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 electrophysiology data provide definitive evi-
dence for or against this topography.

Daniela Schiller and Gregory Quirk (affective 
regulation): The vmPFC contributes to learn-
ing to inhibit maladaptive affective responses, 
regardless of valence. This is usually demon-
strated via extinction of conditioned responses, 
whether they are aversive, appetitive or addic-
tion-related. In rodents, vmPFC includes the 
infralimbic cortex (IL) and ventral half of pre-
limbic cortex. In humans, this region is ante-
rior to and below the genu of corpus callosum, 
including Brodmann areas (BA) 11, 25 and ven-
tral parts of 24 and 32. The subgenual anterior 
cingulate cortex has been specifically associ-
ated with extinction success in humans using 
fMRI2 and has been proposed as the human 
homolog of the rodent IL. This region resides 
in BA 25, 24 and 32; however, other  extinction 

value and lower for options of lesser value. The 
observation that neurons in vmPFC encode rel-
ative value independent of the specific eliciting 
stimuli has led to the proposal that vmPFC rep-
resents subjective value in a ‘common currency’, 
which in turn would support flexible decision 
making across contexts. There remains uncer-
tainty about the anatomical specificity of this 
claim at the subregional level. Within vmPFC, 
functional distinctions seem to exist between 
lateral orbitofrontal cortex (OFC), medial 
OFC and subgenual medial prefrontal cortex 
(PFC). For example, neuroimaging data are 
consistent with the perspective that posterior 
subgenual vmPFC tracks the future value asso-
ciated with a decision option whereas anterior 
vmPFC tracks experienced utility (for example, 
ref. 1). There exists considerable heterogeneity 
even across neuroimaging studies, however, 
and neither human lesion data nor primate 

About your perspective
Mauricio Delgado (moderator): What 
is the functional role of the vmPFC as 
defined by each perspective? Are there 
specific anatomical definitions of vmPFC 
that have been ‘functionally’ defined 
within each perspective?

Lesley Fellows & Scott Huettel (economic 
valuation): There is a large body of functional 
MRI (fMRI) and electrophysiology evidence 
that the vmPFC carries information about 
the personal, subjective value of stimuli or 
actions (i.e., economic utility or motivational 
value). That is, signals have been identified in 
this region that scale with subjective value (for 
example, ‘willingness to pay’ to obtain a stimu-
lus) across many classes of stimuli and actions. 
vmPFC activity is higher for options of greater 

Viewpoints: Dialogues on the functional 
role of the ventromedial prefrontal cortex
Mauricio R Delgado, Jennifer S Beer, Lesley K Fellows, Scott A Huettel, Michael L Platt, Gregory J Quirk & 
Daniela Schiller

The ventromedial prefrontal cortex is attributed with various functions during valuation, affect regulation and 
social cognition. Nature Neuroscience asked a moderator to lead researchers in a dialogue on shared and distinct 
viewpoints of this region’s roles.

The ventromedial prefrontal cortex is a 
unique cortical region with respect to 

its anatomical and functional heterogeneity. 
Commonly referred to as vmPFC, this struc-
ture broadly denotes a large portion of the 
ventral prefrontal cortex comprised of various 
subdivisions, each with its own intrinsic pat-
tern of connectivity across the brain (Bhanji 
et al., Supplementary Note 1). Perhaps not 
surprisingly, given anatomical classifications, 
vmPFC functionality has been attributed to 
various domains. Three of the more prominent 
perspectives of vmPFC function include: (i) the 
economic valuation perspective, which focuses 
on the representation of the value of real and 
hypothetical objects and actions to inform 
decision making (Lesley Fellows and Scott 

Huettel, Supplementary Note 2); (ii) the affec-
tive regulation perspective, which discusses 
how the vmPFC may be important for inter-
preting (and reinterpreting) affective informa-
tion and flexibly altering responses according 
to situational demands (Daniela Schiller and 
Gregory Quirk, Supplementary Note 3); and 
(iii) the social cognition perspective, which 
highlights the vmPFC’s role in judgments of 
oneself and other social agents, by simulat-
ing mental states to evaluating one’s own and 
others’ social behaviors (Jennifer S. Beer and 
Michael Platt, Supplementary Note 4).

Is there a predominant view with respect to 
vmPFC function? Or are there common ele-
ments across the three prominent perspectives 
that can help shape a more general definition 

and functional role for this brain region? This 
dialogue is presented to discuss the strengths of 
the arguments that support the economic valu-
ation, affective regulation and social  cognition 
perspectives, while highlighting the most 
important findings that inform and challenge 
each viewpoint. (For the full unabridged dia-
logue, see Supplementary Note 5.) Further, this 
dialogue aims to explain the conceptual over-
lap between these approaches and any scientific 
benefit that has been or can be gained by com-
bining ideas from the distinct perspectives to 
better outline a functional role for the vmPFC.

Each pair of investigators representing a dis-
tinct perspective, covering both human and 
animal research, and presents one answer or 
argument for each of the discussion points below.
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 particularly important and common target, 
then the value perspective could be subsumed 
under a still larger framework.

Another challenging finding is that vmPFC 
damage does not necessarily affect the ability to 
make value ratings33. This could mean that the 
value perspective is incorrect—which would 
itself contradict the other evidence discussed in 
our commentary—or it could mean that value 
remains an underspecified construct. Much as 
William James said of attention, everyone knows 
what value is. Attention has turned out to reflect 
an array of more specific brain processes, and 
value may very well be as heterogeneous. Thus, 
the next key challenge will be specifying value 
more tightly and defining it formally.

