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Abstract | Moral cognitive neuroscience is an 
emerging field of research that focuses on the 
neural basis of uniquely human forms of social 
cognition and behaviour. Recent functional 
imaging and clinical evidence indicates that 
a remarkably consistent network of brain 
regions is involved in moral cognition. These 
findings are fostering new interpretations of 
social behavioural impairments in patients 
with brain dysfunction, and require new 
approaches to enable us to understand 
the complex links between individuals 
and society. Here, we propose a cognitive 
neuroscience view of how cultural and 
context-dependent knowledge, semantic 
social knowledge and motivational states can 
be integrated to explain complex aspects of 
human moral cognition.

At a time of increasing awareness of the diff-
erent value systems in multicultural societies 
and across nations, a deeper understanding 
of the cognitive and brain mechanisms that 
guide human behaviour is of general interest. 
Recent social cognitive neuroscience reviews 
have emphasized perceptual and emotional 
abilities that are shared by humans and other 
animals1–3. However, social neuroscience 
has largely avoided dealing directly with the 
complex aspects of human moral cognition, 
including MORAL EMOTIONS and MORAL VALUES. 
Here, we review current theoretical accounts 
of social cognition and put forth a framework 
designed to overcome the main limitations 
of earlier accounts. We argue that moral 
phenomena emerge from the integration of 

contextual social knowledge, represented 
as event knowledge in the prefrontal cortex 
(PFC); social semantic knowledge, stored in 
the anterior and posterior temporal cortex; 
and motivational and basic emotional states, 
which depend on cortical–limbic circuits. Our 
framework offers new interpretations for social 
behaviour patterns in healthy indi viduals and 
in patients with brain dysfunction, and makes 
testable predictions for neuropsycho logical 
dissociations in moral cognition.

Defining morality
‘Moral’ (derived from the Latin moralis) and 
‘ethical’ (from the Greek êthikos) originally 
referred to the consensus of manners and 
customs within a social group, or to an incli-
nation to behave in some ways but not in 
others4. Through the centuries, philosophical 
theories have adopted a deductive logico–
verbal approach to morality that aims to 
identify universal principles that should 
guide human conduct. By contrast, a scientific 
approach to morality is emerging from the 
documentation of changes in moral behaviour 
in patients with brain dysfunction5, which 
provides inferences that concern the major 
dimensions of moral cognition. Moral cogni-
tive neuroscience, therefore, aims to elucidate 
the cognitive and neural mechanisms that 
underlie moral behaviour. Here, morality is 
considered as the sets of customs and values 
that are embraced by a cultural group to guide 
social conduct, a view that does not assume 
the existence of absolute moral values. The 
implications of cognitive neuroscience for 

moral philosophy have been reviewed in detail 
elsewhere6–8 and are not addressed here.

The challenge
Morality is a product of evolutionary pres-
sures that have shaped social cognitive and 
motivational mechanisms, which had already 
developed in human ancestors, into uniquely 
human forms of experience and behaviour9. 
Non-human primates have a vast repertoire 
of social behaviours that can be interpreted as 
genuine forerunners of human morality, such 
as caring for their peers and constantly striv-
ing for dominance10. As in humans, a sense of 
justice permeates their behaviour11. The evolu-
tion of the human PFC is intimately related 
to the emergence of human morality12–15. 
This has allowed motivational mechanisms 
to be integrated with an exceptional power 
to predict outcomes, and has characterized 
humans through their recent evolutionary 
steps in the cultural explosion of the Upper 
Paleolithic period16. 

The challenge for moral cognitive neuro-
science is that it requires extensive cross-field 
integration of neuroscience, psychology, 
evolu tionary biology and anthropology, 
among other areas. In setting the goals of 
scientific exploration in this field, some 
central issues should be considered. How 
does the human moral mind emerge from 
the interaction of biological and cultural 
factors? How can the context-dependent 
nature of moral cognition be explained by 
neuroscience? How does moral cognition 
relate to emotion and motivation, and what 
are their neural substrates? Although moral 
cognitive neuroscience is still in its infancy, 
the available evidence already points to some 
promising solutions.

The neural basis of moral cognition
Moral behaviour impairment. Persistent 
antisocial behaviours have long been desc-
ribed17, yet their history in medicine is rela-
tively recent. Impairment in ‘moral sense’ , or 
‘moral insanity’ , was first formally described 
as a “perversion of natural feelings, affections, 
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inclinations, temper, habits, moral disposi-
tions, and natural impulses”18,19. Systematic 
evidence that specific brain regions might be 
crucial to moral behaviour was provided by 
early accounts of frontal lobe damage20,21 and 
neurosurgical reports of war wounds (see, for 
example, REF. 22) (FIG. 1).

More recently, researchers have started to 
explicitly frame these observations within the 
sphere of moral cognition, strengthening the 
links between neuroscience, developmental 
neuropsychology and moral psychology. 
Eslinger and Damasio23 described moral 
behavioural deficits in a patient with dam-
age to the ventromedial PFC acquired in 
adulthood, who was remarkably unimpaired 
in specific MORAL REASONING tasks. It was 
later shown that ventromedial PFC lesions 
acquired at an early age led to impairments 

in both moral reasoning and behaviour, 
indi cating that moral development can be 
arrested by early PFC damage24,25. These 
impairments in moral conduct resemble 
those observed in developmental PSYCHO

PATHY26,27 BOX 1. Less frequently28–31, lesions 
of the dorsolateral PFC (DLPFC; typically of 
the right hemisphere) also lead to changes 
in moral behaviour.

In addition to the PFC, other brain 
regions are crucial for moral cognition. 
Structural changes in the anterior temporal 
lobes — either acquired or developmental 
— can also impair moral behaviours28,32. 
Dysfunction of neural circuits that involve 
the superior temporal sulcus (STS) region 
— a key area for social perception33 — is 
associated with the difficulty experienced 
by individuals with autism in attributing 

intentionality, which leads to reduced experi-
ence of pride and embarrassment1,34. Lesions 
to limbic and paralimbic structures can 
impair basic motivational mechanisms, such 
as sexual drive, social attachment and aggres-
siveness, leading to extreme moral violations 
— for example, unprovoked physical assaults 
and paedophilia35,36. Structural and functional 
imaging studies in psychopathic individuals 
have pointed to abnormalities in almost all 
these regions37–40.

