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Guilt as a multifaced concept
Guilt, like many other social emotions, is a multifaced psycho-
logical construct and is often used equivocally in everyday life. 
Hurting an innocent person is a paradigmatic scenario in 
which people feel and express guilt.1,2 However, even in this 
case, we may not be dealing with one single kind of guilt—it is 
an open question whether an initial intention to harm influ-
ences the quality and magnitude of the guilt an agent later 
experiences.3 When we shift our focus to non-social use of the 
term “guilt,” we will see even more diversity and complexity.4 
For example, guilt appeal has been used as an advertising strat-
egy for healthy diets. Some snack brands, instead of using label 
such as “reduced fat” or “reduced calories” for high-fat, high-
calorie food products, directly label them as “reduced guilt” in 
order to ease customers’ worries about the healthfulness of 
those products.5 We feel and express guilt when we fail to live 
up to our personal goals that are not directly related to other 
individuals or moral norms, such as keeping a healthy diet, 
working hard for an exam, and physical exercise. Indeed, people 
report experiencing guilt in their everyday life over almost all 
the domains of moral violations proposed in the Moral 

Foundations Theory,6,7 including harm, unfairness, disloyalty, 
subversion, degradation, dishonesty, and lack of self-restraint. 
In fact, violation of self-restraint elicits stronger guilty feelings 
(on a 5-point Likert scale) than violation of fairness (mean dif-
ference = 1.40, SE = 0.21, z-ratio = 6.69, P < .001) and violation 
of honesty principles (mean difference = 0.87, SE = 0.17, 
z-ratio = 5.22, P < .001) (Figure 1), according to a large-scale 
experience sampling survey.7

What strategies should we take to investigate the neurocog-
nitive basis of guilt in the face of its conceptual complexity? An 
analogy with pain, another multifaceted concept, may be useful 
to illustrate the approach we are introducing here. In social neu-
roscience, it has been debated whether physical pain, bodily sen-
sation induced by external nociceptive stimuli, and social “pain” 
– psychological anguish elicited by social isolation, rejection or 
empathy – share the same neurocognitive basis. Studies examin-
ing the blood-oxygen-level-dependent (BOLD) signals that 
correlates with each phenomenon have consistently shown 
overlapping brain areas elicited by physical pain and social 
“pain.”8 However, the relatively low spatial resolution of BOLD 
signal hinders the inference from overlapping activations to 
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overlapping neural representations or psychological constructs.9 
An alternative approach is to develop a multivariate brain-based 
signature (or bio-marker) of each construct. The idea here is 
that if the bio-marker of physical pain does not respond to 
social “pain” and vice versa, then these 2 constructs do not share 
the same neural representation.10

Developing a guilt-related brain signature
Inspired by this approach, we recently identified a multivariate 
brain-based signature of guilt based on a paradigmatic case of 
guilt—causing harm to an innocent person.11 We trained and 
validated the signature on 2 fMRI datasets. In the training 
dataset (N = 24, Chinese population), participants and an anon-
ymous co-player performed a perceptual task, where failure 
would cause pain to the co-player.12 We induced guilt by 
manipulating the responsibility of the participants in causing 
the pain. Specifically, if a participant performed poorly and the 



Yu et al 3

akratic hypocrites, therefore, is their feelings of conflict and guilt 
when they realize that what they do violates the moral standards 
they genuinely believe to be relevant and valuable.17 Judging and 
treating deceptive and akratic hypocrites differently according to 
their mental states (ie, moral conflict, guilt) seems fairer and leaves 
room for moral education and self-improvement.19 Behavioral 
measures alone are difficult, if not impossible, to distinguish these 
2 types of hypocrites, because self-reported conflicted feelings and 
guilt can be easily faked. Applying the GRBS to neural response 
patterns associated with moral decision-making may offer a way 
to gauge the guilt-related neurocognitive processes involved and 
therefore provides a way to characterize the extent of deceptive 
versus akratic hypocrisy.20

Understanding the diversity and complexity of guilt 
via the brain-based signature approach
There are some limitations to GRBS that are worth noting. 
First, GRBS was trained on the datasets where the experimen-
tal designs emphasized the detection of cognitive antecedents 
of guilt (ie, responsibility) rather than sustained feelings of 
guilt. Therefore, GRBS performed at chance level in predicting 
post-task self-reported guilt.11 To develop a brain-based signa-
ture more sensitive to the experiential component of guilt, 
future studies should adopt experimental tasks that allow the 
participants to interact with or confronted by the victims whom 
they harm, in reality or virtual reality.21

Another way to extend the research on biomarkers of guilt is 
to develop  brain-based signatures that are sensitive to other 
modes of guilt that do not directly involve agency or responsi-
bility. For example, survivors of natural disasters or human 
atrocities often report intense guilty feelings for other victims 
who do not survive or suffer more seriously.22 Some individuals 
with severe depression express feeling guilty for their mere 
existence in the world.23 Descendants and fellow citizens of for-
mer prosecutors (eg, war criminals, human right abusers, etc.) 
are deeply concerned about the crimes that their ancestors or 
ingroup members, but not themselves, are responsible.24 When 
someone carries out harm under coercion, are guilt-related neu-
rocognitive processes suppressed due to their diminished sense 
of agency?25 Ascertaining the resemblance between GRBS and 
the neural representations of these various modes of guilt expe-
riences, and developing brain-based signatures for those other 
modes of guilt, will advance our understanding of structure and 
taxonomy of this complex affective phenomenon.
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