DS & GQ: A recent study was able to induce 
a sense of panic in amygdala patients, raising 
questions about the role of amygdala in fear 
processing34. This is consistent with previous 
evidence for intact subjective experience of 
emotion in amygdala patients35. Together, these 
findings highlight the importance of dissociat-
ing basic threat-learning processes and their 
corresponding, albeit independent, subjective 
affective states. Another issue was raised by 
recent rodent studies reporting intact recall of 
extinction following optogenetic silencing of IL 
neurons36,37. Given that the same optogenetic 
manipulation during extinction training pre-
vents subsequent recall, IL-vmPFC likely pro-
vides a ‘teaching signal’ for the formation of 
extinction memory outside of IL. But perhaps 
the most troubling is a set of findings showing 
permanent reduction of threat responses fol-
lowing extinction, as well as return of fear fol-
lowing manipulations presumed to affect the 
original fear association, blurring the distinc-
tion between new learning of safety association 
and unlearning (or reconsolidation blockade or 
update) of the original memory. These findings 
may require us to forgo the classic dichotomy 
between new learning and unlearning and con-
sider a mixed model whereby affective modu-
lation is determined by aggregating new trace 
formation with old trace reformation38.

JSB & MP: It is not clear that there are trouble-
some findings if one is open to the idea that the 
vmPFC is not necessarily performing one pro-
cess to account for all three perspectives. Within 
the human research on the social cognitive per-
spective, many studies don’t replicate each other 
when researchers have delved past the simple 
self-versus-other contrast. For example, some-
times vmPFC has been associated with similar-
ity between self and other, and sometimes it has 
been associated with dissimilarity. In this regard, 
more research is needed to precisely character-
ize how vmPFC mediates cognition about the 

threat-memory modification using various 
strategies24 such as extinction, reversal and cog-
nitive emotion regulation, as well as avoidance 
learning25. Also, patients with post-traumatic 
stress disorder (PTSD) who show impairments 
in extinction learning and retrieval exhibit 
reduced vmPFC responses26.

JSB & MP: In terms of BA 10 in humans, 
evidence comes from fMRI studies of the 
self-referent effect (i.e., superior memory for 
information encoded in relation to self). More 
specifically, studies comparing self-evaluations 
(of personal preferences or traits) to evalua-
tions of other people robustly identify a region 
of vmPFC activation associated with self-eval-
uations as well as evaluations of other people 
to the extent that they are emotionally close 
to the self or are perceived to share traits with 
the self6,27.

In terms of BA 11, evidence for vmPFC 
involvement in the motivated perceptions 
of self comes from fMRI studies and lesion 
studies examining the extent to which people 
evaluate themselves or others in ways that are 
self-protective, which are often more positive 
than warranted (for example, in relation to base 
rates, objective criteria or other people’s judg-
ment). These studies suggest that one func-
tional network centered around the vmPFC 
(BA 11) mediates the depth of processing when 
evaluating the self, and another functional 
network centered around the vmPFC medi-
ates self-evaluation that is most protective of 
self-esteem7. Finally, this region may play a role 
in ‘loosening’ decision thresholds to arrive at 
a desired evaluation9. However, in nonhuman 
animals, a confluence of evidence from lesion 
and single unit studies suggest that an area typ-
ically associated with anterior cingulate cortex 
(ACC) responds to the experiences and moti-
vational states of others4,28–30. Importantly, 
single neurons in this area—unlike in OFC or 
dorsal ACC—respond selectively to rewards 
given to others or include the rewarding expe-
riences of others within responses to rewards 
given to self31.

MD: A follow-up question comes from 
LF & SH, who prompt each group 
to consider an observation (or set of 
findings) that does not fit as well within 
their particular perspective.

LF & SH: There are findings from the mem-
ory literature that are not so easy to fold into 
a value rubric. For example, work showing 
a role for vmPFC in memory integration32, 
even for stimuli that are not obviously ‘valu-
able’. If vmPFC played a more general role 
in  integration, albeit with economic value a 

or  inhibitory related activations, such as cogni-
tive reappraisal and placebo effect, could extend 
to the more anterior BA 113.

Jennifer S. Beer and Michael Platt (social cog-
nition): The social cognitive perspective defines 
the vmPFC, in the broadest sense, as including 
areas such as the orbitofrontal cortex, frontal 
pole, subgenual cingulate cortex and portions of 
the anterior cingulate gyrus: (BAs 11/12, 47, 25 
and portions of 10, 24 and 32; Supplementary 
Note 1)4. The social cognitive perspective has 
been studied in both humans and nonhuman 
animals, but there may be a wider set of social 
cognitive functions that are supported by 
vmPFC in humans (or at least a wider set than 
can be investigated readily in animals). Its basic 
functional role from the social cognition per-
spective is to support evaluation and represen-
tation of the interpersonal qualities and minds 
of the self and of certain social targets. Human 
research suggests that one subdivision supports 
self-description as well as descriptions of close 
others and people perceived to be similar to the 
self (BA 10)5,6. Another subdivision appears to 
support motivated self-descriptions of self and 
social targets (BA 11)7–9.

