brodmann area, ALE = activation likelihood estimation value, L = left, R= right, 
This result is thresholded by a minimal cluster size of  100 mm3. The stereotaxic coordinate in the table indicates the voxel with the highest local activation in a cluster. 

The ALE value of  a voxel represents the probability that at least one of  the foci from our data pool is located at this voxel. One BA number may correspond to multiple 
names of  brain region due to the fact that one Brodmann area may cover multiple brain regions.
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and left middle frontal gyrus (BA 46). The temporal lobe reported 
significant probabilities of  activity in the areas of  middle temporal 
gyrus (BA 39; BA 21) and left superior temporal gyrus (BA 38). 
Besides, the significant areas also included the left posterior 
cingulated (BA 32) and right anterior cingulated (BA 30).

Moral dilemma only

For the moral dilemma decision condition, 125 imputed foci 
produced 14 clusters with significant activation likelihoods and 14 
extreme coordinates (see Table 2 and Figure1b). The coordinates 
with the highest activation likelihood appeared in the left cingulate 
gyrus (BA 31), and the left superior temporal gyrus (BA 39).

Similar to the result from the moral right-wrong judgment 
condition, our analysis of  moral dilemma identified not only the 
left superior temporal gyrus, but also the left middle frontal gyrus 
(BA 10) and the left middle temporal gyrus (BA 21) as significantly 
active regions. Furthermore, the distributed network of  moral 
dilemma decision-making included the left cingulate gyrus (BA 
31; BA 32), the right superior temporal gyrus (BA 39; BA 21), the 
left inferior temporal gyrus (BA 37), the precuneus (BA 7) and the 
right middle frontal gyrus (BA 10), all of  which differ from the 
results of  the moral right-wrong judgment analysis.

Moral right-wrong judgment vs. moral dilemma decision-
making

Using the subtraction analysis, we compared two types of  
moral judgment statistically. Direct comparison between two 
groups revealed distinct patterns of  brain activity for each of  
them. Compared with moral dilemma decision-making, moral 
right-wrong judgment indicated greater activation probabilities 
in 8 clusters (see Table 3 and Figure 2a), including the medial 
frontopolar gyrus (BA 10), the right middle frontal gyrus (BA 21), 
the left inferior frontal gyrus (BA 47), the right anterior cingulate 
(BA 32), the left middle frontal gyrus (BA 46) and left superior 
frontal gyrus (BA 8). These regions also appeared in the result 
of  ‘moral right-wrong judgment only.’ There were more regions 
showing greater probabilities of  activation in the moral dilemma 
condition than in moral right-wrong judgment condition. This 
is consistent with a more complicated mechanism of  decision-
making involved in consideration of  a moral dilemma relative to 
making a moral right-wrong judgment. In total, 16 clusters and 

18 extreme coordinates were found with significantly higher ALE 
values for moral dilemma (see Table 3 and Figure 2b). The left 
cingulate gyrus had the highest ALE value among 16 regions 
where moral dilemma decision-making had greater probability of  
activation relative to moral right-wrong judgment, similar to the 
result of  ‘moral dilemma only.’

The precuneus (BA 7), the right cuneus (BA 30) and the left 
fusiform gyrus (BA 37), which were not found in the individual 
study of  each group, indicated greater activation probabilities in 
the moral dilemma condition than in moral right-wrong judgment 
condition.

Discussion

Results of  the meta-analysis showed distinct neural correlates 
corresponding to the two conditions: moral right-wrong 
judgment and moral dilemma. The findings also reflect the 
common neural correlates in both categories of  moral judgment. 
These overlapping regions constitute a fundamental neural 
substrate of  general moral judgment across different task designs 
and stimuli. Some regions are active across a number of  studies 
regardless of  experimental designs, stimuli, or contrast, and are 
thus active in both moral judgment conditions. The variety of  
experimental designs and conditions in previous investigations of  
the neural correlates of  moral judgment have found a number 
of  neural substrates responses to various stimuli. These sundry 
results can obscure the consensus revealed by the current meta-
analysis. In brief, moral judgment in both right-wrong and moral 
dilemma conditions involves overlapping regions that include the 
emotion centers of  the brain. In the moral dilemma condition, 
moral judgment is further facilitated by the aid of  the ACC, 
which regulates emotional responses. This regulation allows more 
deliberate and cognitive substrates to participate in evaluating the 
content of  the dilemma and arriving at a judgment.