Moral emotion and judgement. Recent studies 
have directly addressed the neural correlates 
of moral emotions and judgements. Patients 
with focal damage to the ventromedial 
PFC show deficient engagement of pride, 
embarrassment and regret41,42. Functional 
imaging studies in healthy individuals have 
involved simple MORAL JUDGEMENTS43–45, moral 
dilemmas46,47 and moral emotions48,49–52, 
using different tasks and stimulus presenta-
tion schemes. Overall, there is remarkable 
agreement between functional imaging and 
clinico-anatomical evidence about the brain 
areas involved in moral cognition. Activated 
regions include the anterior PFC (encom-
passing the frontopolar cortex, Brodmann’s 
area (BA) 9/10), orbitofrontal cortex (OFC; 
especially its medial sector, BA 10/11/25), pos-
terior STS (BA 21/39), anterior temporal lobes 
(BA 20/21/38), insula, precuneus (BA 7/31), 
anterior cingulate cortex (ACC, BA 24/32) 
and limbic regions. Notably, the wide range 
of modalities, stimuli and task requirements 
appear to have little effect on brain activation 
patterns (FIG. 2).

Besides the consistent patterns of brain 
activation found across studies, there were 
also some differential findings. We found 
activation of the anterior PFC when a moral 
judgement condition was compared with 
non-emotional factual judgements43, but not 
when moral judgements were compared with 
a social–emotional condition, during which 
a more ventral region was activated44. Greene 
and colleagues used a moral judgement task 
that involved classic moral dilemmas (for 
example, should you kill an innocent person 
in order to save five other people?) and found 
similar activation of the anterior PFC46,47. 
Decision difficulty was correlated with 
increased activity in the ACC. Heekeren and 
colleagues showed that the presence of bodily 
harm in moral violation scenarios leads to 
decreased reaction times and decreased 
activation of the anterior temporal lobe53. 
Evidence is emerging that partially dissociable 
PFC–temporal–limbic networks represent 
distinct moral emotions, including guilt, 
anger and embarrassment13,49–52.

Figure 1 | Brain regions implicated in moral cognition and behaviour in functional imaging and 
patient studies. a | Cortical regions13,99,107 include the anterior prefrontal cortex (aPFC), the medial and 
lateral orbitofrontal cortex (mOFC and lOFC), the dorsolateral PFC (DLPFC; mostly the right hemisphere) 
and additional ventromedial sectors of the PFC (vmPFC), the anterior temporal lobes (aTL) and the 
superior temporal sulcus (STS) region. b | Subcortical structures13,36,48 include the amygdala, 
ventromedial hypothalamus, septal area and nuclei, basal forebrain (especially the ventral striatum/
pallidum and extended amygdala), the walls of the third ventricle and rostral brainstem tegmentum. 
c | Brain regions that have not been consistently associated with moral cognition and behaviour in 
patient studies include the parietal and occipital lobes, large areas of the frontal and temporal lobes, the 
brain stem, basal ganglia and additional subcortical structures. Panel b modified, with permission, from 
REF. 147 © (2005) University of Iowa’s Virtual Hospital. Anatomical image adapted, with permission, 
from REF. 148 © (1996) Appleton & Lange.
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Current accounts 
Some current cognitive neuroscience 
frameworks have direct implications for our 
understanding of the neural basis of moral 
cognition. The main characteristics and limi-
tations of these accounts are briefly reviewed 
and discussed below, with an emp hasis on 
their relevance to moral cognition (see also 
TABLE 1).

Conflict processing in moral judgement. On 
the basis of functional imaging studies46,47, 
Greene and colleagues have focused on the 
role of cognitive control in moral judge-
ment. Their hypothesis was derived in part 
from Miller and Cohen’s theoretical account 
of PFC function54, which assumes that the 
PFC is specifically involved in ‘controlled 
processing’ , such as in rapidly changing, ill-
structured situations — characteristics that 
are also held by other models14. This proposal 
is supported by evidence for DLPFC and 
ACC activation in response to increases in 
attentional and conflict detection demands. 
Greene’s hierarch ical processing view 
assumes that cognitive control processes, 
afforded by the lateral PFC and ACC (‘cog-
nitive areas’), override emotional responses 
(which are attributed to the medial PFC, pos-
terior cingulate cortex and STS) to produce 
UTILITARIAN responses to moral dilemmas 
— for example, smothering a crying baby to 
save more lives. By contrast, emotional areas 
would favour ‘personal’ moral judgements 
— for example, thinking that it is inappro-
priate to smother the baby. The theory posits 
mutually competitive roles of cognition and 
emotion in moral judgement.

Greene’s functional imaging findings are 
in line with the cognitive control view and 
demonstrate reliable task-related effects in 
different types of moral judgement. However, 
the concepts of ‘personal’ and ‘impersonal’ 
violations, and of ‘utilitarian’ and ‘non-
utilitarian’ choices need to be broken down 
into clear cognitive components. Further-
more, this account does not address the 

possibility that culturally shaped moral 
values and beliefs might lead to disparate 
‘utili tarian’ conclusions. Finally, it is unclear 
how impairment of cognitive control and 

conflict monitoring would affect moral 
cognition55.

Somatic marker hypothesis. Damasio and 
colleagues observed that patients with 
ventromedial PFC damage can detect the 
implications of a social situation, but cannot 
make appropriate decisions in real life. They 
suggested that such patients would be unable 
to mark those implications with a signal that 
automatically distinguishes advantageous 
from pernicious actions56. The somatic 
marker model explains why patients with 
ventromedial PFC damage can still reason 
about social problems, provided the premises 
are cast verbally, but fail in natural settings. 
The IOWA GAMBLING TASK, which was preceded 
by similar gambling tasks57, was put forward 

Box 1 | Psychopathy and the neural organization of morality

The concepts of antisocial personality disorder (‘sociopathy’) and psychopathy (a severe form of 
sociopathy) originated from the need to diagnose individuals who show a pattern of behaviours 
that goes against the common good and repeatedly involves harm to others. Although social 
norms vary among cultures and even among intracultural niches, sociopathy and psychopathy 
cannot be reduced to ‘cultural artefacts’141 for the simple fact that their core manifestations are 
stable and easily recognizable, both historically and cross-culturally. The neurobiological 
validity of sociopathy and psychopathy is supported by increasing scientific evidence that the 
brains of affected individuals differ from those of socially adjusted people: imaging studies in 
psychopaths have revealed reduction of grey matter in the prefrontal cortex and abnormal brain 
activation in limbic regions, as well as in the prefrontal and temporal lobes38,39.