MD: What are some of the most important 
findings that support the proposed 
interpretation offered by your perspective?

LF & SH: The role of vmPFC in valuation is 
well-supported by converging evidence from 
the core methods of systems neuroscience. 
Human neuroimaging and primate electro-
physiology studies show that vmPFC tracks 
the personal subjective value of a wide range of 
stimuli10,11, during active decisions and even in 
the absence of choice1. Moreover, when specific 
features of a choice are most relevant to valua-
tion (for example, healthfulness information for 
health-conscious individuals), vmPFC activity 
preferentially tracks those specific features12. 
There is also evidence that this signal is neces-
sary for value-based decisions: vmPFC lesions 
lead to inconsistent preferences13 and change 
how information is acquired and integrated 
to determine a choice option’s value14. Such 
lesions also disrupt flexible value-based learn-
ing in humans and nonhuman primates15,16.

DS & GQ: In rodents, interfering with vmPFC 
function during threat (fear) extinction train-
ing via lesion, pharmacological, stimulation 
and optogenetic methods impairs subsequent 
retrieval of extinction17,18. In addition to aver-
sive conditioning, this is also true for appeti-
tive Pavlovian conditioning19, drug seeking20,21 
and avoidance22,23. In humans, neuroimaging 
studies have identified vmPFC activity during 
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LF & SH: This experience can be framed in 
motivational terms: the reprimand would gen-
erate a negative value-signal tracked in vmPFC 
and in turn would influence both immediate 
behavior (i.e., social disengagement) and future 
behavior (i.e., learning from this negative feed-
back not to behave in the same way again). 
Patients with vmPFC damage are slower to learn 
from feedback in experimental tasks where feed-
back shifts dynamically15, suggesting that this 
region is critical for flexibly shifting behavior 
under conditions like this scenario. Studies of 
real world behavior in such patients could, in 
principle, provide more direct evidence. vmPFC 
damage can disrupt social behavior49, but 
whether a straight line can be traced from neural 
mechanisms of value representation in vmPFC 
to real world behavior is, for the moment, highly 
uncertain. This is particularly the case because 
several nearby regions, often injured together 
with vmPFC, including lateral OFC and lateral 
PFC, appear to play important roles in social–
emotional processes (for example, emotion rec-
ognition, regulation) in their own right.

DS & GQ: Here the manager is a (social) stim-
ulus, which changes in value and leads to a 
change in the employee’s behavioral response. 
All three perspectives would predict the result-
ing behavior and changes in vmPFC activity, 
but each may employ different vmPFC sub-
populations or projection pathways. The affec-
tive regulation perspective in particular would 
regard the manager as the ‘conditioned stimu-
lus’ and predict decreased vmPFC activation, 
as typically seen during threat learning.

JSB & MP: There are socially specific com-
ponents to this interaction—namely social 
hierarchy, an intangible mind of another per-
son—and nonsocial components, such as nega-
tive feedback and error-related computations. 
Both social and nonsocial components could 
in principle be identified in vmPFC. In par-
ticular, hierarchy-related information has been 
identified in mPFC, although fMRI studies in 
humans and monkeys place the locus of signal 
change in slightly different areas. Single neu-
rons in monkey vmPFC and medial OFC also 
respond to images of hierarchically dominant 
monkeys48. Feedback and negative prediction 
errors are associated more clearly with dorsal 
ACC, in social or nonsocial situations28,50. BA 
10/32 might be involved in trying to understand 
the meaning behind the face value of the man-
ager’s words as a function of how similar the 
manager is perceived to be to the self27. BA 11 
would be involved in dismissing the feedback8 
or modifying one’s behavior to incorporate the 
feedback into future performance9 depending 
on which would be most self-protective.

predict decreased vmPFC signaling when 
reward is removed. Both in fact have been 
observed45, albeit in separate subregions within 
the vmPFC, where a more dorsal part tracked 
reward value and a more ventral part indicated 
inhibitory function.

JSB & MP: If a specific region within vmPFC 
performs a purely social function, then lesions 
or inactivation of that area should impair 
social functions but not nonsocial functions, 
such as economic decisions or affect regula-
tion. However, if there are specific channels or 
cell-specific social computation channels sep-
arate from economic or affect regulation chan-
nels within this region, then gross damage to 
the area would have broader impairments. In 
that case, only molecular-genetic tools capable 
of silencing channels in a cell-specific manner 
could evaluate these hypotheses.

Existing literature already suggests there is 
at least some independence of the perspec-
tives. Whereas evaluation and representation 
of social targets such as the self and close or 
similar others might be used in the service of 
modulating one’s moods or assessing reward or 
value, these processes do not necessarily have 
to operate for social evaluation. The social 
cognition perspective suggests that vmPFC 
should show greatest recruitment when evalu-
ating between social targets versus between 
nonsocial targets. Nonsocial targets might be 
just as likely to require affect regulation and 
value assessment (for example, food for diet-
ers). Additionally, there is not strong evidence 
that reward and affect regulation processes are 
operating in a redundant manner with social 
cognition. For example, if vmPFC marks social 
information because of its reward value or 
because it requires affect regulation, one might 
expect vmPFC activation to increase in relation 
to the diagnosticity of self-versus-other infor-
mation (i.e., value) or prejudiced responses to 
other groups (i.e., affect regulation or value). 
Yet these effects do not tend to be found in 
the literature46,47. Similarly, vmPFC responds 
equivalently to the value of social rewards and 
the value of monetary rewards in humans1, but 
single-unit recordings within vmPFC and adja-
cent OFC have identified neurons specialized 
for encoding social rewards exclusively48. Such 
findings suggest there may be specialized chan-
nels for processing social information in medial 
PFC that are ‘invisible’ to fMRI.

