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a b s t r a c t

The aesthetics of designed products have become part of our life in modern society. This study explores
the neural mechanisms of how aesthetic judgment and aesthetic emotion interplay during the appre-
ciation of designed products that are commonly seen in daily life. Participants were 30 college students,
and the stimuli were 90 pictures of everyday designed products. Based on an event-related paradigm, the
findings of this study suggest that there are associative and dissociative neutral mechanisms underlying
different types of aesthetic judgment and aesthetic emotion. The study identified the following main
findings: (a) normative beauty and subjective beauty both involved the left anterior cingulate cortex
(ACC); (b) subjective beauty and positive emotion both involved the right ACC; (c) subjective beauty and
negative emotion both involved the precuneus; (d) subjective ugliness and negative emotion both in-
volved the right inferior frontal gyrus; (e) subjective ugliness alone additionally activated the insula; and
(f) subjective beauty alone additionally activated the caudate. The findings in this study shed light on
complex but ordinary processes of aesthetic appreciation.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Aesthetics have been identified as an important personal value
from the very beginning of personality research (Townsend and
Sood, 2012). Recently, the development of neroimaging techniques
has led to a new approach for the study of aesthetics—neuroaes-
thetics. Neuroaesthetics focuses on the understanding of the
neural basis of cognitive and affective processes that are engaged
when a person takes an aesthetic approach toward a work of art, a
nonartistic object, or a natural phenomenon (Nadal and Pearce,
2011). Aesthetics has a special relevance to consumer behaviour
among the universal values in three ways: aesthetics is innately
appreciated, has evolutionary benefits, and is applicable in a pro-
duct context (Townsend and Sood, 2012). Good designs in modern
societies usually combine technology, cognitive science, human
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need, and beauty. Therefore, utilizing the power of aesthetics is
essential to well-designed products.

It has been suggested that aesthetic judgment and emotion are
critical processes of aesthetic appreciation (e.g., Chatterjee, 2011;
Zangwill, 2014). Many studies have investigated the neural me-
chanisms of aesthetic judgment in the past decade, but only a few
studies have focused on aesthetic emotion. Moreover, few of these
related studies have explored the aesthetic processes of everyday
designed products that are closely associated with our life, such as
a cup, a clock, etc. There is also an ongoing debate over whether
aesthetic emotion is a unique emotion or whether this emotion is
the same as emotions that are elicited by everyday situations
(Chatterjee, 2011). In addition, related findings revealed that aes-
thetic judgment activates different brain areas when viewing dif-
ferent types of stimuli (Kawabata and Zeki, 2004). Accordingly,
this study investigated the neural mechanisms of aesthetic judg-
ment and aesthetic emotion during the appreciation of everyday
designed products, which elucidated the ordinary aesthetic pro-
cess compared to more abstract arts.
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1.1. Theories of aesthetic judgment and emotion

According to Leder’s (2013) information processing model of
aesthetics, aesthetic experiences include the processes of percep-
tual analysis, implicit memory integration, explicit classification,
cognitive mastery, and evaluation. Aesthetic judgment in the
process of valuation is made based on interpretations in the stage
of cognitive mastery. Moreover, aesthetic emotion, which is the
by-product of the process of aesthetic experience, interacts with
aesthetic judgment. In their proposed model of aesthetic experi-
ence, (Brattico et al., 2013) emphasized that aesthetic experience
comes to full fruition by inducing emotions in the individual and
by prompting an evaluative judgment.

It has been suggested that aesthetic emotion is elicited by the
portrayal of emotional content to which we relate, and the iden-
tification of the factors that influence the arousal of such emotion
has become a challenge for empirical aesthetics and neuroaes-
thetics (Nadal and Skov, 2013). Similarly, Armstrong and Detwei-
ler-Bedell (2008) claimed that beauty is an emotion that bears
directly on the mind’s goal of understanding challenging stimuli
when the potential to realize such understanding is tangible but
distant. Over the last decade, researchers have agreed that art
offers pleasing and positive emotions, although various explana-
tions have been proposed. The inducing mechanism may, through
interest and finding meaning (Leder et al., 2004; Jakesch and Le-
der, 2009), induce sudden insight (Kuchinke et al., 2009) and
sensory attraction (Verpooten and Nellissen, 2010).