Particular neural basis of  moral right-wrong judgment

Significant regions unique to moral right-wrong judgment were 
identified in the areas of  right medial frontal gyrus, bilateral 
anterior cingulates, left inferior frontal gyrus, right middle 
temporal gyrus, left superior frontal gyrus and left posterior 
cingulate (Table 2).

Figure 1. Brain regions showing significant activation likelihoods in (a) moral right-wrong judgment and (b) in moral 
dilemma. The clusters with significant probability of  activations are showed as the red-yellow highlighted regions. The 

coordinate of  the cross section in Talairach space is showed above each section. The number beside the highlighted region 
corresponds to the cluster with the highest local ALE in Table 2.
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Our meta-analysis result clearly revealed the critical role of  the 
frontal lobe in basic moral judgment tasks. Three out of  six 
exclusive significant regions for moral right-wrong judgment, 
the right medial frontal gyrus, the left inferior frontal gyrus, and 
the left superior frontal gyrus, lie in the frontal lobe, including 
the right medial frontal gyrus, the left inferior frontal gyrus and 
the left superior frontal gyrus. Moral right-wrong judgment 

simultaneously activated bilateral medial frontal gyri. Stuss et al., 
[41] found patients with right medial frontal lesions are unable 
to detect the deception of  a protagonist, which required mental 
state attribution. Similarly, the results of  Decety et al.,’s study 
[42] suggested that the right medial frontal cortex is involved in 
thinking about and perceiving others’ behaviors. Based on these 
results, we inferred that when people judge whether a protagonist’s 

Table 3. Comparative studies for moral right-wrong judgment and moral dilemma.

Type Cluster No. Brain Region Volume X y z BA ALE value

Moral right-
wrong judg-

ment  > Moral 
dilemma

3
1
2
4
5
6
8
7

R Anterior Cingulate
L Inferior Frontal Gyrus

R Middle Temporal Gyrus
L Medial Frontal Gyrus
R Medial Frontal Gyrus
L Middle Frontal Gyrus
R Medial Frontal Gyrus

L Superior Frontal Gyrus

464
1320
608
416
360
344
176
216

10
-38
52
-10
4

-48
4

-26

42
28
8
38
52
20
56
28

-2
-14
-20
-10
2
20
18
48

32
47
21
10
10
46
10
8

0.01214
0.01197
0.01175
0.0110
0.01074
0.008960
0.00841
0.00765

Moral dilemma
> Moral right-

wrong judgment

1-a
3

2-a
5
4
6

2-b
9
7
10
13
11
14
1-b
12
8
15
16

L Cingulate Gyrus
L Middle Frontal Gyrus

L Cingulate Gyrus
L Inferior Temporal Gyrus
L Middle Temporal Gyrus

L Precuneus
L Cingulate Gyrus

R Superior Temporal Gyrus
L Middle Temporal Gyrus
L Middle Temporal Gyrus
R Middle Frontal Gyrus

R Superior Temporal Gyrus
L Fusiform Gyrus
R Cingulate Gyrus

L Inferior Frontal Gyrus
R Cuneus

L Inferior Frontal Gyrus
R Precuneus

1880
840
1840
472
496
416
1840
344
368
304
232
280
216
1880
248
352
168
120

-2
-26
-6
-52
-58
-4
-2
46
-42
-54
30
50
-42
2

-48
2

-46
4

-30
48
32
-70
-48
-52
26
-54
-58
-6
48
-6
-58
-36
6

-70
24
-68

30
8
26
0
8
36
34
22
16
-10
8

-10
-8
42
22
6
4
40

31
10
32
37
21
7
32
39
19
21
10
21
37
31
44
30
45
7

0.01936
0.01581
0.013393
0.011613
0.011599
0.011489
0.011482
0.010267
0.009994
0.009928
0.009627
0.009596
0.009257
0.008798
0.008756
0.008724
0.008467
0.007814