MD: Consider a broad example of real-
world interaction, for example, an 
employee receiving a reprimand from a 
manager. Could each perspective provide 
an account of vmPFC function during 
this event?

self and others, but its role in social evaluation 
(among social targets) is fairly robust.

Considering each other’s 
perspectives

MD: Are there predictions regarding 
vmPFC function that might be better 
characterized by one perspective rather 
than another?

LF & SH: Because subjective value can be for-
mally specified in models, the valuation per-
spective can, in principle, be dissociated from 
other perspectives on vmPFC function. The 
social perspective predicts domain-specificity 
in vmPFC function, whereas the valuation 
perspective predicts domain-independence. 
To date, the available evidence much better 
supports the idea of domain independence39, 
but future work could identify selectively 
social processing40. The affective perspective 
predicts that vmPFC tracks the engagement of 
emotional processes like regulation, whereas 
the valuation perspective predicts that vmPFC 
tracks the value of stimuli subsequent to any 
regulation; again, the valuation predictions 
have been supported by recent research41. An 
early, influential view of vmPFC as impor-
tant in response inhibition, based in part on 
observations that animals with vmPFC lesions 
perseverated after changes in the reward value 
of choices (i.e., in extinction or reversal learn-
ing), does not explain a large body of more 
recent evidence42. Loss-of-function methods 
have not been applied to distinguish between 
general value and specific social and/or emo-
tional accounts of the functions of this region. 
However, there are human lesion studies sup-
porting the claims that the ventromedial 
frontal lobe plays a role in value-based social 
decisions43 and that the emotional response 
related to choice in value-based learning44, 
observations that align better, in our view, with 
a valuation function that is engaged generally 
across economic, social and affective domains.

DS & GQ: The affective regulation perspective 
predicts enhanced vmPFC signaling whenever 
affective response inhibition is required, regard-
less of valence or social context. For example, 
during associative reward learning and rever-
sal (where one stimulus predicts reward and 
another does not, and then these contingencies 
switch), inhibition of the no-longer-appropriate 
affective response to the stimulus that switched 
from rewarding to nonrewarding would 
increase vmPFC signaling despite the reduced 
value, whereas the valuation  perspective would 
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Similarly, humans show reduced conditioned 
defensive responses following vicarious safety 
learning by observing another person under-
going extinction55, but this process appears 
to diminish vmPFC function56. This line of 
research may bridge the three perspectives 
by clarifying whether social and valuation 
processes access the vmPFC inhibition sys-
tem to modify behavior. (iii) vmPFC is part 
of the DMN, and the functions attributed to 
DMN (for example, self- and other-related 
processing, thinking about the past and the 
future, etc.) are relevant to all three perspec-
tives. Within the DMN, different ‘hubs’ and 
subcircuits have been identified that may hold 
the key to distinguishing the different perspec-
tives: perhaps the vmPFC reflects the overlap 
of connectivity in all three domains, whereas 
differences would clearly emerge when con-
sidering the wider network.

JSB & MP: The involvement of vmPFC in 
autobiographical memory retrieval does not 
appear to be wholly redundant. Specifically, 
Macrae et al.5 found that vmPFC activation 
increases when encoding self-relevant infor-
mation and when encoding information that 
is later remembered (versus forgotten) but 
does not show an interactive effect (for exam-
ple, activation is not greater for self-relevant 
information that is later remembered versus 
information that is forgotten). In terms of the 
DMN, vmPFC is certainly associated with 
the DMN, along with the posterior cingulate 
cortex and temporoparietal junction (TPJ). 
Notably, the DMN is implicated in both non-
social and social functions, though a unifying 
theory of the psychological function of DMN 
remains elusive.

MD: Is there potential overlap between 
DMN and the function of vmPFC posited 
in each particular perspective?

LF & SH: To the extent that the DMN tracks 
in-the-moment experiences (for example, 
attending to one’s own body states), the 
observed activation in (anterior) vmPFC for 
experienced value could be consistent with 
DMN function. And, intriguingly, another 
region within the DMN, posterior cingu-
late cortex, is often reported to be coactive 
with vmPFC in tasks that involve estimate 
of subjective value (for example, delay dis-
counting57). But the overlap is not complete: 
vmPFC is typically only coactive with TPJ 
when a decision-making task contains a social 
component. So, while we agree that under-
standing the role of vmPFC within the DMN 
(and connectivity therein) will be a profitable 
direction for future research, we do not expect 

by a manager? In both cases the feedback is 
self-relevant, but the examples differ in terms 
of whether the feedback is delivered by a 
nonsocial versus a social agent. More specifi-
cally, the question is whether these types of 
examples would recruit vmPFC activity in 
the same manner, either in terms of patterns 
of activation within vmPFC or its covariation 
with neural activity in other brain regions. A 
big question is how we identify other agents as 
individuals with motivations, goals, intentions 
and minds. It is not clear that agency is an all-
or-none phenomenon, either in the world or 
in the brain.

