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ABSTRACT

Humans all around the world are drawn to creating and consuming art due to its
capability to evoke emotions, but the mechanisms underlying art-evoked feelings
remain poorly characterised. Here we show how embodiement contributes to
emotions evoked by a large database of visual art pieces (n=336). In four
experiments, we mapped the subjective feeling space of art-evoked emotions (n=
244), quantified “bodily fingerprints” of these emotions (n =615), and recorded the
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subjects’ interest annotations (n =306) and eye movements (n=21) while viewing
the art. We show that art evokes a wide spectrum of feelings, and that the bodily
fingerprints triggered by art are central to these feelings, especially in artworks
where human figures are salient. Altogether these results support the model that
bodily sensations are central to the aesthetic experience.

Emotion is central to art. Humans all around the world
are drawn to creating and consuming art due to its
capability to evoke emotions (Chatterjee & Vartanian,
2014; Zentner et al., 2008), and human emotions are
also a central subject of numerous artworks ranging
from The Scream by Edvard Munch to The Kiss by
Gustav Klimt. Emotions coordinate physiological and
behavioural activation patterns to promote survival
and govern decision-making across contexts ranging
from mate selection (Johnston, 2006) to feeding
(Spence et al., 2016) and environmental preferences
(Kaplan, 1987). They are modulatory systems interact-
ing with both physiological control circuits, and
higher-order cognitive networks supporting decision-
making (Nummenmaa & Saarimdki, 2017). Categorical
models of emotions propose that evolution has
carved a set of basic emotions that support specialised
survival functions (Cordaro et al., 2018; Ekman, 1992;
Panksepp, 1982). These emotions are characterised by
discrete neural and physiological substrates, distinctive
subjective feelings, expressions, and neural basis (Num-
menmaa & Saarimaki, 2017; Panksepp & Watt, 2011).

Yet, humans may experience powerful emotions in
the absence of survival challenges, notably when
encountering art. Art is an ancient phenomenon and
already homo erectus created primitive ornamenta-
tions to their tools (Joordens et al.,, 2014). Emotions
evoked by art presumably constitute one key factor
drawing us to making and consuming art (Chatterjee
& Vartanian, 2014; Zentner et al, 2008). However,
there is no consensus on whether emotions associ-
ated with art and aesthetic experiences are governed
by the same systems supporting emotions during sur-
vival-salient episodes (Putkinen et al, 2021) and
whether aesthetic experience is qualitiatively similar
to other everyday experiences (Markovi¢, 2012). Con-
sequently, the origins of art-evoked emotions are
under intensive debate (Armstrong & Detweiler-
Bedell, 2008; Leder et al., 2004; Menninghaus et al.,
2019; Skov & Nadal, 2020).

An intriguing yet untested hypothesis is that art-
evoked emotions stem from the subjectively felt
bodily changes resulting from viewing art. Human
bodies are central to visual art, both as the object of
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the artwork and as triggers of bodily sensations
(described as, for example, “touching”, “moving”;
Kallio-Tavin et al., 2021). Human faces receive most
attention in both photographs and paintings, indicat-
ing the importance of human form in the composition
of visual arts (Nummenmaa et al., 2012; Pihko et al.,
2011). Somatosensation and interoception play criti-
cal roles in emotion (Craig, 2002; Damasio & Carvalho,
2013) and emotions are often considered as embo-
died processes due the importance of central rep-
resentation of the body’s physiological state in
emotional experience. Distinct emotions are associ-
ated with discernible “bodily fingerprints” that are
organised in a categorical and culturally universal
manner (Nummenmaa et al, 2014; Volynets et al.,
2020). Somatosensory and interoceptive experiences
are also important determinants of subjective
emotional feelings (Nummenmaa et al., 2018) and
accordingly, the aesthetic evaluation of art is
also associated with activation of the insular cortex
(Cupchik et al., 2009) involved in interoceptive proces-
sing. It is thus possible that aesthetic experiences
evoked by art could be connected to subjective
bodily feelings while encountering art (Schino et al.,
2021). This is particularly likely for artworks containing
humans, as seeing others’ actions may trigger sensor-
imotor mirroring that promotes understanding the
socioemotional contents of the depicted scene.

Although low-dimensional ratings of emotions
(liking and arousal) can be used for describing
emotions emerging while viewing art (Leder et al.,
2012), recent work suggests that such conceptualis-
ation of aesthetic experiences is too narrow (Cowen
et al., 2020; Cowen & Keltner, 2017; Mohammad & Kir-
itchenko, 2018). The aesthetics-related emotions
associated with art and their role in the subjective pre-
ferences for specific pieces of art remain poorly
characterised. This question is particularly relevant
given the mixed and ambiguous emotions evoked
by art: Although people generally dislike events and
objects that cause negative emotions, various forms
of art that evoke negative emotions, such as
sadness, may also be strongly liked (Menninghaus
et al., 2017; Putkinen et al., 2021).