Figure 2 | Functional imaging studies of moral cognition. Functional imaging studies of moral cognition 
have revealed consistent involvement of the anterior prefrontal cortex (aPFC) and superior temporal sulcus 
(STS) region, as well as the anterior temporal lobes (aTL) and limbic structures. Panels a–e depict a 
transverse slice showing the activation of the aPFC (frontopolar cortex, Brodmann’s areas 9/10) across 
different studies43,46,48,45,50. Panel f shows spatially overlapping activations in the PFC, STS region and aTL, 
derived from a conjunction analysis of two different studies: active moral judgements of written stimuli44 and 
passive viewing of pictures with moral content48. Samples of the pictorial149 and written stimuli used in these 
studies are shown. The remarkable overlap of brain regions involved in moral cognition, regardless of a 
wide variation in task requirements and stimulus modalities, contrasts with the large variability observed in 
brain imaging studies of ‘less complex’ basic emotions depicted in panel g (REF. 150). A strong possible 
explanation is the effect of familiarity and situational context, which have not been controlled in functional 
imaging studies of basic emotions or moral cognition. The higher reproducibility of the activation patterns in 
studies of moral cognition might, therefore, have resulted from a smaller contextual variability related to the 
use of more well-defined social situations for moral judgements and moral emotions. By contrast, 
experimental designs of studies of basic emotion have put more effort into equating the sensory properties 
of stimuli (such as luminance, visual complexity and frequency) at the cost of more variability in social 
contexts (such as fear associated with a picture of a spider or with a crime scene). Panel a reproduced, 
with permission, from REF. 43 © (2001) Associacao Arquivos de Neuro-Psiquiatria. Panel b reproduced, 
with permission, from REF. 46 (2001) American Association for the Advancement of Science. Panel c 
reproduced, with permission, from REF. 48 © (2002) Society for Neuroscience. Panel d reproduced, with 
permission, from REF. 45 © (2003) Lippincott Williams and Wilkins. Panel e reproduced, with permission, 
from REF. 50 © (2004) Elsevier Science. Panel f (right-hand images) from REF. 149. Panel g reproduced, 
with permission, from REF. 150 © (2002) Elsevier Science.
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as an experimental surrogate for decision-
making in real life. Bechara and colleagues58 
showed that normal individuals develop 
anticipatory galvanic skin responses when-
ever they contemplate a risky choice, and 
begin to choose advantageously before they 
are consciously aware of the best strategy. 
Patients with ventromedial PFC damage do 
not develop anticipatory autonomic responses 
and behave as if they are insensitive to future 
consequences, positive or negative, being 
primarily guided by immediate prospects 
that ultimately lead to a net financial loss.

The somatic marker hypothesis has been 
influential and is considered to be a possible 
mechanism that could underlie behavioural 
dysfunction in patients with PFC lesions. 
This framework is compatible with contex-
tual effects (although these are not explic-
itly addressed), integrates cognition and 
emotion, makes testable predictions, and 
has been supported by neurophysiologi-
cal and clinical data58–60. However, it does 
not explicitly address the role of different 
PFC subregions in moral cognition. The 
relationships between somatic markers and 
other cortical and limbic regions that have 
previously been linked to moral cognition13 
are also obscure. Recent evidence from both 
patients with PFC lesions and healthy indi-
viduals has challenged the role of somatic 
markers in guiding decision making and 
social behaviours61–63.

Social response reversal. The social RESPONSE

REVERSAL model, which was proposed by Blair 
and Cipolotti to explain social behavioural 
impairments in patients with OFC dam-
age, was influenced by Rolls and coworkers’ 
response-reversal paradigm. In their pioneer-
ing work, Rolls and colleagues showed that 
patients with OFC damage were impaired 
in EXTINCTION and response-reversal tasks64. 
These impairments were correlated with 
measures of socially inappropriate behav-
iours, which led to the hypothesis that the 
sociopathy of these patients results from 
a difficulty in modifying behavioural 
responses, especially when these are followed 
by negative outcomes. The response-reversal 
model has received extensive support from 
electrophysiological studies in animals65 as 
well as from human lesion and neuroimaging 
data66–68.

Blair and Cipolotti compared their find-
ings from a patient with OFC damage (J.S.) 
with those from a patient with DLPFC 
damage and five prison inmates with psy-
chopathy62. J.S. showed a drastic change in 
personality after OFC damage, becoming 
aggressive and callous towards other people. 
He was impaired in recognizing facial expres-
sions of anger and disgust, but was unim-
paired in response-reversal tasks. This led the 
authors to argue for a social response-reversal 
mechanism — an inhibitory system reliant 
on the proper functioning of the OFC that is 

normally activated by perception or expecta-
tion of others’ anger69. Blair suggested that a 
different inhibitory mechanism — the ‘vio-
lence inhibition mechanism’ (VIM) — would 
be deficient in developmental psychopathy, 
leading to instrumental aggression70. The 
VIM underscores the role of the amygdala in 
aversive conditioning, and is believed to have 
a key role in moral socialization.

These accounts can be used to make spe-
cific predictions about the role of response 
reversals and aversive conditioning in 
patients with OFC and amygdala lesions. 
However, they cannot be easily extended to 
explain other types of impairment in moral 
behaviour that arise from damage to other 
brain regions, such as the temporal lobes and 
anterior PFC. In addition, these models were 
not designed to explain how social knowl-
edge, on which reinforcement contingencies 
operate, is represented in the brain. Finally, 
although bilateral amygdala lesions lead to 
impaired perceptual judgement of facial 
emotions71, evidence for severe impairments 
in moral behaviour following isolated amyg-
dala lesions acquired either in adulthood or 
early childhood is still lacking.

