
Fig. 4. Canonical correlations analysis between the categorical judgment dimensions and the affective dimensions. (A) The first 13 canonical correlations
between the categorical judgment dimensions and the affective dimensions were found to be significant (P < 0.01). We assigned labels to each canonical
variate by interpreting its coefficients on the affective dimensions (see Fig. S5 for the coefficients). (B and C). Categorical variates (B) and dimensional
variates (C) for the first three canonical correlations, projected as red, green, and blue color channels onto the t-SNE map from Fig. 2A. Color legends are
given in the titles for each map. Similarity in colors between E and F illustrates the degree of shared information between the categorical and dimensional
judgments for these three dimensions of emotional experience. Labels on each map reflect the combination of loadings on the three dimensions that give
rise to each color. (D and E) Like B and C, but for the fourth through sixth canonical correlations. Altogether, B–E illustrate that the categorical gradients
correspond to smooth differences in affective dimension (see also Fig. S4 for analysis of gradient smoothness).

varieties of emotion do people report experiencing? What are
the boundaries between distinct varieties of reported emotional
experience? To what extent is reported emotional experience
rooted in the categorical labeling of the state, vs. judgments of
proposed dimensions of affect such as valence and arousal? What
are the unifying factors that relate proposed affective dimensions
to emotion categorization?

The findings from the present investigation emerge from
a mathematical framework positing that reports of emotional
experience can be characterized as points within a semantic
space, distributed along semantic dimensions corresponding to
distinct varieties of reported experience. To interrogate the
semantic space of reported emotional experience, we had partic-
ipants report on their emotional responses, using three different
methods, to 2,185 emotionally evocative short videos, heedful of
the ambiguities and indeterminacies of self-report.

Our first finding concerns the richness of the semantic space
of reported emotional experience. Using statistical methods to
determine the dimensionality of reported categories of experi-
ence, we obtain evidence for up to 27 varieties of experience
from the categories of emotion reliably reported in response to
over 2,000 emotionally evocative short videos. Our finding that
27 distinct varieties of reported experience are reliably associ-
ated with distinct situations converges with recent developments
in the emotion signaling literature suggesting that upwards of
20 states have distinct nonverbal signals (56). The space of dis-
tinct reported emotional experiences in English involves a richer

variety of states than considered earlier in the field (37). By no
means do we mean to claim that this is the definitive taxonomy
of emotional states, for which studies of other types of stimuli,
other approaches to self-report, other modalities of emotional
response, and other cultures will need to be incorporated. Nev-
ertheless, the present investigation reveals the rich varieties of
reliably reported emotional experience that may shape human
behavior.

Our next finding concerns how reported emotional experi-
ences are distributed in relation to one another, another matter
central to theoretical debate regarding the structure of emo-
tion. Past theorists have suggested that the distribution of emo-
tional states is shaped in one of two ways: either that emotional
states occupy a limited number of distinct clusters or emotion
families (16, 37–39) or that they are more evenly distributed
across more independent dimensions (82). Our approach, which
interrogates the distribution of elicited emotional states within
a dimensional space using an open-ended statistical framework,
can identify both discrete clusters and continuous gradients.
While our findings suggest that there may be constraints on
which varieties of emotional experiences can be reported simul-
taneously in response to a single stimulus, most categories of
emotion share continuous gradients with at least one other cat-
egory. These correspond to smooth gradients in affective mean-
ing, as one can see in Fig. 2A, where we observe gradients linking
experiences of admiration, awe, and aesthetic appreciation; anx-
iety, fear, horror, and disgust; and a number of other emotion
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categories. These findings suggest a far more complex distribu-
tion of emotional states than the clustered or more uniform dis-
tributions hinted at in discrete and dimensional theories (16,
37–39, 82). These findings also raise intriguing questions war-
ranting further research. For example, the smooth gradients of
affective meaning we document may account for how people
transition from one experience to the next (e.g., from admira-
tion to awe; see ref. 91), and for mixed emotional experiences
(92, 93).

Finally, our findings speak to the question of how people con-
ceptualize their emotional experiences in semantic terms. When
participants were asked to judge their emotional state by choos-
ing from a list of 34 categories or by placing their experiences
along 14 different dimensional scales of affective appraisal and
motivation, the categorical judgments more powerfully explained
variance in the affective dimension judgments than vice versa
(Fig. 3). Categorical labels organize affective dimensions in a
coherent and powerful fashion. It is important to recognize that
the most current constructivist and appraisal theories seldom
propose that specific dimensions offer an exhaustive descrip-
tion of reported emotional experience (94). Nevertheless, hun-
dreds of studies of emotion-related behavioral, cognitive, phys-
iological, and neural effects have focused on measurements of
valence, arousal, and other specific affective dimensions (24–36,
76, 77). The present findings suggest that reported emotional
experience is more precisely conceptualized in terms of cate-
gories more often put forward by discrete emotion theories (16,
37–39), although, contrary to discrete theories, we find that the
boundaries between emotion categories are fuzzy rather than
discrete in nature.

Our findings dovetail with recent findings related to the neu-
ral representation of emotional experience. Most notably, Kragel
and LaBar (95) decoded emotional experiences from concomi-
tant fMRI of the human brain, documenting that distributed
patterns of brain activity distinguish among discrete emotions.
Specifically, experiences of amusement, anger, contentment,
fear, sadness, and surprise could be discriminated with above-
chance accuracy based on patterns of brain activation, even when
classifiers were trained and tested on emotional states elicited by
separate modalities of stimuli (film and music). In light of these
findings, the results of the present investigation raise the intrigu-
ing possibility that distinct patterns of neural activation might
distinguish among a much broader array of states than have been
investigated so far, such as the many positive states we have doc-
umented here (e.g., aesthetic appreciation and awe) and may
reflect continuous gradients rather than discrete categories. New
fMRI modeling approaches could fruitfully be combined with the
emotion elicitation and multidimensional reliability estimation
techniques introduced here to determine the number of distinct
varieties of emotion that are represented by distinct patterns of
neural activity.