Here we investigated embodied emotions evoked
by art and their relation to the presence of human
figures in the art pieces (Figure 1). We mapped the sub-
jective feeling space of art-evoked emotions and quan-
tified the bodily fingerprints of these emotions.
Because emotions are key determinants of subjective
preferences, we also tested which feelings are

indicative of preferences for art pieces as well as the
appreciation of an image as an artwork. We recorded
the subjects’ interest annotations and eye movements
to asses whether the presence of humans in the art-
works were associated with emotions and bodily feel-
ings. The stimuli were a large set (n=332) of visual
art pieces spanning multiple genres and epochs. The
total number of stimuli and subjects in each exper-
iment are summarised in Table 1. Power calculations
for bodily sensation mapping experiments have not
been developed, sample size was based on the original
studies on bodily maps of emotions (Nummenmaa
et al, 2014). Statistical analyses were conducted
using Matlab R2020b and R statistical software.

Experiment 1: subjective feelings while
viewing visual art

Materials and methods

The stimuli were digital photographs of 336 paintings
and drawings spanning multiple genres and periods.
Most of the stimuli were retrieved from the WikiArt
Emotions database (Se ID:s in Supplementary Text 1)
and were chosen based on their capacity to evoke
emotions in the viewers (Mohammad & Kiritchenko,
2018). These artworks were complemented with 20
internationally famous paintings and 20 famous
Finnish paintings presumably not widely known
outside Finland (see Supplementary text 2); this was
done to make sure the stimulus contained also well-
known and well-liked as well as unfamiliar artworks.
The stimuli were divided into four broad categories
per their content: Portraits (n=289) where single or
small groups of individuals portrayed in posed settings,
people (n = 145) where multiple human figures were
represented in various activities, landscapes and
objects (n=33) where the nature, environment or
objects were the main content and abstract (n=70)
works which portrayed no recognisable objects or
where the level of abstraction in presenting them
was high. This categorisation should be considered as
heuristic content analysis rather than as a fine-
grained designation of the art genres; we did not aim
at matching the number of paintings in each category.

The experiment was run using Onni online platform
developed for measuring bodily sensation maps as well
as completing simple questionnaires and preference
ratings (Heikkila et al., 2020). A total of 244 subjects
(208 females, 36 males; mean age 40.5 years, SD 18.28
years) volunteered for the study. The experiment
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Painting-wise distributions

View the painting carefully. Read the statement
and evaluate how much you agree with them

Experiment 1
Subjective
feelings
n=244

Notatall Extremely much
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Notatall Extremely much
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This s a piece of art

Ifeel pleasant when viewing this piece
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Mean bodily feelings
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Body
mapping
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Interest
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Figure 1. Overview of the study design for Experiments 1-3. Sample paintings from top to bottom: Kaski (Eero Jarnfelt), Morsiamen laulu
(Gunnar Berndtson), Leikkivia poikia rannalla (Albert Edelfelt), Toipilas (Helene Schjerfbeck).

contained all the paintings presented in a random order
on computer/ tablet screen. Allimages were rescaled to
fill approximately 70% of the screen on their longer axis
and presented in a random order. In this and all

Table 1. Summary of the number of stimuli and subjects used in each
experiment. Note that stimuli in Experiment 1 and 2 were the same,
and a subset of those was used in Experiments 3a-b.

n n n (stimuli per
(stimuli)  (subjects) subject)

Experiment 1: Subjective 336 244 22 (mean)
feelings

Experiment 2: Bodily 336 615 24
sensations

Experiment 3a: Interest 60 306 30
annotations

Experiment 3b: Eye 60 21 60
tracking

subsequent experiments the subjects were told that
the study pertains emotions, visual images, and art.
We evaluated the aesthetic experience from multiple
viewpoints. First, to verify that the subjects actually con-
sidered the works as art, they were asked to evaluate the
art-like qualities (do you consider this art) of each image.
Second, because our main focus was on emotions, we
obtained evaluations for basic (happiness, sadness, sur-
prise, fear, anger, disgust) and non-basic (sublimity,
amazement, excitement) emotions. Third, because
empathetic responses are known to mediate aesthetic
experience (Ardizzi et al, 2021), we measured
empathy-related aesthetic experiences (balance, touch-
ing, capability to evoke empathy). Because art is some-
times difficult to understand and such effort may
decrease the likability of the works (Reber et al., 2004),
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we also acquired reports the difficulty/effort needed to
understand the work. Finally, as emotions are key deter-
minants of preferences, we also asked subjects to to rate
the images for preference (liking) and beauty. See Table
S-l file for full list of ratings.