Sociopathy as a failure of ‘theory of mind’. 
Disruptive antisocial behaviour is a hallmark 
of early frontotemporal dementia72. These 
profound changes in personality have been 
predominantly ascribed to degeneration of 

Table 1 | Characteristics and limitations of frameworks relevant to moral cognitive neuroscience

Theoretical 
accounts

Situational and cultural 
context effects

Relationship between 
cognition and emotion

Predictions from 
brain lesions

Implications for moral 
cognitive phenomena

Key references

Conflict control in 
moral judgement

No predictions Hierarchical; emotions 
inhibited by cognitive 
processes

No Task difficulty and cognitive 
control in moral judgement

47,54

Somatic marker 
hypothesis

Partially addressed Integrated; autonomic 
signals guide cognition

Yes Implicit assessment of 
decision outcomes

56,58,59

Social response 
reversal

Partially addressed Hierarchical; emotional 
signals help suppress 
aggression

Yes Suppression of aggressive 
behaviour

62,69,70

Impairment of ToM 
mechanisms in 
sociopathy

No predictions No predictions Yes Impairments in attribution of 
mental states in sociopathy

76–78

Structured- 
event-complex 
framework

Predicted Hierarchical; PFC 
representations control 
emotional responses

Yes Contextual effects and 
social knowledge

14,15,84

Moral sensitivity 
hypothesis

Partially addressed Integrated; social 
perception and moral 
emotions are bound 
together

Yes Moral emotions and implicit 
moral appraisals

13,43,44,48

Event–feature–
emotion complex 
framework

Predicted Integrated; social 
features, motivation, 
emotion and contextual 
knowledge are bound 
together

Yes Binding of context-
dependent social 
knowledge, features and 
emotion

13,48,82,87

PFC, prefrontal cortex; ToM, theory of mind. 
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the right PFC73 or the temporal poles74,75. 
Lough et al.76 used a battery of neuropsycho-
logical and social cognition tests to assess 
J.M., a 47-year-old man who presented 
with a decline in work performance and 
a gross deterioration in social behaviour. 
Imaging studies revealed bilateral atrophy 
of the OFC and anterior temporal lobes, 
including the amygdala. J.M. had a normal 
IQ and fared well on standard executive 
tests, but was otherwise severely impaired 
on THEORY OF MIND (ToM) tasks that require a 
degree of abstraction, with specific deficits 
on first- and SECONDORDER FALSE BELIEF TASKS, 
and on detection of faux pas. The authors 
proposed that the dissociation between 
the impairment in ToM mechanisms and 
normal executive performance underlies 
the personality changes observed in some 
cases of frontotemporal dementia. This 
account is therefore compatible with abnor-
mal moral cognition — such as difficulties 
in the attribution and experience of pride 
and embarrassment — observed in autism 
and Asperger’s syndrome, which are typi-
cally associated with ToM impairments34,77. 
However, ToM abilities only account for 
some aspects of moral cognition, but not, 
for example, the role of social knowledge, 
contextual information and basic motiva-
tions. Noticeably, ToM is relatively intact 
in psychopathy, in line with its role in the 
deviousness of these individuals78.

Structured-event-complex framework. The 
structured-event-complex (SEC) frame-
work15 supports claims that executive 
functions performed by the PFC are based 
on stored event sequence knowledge. SEC 
representations are long-term memories of 
event sequences that guide the perception 
and execution of goal-oriented activities, 
such as going to a concert or giving a dinner 
party79. A SEC representation includes situ-
ational knowledge abstracted across events 
(concert) and the temporal organization of 
events (making a reservation, dressing up, 
and so on). Activated SECs sequentially 
bind representations of objects, actions 
and spatial maps stored in posterior brain 
regions. The SEC framework predicts that 
different subdivisions of the PFC store dif-
ferent types of content or domains of event 
knowledge14,80,81. Clinical and neuroimaging 
evidence supports this prediction, showing 
that different PFC regions are involved in 
representing social and emotional SECs 
(ventromedial PFC)82,83, novel or multi-
tasking event sequences (anterior PFC)84,85 
or overlearned sequences (more posterior 
PFC regions)86,87. The importance of the PFC 

for goal-oriented activities is also corrobo-
rated by recent functional imaging studies of 
future reward prediction88.

Although this framework has clear 
implications for moral cognition, these rely 
on the hypothesis that the PFC stores the 
situational and temporal context of social 
knowledge. The SEC framework does not 
predict how PFC regions interact with lim-
bic areas and other cortical regions to give 
rise to a range of moral cognitive pheno-
mena, such as moral values and moral 
emotions.

Moral sensitivity hypothesis. A final account 
is that of the moral sensitivity hypothesis13,48. 
Using a task that engaged participants as 
observers, we showed that the viewing of 
pictures that depicted moral violations spe-
cifically activated the anterior PFC, medial 
OFC, STS region, brainstem and limbic 
structures. Scenes associated with BASIC 

EMOTIONS (disgust and fear) activated simi-
lar brainstem and limbic regions (including 
the amygdala), but not the medial OFC and 
STS. These findings are consistent with the 
hypothesis that a network involving the 
anterior PFC, OFC, STS and limbic regions 
represents social–emotional events linked to 
‘moral sensitivity’ — an automatic tagging 
of ordinary social events with moral values. 
This hypothesis was supported by the find-
ing that the medial OFC, anterior PFC, STS 
and precuneus show increased coupling in 
a functional connectivity analysis48, and by 
the observation that a similar set of regions 
is involved in moral reasoning and social 
perception. Although we proposed that 
the OFC is more involved in automatic 
social–emotional associations and that the 
anterior PFC has a role in predicting future 
social outcomes, the role of the PFC in 
context-dependent social situations was not 
addressed. In addition, the moral sensitiv-
ity hypothesis makes no predictions about 
specific impairments in moral cognition 
following selective damage to the anterior 
temporal lobes, the STS region and PFC 
subregions.