Additional accounts of 
vmPFC function

MD: This dialogue involves three 
predominant views of vmPFC function. 
However, there are certainly other 
domains in which vmPFC is featured. 
For instance, vmPFC is often discussed 
in the memory literature (for example, 
memory retrieval) and is involved in the 
default mode network (DMN). How do 
these additional accounts inform each 
perspective?

LF & SH: Understanding the relationship 
between the active processes supported by 
vmPFC and the DMN remains a challenge. Of 
note, the subregions of vmPFC most linked to 
the DMN only partially overlap with those most 
linked to valuation; in general, DMN-related 
activation tends to be more anterior within 
vmPFC. Other functions linked to vmPFC 
(like memory retrieval) can be considered both 
as processes in their own right and as evokers of 
value-related processes (for example, successful 
memory retrieval generates reward signals), and 
context-specific value information may need to 
be retrieved from memory and integrated with 
other information to support decision-making.

DS & GQ: Other domains involving vmPFC 
include: (i) controllability, in which behavioral 
control over a given stressor reduces deleteri-
ous effects of that and subsequent stressors and 
facilitates subsequent extinction in rodents51 
and humans52. This ‘coping and resilience’ 
function of IL53 can be seen as an extension 
of vmPFC-mediated inhibition of maladap-
tive affective responses. (ii) Social buffering in 
rodents, in which being exposed to an aversive 
CS in the presence of another rat reduces the 
expression of conditioned fear54. IL is activated 
under these conditions, but it remains to be 
determined if social buffering is IL-dependent. 

MD: Are there commonalities between 
these distinct interpretations of 
this example? How might the same 
phenomena be described by different 
terms from each perspective?

LF & SH: In natural settings, the three per-
spectives may describe the same phenomenon 
at different levels, with ‘social’ describing a 
context for behavior, ‘value’ describing how 
specific stimuli motivate actions in that con-
text and ‘emotion’ describing the evoked affec-
tive states. Accordingly, the same process may 
have effects at each level. For example, brain 
activation observed following emotion regu-
lation could reflect (i) engagement of control 
processes to shape the affective response to a 
stimulus, (ii) the resulting change in the value 
of that stimulus or (iii) a specific social dis-
tancing strategy used to facilitate regulation.

DS & GQ: It might be helpful to consider a 
more elaborated example: following the nega-
tive interaction, the manager then provides 
neutral or positive feedback every day during 
the following week. In this case, all three per-
spectives would predict enhanced engagement 
of vmPFC in response to the manager, albeit 
using different terms referring to different 
aspects of the interaction: (i) value: assign-
ing increasingly positive value to the boss; 
(ii) affective regulation: extinction or update 
of the initial negative association; and (iii) 
social: evaluating the boss’s thoughts and 
intentions.

JSB & MP: In general, the commonalities will 
depend on how one defines a social agent and 
a social interaction. In this particular real world 
example, there is redundancy in the operation 
of social cognitive, value detection and affect 
regulation processes, and this is primarily 
because it involves the operation of self-relevant 
feedback from a potentially important other 
person. Specifically, vmPFC helps individuals 
detect whether the feedback is valuable and 
whether it requires affect regulation as well as 
aiding in modification of social cognition in the 
service of affect regulation.

However, there are real-world examples 
other than this one in which the social cog-
nitive processes believed to be supported by 
vmPFC would not be redundant with value 
and affect regulation. For example, comput-
ing the value and needed affect regulation in 
relation to a sweet food or a financial incentive 
may not necessarily involve social cognitive 
processes. Additionally, if someone received 
feedback from a computer, would vmPFC be 
seen to predict the same types of behavior that 
it is expected to when feedback is delivered 
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MD: What would be an example of an 
experimental test to distinguish the 
perspectives?

LF & SH: Probably the most straightforward 
tests would imbue social or affective stimuli 
with another sort of value that is (partially) 
uncorrelated with their social or affective 
qualities. In effect, researchers should evalu-
ate whether multiple value signals could be 
observed—potentially in different regions 
within vmPFC or elsewhere—or whether 
vmPFC tracks a single, integrated value sig-
nal that incorporates multiple contributors. 
Lesions or other inactivation methods lead-
ing to double dissociations across tasks draw-
ing on such putatively distinct signals would 
constitute perhaps the strongest evidence for 
these distinctions.

DS & GQ: While it may be difficult to fully 
orthogonalize the three perspectives of vmPFC 
function, a test of associative learning and 
update with self-relevant social feedback may 
provide separate sets of predictions for each per-
spective. Consider a protocol associating person 
A with providing self-relevant positive feedback 
(for example, ‘you are an excellent employee’) 
and person B with providing negative feedback 
(for example, ‘you are a terrible employee’) and 
then reversing these contingencies. During the 
acquisition phase, the valuation and social per-
spectives would both predict enhanced vmPFC 
signaling to person A (due to positive value and 
self-relevant feedback, respectively) but predict 
opposite patterns to person B (reduced vmPFC 
signaling due to negative value but enhanced 
signaling due to self-relevant feedback, respec-
tively). The affective regulation perspective 
would predict no engagement (or deactiva-
tion) to both person A and B, as no inhibition is 
required at this stage. Following reversal of these 
contingencies, the affective regulation and social 
perspectives would now both predict enhanced 
signaling to person A, who switched from pro-
viding positive to negative feedback (requiring 
inhibition of positive affective response but still 
providing self-relevant feedback), whereas the 
valuation perspective would predict decreased 
vmPFC activity with the diminished posi-
tive value. All perspectives would now predict 
enhanced vmPFC signaling to person B (who 
increased in value), which requires inhibition 
of negative affective response and provides self-
relevant feedback). All together, the predictions 
for each person at each stage throughout the task 
consist of three distinct patterns dissociating the 
three perspectives. Thus, reversal learning with 
self-relevant and valence-specific associative 
learning delivered by social targets may be an 
effective tool to dissociate the three  perspectives 

