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Abstract

This brief commentary highlights seven sins in the study of emotion that are explicitly treated in contemporary affective neu-
roscience. These sins are (1) Affect and cognition are subserved by separate and independent neural circuits; (2) Affect is subcortical;
(3) Emotions are in the head; (4) Emotions can be studied from a purely psychological perspective; (5) Emotions are similar in
structure across age and species; (6) Specific emotions are instantiated in discrete locations in the brain; and (7) Emotions are
conscious feeling states. Each of these is briefly discussed and evidence from affective neuroscience that bears on these sins is noted.
The articles in this Special Issue underscore the vitality of research in affective neuroscience and illustrate how some of these sins can
be addressed and rectified using concepts and methods from affective neuroscience.
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The contributions in this Special Issue attest to the
growing maturity of affective neuroscience as a serious,
established area of inquiry within the neurosciences. The
extraordinary convergence over the past five years be-
tween research at the animal level on the neural sub-
strates of basic emotional processes and at the human
level using neuroimaging and lesion methods has helped
to establish a solid foundation upon which to build this
emerging subdiscipline. Having read the contributions
for this Special Issue, I have decided to extract seven sins
in the study of emotion that the emerging research in
affective neuroscience should eventually address and
help to correct. Each of these issues was touched upon
by at least one of the invited contributions in this Special
Issue and many of them were considered in several of
the contributions.

1. Sin 1. Affect and cognition are subserved by separate
and independent neural circuits. Many of the contribu-
tions in this collection underscore the overlap be-
tween circuitry involved in cognitive and affective
processing. We now understand that emotion is com-
prised of many different subcomponents and is best
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understood not as a single monolithic process but
rather as a set of differentiated subcomponents that
are instantiated in a distributed network of cortical
and subcortical circuits. Included within these sub-
components are different types of emotional cue
recognition processes, processes involved in the pro-
duction of behavioral, autonomic, and subjective
changes associated with emotion, processes that serve
to regulate emotion and processes that are required
for remembering and retrieving emotional events.
This is not meant to be an exhaustive, but rather
merely an illustrative list. The Schulkin et al., the Er-
ickson and Schulkin, and the Adolphs et al. articles
all underscore this basic issue.

. Sin 2: Affect is subcortical. There is a tendency among

some investigators to regard emotions as largely sub-
cortical and to sometimes also assume that cognitions
are cortical. Panksepp makes this claim in his article.
However, other articles that are based more on findings
from humans clearly show that affect is both subcorti-
cal and cortical, and to some extent, it depends upon
what the specific affect process is that is under study.
The human neuroimaging literature is replete with ex-
amples that unambiguously demonstrate that affective
stimuli (in comparison with appropriate control stim-
uli that are matched on basic physical characteristics)
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activate a broad network of both subcortical and corti-
cal regions (see Davidson & Irwin, 1999; Davidson,
Jackson, & Kalin, 2000, for reviews). A related ten-
dency is to regard the cortical variations that are ob-
served during emotion, e.g., in brain electrical
activity measures, to derive from subcortical inputs.
For example, in their article Pérez-Edgar and Fox (this
issue) suggest that individual differences in tempera-
ment in young children that are manifested in behav-
ioral, cortical EEG, and autonomic differences are
fundamentally caused by variations in amygdala func-
tion. Yet Kalin, Shelton, Davidson, and Kelley (2001)
have demonstrated that lesions of the amygdala in
rhesus monkeys that preserve fibers of passage have
no effect on behavioral, autonomic, and hormonal
measures of temperament. Moreover, these authors
also recorded EEG in the monkeys and found no sys-
tematic effect of amygdala lesions on measures of
EEG frontal asymmetry. These findings underscore
the caution that is needed in interpreting this complex
literature. Certainly the amygdala may be required for
the initial learning of these affective styles, but it is
clearly not required once these tendencies have been
learned. These suggestions are not in any way meant
to marginalize the very significant contributions of
subcortical processes to emotion, but rather to simply
help correct the view that emotions are exclusively sub-
cortical.