Limitations of current frameworks
Some of the above frameworks point to clear-
cut singular mechanisms. These mechanisms 
have the potential advantage of allowing 
more specific predictions to be made about 
the workings of particular brain regions, but 
they fall short of explaining key aspects of 
moral cognition. Some general limitations 
that apply to all of these frameworks are 
discussed below.

Ecological validity of experimental designs. 
Ecological validity is especially relevant 
for moral cognition studies, because moral 
cognition depends strongly on situational 
and cultural context6. The experimental 
constraints that are imposed by behavioural 
and functional imaging studies might have 
an important impact on performance 
on moral cognition tasks. Some people 
might feel uncomfortable disclosing their 
opinions about sensitive issues, providing 
socially desirable answers instead. On the 
other hand, different people might provide 
similar opinions, but rely on entirely dif-
ferent moral values. The fact that moral 
cognition operates to a large extent swiftly 
and implicitly in regular social life13 makes 
the ecological validity issue even more cru-
cial. The making of moral judgements on 
extreme and unfamiliar situations, such as 
those posed by classic moral dilemmas89, 
offers interesting ways to probe philosophi-
cal points of view, but can hardly be taken 
as a proxy for everyday moral reasoning. 
In addition, personal beliefs and familiarity 
with the scenarios strongly affect behaviour 
and brain activation results90–94.

Brain processes and representations. Another 
important limitation of current accounts is 
the lack of specific predictions about the 
effects of PFC lesions on moral behav-
iour. PFC function has been described 
using two general views: the ‘processing’ 
approach, which holds that the cognitive 
function of the PFC can be described in 
terms of performance without specifying 
a representation, and the ‘representational’ 
approach, which seeks to establish what type 
of information is stored in the PFC14. The 
processing view tends to regard the PFC as a 
content-free repository of processing mod-
ules, such as conflict monitoring, selection 
and inhibitory control95, and predicts task-
dependent rather than content-dependent 
dissociations resulting from brain lesions. 
Therefore, moral behaviour impairments 
following PFC damage would result from a 
release of limbic areas from PFC ‘executive 
control’96. However, there is no convincing 

“Ecological validity is 
especially relevant for moral 
cognition studies, because 
moral cognition depends 
strongly on situational and 
cultural context.”
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evidence that PFC damage leads to universal 
impairments in these processes, and it is 
hard to imagine how complex personality 
and emotional changes could emerge from 
dysfunction of these all-purpose processes97. 
The finding that performance on social 
reasoning tasks crucially depends on the con-
tent of the information being evaluated (for 
example, social versus non-social)90,91,94,98, 
and evidence from functional imaging and 
brain lesion studies linking PFC subregions 
to content-specific dissociations in social rea-
soning99, ATTITUDES82,83, beliefs92 and emotional 
signals100 indicate that a representational 

view can better explain the role of the PFC 
in moral cognition.

Culture and the brain. Finally, inferring cog-
nitive and neural mechanisms from behav-
iours can be misleading101, especially when 
cultural and situational factors are involved. 
For instance, Westerners and East Asians 
differ in categorization strategies when mak-
ing causal attributions and predictions102, 
and moral values and social preferences are 
shaped by cultural codification103–105. The 
PFC has a central role in the internaliza-
tion of moral values and norms through 

the integration of cultural and contextual 
information during development24,106,107. 
Assessing the relationships between cultur-
ally shaped values and preferences in social 
interactions will therefore be a logical next 
step in designing experiments with which to 
study moral cognition BOX 2.

A new model: EFECs
The evidence discussed above strongly 
indicates that the neural mechanisms of 
moral cognition are not restricted to the 
PFC, limbic areas or any other brain region. 
We propose a new representational neural 
architecture, designed to circumvent the 
limitations of previous frameworks. In our 
view, moral cognitive phenomena emerge 
from the integration of content- and context-
dependent representations in cortical–limbic 
networks.

The structure of the framework, its 
properties and its predictions rely on three 
main components (FIG. 3a): structured event 
knowledge, which corresponds to context-
dependent representations of events and 
event sequences in the PFC; social percep-
tual and functional features, represented as 
context-independent knowledge in the 
anterior and posterior temporal cortex; and 
central motive and emotional states, which 
correspond to context-independent activa-
tion in limbic and paralimbic structures. 
These components were derived from clinical 
and imaging evidence, and their relevance to 
moral cognition and behaviour is reviewed 
below. Component representations interact 
and give rise to event–feature–emotion com-
plexes (EFECs) through three putative BINDING 
mechanisms: sequential binding, which has 
been proposed to link SECs in the PFC108; 
temporal binding among anatomically highly 
connected regions, also involved in PERCEPTUAL 

GESTALTS in the posterior cortex109; and third-
party binding of anatomically loosely con-
nected regions by synchronized activity, 
which results in the formation of episodic 
memories108,110.

Structured event knowledge. Morality is a 
real-world business. It is about people navi-
gating, interacting and making choices in 
an ever-changing world. Humans integrate 
extensive contextual elements when assess-
ing the behaviour of others and when appre-
ciating their own actions in a given situation. 
The importance of the PFC in structuring 
context-dependent social and non-social 
knowledge into SECs  is described in terms 
of the SEC framework14. Distinct PFC 
regions have been postulated to be involved 
in representing event sequence knowledge. 

Box 2 | Culture, moral values and neuroeconomics

Humans often show altruistic inclinations, relying on moral values and preferences, such as 
equality and fairness, as well as to self-interested motivation142. Economic games provide an 
interesting way to experimentally investigate social cooperation. In the Ultimatum Game, a 
proposer makes an offer to a responder on how to split an amount of money. If the responder 
accepts, the money is split as proposed. However, if the responder rejects, both players end up 
with nothing. Recent functional imaging studies in the new area of NEUROECONOMICS show that 
the brain areas activated during these interactions include limbic/paralimbic regions (the 
hypothalamus and ventral striatum), the anterior prefrontal cortex (aPFC) and the superior 
temporal sulcus (STS)143, which overlap with the regions involved in moral cognition (panel a). 
Activation of the insula, a paralimbic structure, predicted rejection of unfair offers144, and 
activity in the aPFC and striatum reflected decisions to punish violators of the norm145. 
An interesting aspect of these experimental designs is that they make it possible to measure 
brain activation during real-time interactions among two or more individuals. Prec, precuneus.