All ratings were given using visual analogue scale
coded from 0 (not at all) to 100 (extremely much)
and located below the stimuli. The subjects were told
to evaluate as many paintings as they wanted (with
all the dimensions), this approach was taken to maxi-
mise the number of ratings per painting without
making the task overly laborious. An average of 22
responses (range: 1-332) for all the rated dimensions
per painting were obtained. We analyzed the data by
averaging the ratings for each painting and then com-
puted correlations between the ratings. Hierarchical
clustering was used to determine the underlying struc-
ture of the rated dimensions, and stepwise linear
regression model was used for predicting which
emotional dimensions determine (i) whether a piece
was considered as art and (i) how much it was liked.

Results

Figure 2 shows distributions of painting-wise mean
ratings. Most rated dimensions were relatively

Art

Balance
Beauty
Elegance
Liking
Touching
Empathizing
Joy
Amazement
Surprise
Excitement
Effort
Moving
Sadness
Sublimity
Disgust
Fear

Anger

Dimension

0 40 80
Mean rating

Figure 2. Frequency distributions of the rated dimensions of the art
pieces.

normally distributed. Subjects considered the pieces
generally as art (M =82.24, SD=7.61) and moderately
likable (M =54.47, SD =11.23). They also gave high to
moderate ratings on aesthetic dimensions such as
balance (M =65.87, SD =8.14), beauty (M =56.30, SD
=11.43), elegance (M =54.91, SD =11.14), and touch-
ing (M =46.66, SD = 13.23). Experiences of surprise (M
=39.69, SD=9.79) and amazement (M =41.40, SD =
9.57) were moderately common, whereas negative
emotions such as sadness (M=27.87, SD=13.06)
and anger (M=15.64, SD=7.91) were rare despite
many paintings displaying clearly unpleasant scenes
(e.g. death, funeral, assault).

Correlational and cluster analysis (Ward method
with 1-r as dissimilarity metric) revealed a clear five-
cluster structure (Figure 3). Aesthetic dimensions
(balance, beauty, and elegance) clustered together
and were correlated with the art-like quality of the
pictures. Positive emotions (joy, excitement, liking)
clustered together with empathising and sublimity;
dimensions in this cluster were also associated with
the aesthetic dimensions. Effort needed to compre-
hend the artwork, amazement, and surprise formed
a third cluster. The dimensions in this cluster were
also negatively associated with the aesthetic dimen-
sions and positive emotional experiences. The fourth
cluster contained negative emotions (fear, anger,
disgust), and the final fifth cluster contained sadness
and experiences of touching and moving. The nega-
tive emotions were negatively linked with the aes-
thetic and positive emotions, yet the experiences of
being touched and moved were positively associated
with the aesthetic and positive emotional qualities.

Next, we modelled - using stepwise multiple
regression — the dimensions of aesthetic experience
that predicted whether a stimulus was (1) liked and
(2) considered as art. To avoid confounds, liking was
excluded from the model where art-like qualities
were predicted, and vice versa. Results for the final
models with statistically significant predictors are
summarised in Figure 4. For liking, the model fitted
the data well, F(10,325)=179.20, p<0.001, and
explained a high proportion of the variance, R*=
0.81. Of the statistically significant predictors,
beauty, = empathizing, excitement,  touching,
and joy had positive regression coefficients (betas),
while disgust, fear, and elegance had negative
betas. Balance, sublimity, effort, surprise, amazement,
anger, sadness and moving were excluded from the
model. For art-like qualities, the final model fitted
the data well, F(10,325)=23.37, p<0.001, and
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Figure 3. Pearson correlations between the rated dimensions. Black outlines show the clustering of the rated dimensions.

explained almost half of the variance, R2=0.42.Of the
statistically significant predictors, balance, touching,
beauty, amazement, and elegance had positive
betas and effort, excitement, moving, joy,
and anger negative betas. Empathising, surprise, sub-
limity, sadness, and disgust were excluded from the
model.

Experiment 2: bodily feelings while
viewing art

Materials and methods

We next used the bodily sensation mapping tool
(Nummenmaa et al., 2014) and tested whether
viewing artworks evokes bodily feelings that would
be dependent on the emotional and aesthetic dimen-
sions of the art works (as determined in Experiment 1).
The stimuli were the same as in Experiment 1. Data
were acquired on the Gorilla platform (http://gorilla.
sc) and a total of 615 subjects (238 females, 377
males; mean age=26.27, SD age=7.62) were

recruited from Prolific. For the sake of subject
comfort, the experiment was divided into batches so
that each subject reported bodily sensations to 24
paintings. Subjects viewed the paintings on a compu-
ter / tablet screen one at time. A blank human body
was shown alongside each painting. Subjects were
asked to view each image and colour the regions of
the body that they felt being activated while
viewing the image. Subjects only reported their
bodily sensations and not phenomenological
emotional experiences. We adopted this approach
to avoid direct semantic confounds between the
emotion labels (such as “l am angry”) and correspond-
ing semantic concept of anger in the body (such as
“my fists must be clenching”). Based on independent
ratings obtained in Experiment 1, the ten paintings
with highest score in each dimension (see Figure 2
and Supplementary data 1) were selected for analysis.
Data analysis stream has been described previously
(Nummenmaa et al., 2014; Suvilehto et al., 2015). Indi-
vidual bodily responses were rescaled to a standard
template (175*524 px), averaged across subjects for
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Figure 4. Regression coefficients and their 95% confidence intervals for models predicting liking (A) and art-like qualities (B) of the artworks in
the stepwise regression models. Coefficients are arranged in ascending order separately for each model.

the ten paintings for each dimension, and pixelwise
mass univariate t-tests were conducted to reveal stat-
istically significant activations for each painting.
Finally, false discovery rate correction (Benjamini &
Hochberg, 1995) was applied to control for false
positives.