 understanding value processing in vmPFC (for 
example, lesion studies in humans and non-
human  primates, fMRI, primate and rodent 
electrophysiology, among many). Close cor-
respondence between human and animal work 
has been a particular strength of the existing 
literature, aided by the ease with which simi-
lar models can be used across species: for 
example, selecting the currently most valuable 
option, learning from reward and punishment. 
Most methodological challenges are inherent 
to specific techniques and not specific to the 
valuation perspective (for example, signal 
drop-out in fMRI, damage to nearby white 
matter tracts in lesions).

DS & GQ: In rodents, optogenetic studies 
confirm the affective regulation perspec-
tive for vmPFC mediation of fear extinction. 
However, there are two caveats: (i) IL output 
may only be needed during the initial learn-
ing of extinction36,37 and (ii) the direct target 
of IL projections may not be the intercalated 
cells of the amygdala as previously thought, 
but rather the basolateral58,59 or basomedial60 
amygdala. Also, IL receives discrete input 
from extinction-activated neurons in baso-
lateral amygdala61. These data challenge the 
view of vmPFC as providing a ‘safety signal’ 
and instead suggest that IL output serves as 
a teaching signal instructing plasticity in the 
amygdala, thereby modulating the affective 
response62. This neuronal wiring scheme 
could inform the other perspectives, consid-
ering vmPFC’s role as instructing changes in 
value and social processing in other regions. 
Furthermore, fMRI methods challenge all 
perspectives as attempts to fully understand 
what ‘deactivation’ in blood-oxygen-level 
dependent (BOLD) signaling reflects at the 
neuronal levels remain obscure.

JSB & MP: The research on humans from the 
social cognitive perspective relies heavily on 
fMRI studies, so signal dropout is a problem. 
The tricky part is the fact that BOLD signal 
multiplexes multiple physiological processes—
including synaptic inputs reflected in local 
field potentials, local computations and out-
puts reflected in spiking, and vascular changes 
that reflect a host of processes63–65. This 
uncertainty makes a strong case for the need 
to apply multiple complementary methods, 
in both humans and animals. But of course 
that’s tricky when asking questions about what 
may be uniquely human faculties. There are 
some lesion studies that have been conducted 
in humans, but naturally occurring lesions do 
not tend to neatly fall into the subdivisions 
identified by fMRI, so that approach is also 
not a silver bullet to solve this issue.

that the vmPFC will end up as simply a sub-
component of the DMN.

DS & GQ: To our knowledge there hasn’t been 
any systematic analysis describing the function 
of DMN in affective regulation. Nevertheless, 
reported regions of activation largely overlap 
with DMN hubs, but the exact overlap as well 
as whether changes in system-wide functional 
connectivity during rest and task in relation 
to regulation success should be examined. 
Since emotion is linked to bodily states and 
therefore internal states, we expect DMN 
activation to closely match vmPFC function. 
However, since vmPFC integrates information 
from multiple regions, it is possible that differ-
ent coactivation patterns will emerge within 
different modalities, which may distinguish 
the three perspectives. Within the affective 
domain, vmPFC and other DMN regions tend 
to show task-related activation (rather than the 
typical deactivation) to learned safety stimuli, 
possibly dissociating fear and safety internal 
states or even separate safety contexts.

JSB & MP: In many ways, the answer to this 
question reflects how we should conceptual-
ize the connection between the physiological 
properties of the DMN and any psychological 
function. Our reading of the literature is that 
DMN-related activation in vmPFC is pretty 
widespread and that other nodes in the DMN 
(for example, posterior cingulate cortex and 
TPJ) are also modulated by economic, regula-
tory and social tasks. Moreover, the DMN is 
defined based on resting state, but it remains 
unclear what it means to have a mind at rest, 
whether this is an important state to under-
stand and how it relates to the manner in 
which it is operationalized in most studies 
(for example, looking at a fixation cross). This 
raises the corollary that we also need to dis-
tinguish DMN activations from resting state 
activity or deactivations.

Methodological 
and experimental 
considerations
MD: Are there methodological challenges 
for the interpretation of vmPFC function 
within each perspective (for example, 
signal dropout in fMRI)? Are there 
examples where one perspective can 
benefit from methods and/or approaches 
more typically used by research in 
another perspective?