Behavioural studies clearly underscore the role of culturally shaped preferences and values in 
social and economic interactions. For example, behaviour in experimental games might reflect 
differences in social cooperativeness, such as proneness to engage in collective efforts. In a 
study conducted in Tanzania, the more individualistic Pimbwe group made low offers in the 
Ultimatum Game, whereas the highly cooperative Sukuma group consistently made generous 
offers146. Such cultural differences are illustrated by the variability of proposals in the 
Ultimatum Game among different social groups (panel b), although the underlying cognitive 
and motivational mechanisms and their relationships to social norms and values are still 
largely unknown105. Future studies could address the distinct roles of PFC subregions, limbic 
areas and the temporal cortex in representing culturally shaped moral values and norms. Panel a 
reproduced, with permission, from REF. 143 © (2004) Elsevier Science. Panel b modified, with 
permission, from REF. 146 © (2005) Sigma Xi, The Scientific Research Society. 
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Social functional
features (of social
behaviours)

Overlearned,
highly structured
(medial wall)

Unfamiliar context
(ill-structured)

Social–emotional Central motive states

Aggression, anxiety, attachment,
happiness, sadness, hunger,
sexual arousal

a

b

c  Compassion

e  Indignation f  Guilt
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According to the SEC model, over-learned 
event sequences, such as routine tasks, are 
stored in medial and more posterior sectors 
of the PFC, whereas less predictable event 
sequences are represented in the DLPFC. 
The anterior sectors of the PFC are more 
important for storing long-term goals and 
multi-stage event complexes, such as those 
involved in making plans and thinking 
about the future23,84,111–113, and have been 
implicated in integrating separate cogni-
tive operations to achieve a superordinate 
behavioural goal84,114. Finally, the ventro-
medial sectors of the PFC are preferentially 
involved in representing social and emo-
tional event knowledge, which is essential 
for the formation of attitudes and social 
stereotypes115–117.

Social perceptual and functional features. 
When you skim your favourite newspaper, 
gather at a conference or attend a family 
meeting, your brain deals with a massive 
number of perceptual signs of social signifi-
cance. Our ability to manage this burden of 
information relies on complex patterns 
of featural and semantic knowledge118. 
The existence of context-independent 
featural representations is supported by 
a vast amount of neuropsychological and 
functional imaging evidence119,120. Making 
implicit or explicit moral appraisals when 
engaged in the social world requires the abil-
ity to efficiently extract social perceptual and 
functional features from the environment. 
Social perceptual features are extracted from 
facial expression, gaze, prosody, body pos-
ture and gestures. The posterior STS is a key 
region for storing these representations33,121. 
In support of this view, morphological 
abnormalities of the STS region have been 
implicated in the impaired social decoding 
observed in autism122.

Social functional features code for 
context-independent semantic properties 
that are extracted from different social 
situations. The importance of the ante-
rior temporal cortex for semantic feature 
knowledge is underscored by supramodal 
semantic impairments in semantic demen-
tia123. Patients with anterior temporal lobe 
resection show impairments in naming 
human actions124, which indicates that this 
region is involved in representing functional 
knowledge relevant to people. The severe 
behavioural changes that are associated with 
isolated anterior temporal atrophy in seman-
tic dementia74,75, and the finding of semantic 
impairments and abnormal activity in this 
brain region in psychopathic individuals39,125 
support this view.

Figure 3 | The event–feature–emotion complex framework. a | The event–feature–emotion 
complex (EFEC) framework postulates that moral cognitive and behavioural phenomena arise from 
the binding of three main components: structured event knowledge (provided by context-dependent 
representations in prefrontal subregions), social perceptual and functional features (stored in the 
posterior and anterior sectors of the temporal cortex) and central motive or basic emotional states 
(such as aggressiveness, sadness, attachment or sexual arousal, represented in limbic and paralimbic 
regions). b | Emergent representations predicted by the EFEC model. Relevant types of moral cognition 
phenomenon that can be understood on the basis of the EFEC framework include moral emotions, 
moral values and long-term goals. The elements from the three main components of the EFEC 
framework interact to produce the moral emotion compassion. The prefrontal cortex provides 
contextual event representations (for example, the girl is an orphan and the odds of adoption are low), 
the superior temporal sulcus and anterior temporal cortex region contribute social perceptual (sad 
facial expression of a child) and functional (the concept of ‘helplessness’) features, and limbic/
paralimbic regions underlie central motive states (feeling sadness, anxiety and attachment). These 
component representations give rise to a ‘gestalt’ experience by way of temporal synchronization109. 
c–f | Recent functional imaging studies show that these component representations are consistently 
activated by distinct moral emotions: compassion (Moll et al., unpublished observations) (c); 
embarrassment50 (d); indignation151 (e); and guilt49 (f). ACC, anterior cingulate cortex; aPFC, anterior 
prefrontal cortex; aTL, anterior temporal lobes; OFC, orbitofrontal cortex; STS, superior temporal 
sulcus. Anatomical image in panels a and b adapted, with permission, from REF. 148 © (1996) Appleton 
& Lange. Panel d reproduced, with permission, from REF. 50 © (2004) Elsevier Science. Panel e 
reproduced, with permission, from REF. 151 © (2005) Lippincott Williams and Wilkins. Panel f 
reproduced, with permission, from REF. 49 © (2000) Elsevier Science.
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Central motive states. Moral cognition 
depends on elaborated cortical mecha-
nisms for representing and retrieving event 
knowledge, semantic information and per-
ceptual features. However, morality would 
be reduced to a meaningless concept if it 
were stripped from its motivational and 
emotional aspects. Limbic and paralimbic 
regions126 monitor bodily homeostasis and 
underlie elementary emotional or motiva-
tional ‘states’. The concept of ‘central motive 
states’127 is an influential account of the 
basic mechanisms of motivation. Together 
with other limbic/paralimbic and brainstem 
structures (the amygdala, septal nuclei, 
ventral striatum, medial forebrain bundle, 
ventral tegmental area and para limbic 
cortex), hypothalamic activity has a central 
role in ‘undirected’ emotionality, including 
sexual arousal, social attachment, hunger, 
aggression and extremes of pleasantness. 
Accordingly, these states can be potently 
elicited or suppressed by selective lesions, 
drugs and electrical stimulation of these 
regions, as well as by imbalances of neuro-
transmitters or neuromodulators13,36,126–129. 
Central motive states must be distinguished 
from basic emotions, such as fear and dis-
gust. Basic emotions emerge by temporal 
binding of context representations (per-
ceiving the feared object or situation) and 
the central motive state itself (undirected 
anxiety).