BA = Brodmann area, ALE = activation likelihood estimation value, L = left, R= right,
This result is thresholded by a minimal cluster size of  100 mm3. The stereotaxic coordinate in the table indicates the voxel with the 

highest local activation in a cluster. The ALE value of  a voxel represents the probability that at least one of  the foci from our data pool 
is located at this voxel. One BA number may correspond to multiple names of  brain region due to the fact that one Brodmann area 

may cover multiple brain regions.

Figure 2. Comparison between two groups: (a) Brain regions showing greater activation likelihood in moral right-wrong 
judgment than in moral dilemma. (b) Brain regions showing greater activation likelihood in moral dilemma than in moral 

right-wrong judgment. The clusters with significant probability of  activations are shown as the red-yellow highlighted 
regions. The coordinate of  the cross section in Talairach space is shown above each section. The number beside the high-

lighted region corresponds to the coordinate with the highest local ALE value in Table 3.
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actions are right or wrong from a moral standpoint, they take into 
account the protagonist’s mental state (e.g. belief  and intention). 
Such a mechanism would activate the medial frontal gyrus, 
especially its right lateral.

The exact function of  the cluster in the left inferior frontal gyrus 
is unclear. As part of  the Broca's area, it is located in the Pars 
triangularis region, which is relevant to processing the language 
in the moral stimuli. This supposition supports the result in our 
subtraction analysis, which showed that the activation likelihood 
of  the left inferior frontal gyrus was higher in the moral dilemma 
than the moral right-wrong judgment (see Table 3), since most 
moral dilemma stimuli have more complicated and substantial 
semantic content. Nevertheless, several studies have argued that 
the activation of  the left inferior frontal gyrus might correlate 
with negative emotions. Stimuli of  disgusting and immoral scenes 
[12] and descriptions about embarrassing scenes [43] were both 
found to significantly activate the inferior frontal gyrus. Here we 
cannot define whether the role of  inferior frontal gyrus is related 
to language processing or negative affective state.

The meta-analysis also showed that the left superior frontal gyrus 
had a different activation characteristic as compared to its right 
counterpart. Farrow et al., [44] showed overlapping activation 
of  the left superior frontal gyrus in both empathic and forgiving 
judgments when compared with a baseline task. Furthermore, 
Takahashi et al., [43] found the left superior frontal gyrus 
could significantly be activated by both guilt and embarrassing 
conditions. These results suggest that the left superior frontal 
gyrus’ function in moral judgment is relevant to monitoring 
one’s own or other’s emotions, which is consistent with Ruby 
and Decety’s [45] conclusion that the left superior frontal gyrus 
is crucial in perspective-taking associated with social emotions.

The neural structure active in moral right-wrong judgments also 
involves the limbic lobe. Two significant regions, the ACC and 
the posterior cingulate, are identified in the cingulate cortex. 
According to Bush et al.,’s meta-analysis [46], the ACC can be 
subdivided into a cognitive division and an affective division 
which are respectively activated by tasks associated with complex 
cognitive processes and emotional content. Table 2 and Figure. 
1 show that the significant cluster in the ACC (cluster #6 in 

Table 4. The brain regions implicated in two types of  moral judgment.

Functional Region Possible Role in Moral judgment
Overlapping regions

Left media frontal gyrus Combine emotion with the processing of  decision-making involving social 
conventions / represent others’ mental states 

Left middle frontal gyrus Positively correlated with utilitarian judgment (moral dilemma) /relevant 
to the processing of  normative and semantic content (moral right-wrong 

judgment)
Left superior temporal gyrus Perceive and analyze intentions of  the moral agent/ process the language 

of  text-based stimuli
Left middle temporal gyrus Semantic perception/ process the motion components depicted in moral 

stimuli (for carrying out the action of  moral agent in one’s mind )
Moral right-wrong judgment

