
3. Chambers, C.D. (2013) Registered reports: a new publish-
ing initiative at Cortex. Cortex 49, 609–610

4. Chambers, C.D. et al. (2015) Registered reports: realigning
incentives in scientific publishing. Cortex 66, A1–A2

5. Munafò, M.R. (2017) Improving the efficiency of grant and
journal peer review: registered reports funding. Nicotine
Tob. Res. 19, 773

6. Munafò, M.R. et al. (2017) A manifesto for reproducible
science. Nat. Hum. Behav. 1, 0021

7. COS Team (2013) Registered Reports: Peer Review before
Results Are Known to Align Scientific Values and Practices.
https://cos.io/rr/

Letter

Clarifying the
Conceptualization,
Dimensionality, and
Structure of Emotion:
Response to Barrett
and Colleagues
Alan S. Cowen1,* and
Dacher Keltner1

We present a mathematically
based framework distinguishing
the dimensionality, structure, and
conceptualization of emotion-
related responses. Our recent
findings indicate that reported
emotional experience is high-
dimensional, involves gradients
between categories traditionally
thought of as discrete (e.g., ‘fear’,
‘disgust’), and cannot be reduced
to widely used domain-general
scales (valence, arousal, etc.). In
light of our conceptual framework
and findings, we address potential
methodological and conceptual
confusions in Barrett and col-
leagues’ commentary on our
work.

Our study recently published in Proceed-
ings of the National Academy of Sciences

[1] and commented on by Barrett and
colleagues [2] in Trends in Cognitive Sci-
ences applies a mathematically based
framework to the study of reported emo-
tional experience. Barrett and colleagues’
commentary frames our work as the ‘lat-
est installment’ in a longstanding debate
between discrete/categorical and dimen-
sional/constructionist theories of emo-
tion. Are emotions discrete categories,
or are they constructed from continuously
varying, domain-general dimensions?
From our perspective, this framing of
our paper conflates several questions
about emotion and may leave readers
with a mistaken impression of our find-
ings. We believe our findings are better
situated within a new framework that dis-
tinguishes among the dimensionality,
structure, and conceptualization of emo-
tion-related responses.

The dimensionality of emotion concerns
the number of distinct varieties of emotion
needed to characterize variation in emo-
tion-related responses. How many kinds
of emotion are there? The structure of
emotion concerns the distribution of emo-
tional states along these dimensions. Are
anger and disgust, or love and desire,
distinct clusters of states or states
bridged by continuous gradients? The
conceptualization of emotion concerns
the nature of the concepts that charac-
terize emotion-related responses. Are
emotion categories fundamental, or can
emotion-related responses be described
in non-emotion-specific terms, such as
degrees of ‘valence’ and ‘arousal’?
Figure 1A represents this framework as
it applies to reported emotional
experience.

Based on this conceptual approach, in
our study we use large-scale statistical
inference to investigate the dimensional-
ity, structure, and conceptualization of
emotional responses to 2185 videos.
Dimensionality is determined by finding
the number of dimensions, or linearly

separable patterns of emotion judgments,
needed to explain the emotions people
reliably report in response to the same
videos. We find that this requires at least
27 dimensions: emotional experience is
much richer in variety than typically
assumed (most current taxonomies detail
10–15 distinct states). Structure is
addressed by measuring how states are
distributed along these dimensions. We
uncover continuous gradients between
categories traditionally thought of as dis-
crete. Finally, conceptualization is
addressed by modeling whether
domain-general concepts drawn from
theories of emotional appraisal/construc-
tion (valence, arousal, dominance, etc.)
explain reported emotion categories.
We find that these domain-general con-
cepts are unable to fully explain reported
emotional experience (Figure 1B). Emo-
tion categories (e.g., ‘awe’) seem to be
fundamental to conceptualizing reported
emotional experience and are not reduc-
ible to a small set of domain-general con-
cepts. These methods and findings
inform the taxonomy of emotional experi-
ence and can readily be applied to other
modalities of emotion-related response.