To assess the link between bodily feelings and
emotional and aesthetic evaluations of art, we com-
puted the average number of pixels coloured in the
human figures for each painting. These indices, calcu-
lated separately for the head and body regions,
range from 1 (every subject coloured every pixel) to 0

Empathising Fear Anger Elegance Joy
Sadness Art Excitement  Surprise Moving

(no subject coloured any pixel). We considered colour-
ing of the body region to imply embodiment or bodily
component of the sensations, whereas colouring of the
head region was considered to imply mentation, here
called mental component. This distinction was based
on our previous work on 100 core feelings that
showed that mental phenomenological experience of
specific subjective states lacking e.g. facial movements
or physiological changes is associated with self-
reported sensations in the head area (Nummenmaa
et al,, 2018). The indices were subsequently correlated
with the painting-wise ratings from Experiment 1 to

Sublimity Disgust Touching Balance 15
i i i i FDR
Liking Beauty = Amazement Effort

Figure 5. Bodily maps of aesthetic and emotional experiences while viewing art. The maps show the statistically significantly activated regions
across subjects for each feeling. The maps are arranged as a function of the mean proportion of significant pixels, and thresholded at p < 0.005,

FDR corrected. Colourbar indictaes the t statistic range.



test how the bodily and mental components of feelings
link with the consciously accessible emotions while
viewing the paintings. Because embodiment might
be affected, via mirroring mechanisms, on seeing
other humans in the paintings, we also tested
whether embodied and mental components would
vary across painting types (portraits, people land-
scapes, objects, and abstract paintings).

Results

Figure 5 shows the bodily feeling maps of different
emotions elicited by viewing art. On average, most
consistent bodily feelings were associated with
empathising, fear, anger, elegance, and joy. Most of
the evaluated dimensions were associated with
bodily sensations in the chest area, while feelings in
the upper limbs were most salient for anger, empathis-
ing, and fear. Experiences of amazement and effort
were markedly lacking in the embodied sensations.
To assess the link between bodily feelings and
emotional and aesthetic evaluations of art, we com-
puted the average number of pixels coloured in the
head and body of the human figures for each painting.
Bodily and mental components were negatively corre-
lated (r=-0.28, p<0.001). The bodily component
(Figure 6 and Table S-2) was positively correlated
with experiences of touching, empathising, moving,
sadness, fear, beauty, art, anger, elegance and liking
(rs>0.11, ps<0.05) and negatively correlated with
experiences of amazement and effort (rs < —-0.12, ps
<0.05). Mental components showed significantly
sparser pattern of associations, with positive corre-
lations for excitement, surprise, and amazement (r:s

Correlation with bodily component

Touching
Empathizing
Moving
Sadness
Fear

Beauty

Art

Anger
Elegance
Liking
Sublimity
Joy

Disgust
Excitement
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Effort

Dimension

®
e —
e

‘*MMMMMM

-0.25 0.00
Pearson correlation

-0.50 0.25 0.50

COGNITION AND EMOTION e 7

> 0.16, ps < 0.05). Finally, we observed that bodily feel-
ings varied across painting types, F(3,332) =30.06, p <
0.001, n§:0.21 Bodily sensations were strongest
for pictures with people, and bodily sensations for pic-
tures with people differed statistically significantly
from those for portraits or those with abstract
content (ps<0.001). The sensations were second
strongest for landscapes, which differed from abstract
paintings (p <0.001), but not from paintings with
people or portraits (Tukey's HSD test). Mental com-
ponent also varied as a function of painting type
F(3,332)=4.76, p=0.002, n3=.04 although less pro-
foundly than for bodily sensations. Mental sensations
were strongest for paintings with abstract content
versus people, p=0.005 and for portraits versus
people, p =0.026 (Tukey’s HSD test); no other statisti-
cally significant differences were found.

Experiment 3: what interests us in
paintings?