LF & SH: All of the major methods of sys-
tems neuroscience have contributed to 
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LF & SH: We advocate for three major goals. 
First, the field needs clear tests that distinguish 
these different perspectives. Because research-
ers are generally ‘process-oriented’: they focus 
on one perspective and then see evidence for 
that perspective in the functioning of a brain 
region, yet if a task engages multiple regions (via 
multiple processes), the same results would also 
provide evidence for one or more other perspec-
tives. Second, research should work toward bet-
ter functional specification within vmPFC. To 
date, the topographical organization of vmPFC 
is much less understood than that of other brain 
regions (c.f. arguments for functional topog-
raphy in lateral PFC). The apparently close 
homology in this region, anatomically and func-
tionally, across humans and macaques could be 
usefully leveraged to this end, given the tech-
nical challenges of imaging this region at high 
resolution in humans. Third, the brain processes 
of value should be operationalized beyond that 
of simple economic value. vmPFC function will 
not necessarily map neatly onto economic con-
cepts; indeed, an improved understanding of 
how the brain instantiates value computations 
could clarify thinking about decision making 
beyond neuroscience.

DS & GQ: Moving forward, our understanding 
of vmPFC could be enhanced by: (i) more stud-
ies that test predictions of different perspec-
tives in the same experimental design; (i) more 
studies comparing appetitive and aversive con-
ditioned stimuli in same animal or subject; 
(iii) moving from Pavlovian fear conditioning 
to more complex, decision-based, naturalistic 
paradigms (active avoidance, foraging or fear 
competition, social stimuli); (iv) identifying 
subregions and flow of information within the 
vmPFC (for example, dorsal to ventral, value-
encoding preceding inhibition); (v) compar-
ing vmPFC involvement to the adjacent dorsal 
mPFC involvement (prelimbic area in rodent) 
to identify mutual influence and hierarchical 
functional organization; and (vi) identifying 
critical targets of vmPFC (amygdala, ventral 
striatum, midbrain)68 and network activation 
as a ‘workspace’ for different functions.

JSB & MP: One way to organize the existing 
literature is to more systematically investigate 
the functional networks associated with each 
perspective. All of these processes may recruit 
vmPFC function; for example, social and 
financial reward both recruit OFC69, while 
affect regulation and self-evaluation involves 
vmPFC70. Techniques like multivariate pat-
tern analysis (MVPA) and representational 
similarity analysis (RSA) will be helpful for 
understanding whether patterns of activation 
within subdivisions of vmPFC are similar 

 conceptualized as valence. For example, it can 
be just as valuable to regulate behavior so that 
one approaches good things as it is to regu-
late behavior to avoid bad things. However, if 
value is the psychological function underly-
ing results from all three perspectives, why 
has it been so difficult to find vmPFC activity 
associated with value in social evaluation? For 
example, vmPFC activity is associated with 
uncertain impressions of other people (in 
comparison to relatively more certain impres-
sions)66, and evidence that vmPFC is related 
to diagnosticity of person information is not 
robustly found across studies67.

LF & SH: There is evidence that vmPFC lesions 
disrupt social evaluation, discussed above. Yet, 
more direct comparison will require experi-
ments that independently manipulate social 
value and economic value, which poses chal-
lenges for operationalizing social value in a 
manner that does not simply reify economic 
utility. Moreover, social stimuli provide a par-
ticularly rich, complex and idiosyncratic source 
of value information. The processes that con-
nect social information to value may thus differ 
dramatically across experimental contexts and 
across individuals, making it difficult to cleanly 
extract a social value signal without attaching 
economic value through the task design.

DS & GQ: Perhaps the difficulty in identifying 
value in social evaluation is related to difficulty 
in defining what social value is. Is there a pure 
construct of ‘social value’ that is clearly separable 
from affective regulation and economic value? 
For example, social value could be a byprod-
uct of social consequences that indicates an 
outcome value (for example, increased social 
status leading to more power, social shaming 
leading to harm, etc.). It could also represent 
an affective response triggered by social evalu-
ation (such as the disgust response driven by 
immoral behavior, anger at interfering behav-
ior, fear of social repercussions, etc.). Another 
option is that value-related vmPFC activation 
would become apparent when another person 
influences economic or other types of value (for 
example, a person that is generous or trustwor-
thy in economic exchange; a person cooking 
highly nutritious or tasty food, etc.). Isolating 
such cases may help defining a clear construct of 
social value and its relation to vmPFC function.

MD: What should the major future goals 
be for understanding vmPFC function in 
carrying out economic, emotional and 
social behavior? What are the next steps in 
neuroscience to integrate (or differentiate) 
these perspectives to better outline a 
functional role for the vmPFC?

within the same experimental design. The same 
experiment could be repeated with nonsocial 
stimuli to see if this alters the pattern or location 
of vmPFC activation, and the feedback could 
vary from purely social to monetary.

JSB & MP: It may be possible to define tasks 
that partially orthogonalize or at least partially 
decorrelate these functions. Nevertheless, we 
remain deeply suspicious that any test could 
somehow completely cleave value and affect 
from any social interaction, thus making it 
difficult to fully disentangle these perspec-
tives. Whereas social interactions may vary in 
their degree of value or affect, a social interac-
tion devoid of value or affect seems very un-
natural indeed. Even if such a paradigm could 
be conceived, it still doesn’t address the issue 
of what pattern of results across these factors 
would support the idea that vmPFC operates in 
a psychologically similar fashion. These issues 
emphasize the importance of using comple-
mentary methods to test ideas about brain 
function. Functional manipulations of vmPFC 
(either activating it electrically or optogeneti-
cally, or inactivating or lesioning it) could 
determine whether changing the function of 
this area generate domain-specific alterations 
in behavior or cognition.