Several limbic nuclei exert a powerful 
influence over a wide range of behaviours 
through reciprocal connections with the 
PFC and other cortical regions126,130. Our 
framework underscores a key role for cen-
tral motive states in moral behaviour by way 
of integrated cortical–limbic networks. For 
example, cortical representations allow you 
to notice that someone is hurt, whereas cen-
tral motive states elicit anxiety and attach-
ment, which encourage you to help the 
suffering person. This integrative perspec-
tive contrasts with the commonly held view 
that ‘rational’ cognitive mechanisms control 
or compete with emotional ones.

Explaining complex moral phenomena
Although the EFEC framework can predict 
several possible emergent properties, we 
discuss three of the most relevant for moral 
cognition: moral emotions, moral values and 
long-term goals.

Whereas basic emotions spring from 
perceptions, imagination or recollections 
endowed with personal relevance, moral 
emotions are linked to the interest or welfare 
of other individuals or society as a whole131. 
Guilt, compassion, embarrassment, shame, 

pride, contempt and gratitude are prototypi-
cal examples of moral emotions; depending 
on the context, other emotions — such 
as disgust, awe and indignation or anger 
— may also qualify as moral emotions131,132. 
As a general rule, moral emotions result 
from interactions among values, norms and 
contextual elements of social situations, 
and are elicited in response to violations or 
enforcement of social preferences and expec-
tations104,132. Although the contextual cues 
that link moral emotions to social norms 
are variable and shaped by culture103, these 
emotions evolved from prototypes found in 
other primates11 and can be characterized 
across cultures133.

Moral emotions require the integration 
of the three components of the model. For 
example, compassion requires the integra-
tion of context-independent social per-
ceptual features (for instance, ‘a sad facial 
expression of a child’), social functional 
features (abstract conceptual knowledge 
pointing to the features of ‘helplessness’ of 
an orphan child), and central motive states 
(sadness, anxiety and attachment) with 
specific contextual event representations 
(such as ‘her parents died in an accident, 
and the chances of adoption at her age are 
low’) (FIG. 3b).

Moral values (for example, being an hon-
est citizen or a caring parent) and norms 
(such as paying taxes and not stealing) 
comprise several standards of conduct in 
society; they enforce social conformity and 
shape attitudes and expectations in social 
situations105,134. Behaviours that deviate from 
or enforce these values elicit different moral 
judgements and emotions (for instance, 
pride when one upholds the values, or guilt 
when one fails to do so). Despite the inti-
mate link between moral values, norms and 
attitudes with moral cognition, their neural 
representations are still poorly understood. 

Recent functional MRI (fMRI) studies 
have started to shed light on these aspects. 
Attitudes that relate to sensitive issues, such 
as war, murder and abortion, activate net-
works involving different PFC sectors, limbic 
and paralimbic regions and the anterior 
temporal cortex80,135. In our view, the moral 
values and moral emotions involved in spe-
cific situations directly influence implicit 
and explicit moral appraisals.

Another key aspect of moral cognition is 
the representation of goals and the predic-
tion of the utility of outcomes136 in social 
situations. Pursuing goals or foreseeing 
possible consequences of one’s decisions 
in the social world requires the ability to 
estimate the likelihood of outcomes and 
their desirability. Functional integration 
of information in the anterior PFC (which 
represents long-term outcomes)88 and limbic 
structures (which code for the reward value 
of behavioural choices) is key to our abil-
ity to weigh the motivational relevance of 
different behavioural choices in social situ-
ations13. This view can be parsimoniously 
integrated with cognitive and neurobiologi-
cal models of reward expectation and utility 
estimation65,137–139, and contrasts with the 
interpretation that the PFC performs a ‘cog-
nitive role’ in abstract moral reasoning by 
suppressing emotional responses47. Our view 
posits a central role for the human ability to 
represent and evaluate large sets of possible 
event outcomes, which are linked to moti-
vational salience through cortical–limbic 
integration.

Model predictions 
The EFEC framework allows us to gener-
ate new predictions about the patterns of 
moral behavioural changes that result from 
dysfunction of different brain regions that 
cannot be made using the other frameworks 
described above. In addition, it offers novel 
ways of interpreting functional imaging 
findings in healthy individuals. Some of 
these predictions are described below.

A general prediction is that different 
neural subdivisions store distinct knowl-
edge or motivational states. The binding of 
particular neuronal groups in each of these 
areas could give rise to a particular moral 
cognitive representation (FIG. 3b).

A lesion of the anterior PFC would lead 
to selective impairments in moral evalua-
tions that rely on predicting the long-term 
outcomes of one’s own actions, such as the 
anticipation of guilt. We predict that patients 
with damage to this area would be guided 
more by short-term goals because their 
knowledge of long-term plans and goals, or 

“...moral emotions 
result from interactions 
among values, norms 
and contextual elements 
of social situations, and 
are elicited in response to 
violations or enforcement 
of social preferences and 
expectations.”
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their binding with motivational relevance is 
impaired. In our interpretation, the activa-
tion of this region during moral judgement 
results from representing possible outcomes 
and how they branch into the future; this 
offers a parsimonious explanation for ante-
rior PFC activation in reflective moral rea-
soning (‘moral calculus’)13, and in ‘utilitarian’ 
moral judgements47.