Materials and methods

Bodily sensation mapping revealed that bodily sen-
sations are key components of emotional responses
to art. It further indicated that art pieces with
human figures evoked the strongest bodily sen-
sations. Thus, the presence and saliency of humans
in the artworks might enhance attention and interest
towards the paintings, thus being a potential
mediator for art-elicited emotions. This was further
tested in Experiment 3. To measure the spatial distri-
bution of top-down saliency or interest in the art
pieces and link them with the affective evaluations,

B Correlation with mental component

Touching e
Empathizing @ :
Moving @
Sadness L I
Fear @
Beauty L2 :
c Art L 2
kel Anger @ :
% Elegance :
Liking :
£ Sublimity k :
o Joy -
Disgust @ :
Excitement —
Balance F®
Surprise —®
Amazement —®
Effort —&:
-0.50 -0.25 0.00 0.25 0.50

Pearson correlation

Figure 6. Bodily and mental components and aesthetic and emotional evaluations of art. Mean Pearson correlation between bodily (A) and
mental (B) sensations and the aesthetic and emotional qualities of the paintings. Red lines show the area of nonsignificant correlations.
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we gathered human “interest annotations” for a
subset of the paintings (n =60, chosen to represent
various contents and styles) used in Experiment 1
from 306 subjects, and recorded eye movements
while a separate sample (n=21) of subjects viewed
the same paintings.

Interest annotations

Data were acquired on the Gorilla platform (http://
gorilla.sc) and a total of 306 subjects (134 females,
172 males; mean age=26.35, SD age=7.04) were
recruited from Prolific. Subjects viewed the paintings
on a computer / tablet screen one at time and were
asked to colour the most interesting areas from the
painting. No specific instructions for what consist of
“interesting” were given, the subjects were simply
asked to act based on their intuition and gut feelings.
The image batch was divided into half, and each
subject annotated 30 paintings, thus every painting
was annotated by 153 subjects. Painting data were
stored as binary (paint vs. no paint) matrices and
mean proportion of subjects colouring each pixel in
each artwork was computed for generating 2D sub-
jective saliency maps were then analysed. Mean, SD,
skewness, kurtosis, RMS contrast (Peli, 1990) as well
as the number of peaks in each map were also com-
puted to characterise the spatial distribution of the
saliency annotations. Additionally, we computed
mean intersubject similarity (based on Spearman cor-
relation) for the painting-specific interest annotation
maps to index consistency of the saliency annotations
across subjects. To quantify the content of the interest
annotation maps, we thresholded the maps at > 0.33,
corresponding to one third of the subjects annotating
a pixel as interesting. We then counted the number of
interest clusters in each image and counted the
number of the resulting clusters. Finally, we cate-
gorised the broad content of each cluster (faces,
whole human bodies, human body parts (e.g.
hands), objects, animals, and landscapes). Each
cluster could receive up to three content labels, for
example one cluster could contain both human face
and human body parts.

Eye tracking

To validate the interest annotation approach and to
benchmark visual attentional engagement while the
subjects were viewing art, we also conducted an eye
movement study. Gaze position reliably indexes direc-
tion of attention and subsequently provides a net
index of both task-relevant and visually salient

locations in a scene (Henderson, 2003). We presented
the same stimuli as used in the interest-annotation
experiment to 21 observers (13 females, 8 males;
mean age 33.6 years, SD = 8.5) while their eye move-
ments were recorded using Eyelink 1000 tracker (SR
Research) at 1kHz sampling rate. Spatial accuracy
was better than 0.5 degrees of visual angle. Stimuli
were rescaled to 1200 pixels in height and were
shown on a 27" screen for 5 s each with drift correc-
tion between images. Stimulus order was randomised.
Subjects were instructed to view the paintings as they
would view images on a computer or tablet screen.
We first extracted mean number of fixations and
blinks and, average saccade amplitude and pupil
size for each trial, and compared these parameters
across the a priori painting categories. Subject-wise
fixation heatmaps were generated and averaged
across subjects for each painting and compared
with the interest annotation maps using Spearman
correlations. To address the latency at which the
manual annotations and eye-movement-based sal-
iency maps coincide, we reconstructed the fixation
heatmaps with 1-20 first fixations on the image and
computed the similarity index between each recon-
struction and the manual annotations.

Results
Eye tracking and interest annotations

Figure 7 shows representative manually annotated
interest maps. Visual inspection of the saliency maps
revealed that the overall consistency in the saliency
annotations across observers was high, that there
were one or two clear “hotspots” of annotations for
each painting with relatively low saliency ratings in
the background, and that the annotations tended to
focus on humans whenever those were present in
the paintings. These features were confirmed by stat-
istical analysis. On average, the subjects annotated
2.35 regions per image (Figure 8A). Faces were the
most commonly interesting target, followed by
objects, bodies, and body parts, whereas landscapes
and animals were annotated relatively rarely. Mean
consistency of the annotations (as indexed by intersub-
ject correlation, 1SC) was r=0.42, confirming that the
subjects agreed well with each other regarding the
most interesting regions in the paintings (Figure 8B).
Figure 7B shows mean fixation heatmaps for 4
representative paintings, and video S-1 shows mean
eye movement patters while our 21 subjects were
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Figure 7. Manually annotated mean saliency maps (A) and fixation heatmaps (B) for 4 representative paintings. Colourbars show the pro-
portion of subjects colouring each area (top) and the fixation density estimate (B). Sample paintings from left to right: Kaiku (Ellen
Thesleff), Dans le Lit, le Baiser (Henri de Toulouse-Lautrec), Maisema Kolilta (Eero Jarnfelt), Composition 8 (Vassily Kadinsky).