Right medial frontal gyrus ‘theory of  mind’ function: mental state reasoning
Bilateral anterior cingulate gyrus (af-

fective division)
Assess the emotional contents in moral stimuli/ regulation of  emotional 

responses
Left inferior frontal gyrus language processing / related to negative emotion

Right middle temporal gyrus Related to negative emotion
Left superior frontal gyrus monitoring one’s own or other’s affective states

Left posterior cingulate gyrus synthesize emotion, imagery and memory
Moral dilemma

Left dorsal posterior cingulate gyrus Related to negative emotion
Left anterior cingulate gyrus (cogni-

tive division)
Related to the need for higher cognitive control

Right superior temporal gyrus, BA 
39

Thought-provoking (calling executive resources)/ represent socially sig-
nificant movements (e.g. representation of  personhood)

Right superior temporal gyrus, BA 
21 ( including anterior STS)

‘theory of  mind’ function: belief  and intention reasoning/ related to nega-
tive emotion

Left precuneus ‘theory of  mind’ function: processing the moral agent’s beforehand be-
lief/ first-person perspective taking

Left inferior temporal gyrus/ fusi-
form gyrus

Positively correlated with the degree of  disgusted emotion

Right middle frontal gyrus inhibitory control (competition between abstract reasoning system and 
intuitive emotion system



Douglas J. Bryant, Wang F, Kelley Deardeuff, Emily Zoccoli, Chang S. Nam (2016) The Neural Correlates of  Moral Thinking: A Meta-Analysis. Int J Comput Neural Eng. 3(2), 28-39.

35

 OPEN ACCESS                                                                                                                                                                                http://scidoc.org/IJCNE.php

Table 2) is located at the ventral part, which is the affective 
division of  the ACC. Bush and colleagues also concluded that 
the affective division is primarily responsible for the assessment 
of  the emotional information and the regulation of  emotional 
responses. This result is consistent with Berthoz et al.’s finding 
[25] that an intentional moral transgression incurred more 
significant activation of  the anterior cingulate gyrus compared 
with an accidental moral transgression, which caused relatively 
less negative moral emotions. 

Green et al., [6] found the posterior cingulate was activated in 
all their experimental comparisons of  moral judgment tasks 
(e.g. personal vs. impersonal, difficult vs. easy, utilitarian vs. 
non-utilitarian), implying that the posterior cingulate plays 
a fundamental role in general moral tasks. Besides, there are 
considerable studies emphasizing the posterior cingulate gyrus’ 
important role in emotional tasks. Vogt et al., proposed that 
this region may respond to some emotional content of  events, 
especially in a self-relevant condition [47]. Greene and Haidt 
[4] considered a function of  this region as an integration of  
emotion, imagery and memory - a conclusion further supported 
by Harenski and Hamann [48], and Maddock [49].

In addition to the frontal and limbic lobes, moral right-wrong 
judgment exclusively activates the right middle temporal gyrus in 
the temporal lobe. The right middle temporal gyrus’ activation is 
found without the activation of  the left lateral, when processing 
negative facial expressions such as fear and disgust [50]. This 
finding suggests that the middle temporal gyrus is sensitive 
to negative emotion-arousing contents in moral right-wrong 
judgment, different from the left posterior middle temporal gyrus’ 
role of  processing semantic emotion.

Particular Neural Basis of  decision-making in moral 
dilemma

Moral dilemmas involved five exclusive significant regions: the 
left cingulate gyrus, the right superior temporal gyrus, the left 
precuneus, the left inferior temporal gyrus and the right middle 
frontal gyrus. In comparison with the moral right-wrong judgment 
condition, the moral dilemma condition’s active brain areas are 
more widely dispersed throughout the brain, involving the limbic 
lobe, the parietal lobe, the temporal lobe and the frontal lobe.