Beyond their framing of our study, Barrett
and colleagues’ commentary misinter-
prets the nature of our methods. With
reference to our method for determining
the dimensionality of reported emotional
experience, they assert that canonical
correlation analysis (CCA) is a ‘confirma-
tory data-analytic approach’. This asser-
tion is critical in light of concerns that
investigators’ preconceptions define the
taxonomies of emotion they eventually
discover [7]. Barrett and colleagues
effectively raise questions about whether
our preconceptions influenced the
dimensionality we found. In point of fact,
CCA is unsupervised/discovery-based,
and not confirmatory [8–11]. It inductively
estimated the number of dimensions
required to explain similarities in partici-
pants’ reported emotional experiences.
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As an alternative to CCA, Barrett and
colleagues recommend determining
how many dimensions involve more than
one feature (eigenvalue > 1), a conven-
tional factor-analytic approach. In our
study, we explain why we move beyond

conventional factor analysis, which disre-
gards the reliability of reports of individual
items and thus cannot identify whether an
individual category, like awe, is reported
differently than every other category. CCA
reveals this is true for many categories by

incorporating the reliability of reports of
individual categories in addition to corre-
lations between categories.

Regarding Barrett and colleagues’ char-
acterization of our findings regarding the
conceptualization and structure of emo-
tion, we offer two more minor, but impor-
tant, clarifications. Barrett and colleagues
state that ‘The similarity and differences
among categories [could] be described
by their proximity along affective scales
such as valence, arousal, effort, and so
on.’ There is no doubt that emotion cate-
gories can be compared in terms of fea-
tures such as valence and arousal.
However, what our findings critically show
is that the placement of videos along
scales of valence, arousal, etc. is insuffi-
cient to explain the reported categories of
emotional experience they reliably elicit.
Thus, widely used affective scales do not
capture the similarities and differences
among categories of emotion.

Barrett and colleagues also state that
emotional experiences were ‘structured
as 27 emotion clusters (i.e., categories)’.
It is a position of discrete emotion theories
that emotion categories correspond to
clusters. What we find is that categories
describe 27+ linearly separable dimen-
sions of reported emotional experience.
With respect to the structure of emotion,
we find that reported emotional experi-
ence is ‘neither simply clustered nor
uniform’.

We are grateful our study has generated
the interest of Barrett and colleagues, and
the readership of Trends in Cognitive Sci-
ences, and hope these clarifications spur
further research on the taxonomy of
emotion.
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Figure 1. (A) A state space of emotion underlying reported emotional experience. The number of
dimensions (colored vectors) determines the dimensionality [3], or variety, of emotion. The distribution of
emotional states within clusters (discrete families of states) or gradients bridging broadly different states [4]
determines the structure of emotion [3]. How categories and affective scales describe the space, and whether
each are separately sufficient to infer the emotional state, determines the conceptualization [5] of emotion.
Numbers represent a report of the magnitude of a given feature (1–5 Likert) or quantity of individuals reporting it
(n = 5), which can be used similarly to infer position in the state space [6]. (B) Degree to which the explainable
variance in category judgments was captured by affective scale judgments, and vice versa. Reported
experiences of 34 emotion categories (e.g., amusement, awe) largely captured the information available in
14 commonly-measured affective scales (e.g., valence, arousal, safety) but to a large extent could not be
explained by the affective scales.

Trends in Cognitive Sciences, April 2018, Vol. 22, No. 4 275

mailto:alan.cowen@berkeley.edu
https://doi.org/10.1016/j.tics.2018.02.003


References

1. Cowen, A.S. and Keltner, D. (2017) Self-report captures 27
distinct categories of emotion bridged by continuous gra-
dients. Proc. Natl. Acad. Sci. 114, E7900–E7909

2. Barrett, L.F. et al. (2018) Nature of emotion categories:
comment on Cowen and Keltner. Trends Cogn. Sci. 22,
97–99

3. Van Gelder, T. (1998) The dynamical hypothesis in cogni-
tive science. Behav. Brain Sci. 21, 615–628

4. Young, A.W. et al. (1997) Facial expression megamix: tests
of dimensional and category accounts of emotion recog-
nition. Cognition 63, 271–313

5. Guizzardi, G. (2007) On ontology, ontologies, conceptu-
alizations, modeling languages, and (meta) models. Fron-
tiers in Artificial Intelligence and Applications 155, 18

6. Dolnicar, S. et al. (2011) Quick, simple and reliable: forced
binary survey questions. Int. J. Market Res. 53, 231

7. Jack, R.E. et al. (2018) Data-driven methods to diversify
knowledge of human psychology. Trends Cogn. Sci. 22,
1–5

8. Cichocki, A. (2014) Unsupervised learning algorithms and
latent variable models: PCA/SVD, CCA/PLS, ICA, NMF,
etc.. In Academic Press Library in Signal Processing (Vol.
1) (Diniz, P.S.R. et al., eds), In pp. 1151–1238, Elsevier