viewing a subset of the artworks. Table S-3 shows cor-
relations between eye movement parameters and
ratings of the aesthetic / emotional dimensions of
the paintings. On visual inspection, the interest-anno-
tation maps (Figure 7A) matched well with the
fixation heatmaps. This consistency was confirmed
with formal statistical analysis, showing that the
mean Spearman correlation between the fixation
heatmaps and interest annotations was 0.49 (SD=
0.13) when computed over the whole 5-s trial
period. The correspondence between interest annota-
tions and fixation heatmaps increased as a function of
time (Figure 8C). This metric plateaued around 10
fixations (corresponding to ~4-s viewing time as
mean fixation duration was 402 ms). Fixation count
and duration were most consistently associated with
the aesthetic and affective dimensions so that
fixation count decreased as a function of art-like

A B °
Clusters 4 -0 Q
=
Faces -
Abstract
Objects 1 —@—
Qo .
o) Portrait
E Bodies -
s
Bodyparts { * Landscape
Landscapes{ @ People
Animals{ ®

00 05 10 15 20 25
Mean

0.2

quality, beauty, balance, sadness, and moving (rs >
0.28, ps < 0.05). Fixation duration increased as a func-
tion of the same variables, except that additional cor-
relation was observed with touching (rs > 0.28, ps <
0.05). Blink rate was positively associated with joy
and negatively with disgust (rs>0.27, ps<0.05).
Pupil size was positively associated with negative
emotions of sadness, and fear, anger, and disgust,
and negatively with joy (rs > 0.27, ps < 0.05).

Figure S-1 shows mean trial-wise eye movement
parameters arranged by painting type. Number
of fixations varied as a function of painting type,
F(3,56)=5.34, p=0.003, n;=0.23. Subjects made
more fixations on landscape paintings and paintings
with people than on portraits (ps <0.01). Saccade
amplitudes also varied as a function of painting
type, F(3,56)=4.58, p=0.003, np=0.20 Subjects
made longer saccades on landscape versus portrait
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Figure 8. Summary of the annotation results. Means + standard errors of mean for the number of clusters and the frequency of the contents for
the clusters (A). Distribution of intersubject similarity of the painting annotations (n = 336) for different painting types (B). Mean + standard error
of mean intsersubject correlation (Spearman) between the interest annotations and gaze-based saliency maps from 1-20 first fixations (C).
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paintings (p = 0.004). Blink counts varied as a function
of painting type, F(3,56) = 3.93, p = 0.01,n,=0.17 Sub-
jects blinked more when viewing portrait paintings
than paintings with people (p=0.05). Pupil size
varied as a function of painting type, F(3,56) =7.53,
p <0.001, n,2):0.29 being largest for portraits and
second-largest for paintings with people, which
differed from landscape paintings (p =0.004). Pupil
size was larger for portraits than that for landscape
or abstract paintings (ps < 0.01).

General discussion

Viewing visual art pieces evoked a wide range of
emotional experiences that formed five broad clus-
ters: (1) aesthetic dimensions, (2) positive emotions,
(3) negative emotions, (4) touching feelings, and (5)
feelings of surprise and effort. These dimensions pre-
dicted how much individual artworks were liked and
considered as art. These emotion dimensions were
embodied, and subjects reported most widespread
bodily feelings associated with them. Empathy,
anger, fear, and elegance evoked experiences almost
everywhere in the body, whereas liking, beauty,
amazement and effort elicited sensations mainly in
the head area. The strengths of the bodily feelings
were associated with emotions experienced while
viewing art. Finally, manual interest annotation and
eye-gaze maps confirmed that human faces and
bodies were consistently the most interesting features
in the paintings.

Emotional responses to art

Emotional experiences evoked by art were consistent
across observers. Aesthetic emotions (art, balance,
beauty, and elegance) were most prominent, followed
by positive emotions (liking, empathising and joy) and
empathy. Feelings linked with surprise and effort were
moderately common. Negative emotions were rare
despite numerous paintings containing unpleasant
themes such as death and grief. Some negative
emotions were commonly experienced with the aes-
thetic, non-basic emotions. Sadness was consistently
associated with the experience of being touched
and moved by the artworks, although these emotions
were also consistently associated with joy. This brevity
of self-reported feelings go significantly beyond
simple liking and arousal (Leder et al., 2012) as well
as the putative “basic” emotions (Cordaro et al.,
2018; Ekman, 1992; Panksepp, 1982). It rather

accords with the view that mixed positive and nega-
tive emotions are a common feature of the aesthetic
emotional experiences during art encounters (Men-
ninghaus et al,, 2019) and that in the aesthetic experi-
ence sadness may be often linked with enjoyment.
Multiple explanations have been put forward the
human attraction to art that induces negative
emotions, ranging from cultural to autobiographical
and arousal-based factors, yet the actual biological
basis of this phenomenon is not currently fully under-
stood (Eerola et al., 2018).