There are two distinct active areas in the limbic lobe. Table 2 
shows that the left cingulate gyrus’ four clusters are located at two 
regions: BA 31 and BA 32, corresponding to the dorsal posterior 
cingulate gyrus and the anterior cingulate gyrus, respectively. 
In our subtraction analysis (Table 3: moral dilemma > moral 
right-wrong judgment), these two areas showed significantly 
larger activation likelihood in moral dilemma tasks than moral 
right-wrong judgment tasks. The larger activation likelihood 
of  the dorsal posterior cingulate gyrus can be explained by 
the posterior cingulate gyrus’ emotion-related role mentioned 
above. Since most moral right-wrong judgment studies included 
both negative and positive moral stimuli, such blends inevitably 
reduced the statistical significance of  the region associated with 
negative emotions. In contrast, moral dilemma studies’ stimuli 
were relatively homogeneous in terms of  emotional content; they 
all described unpleasantly dilemmatic situations. Therefore, the 
larger activation likelihood of  the dorsal posterior cingulate gyrus 
that appeared in moral dilemma judgments is reasonable.

For BA 32, as discussed above, the ACC has two functional 
partitions: cognitive and affective. Moral dilemma’s two significant 
clusters in the ACC (cluster #4 and cluster #11 in Table 2) 
both lie in the cognitive division. Greene and colleagues have 
demonstrated the relationship between activation of  the ACC 
and the need for higher cognitive control [6]. Moreover, in some 
difficult moral dilemma tasks, the ACC was found to be recruited 
when the subject was making decisions which would incur a 
strong personal moral violation, suggesting that cognitive conflict 
calls for an ability to guide one’s thought and action according 
to his/her intentions [6]. This conclusion is consistent with the 
fact that the ACC (BA 32) has a significantly higher activation 
likelihood in moral dilemma tasks than in moral right-wrong 
judgment tasks. The temporal lobe encompasses three distinct 
active areas in moral dilemma judgments, making it a key neural 
correlate distinguishing moral dilemma processing from moral 
right-wrong judgments. 

Two clusters in the region of  right superior temporal gyrus 
were found in separate areas: BA 39 and BA 21. With respect 
to BA 39, Moll et al.’s findings [20] showed that only unpleasant 
moral statements activated this area, whereas unpleasant non-
moral statements had no effect on its activation. The finding 
shows that BA 39 is not merely sensitive to emotional content. 
Green et al. [4] argued that BA39 supports representations of  
socially significant movements (e.g. complex representations of  
personhood) and demonstrated in a later study that BA 39 is more 
active in processing personal moral dilemmas over impersonal 
moral dilemmas, and difficult moral scenarios over simple moral 
scenarios [6]. That finding is consistent with results from Borg 
and colleagues [13] showing that the activation of  BA 39 is closely 
related to thought-provoking, first-time moral judgments that 
require executive resources. Taken together, the findings suggest 
the activation of  BA 39 is due to the need for executive resources 
in navigating complex and competing moral norms, and that this 
is particularly so when the scenario under consideration concerns 
oneself. Consistent with these findings, our analysis found greater 
activation of  BA 39 in moral dilemma conditions than moral 
right-wrong judgment. 

For the cluster in BA 21, we found it spanned across the right 
middle temporal gyrus and right superior temporal gyrus, which 
are divided by the anterior superior temporal sulcus (STS). We 
posit that this active cluster implies the significant activation of  
the STS, especially its anterior part. Existing studies associate 
the activation of  the anterior STS with a ‘theory of  mind’ 
mechanism [51, 52]. Borg and colleagues [31] identified the right 
anterior STS’s activation in the interaction between morality and 
intention, which showed that responses in a moral judgment task 
were affected by whether the moral violation was intentional or 
unintentional. This may explain why the activation likelihood of  
BA 21 is greater in moral dilemma conditions than in moral right-
wrong judgment conditions (Table 3), as moral dilemma tasks 
involve assuming the position of  the decision-maker, making an 
informed and willful choice, and, at least within the context of  
the counterfactual scenario, taking on the responsibility of  the 
decision as an autonomous agent. 