9. Gilula, Z. (1986) Grouping and association in contingency
tables: an exploratory canonical correlation approach. J.
Am. Stat. Assoc. 81, 773–779

10. González, I. et al. (2008) CCA: an R package to extend
canonical correlation analysis. J. Stat. Software 23, 1–14

11. Arora, R. and Livescu, K. (2013). Multi-view CCA-based
acoustic features for phonetic recognition across speakers
and domains. Acoustics, Speech and Signal Processing
(ICASSP), 2013 IEEE International Conference, pp. 7135–
7139, IEEE

Letter

Persistent Maladies:
The Case of Two-Mind
Syndrome
Magda Osman1,*

The reference to the word ‘mythical’ by
Melnikoff and Bargh [1] is apt because, as
they point out, humans have an uncanny
need to understand things in binary form.
It functions as an ideal that is rarely an
accurate reflection of reality. The pro-
found attraction to it has helped psychol-
ogists to discover that cognition
conveniently reduces to two modes,
one fast one not, one accessible one
not, one biased one not, one controllable
one not, etc. But could it be that we
psychologists have a chronic case of

two-mind syndrome (a collection of sci-
entific efforts that are designed to main-
tain a claim about the binary functioning of
the mind despite significant evidence to
the contrary)?

There have been other persuasive voices
signalling a similar warning that the duality
of the mind is not literal: ‘This book [Think-
ing, Fast and Slow] has described the
workings of the mind as an uneasy inter-
action between two fictional characters:
the automatic System 1 and the effortful
System 2. You are quite familiar with the
personalities of the two systems and able
to anticipate how they might respond in
different situations. And of course you
remember that the two systems do not
really exist in the brain or anywhere else’
([2], see p. 415).

Besides the warnings, and even in light of
amassing contrary evidence, as Melnikoff
and Bargh [1] show, the spread of the
dual-system framework covers most
areas of psychology, reaching pandemic
proportions. It may even be responsible
for psychology’s current attention and
credibility that has seen it courted by gov-
ernments across the world, albeit under
the more acceptable label of behavioural
science. The public and private sector’s
use of the dual-system framework as an
explanatory tool of the mind is so

embedded that there is no scepticism.
The lack of it is preventing any discussion
of the serious implications in the applied
world of using a flawed framework of the
mind. What happens when that frame-
work is still being used to guide public
policy interventions (Box 1)? This issue
is further reinforced by public uptake of
the dual-system framework. Even when
evidence suggests they are implausible, if
they are sticky enough psychological
phenomena that enter public awareness
are monumentally difficulty to shift. Take,
for instance, subliminal advertising. The
public still believe it to be a tool for uncon-
sciously influencing our purchasing
behaviour [7,8], but this is based on a
falsehood that is of staggering propor-
tions by virtue of its popularity as an idea
[9]. Vicary never conducted the now infa-
mous 1957 cinema experiment in which
cinema goers were subliminally flashed
‘eat popcorn’ and ‘drink Coca-Cola’
and so never possessed data showing
increases of sales of both. Yet, Vicary
popularised the power of applying psy-
chology to manipulate behaviour by tar-
geting the unconscious. From then until
now the idea has stuck regardless of the
lack of any reliable evidence that sublimi-
nal advertising works [9,10].

As the authors mentioned [1], there have
been compelling challenges to this

Box 1. The Illusionary Panacea for Social Ills

In the psychology of persuasion, the application of psychological research in government used to target
human limitations dates back to Lippmann’s work in the 1920 [3]. A modern incarnation of this, in the form of
the nudge programme, was born in 2008 [4] and is a collection of decision-support techniques that
capitalises on psychological insights to improve people’s lifestyle choices.

In the academic world, the problem with the programme is that it has come unstuck. Without a good theory
that specifies the mechanisms that underpin behaviour, it lacks a principled scientific way of determining
why it fails when it does, which it does [5], and what it needs to do to reliably improve [6].

Beyond academia, in the media the limitations of the programme, exposed through scientific interrogation,
have had a muted voice. Yet the proponents of nudge have done little to dispel the public and private
sectors’ perceptions of it as a panacea for societal problems. This is a repeating pattern in the history of
research on persuasion. Each development in the model of behaviour is believed, by practitioners, to have
the potential to generate reliable and sustainable behavioural change at a population level, but has never
succeeded in delivering.
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