The cluster structure of the emotions distinguished
between the positive and negative emotions, but also
the aesthetic and surprising dimensions and the
touching qualities of the feelings. The aesthetic
dimensions (art, balance, beauty, and elegance)
were positively associated with positive emotions
(sublimity, joy, excitement, liking and empathising)
and negatively associated with surprise, effort, and
negative emotions (fear, anger, disgust). However,
considering the art pieces touching and moving was
positively associated with aesthetic dimensions, as
was also to some extent sadness. These data
suggest that the constellation of aesthetic dimensions
is generally positive in nature. Aesthetic feelings also
contributed to liking of the art pieces: the more
empathy, beauty, touching, joy, and excitement a
painting elicited, the more it was liked. Conversely,
negative emotions were negatively linked with liking
of the art. Importantly, beauty and touching also pre-
dicted whether a piece was considered as art,
suggesting that these feelings have a key role in
determining the aesthetic response to visual
art. This accords with data fromfunctional imaging
experiments showing that empathetic responses
mediate aesthetic experiences (Ardizzi et al., 2021).
Finally, experience of elegance was an interesting
exception in the sense that it was negatively associ-
ated with liking. This may suggest that people
simply do not enjoy this type of “overly effective” sty-
listic (elegant) presentation, and prefer more natural
and complex art works.

Although negative emotions are often argued to
increase the enjoyment or likability of artworks (Men-
ninghaus et al.,, 2017), our data suggest the opposite.
Negative emotions may play a role in the aesthetic
experience via the embodied feelings they evoke,
and in our study anger and fear were associated with
widespread bodily feelings. Negative-emotions-elicit-
ing events depicted in visual art may may elicit visceral
states related to intensive thrill-seeking, which



however do not manifest in the subjective likability of
the works. Similarly, likability of art was negatively
associated with the effort required to comprehend
the work. Although humans associate effort with
reward, they also consider effort as costly and avoid
it on many occasions (Inzlicht et al, 2018). In the
context of art, effort may be considered as an extra
cost associated with the aesthetic experience, thus
making the artworks less appealing (Reber et al., 2004).

Interestingly, dimensions such as beauty, balance and
touching were associated with art-like qualities of the
works, while the opposite was true for dimensions such
as joy and excitement. Definition of art is somewhat arbi-
trary to begin with, yet these results show that the layper-
son’s concept of art is clearly linked with specific
evaluative structure: Art evokes feelings of beauty and
has balanced aesthetic qualities, and it must also be
affectively touching, i.e. relatable. According to our
results, clearly positive emotions, such as joy, were not
directly linked with evaluating something as art. In the
future it would be interesting to test whether a similar
affective-evaluative pattern generalises to other forms
of art and whether it is predictive of e.g. viewing times
and interest towards pieces of art. However, it is possible
that these results reflect the covariance structure of the
predictors. As many of the independent variables corre-
lated with each other, they may also statistically suppress
each other in the regression model (Friedman & Wall,
2005).

Bodily responses to art

Art-evoked emotions were accompanied with bodily
feelings, confirming that art perception is also an intero-
ceptive process. Unlike categorical and discrete bodily
feelings evoked by survival-salient episodes depicted in
e.g. movies (Nummenmaa et al., 2014), the bodily signa-
tures of aesthetic emotions revealed a continuum from
the whole-body experiences of empathy, fear, and
anger towards the experiences of beauty, amazement
and effort that were mostly reported in the head area,
possibly reflecting cognitive processing (Nummenmaa
et al., 2018). Although the self-report technique cannot
discern the underlying brain activation patterns, the rela-
tive unspecificity of the bodily signatures accords with
brain activation patterns evoked by aesthetic emotions.
While emotions elicited by biologically salient events
are associated with discernible brain activation patterns
(Kragel et al, 2016; Saarimaki et al, 2018, 2016), a
similar “decoding” of music-evoked aesthetic emotions
cannot be accomplished outside the sensory
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and motor cortices (Putkinen et al., 2021). It is thus poss-
ible that the emotions evoked by art only engage the
low-level pleasure / displeasure and arousal dimension
of emotion circuits, although the resulting subjective
experience might be affectively vivid and complex.
Finally, unlike photographs or videos, the art pieces
such as paintings may also fail to pass a “reality check”.
For example, a cartoon of an angry dog could be
assessed as less threatening than a photograph of a
dog or the same dog in real life, because we immediately
know that the cartoon dog is neither real nor dangerous.
Such regulation processes might explain the less discrete
bodily responses of emotions to art versus more natura-
listic emotional stimuli.