Another significant temporal lobe cluster active in moral dilemma 
conditions was located at BA 37, stretching from the inferior 
temporal gyrus to the fusiform gyrus. Moreover, the significant 
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likelihoods of  the left inferior temporal gyrus and the left fusiform 
gyrus both showed up in the result of  “moral dilemma > moral 
right-wrong judgment” (Table 3). Borg and colleagues’ [13] study 
showed that BA 37 was not only more active in incest-related 
immoral stimuli relative to the nonsexual immoral condition, 
but also the most significantly activated in a pathogen-related 
disgust condition. The results revealed that the inferior temporal/
fusiform gyrus’ activations were positively correlated with the 
degree of  disgust [See also [53]]. 

In addition to the limbic and the temporal lobes, the parietal and 
the frontal lobes have significant areas of  activation in moral 
dilemma conditions. Studies by Saxe and colleagues [46, 47] not 
only identified the anterior STS, but also implicated the precuneus 
in a ‘theory of  mind’ mechanism. In taking on the role of  decision-
maker in a moral dilemma judgment task, participants engage in 
theory of  mind by taking on the role of  a moral agent, even if  
themselves, in a counterfactual scenario. Young et al., showed that 
the precuneus was activated in order to process the moral agent’s 
before hand belief  when the subject was judging whether the 
moral agent’s behavior is moral-permissible or moral-forbidden 
[54, 55]. Cavanna and Trimble’s review [56] presented a similar 
finding, and summarized the precuneus’ three relevant functions 
as visual imagery, episodic memory retrieval and, importantly, 
self-processing (e.g. taking a first-person perspective). Such first-
person perspective-taking is in all probability part of  a ‘theory of  
mind’ mechanism, namely, imagining “if  I were the protagonist in 
this scenario” in order to evaluate a moral agent’s behavior.

Activation of  the right middle frontal gyrus reflects brain 
lateralization in moral judgment. While significant activation 
likelihood of  the left middle frontal gyrus was found in both 
moral tasks, the right middle frontal gyrus was only identified in 
moral dilemma conditions. Our ALE subtraction analysis showed 
that the right middle frontal gyrus’ activation likelihood in moral 
dilemma judgment is significantly greater than that in moral right-
wrong judgment. This result may be due to an inhibitory control 
mechanism that is activated when the subject is facing a forced 
choice in a dilemmatic scenario. Support for this view comes from 
Garavan et al., [57] who investigated right hemispheric dominance 
of  inhibitory control including the right middle frontal gyrus in its 
right-lateralized dominant neural circuit. Activation is thought to 
indicate resistance to interference from strong emotional impulses 
when the subject is attempting to make a rational decision. In 
other words, the activation of  the right middle frontal gyrus 
reflects the conflict and competition between an abstract, rational 
processing system and an intuitive emotion-processing system.

Overlapping results for two types of  moral judgments

Our findings also showed that regions of  engagement common 
to two types of  moral judgment include the left medial frontal 
gyrus, the left middle frontal gyrus, the left middle temporal gyrus 
and the left superior temporal gyrus. These overlapping regions 
constitute a fundamental neural substrate of  general moral 
judgment, across different task designs and stimuli. 

There are two frontal lobe regions active in both conditions, the 
left medial and left middle frontal gyrus. Following Greene and 
Haidt [4], we posit that the left medial frontal gyrus’ activation 
indicates processing of  both decision-making and emotional 
factors. Greene and Haidt concluded that activation of  the medial 

frontal gyrus was associated with multiple moral tasks in addition 
to moral judgment. They considered the likely function of  the 
medial frontal gyrus as combining emotional factors with the 
process of  decision-making or theory-of-mind function. The 
role of  the medial frontal gyrus in theory of  mind processing 
is further evidenced by Farrow et al., [44] study which found 
activation in the structure when one is judging others' emotional 
states and the forgivability of  their crimes. This dual role explains 
why the structure would be active in both conditions, as emotional 
responses correlate to moral right-wrong processing, and theory 
of  mind correlating to moral dilemma processing. 