. Sin 3: Emotions are in the head. There are some scien-

tists who pay little attention to the body of subjects in
whom emotion is induced. Many of the contributions
in this Special Issue make the important point that
emotion involves peripheral and visceral components
and these are crucial in understanding its nature. The
article by Adolphs et al. highlights the role of certain
central circuits in the processing of visceral informa-
tion or somatic states such as the insula and somato-
sensory structures. Hagemann et al. also illustrate the
parallel changes in brain and viscera that occur in re-
sponse to emotional stimuli. Porges et al. describe the
adaptive changes permitted by autonomic adjust-
ments associated with emotion in different species.

. Sin 4: Emotions can be studied from a purely psycho-

logical perspective. This group of articles illustrates
the power to be gained by considering the brain in
the analysis of emotion. Anatomy is destiny in the
study of the neural substrates of complex psycholog-
ical functions. The brain’s architecture and anatomy
place important constraints upon psychological the-
ory that facilitate the development of more powerful
theories. For example, Schulkin et al. illustrate how
visceral information can feedback upon the brain in
one or two synapses and modulate activity in cir-
cuitry crucial for emotional information processing.
Adolphs et al. show how the emotion of disgust
may be critically dependent upon the insula, a brain

region that is involved in the processing of somatic
states. The critical distinction between liking and
wanting is something that is directly suggested by
the analysis of underlying brain circuitry as the article
by Berridge reveals, though these states are often con-
founded in the psychological literature on positive
affect.

. Sin 5: Emotions are similar in structure across both age

and species. There is some tendency among investiga-
tors to assume that the same basic incentive condi-
tions will elicit the same basic emotional process in
individuals at different ages. This is a particularly im-
portant but frustratingly difficult issue. For example,
it is not entirely clear that stimuli that are standard-
ized in adults as eliciting a certain type of emotion
will necessarily evoke the same kinds of emotions in
younger children or infants (e.g., see article by
Schmidt et al. in this issue). There are important mat-
urational and experience-induced changes in the cir-
cuitry subserving emotion and emotion regulation.
Moreover, the developmental changes that occur in
cognitive function shape the appraisal process and
thereby influence the quality and quantity of elicited
emotion. A related issue concerns the implicit as-
sumption that the neural substrates of emotion
gleaned from studies in rodents will apply to under-
standing human emotion (e.g., Panksepp, this issue).
This is a very thorny problem. On the one hand, the
rodent data have been essential in establishing some
of the fundamental facts concerning the basic subcor-
tical circuitry of emotion as Panksepp (1998) has il-
lustrated. The convergence of aspects of the rodent
work with studies in humans has been crucial for pro-
gress in this field. However, we now know that many
of the anatomical details of crucial components of
this circuitry are different in rodents and primates.
The organization and connectivity of amygdala nu-
clei are different (Amaral, Price, Pitkanen, & Carmi-
chael, 1992), the anatomy of the prefrontal cortex is
fundamentally different (Goldman-Rakic, 1987) and
the connectivity and functional status of the anterior
cingulate is also different (Bush, Luu, & Posner,
2000). These differences in anatomy imply differences
in the nature, function, and complexity of emotions
across species.