The present findings regarding the structure of self-reported
emotional experiences may also inform recent theoretical
efforts to explicate how such experiences are generated. For
example, in the higher-order theory of emotional conscious-
ness recently put forward by LeDoux and Brown (15), it
is posited that emotional experiences are introspective states
defined by schematic representations of psychologically signif-
icant situations, and emotion terms are symbolic representa-
tions of these states. Cast within this theorizing, the reliabil-
ity that we observed across participants in their reported emo-
tional responses to particular situations—viewing short videos—
emerges from commonalities in the symbolic structures partici-
pants relied upon to label their emotional reactions to the evoca-
tive stimuli. The higher-order theory of emotional conscious-
ness also predicts that emotional states are represented in parts
of the brain responsible for higher-order cognition (15), consis-

tent with findings by Kragel and LaBar (96) that representa-
tions of subjective emotional experiences are found in high-
level brain regions (e.g., orbitofrontal cortex). Our findings
raise intriguing questions about how such brain regions might
encode the dozens of distinct varieties of emotion that we have
uncovered.

It is worth noting important limitations of the present investi-
gation. As in so many studies of emotional experience, the con-
clusions we might draw depend on the degree of correspondence
between self-reports and subjective experiences. As noted ear-
lier, some aspects of emotional experience may elude self-report,
and there are other potential determinants of self-report besides
emotional experience. On this latter point, we note that reported
emotional experience may reflect a combination of three con-
ceptually distinct phenomena: (i) emotional experience itself; (ii)
cognitive and perceptual experiences that may not in their own
right be considered emotional, but may nevertheless color how
an emotional experience is labeled (18); or (iii) perception of
affective quality, that is, the emotional experience that a situ-
ation could potentially cause or should cause according to cul-
tural norms of emotional experience (18, 97). Future research
will need to systematically examine such processes, to the extent
possible, to further characterize the semantic space of emotional
experience.

It is also important to mention that we have focused on com-
monalities in the emotions people report experiencing in each
situation; individuals also differ, often in striking fashion, in their
reports of emotional responses to a given situation (98, 99). How-
ever, the results of an additional analysis we performed suggest
that differences such as gender, age, social class, and personal-
ity factors explained at most a small proportion of the variance
in reported emotional experience compared with commonalities
across participants (Fig. S6). Nevertheless, it will be crucial for
future studies to examine how such culture-related sources of
variation in emotion self-report shape the structure of semantic
spaces of emotional experience.

Granting these limitations and caveats, our results reveal how
emotion concepts are reliably structured in their association with
distinct situations. These findings have generative implications
for studies that relate reported experience to behavior, physi-
ology, and individual differences (14). With respect to neuro-
physiology, for example, hundreds of studies of the brain regions
activated during reported emotional experiences have focused
on valence and arousal or the six basic emotions (25, 26, 28, 29,
34, 35, 42, 44, 47–49), leaving out the many other varieties of
reported emotional experience that we find reliably occur in dis-
tinct situations and that could potentially be represented in dis-
tinct brain activity patterns.

Questions about the structure of reported emotional experi-
ences are foundational to the science of emotion. Answers to
such questions bear upon the most central theoretical claims in
the field. Our conceptualization of how emotional self-reports
are situated within a semantic space and our geometric analytic
techniques have yielded more nuanced, complex answers than is
typical in the theorizing that has sparked such intense debate.
Reported emotional experiences inhabit at least 27 dimensions
associated with reliably distinct situations and are distributed
along continuous gradients between particular emotion cate-
gories within this space. With analytic methods, and by studying
the widest array of emotions and elicitors to date, we have uncov-
ered an approximation of a geometric structure of reported emo-
tional experience.

It will be important to extend these methods and findings to
studies of other emotion elicitors, such as music, daily activities,
and social interactions. It will also be critical to ascertain geo-
metric structures of reported emotional experience within other
cultures and their languages, given that here we have only studied
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emotional experience reported by US participants using English
emotion concepts (100). The methods developed here could be
fruitfully applied to studies of emotion-related peripheral physio-
logical response, central nervous system response, and nonverbal
expression, once again to shift toward an understanding of how
emotions are how emotional states are arranged within a geo-
metric space.

Materials and Methods
Emotion judgments of the videos were obtained using Amazon Mechani-
cal Turk. A total of 853 English-speaking US participants took part in the
study (403 females, mean age = 36 y). The experimental procedures were
approved by the Institutional Review Board at the University of California,
Berkeley. All participants gave their informed consent. See Supporting Infor-
mation for details.

The 2,185 videos and their mean ratings can be requested here: https://
goo.gl/forms/XErJw9sBeyuOyp5Q2. Please exercise discretion in viewing the
videos, many of which contain highly graphic violence, nudity, and/or sexual
content. Videos with highly graphic content are blurred in the chromatic map
linked elsewhere in the paper (https://s3-us-west-1.amazonaws.com/emogifs/
map.html). However, an uncensored chromatic map is also available to read-
ers of age 18+ by replacing the word “map” with the word “uncensored” in
the previous URL (although please exercise careful discretion in viewing the
uncensored map, which, again, contains extremely graphic content). In both
maps, floating over the number corresponding to each video for an extended
period will reveal the video’s unique numeric tag, which, followed by “.mp4,”
also serves as its filename within our database. Note that videos within the
map can be clicked and dragged.
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