Another frontal lobe region active in both conditions, the left 
middle frontal gyrus, significantly overlaps with the DLPFC and 
is often considered part of  the DLPFC [4, 6]. Previous studies 
have demonstrated middle frontal gyrus/DLPFC activity in each 
moral judgment condition separately. Greene and colleagues 
found that activity in the DLPFC was positively correlated with 
a subject’s utilitarian judgment in moral dilemma tasks. Schleim 
[35] and colleagues found that both moral right-wrong judgment 
and legal judgment would activate the left middle frontal gyrus. 
Interestingly, activation in the legal condition was stronger, a result 
thought to be due to more explicit rules and more complicated 
semantic processing in the legal condition stimulus. Though these 
studies revealed the correlations between the left middle frontal 
gyrus’ activity and moral dilemma and right-wrong judgments, the 
exact function of  the left middle frontal gyrus in moral judgment 
remains elusive.

Determination of  the precise role of  the left superior temporal 
gyrus in moral judgment likewise requires further investigation. 
Schleim and colleagues [35] posited that activations of  the left 
superior temporal gyrus contributed to the analysis of  goals and 
intentions of  the moral agent. However, because the left superior 
temporal gyrus is collocated with Wernicke's area, a region active 
in processing semantic content, the possibility that the activation 
is due to the semantic content of  the stimulus rather than the 
moral content cannot be ruled out. 

The other significant region located at the temporal lobe is the 
left middle temporal gyrus, or more precisely, the left posterior 
middle temporal gyrus. Previous studies associated its activation 
with semantic perception [58]. Damage to the middle temporal 
gyrus can result in alexia and agraphia [59, 60]. A number of  
studies show that the left middle temporal gyrus is important in 
processing motion-related verbs in sentences. Wallentin et al., [61] 
speculated that the left posterior middle temporal region’s activity 
is a result of  actively constructing the mental space set up by the 
sentence. These findings suggest that the left middle temporal 
region is engaged in processing the motion verbs in the moral 
stimuli so as to carry out the depicted action in the mind, rather 
than any specifically moral content.

Multiple moral brains of  moral judgment

Table 4 summarizes all the clusters with significant activation 
likelihoods for each type of  moral judgment in our meta-analysis. 
As we can see from the column of  possible roles in Table 4, 
the regions active in both moral right-wrong judgment and 
moral dilemma judgment conditions constitute a fundamental 
neural substrate for processing moral stimuli and issuing moral 
judgments. In this fundamental moral circuitry, neural regions 
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are activated to complete distinct cognitive procedures, such 
as semantic perception (left middle temporal gyrus), intentions 
analysis (left superior temporal gyrus) and the processing of  
normative and semantic content. Only one overlapping region 
is associated with emotion-related function (left medial frontal 
gyrus). However, those brain regions active in only one of  the 
moral judgment conditions reflect differences in advanced 
structure between two types of  moral judgment. In other words, 
two categories of  particular regions constitute two different moral 
substrates. 

Of  six particular regions of  moral right-wrong judgment, five 
regions are emotion-related. This implies that moral right-wrong 
judgment consists largely of  emotion based responses. This 
finding gives some support to Emotivist theories that take initial 
moral judgments to be emotional responses that are only later 
supported with post hoc rationales [1, 3]. The finding is further 
consistent with anthropological accounts that postulate distinct 
at least two neural substrates for moral thinking: an advanced 
and evolutionarily recent human substrate involved in processing 
semantically complex systems of  norms and contexts including 
dilemmas, and a more primitive, emotion based substrate held in 
common with other social animals [6].

The neural substrate active in moral dilemma conditions relies 
on more complicated structures, especially those associated 
with complex decision-making functions. As shown in Table 4, 
we observed that moral dilemma conditions implicate thought-
provoking (i.e. right superior temporal gyrus), cognitive control 
(i.e. left anterior cingulate gyrus), belief  and intention reasoning 
(i.e. right superior temporal gyrus) and inhibitory control (i.e. 
right middle frontal gyrus), most of  which play important roles 
in facilitating decision-making under dilemmatic situations. In 
particular, the activations of  the right middle frontal gyrus and the 
left anterior cingulate gyrus reflect the conflict and competition 
between emotional and cognitive reasoning when a subject in a 
moral predicament is making a hard trade-off  to reach a decision. 
The structures active in making judgments in moral dilemmas 
are more complex, more recent in terms of  evolutionary 
development, and correlated to higher cognitive functions such 
as processing semantic content and exercising executive control.