. Sin 6. Specific emotions are instantiated in discrete lo-

cations in the brain. This claim is often used to support
the notion of “basic emotions’” and the concept of ““af-
fect programs” first proposed by Silvan Tomkins
(Tomkins, 1984). This latter concept holds that there
are different routes to the activation of a basic emotion
but once activated, there is a circuit in the brain that
orchestrates a cascade of responses that are specific
to each basic emotion. Most of the articles in this Spe-
cial Issue reflect the view that affect is represented in
distributed neural systems (e.g., Panksepp; Schulkin
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et al.; Adolphs et al.; Berridge). The challenge that
faces the study of emotion is similar to that once faced
by investigators studying cognition—the decomposi-
tion of complex emotional phenomena into more ele-
mentary constituents. Cognitive scientists do not
study “cognition” as a whole. Rather, they have devel-
oped specific paradigms to isolate more elementary
stages of information processing. It is these more ele-
mentary components that will most likely yield to an
analysis in terms of underlying neural systems. This
view highlights the complexity of emotion and the
multiple processes that are activated when emotions
are elicited in the laboratory. For example, in response
to a commonly used elicitor such as film clips or pic-
tures, there are in the coarsest of distinctions, percep-
tual, and appraisal processes on the input side,
processes that affect attentional deployment, processes
involved in the generation of the somatic, visceral, and
experiential features of emotion, and processes in-
volved in the regulation of emotion. Each of these dif-
ferent subcomponents is implemented in different, but
overlapping and interconnected circuitries. Thus when
we use stimuli to arouse emotion in humans or in an-
imals that have a fairly complex brain, it is important
that we not unwittingly assume that we are activating
a single process or program. The subcomponents that
get triggered vary as a function of many different pro-
cesses including the nature of the elicitor, and the
context in which the emotion gets elicited (Davidson
et al., 2000).

. Sin 7: Emotions are conscious feeling states. Much of
the psychological literature on emotion implicitly as-
sumes that emotions are conscious feeling states. A
vast number of studies depend upon self-report mea-
sures to make inferences about the presence of emo-
tional states. Such self-report measures are often
outcome variables in studies on emotion and they of-
ten serve as ‘“‘manipulation checks” to confirm the
presence of an intended emotional manipulation.
Failure to find detectable change on self-report mea-
sures is sometimes offered as evidence that emotion
was not elicited, and more frequently, the presence
of self-reported emotion is taken as evidence that
emotion has been activated. While the experiential
side of emotion is unquestionably important and pro-
vides useful information to an individual that can be
harnessed for adaptive functioning (e.g, Damasio,
1994), it is also clear that much of the affect that we
generate is likely to be non-conscious. The article
by Berridge in this issue underscores this point and
reviews both behavioral and neuroscience evidence
that strongly supports this conclusion. In their
SPECT study reported in this issue, Tankard et al.
provide evidence of only very modest relations be-
tween measures of blood flow and self-reported anx-
iety. Such evidence, which is representative of a

plethora of findings in the literature on anxiety and
depression (e.g., Davidson, Pizzagalli, Nitschke, &
Putnam, 2002), underscores the importance of com-
plementing self-report measures with other objective
behavioral indices that may reflect aspects of emotion
that are not adequately represented in conscious ex-
perience and thus amenable to self-report. Moreover,
there are likely to be components of emotional pro-
cessing that are simply opaque to conscious report.
For example, I have argued (e.g., Davidson, 2000)
that there are regulatory processes in emotion that
occur automatically and that modulate the onset
and recovery function of emotion. These regulatory
processes that affect affective chronometry are likely
not represented in conscious experience. They cer-
tainly affect the conscious products of affective infor-
mation processing but they are not in themselves
represented in conscious experience. Thus, the devel-
opment of objective laboratory methods to probe af-
fective chronometry and other aspects of emotional
processing that are unlikely to be directly represented
in conscious experience is crucial for the development
of this field.
It is my hope that the brief description of these seven
sins in the study of emotion and the role of affective
neuroscience in addressing and even correcting these
sins is helpful in considering some of the key issues
that now face our field and challenge us in future re-
search. The contributions in this Special Section un-
derscore the vitality of affective neuroscience. These
articles also illustrate the differences of opinion that are
still pronounced, though they also suggest a number of
lines of convergence that are beginning to provide a
common foundation for future research. The contri-
butions to this Special Issue also underscore the ex-
traordinary range with which research on affective
neuroscience touches the broad community of biobe-
havioral research. It is relevant to all areas of psy-
chology, to much of psychiatry and to behavioral
neurology. Affective neuroscience will be crucial in
helping to understand development, psychopathology,
personality and health. It is an emerging discipline with
extraordinary vitality that should continue to grow
over the coming years.
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