Toward a unified view 
of vmPFC function and 
future directions

Below we present excerpts from a larger 
discussion on ‘value’ as a potential core 
function of vmPFC, featuring a question 
from JSB and MP on whether the 
concept of value clearly extends across 
perspectives.

LF & SH: A challenge is to determine the 
generality of this value signal: does it influ-
ence social interactions and emotional func-
tions rather generally, or is it more narrowly 
involved in decision-making or more nar-
rowly still in specific kinds of decisions? The 
first possibility would potentially explain 
data, reviewed by others here, that suggests 
this region is engaged in various social, self-
referential and emotional contexts that do 
not necessarily explicitly require decisions. 
We contend that valuation is the current best 
candidate for a core function of vmPFC.

JSB & MP: Value has been raised as the 
most likely candidate as a core function of 
vmPFC. Value certainly has the broadest 
implications, particularly when value is not 
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online version of the paper.
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socially relevant information. Nevertheless, it 
is also clear that a potential unifying theory of 
vmPFC function is not yet  possible because of 
important differences in how this region has 
been studied in each perspective.

First, while there may be shared compu-
tations within the vmPFC, it is difficult to 
clearly outline this function, given differ-
ences in experimental paradigms, defini-
tions of key concepts and approaches across 
perspectives. This is nicely illustrated in the 
discussion points about ‘value’ possibly being 
a core function of vmPFC across modalities, 
but this argument may fall short when con-
sidering how value may be qualified in the 
social domain. Interesting proposals for future 
experiments that cut across the perspectives 
and special considerations of their limitations 
are briefly discussed during the dialogue.

Second, understanding the topographical 
organization of the vmPFC, which, as previ-
ously discussed by the economic valuation 
group, is not as well studied as other regions, 
and outlining functional networks that may 
co-opt distinct subsections of the vmPFC 
could provide a better roadmap to clarifying 
the common computations across perspec-
tives. Indeed, understanding the vast scope of 
vmPFC inputs and outputs and its functional 
significance, as mentioned in the first discus-
sion point, could prove useful for future inves-
tigations. This may facilitate testing of ideas, 
such as the affective regulation group’s sug-
gestion of BA 11 as a region that potentially 
links the three perspectives because various 
inhibitory strategies can involve social stimuli 
and can update of affective or subjective value 
(Supplementary Note 5, Question 11).

Third, there are methodological challenges to 
overcome, as discussed in previous discussion 
points. Despite the dialogue’s participants’ best 
efforts to represent each perspective broadly 
with respect to species, methodology and point 
of view, much of the existing data that inform 
the discussion rely on fMRI. As pointed out by 
the social cognition group, overlap of BOLD 
activations in fMRI studies could be misleading 
and obscure important functional differences 
that may be supported by networks of activation 
that may interact to support common processes 
across the three domains. As discussed in the 
final point about future directions, along with 
discussion among scientists representing dif-
ferent perspectives, advances in analyses and 
complementary methodology are necessary 
to fully characterize the contributions of the 
vmPFC and (perhaps more aptly) of the func-
tional networks that co-opt subsections within 
the vmPFC to enable behaviors including but 
not limited to economic valuation, affective 
regulation and social cognition.

or different, and techniques such as psycho-
physiological interaction (PPI) analyses will be 
helpful for understanding how these processes 
elicit similar or different patterns of activity 
covariation between vmPFC and other brain 
regions. Complementary methods, in addi-
tion to fMRI, including lesions, in vivo physi-
ology and application of cell-type-specific or 
activity-dependent optogenetic techniques, 
which are standard in rodent models, should 
be deployed in primates to better elucidate 
domain-specific modular networks. More 
sophisticated computational models will be 
crucial for teasing apart these possibilities and 
relating data across levels of analysis.

In the greater scheme of things, we must 
also be open to the possibility that vmPFC 
function does not neatly align with these psy-
chological domains of processing, that vmPFC 
performs a broader set of computations that 
are employed in dealing with all these domains 
or that there are specific subcircuits within 
vmPFC that handle these domains. We must 
also be mindful that brains evolved to generate 
adaptive behavior within the contexts in which 
early organisms most often found themselves 
and that nonsocial contexts preceded social 
ones, inviting the possibility that social com-
putations harness ancestral mechanisms that 
evolved solve the challenges of the physical 
environment71.

Concluding statement
The following statement is a compilation 
of thoughts from all authors, prompted by 
a request from DS and GQ for a unifying 
framework (if any) for all three viewpoints.

The vmPFC is a commonly studied brain 
region, given its wide network of connec-
tions and broad influences on behavior. In 
this  dialogue, researchers representing three 
distinct perspectives, each of which often 
highlights the vmPFC as a critical node, 
were tasked with discussing similarities, 
differences and challenges in interpreting 
vmPFC function from the viewpoints of 
economic valuation, affective regulation and 
social cognition. The ambitious (perhaps 
optimistic) goal of this piece was to propose 
a unifying framework across the perspec-
tives aimed at informing future dialogs and 
research directions. Taking arguments from 
all perspectives, it is clear that the vmPFC’s 
complex role in human behavior is supported 
by its connectivity with various regions (for 
example, striatum, amygdala, TPJ), which 
allows for the encoding of value, modula-
tion of affective responses and processing of 
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