The magnitude of the art-evoked bodily sensations
was associated with the strength of subjective
emotional feelings. This effect was strongest for feel-
ings of touching, empathy and moving, and also stat-
istically significant for sadness, fear, beauty, art,
anger, elegance and liking. Conversely, experiences of
amazement and effort correlated negatively with the
bodily sensations. This accords with the models of
emotional experiences that posit an important role of
interoception and somatosensation in the emotional
experience (Craig, 2002; Damasio & Carvalho, 2013),
and also with work showing a tight linkage between
bodily feelings and emotional experience (Nummen-
maa et al., 2018). Because experiences of touching
and empathising were significant predictors of
whether a piece was considered as art, it is possible
that this kind of bodily sensations are an integral part
of the subjective evaluative processes when viewing
art. It can of course be debated whether these
responses pertain to affective versus semantic judge-
ments of the stimulus, and the current design
obviously does not allow disentangling the contri-
bution of these two systems. Affect and cognition
however interact at multiple levels of scene recognition
(Nummenmaa et al., 2010), and the resulting phenom-
enological and bodily feeling states likely stems from
this kind of affect-cognition interactions.

Humans attract attention in visual art

Other people are our most important “environment”.
The human brain has been finely tuned for processing
of social information (Hari et al., 2015; Hari & Kujala,
2009) so that mere human features such as faces
capture our attention automatically. This profound
interest in conspecifics is also reflected in the
common themes in visual arts, and a large bulk of
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the art pieces studied here represented humans. The
interest annotations revealed that human faces were
most consistently annotated as interesting. This pre-
ference for faces accords with eye tracking work on
photographs and art pieces (Nummenmaa et al.,
2012; Pihko et al,, 2011), and is also in line with pre-
vious studies showing how this kind of bottom-up
processing contributes significantly to gaze patterns
during free viewing of art (Massaro et al, 2012).
Despite the complex visual structure of the artworks,
annotations were also consistent with mean intersub-
ject correlation of r=0.42. The interest-annotation
maps correlated significantly with eye-movement-
based heatmaps, suggesting that reflect sampling of
both low-level bottom-up visual features as well
goal-relevant information (Henderson, 2003). Pupil
dilation reflects emotional arousal and autonomic
activation (Bradley et al., 2008; Nummenmaa et al.,
2012). Accordingly, we found that pupil size was posi-
tively correlated with the negative emotions evoked
by the paintings. The aesthetic experiences evoked
by the art pieces were associated with longer
fixations, indicating stronger attentional engagement
(Nummenmaa et al., 2006). Finally, saccade durations
were different particularly for portrait and landscape
paintings, indicative of differences in focal versus
ambient processing (Pannasch & Velichkovsky, 2009).

Limitations

We did not control for the subjects’ familiarity with
the artworks, but only a few of the stimuli were
well-known paintings. We also focused on self-
reported emotions, rather than psychophysiological
recordings. Although interoception allows tracking
of bodily states (Critchley et al., 2004), self-reported
bodily sensation maps cannot provide one-to-one
mapping with physiological activation patterns.
Instead, the body mapping technique provides a
net index of the current, consciously accessible
states of various physiological systems in the body,
thus constituting an important part of the emotional
experience (Nummenmaa et al, 2018). Conse-
quently, our data cannot reveal whether the
reported aesthetic experiences are distinct from
physiological or neural emotional states during
other type of sensory perception (Menninghaus
et al, 2019; Skov & Nadal, 2020). Because matching
visual properties of the stimuli for the sake of exper-
imental control would significantly alter the aes-
thetic qualities of the artworks, the pupillometric

effects might be confounded by low-level visual stat-
istics of the images. This is however unavoidable in
these types of studies on natural vision. Finally, the
stimuli were digitised pictures presented on a com-
puter screen and although our subjects considered
these images very much like art pieces, photographs
and real paintings differ in many perceptual features,
such as texture, size of the painting, and details of
color (which depends on the light environment). In
the future it might be interesting to test whether
these features of actual paintings would lead to
differential gaze patterns in comparison with the
flat digital images.

Conclusions

Aesthetic emotional experiences associated with
encountering visual arts are strongly embodied and
that visual arts can elicit a broad range of emotional
feelings that go significantly beyond the canonical
“basic” emotions. The strength of these emotions is,
in general, linked with the strength of bodily sen-
sations the art pieces evoke. Accordingly, it is possible
that the appeal of the visual arts stems partially from
art's capability to engage the viewer’'s body in a
manner resembling the bodily signatures of survival-
salient emotions.
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	Experiment 1: subjective feelings while viewing visual art
	Materials and methods

	Results
	Experiment 2: bodily feelings while viewing art
	Materials and methods

	Results
	Experiment 3: what interests us in paintings?
	Materials and methods
	Interest annotations
	Eye tracking


	Results
	Eye tracking and interest annotations

	General discussion
	Emotional responses to art
	Bodily responses to art
	Humans attract attention in visual art
	Limitations

	Conclusions
	Acknowledgements
	Disclosure statement
	Data availability statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