Lesions of the DLPFC would lead to 
behavioural impairments in unfamiliar 
situations, in which reliance on external 
guidance and stimuli becomes an issue54, but 
would leave intact well-established social 
behaviours and attitudes. By contrast, lesions 
of the ventral sectors of the PFC would lead 
to severe social behavioural changes due to 
disruption of social–emotional contextual 
knowledge14, with early lesions having more 
drastic effects as they impair the learning of 
moral values107. Lesions of the ventromedial 
PFC would tend to impair adherence to 
well-established social norms and attitudes, 
which is consistent with the often ensuing 
personality changes. Lesions of the lateral 
OFC are expected to impair behaviours 
that rely on dynamically comparing non-
matching social–emotional cues with stored 
representations, which is in agreement with 
the proposed role of this region in social 
response reversal62.

Damage to the posterior STS is predicted 
to disrupt the ability to recognize socially 
relevant perceptual features of faces, body 
posture and movements. This would lead to 
inadequate social behaviour under circum-
stances that depend on the perception of 
these signals, but would leave intact pre-
viously established social rules, attitudes and 
outcome knowledge, as well as their integra-
tion with emotional and motivational states. 
Therefore, acquired lesions in adulthood are 
predicted to have a relatively minor effect 
on general social knowledge. However, 
early developmental disorders that affect 
this region would impair the acquisition of 
general social knowledge, including social 
rules, attitudes and outcome knowledge, 
which depends on the perceptual integration 
of social situations.

Lesions of the anterior temporal lobe 
are expected to disrupt knowledge of social 
concepts and values that are more context-
independent (such as ‘honour’ and ‘greed’), 
but to leave intact highly context-dependent 
knowledge of sequences of social events (for 
example, ‘going to a supermarket’). We pre-
dict that loss of this knowledge, as measured 
by semantic memory tasks, would impair 
implicit and explicit evaluation of one’s own 
and others’ social behaviours.

Dysfunction of limbic or paralimbic 
regions is predicted to cause exaggeration 
or attenuation of basic motivational and 
emotional states, thereby affecting moral 
behaviour. Lesions of the hypothalamus, 
septal nuclei, basal forebrain and neighbour-
ing structures are predicted to produce gross 
distortions of the valence of moral values, 
attitudes and moral emotions. This is in line 
with the observation of unprovoked rage, lack 
of empathy and abnormal sexual behaviours 
following isolated damage to limbic and para-
limbic regions35,36,128,140. In the case of acquired 
lesions in adulthood, gross changes in the 
motivational relevance of behaviours would 
be observed, in spite of preserved knowledge 
of social rules. By contrast, early developmen-
tal disorders that affect these regions would 
cause aberrant social learning. Abnormal 
behaviours in these patients do not result from 
impaired inhibitory mechanisms, but from 
a lack of emotional empathy, or increased 
aggression or sexual drive, for example. These 
motivational states can be investigated with 
functional imaging and physiological methods 
(such as galvanic skin responses).

Conclusions and future directions
Moral cognitive neuroscience researchers 
have developed innovative paradigms for 
the scientific exploration of unique forms 
of human social behaviour. Recent stud-
ies are fostering new interpretations with 
regard to the neural bases of moral cogni-
tion. However, they are also generating 
new conundrums that require theoretical 
frameworks to be compatible with distinc-
tive characteristics of the human moral 
condition.

We have reviewed clinical and experimen-
tal work and discussed the strengths and lim-
itations of current theoretical accounts that 
are relevant to moral cognitive neuroscience. 
We have proposed a new comprehensive 
model — the event–feature–emotion com-
plex framework — which integrates cultural 
and context-dependent knowledge, semantic 
social knowledge and basic motivational 
states. This framework allows us to generate 
testable predictions for neuropsychological 
dissociations associated with selective brain 
dysfunction, and can be used as a guideline 
for designing future experiments.

Glossary

ATTITUDES
Context-dependent, emotionally laden social concepts 
and intuitions.

BASIC EMOTIONS
A collection of emotions that are shared by most 
mammals (for example, fear, sadness, disgust, anger, 
happiness and surprise) that can readily be recognized 
from facial expressions (mimicry), gaze direction, voice 
intonation, gestures and body postures.

BINDING
Temporal synchronization of different neuronal 
assemblies, which correspond to stored neural 
representations, or codes.

EXTINCTION
The mechanism by which a previously learned automatic 
behavioural response is extinguished.

IOWA GAMBLING TASK
A card-sorting task designed to probe implicit 
mechanisms that govern individual choices in reward 
and punishment contexts.

MORAL EMOTIONS
Emotions that are linked to the interest or welfare of 
other people or society as a whole.

MORAL JUDGEMENT
A type of evaluative judgement that is based on 
assessments of the adequacy of one’s own and others’ 
behaviours according to socially shaped ideas of right and 
wrong.

MORAL REASONING
The thinking mechanism through which moral 
judgements are attained.

MORAL VALUES
Culturally shaped concepts and attitudes that code for 
personal and societal preferences and standards.

NEUROECONOMICS
An interdisciplinary field that aims to understand 
cognitive and neurobiological mechanisms that underlie 
choice behaviour and utility estimation.

PERCEPTUAL GESTALT
Simultaneous perception of sensory stimuli in one or 
more sensory modalities, experienced as a unified, 
integrated pattern.

PSYCHOPATHY
A severe form of antisocial personality disorder, 
characterized by callousness and lack of empathy.

RESPONSE REVERSAL
A change in a learned behavioural response following a 
change in reinforcement contingencies.

SECONDORDER FALSE BELIEF TASKS
Sophisticated mind-reading tasks that require the 
evaluation of what another person believes that a third 
person is thinking.

THEORY OF MIND
A specific cognitive ability that allows one to understand 
other people as intentional, perceptive and emotional 
agents, or to interpret their minds in terms of intentional, 
perceptual or feeling states.

UTILITARIANISM
A moral philosophical theory according to which the 
best decisions are those that lead to the higher overall 
degree of happiness or well-being for the greatest number 
of people.
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Moral cognitive neuroscience can improve 
assessment, prediction and treatment of 
behavioural disorders. Understanding the 
neural basis of moral cognition will help 
to shape environmental, psychological and 
medical intervention aimed at promoting 
prosocial behaviours and social welfare. 
Future studies will be needed to explore 
the neural basis of how different individu-
als and social groups make use of strategies 
and heuristics to solve moral conflicts. The 
implications of this new knowledge for how 
societies conduct business, regulate social 
behaviour and plan for their futures remain 
to be seen.
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