From a neural perspective, a person has multiple, distinct moral 
substrates which are active in processing specific moral tasks, 
but which share a common fundamental structure. In our view, 
the neural correlates of  moral right-wrong judgment and moral 
dilemma share a structure primarily engaged in basic cognitive 
processing. Beyond that, the neural substrate of  moral right-
wrong judgment has additional modules for emotion-processing, 
while the neural substrate of  moral dilemma judgment has 
additional modules for complex decision-making. This distinction 
should inform future experiment design and stimulus selection in 
investigations that measure neural responses in moral judgment.

Limitations of  this meta-analysis

The ALE meta-analysis assigned equal weight for each study 
where the data of  the foci were collected, meaning all included 
coordinates have the same measure in determining the activation 
likelihood of  a focal point. Hence, the different criteria of  data 
selection in different studies may cause statistical bias. Specifically, 
different studies may define entirely different thresholds in filtering 

the reported coordinates. For instance, some moral judgment 
studies focusing on special regions of  interests adopt a relatively 
lenient threshold so as not to omit activities in these special 
regions. Such a threshold might result in over-representation 
of  these regions relative to the threshold selected for a whole 
brain study. Generally speaking, a low threshold usually results 
in a larger number of  foci and a larger scope of  active regions, 
while a conservative threshold produces fewer foci and a smaller 
scope. Mixing low-threshold and high-threshold data while using 
the same weight can result in statistical bias. 

Moreover, the number of  studies used as data sources was limited 
due to the low number of  available neuroimaging studies for 
moral decision-making within the analysis parameters. However, 
the heterogeneity of  experimental subjects across various studies, 
including the differences in gender and age, may have an effect on 
the results of  the meta-analysis. Several previous studies pointed 
out the effects of  these factors, such as Harenski et al.,’s 2008 [27]
investigation of  gender differences of  neural mechanism in moral 
judgments. A larger sample size would help to offset these effects.

Conclusion

We decomposed the general moral judgment framework into two 
specific sub-models. Our hypotheses, though supported, were 
incomplete. We confirmed that moral right-wrong judgments 
largely activate emotion centers in the brain and that moral dilemma 
decision-making activates more complex rational decision-
making structures. Beyond these hypotheses, we found that moral 
dilemma decision-making also involves emotional centers of  
the brain, but that these emotional responses are countered and 
suppressed by the activation of  neural substrates necessary for 
emotional control and executive function while more deliberative 
and rational consideration of  competing norms takes place. Since 
these two types of  moral judgment engage considerably distinct 
neural mechanisms, it is inappropriate to put them under the same 
theoretical framework. The consensus demonstrated by the meta-
analysis shows that there are distinct neural substrates for at least 
two types of  moral judgment, but there are, of  course, many types 
of  moral judgment, and many types of  moral processing and 
emotion apart from judgment. While a number of  studies have 
demonstrated the neural correlates of  specific moral emotions 
and responses including, most notably disgust, much remains to 
be done. 

The formation of  a consensus around the neural correlates of  
moral judgment demonstrates a broader point with more far-
reaching implications; namely, that given the neural basis for 
moral judgments, and by extension, behaviors, what we take 
to be aberrations in behavior may be due, more often than we 
suppose, to neurological differences. In the most drastic of  cases 
where neurological damage is clear, localized, and coextensive 
with equally evident behavioral changes, conclusions are relatively 
straightforward. When this is the case, we adjust our measure of  
responsibility, both legally and morally, to whatever level of  control 
we suppose the subject capable, replacing legal punishments with 
clinical treatments where available. Beyond these considerations, 
we hope to carve out spaces of  inclusion of  those with neurological 
differences as an application of  neurodiversity. Yet, without more 
extensive and exacting knowledge of  the precise neural substrates 
of  moral processing and judgment, and the degree of  variation 
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between individuals, it is difficult to know when behavioral 
differences are the result of  neurological differences, and to what 
extent such allowances are warranted.
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