On the other hand, many researchers (e.g., Chatterjee, 2011;
Zangwill, 2014) noted that aesthetic judgment is central to aes-
thetic processes. The most common contemporary paradigm of
aesthetic judgment is judgment of beauty and ugliness. Kant
identified two fundamental necessary conditions for a judgment to
be a judgment of taste, subjectivity and universality (as cited in
Zangwill, 2014). The subjective principle determines what pleases
and what displeases us through personal feeling. Universality re-
flects the transcendental principle of the general acceptability that
emerges from the cognitive capacity that everyone possesses. In
other words, Kant emphasizes that judgment of taste must have a
subjective principle but with universal validity (Atalay, 2007). In
the same vein, Okanoya (2013) claimed that sensing is not only a
biological-based, but also a normatively-founded process. Jacobsen
and Schubotz (2006) also suggested that aesthetic judgments of
beauty rely on a network which partially overlaps with that un-
derlies evaluative judgments on social and moral cues.

Based on the aforementioned literature, we propose that the
outcome of aesthetic appreciation includes an emotional compo-
nent (aesthetic emotion), which is rather subjective, and a cogni-
tive component (aesthetic judgment), which is both subjective and
normative. The subjectivity is derived from varied personal ex-
periences, and normativity developed from human cognitive ca-
pacity and the universal rules underlying beauty. Moreover, we
suggest that aesthetic judgment and aesthetic emotion are
interactive.

1.2. Neural mechanisms of aesthetic judgment and emotion

Past studies on aesthetic judgment have found consistent and
inconsistent brain activations. For example, Bohrn et al. (2013)
found that aesthetic evaluation activated the right caudate nu-
cleus, anterior cingulate, and cerebellum. (Pöppel et al., Lutz)
found activations in the anterior cortical midline structures, right
superior frontal gyrus, and left superior, middle, inferior frontal
gyrus (IFG), insular cortex, orbitofrontal cortex, and temporal pole
in the “non-beautiful” to “beautiful” contrast. Vartanian and Goel
(2004) found that activity within the occipital gyri bilaterally and
left anterior cingulate increased with preference ratings, whereas
activity within the right caudate decreased as preference ratings
decreased.

Aesthetic judgment can also activate different brain regions
when viewing different types of stimuli. Kawabata and Zeki (2004)
asked participants to rate abstract, still life, landscape, or portrait
paintings as beautiful, neutral, or ugly, and they found different
patterns of activity within ventral visual cortex between the four
types of stimuli. Vartanian and Goel (2004) found that presenta-
tional paintings provoked more activity in the occipital poles,
precuneus, and posterior middle temporal gyrus than abstract
paintings. Accordingly, we expected that there would be both si-
milar and different brain activities during the viewing of designed
products compared to other types of art.

With regard to emotions, the amygdala has been regarded as an
essential part in processing both fearful and rewarding environ-
mental stimuli (Janak and Tye, 2015). It has also been found that
processing of emotional faces was associated with increased acti-
vation in a number of visual, limbic, temporoparietal, and pre-
frontal areas, the putamen, and the cerebellum; moreover, happy,
fearful, and sad faces specifically activated the amygdala, and in-
sular activation was selectively reported during processing of
disgusted and angry faces (Fusar-Poli et al., 2009). In the same
vein, it has been found that that when children responded to
negative task trials, there was increased connectivity between
amygdala and superior frontal gyrus and bilateral postcentral gyri
(Hwang et al., 2014).

More recently, fMRI studies found that when consumers are
exposed to a higher level of beautiful products, brain activations
are similar to getting rewards; in contrast, exposure to a lower
level of beauty results in similar brain activations as feelings of
nausea or unfairness (Chatterjee, 2011). In addition, a cortical
network that consists of the ACC and insular cortex involves the
control of emotional processing (Craig, 2009; Critchley et al.,
2004). Cupchik et al. (2009) found that aesthetic perception acti-
vated bilateral insula which they attributed to the experience of
emotion; moreover, they found, while adopting the aesthetic or-
ientation activated the left lateral prefrontal cortex, paintings that
facilitated visuospatial exploration activated the left superior
parietal lobule, suggesting that aesthetic experience is a function
of the interaction between top-down orienting of attention and
bottom-up perceptual facilitation.

1.3. Shared neural substrates of aesthetic judgment and emotion

A review of the neurobiology of beauty reveals that the ex-
perience of visual, musical, and moral beauty all correlate with
activity in the medial orbito-frontal cortex (mOFC), which includes
segments of Brodmann Areas (BA) 10, 12, and 32 (includes ACC)
(Zeki et al., 2014). The ACC and insular cortex play significant roles
in emotional responses and regulation. However, an overlapping
circuitry involving the ACC and insula has been implicated across
various cognitive tasks, which suggests that the functions of these
structures also relate to information processing in general (Fan
et al., 2011).

Moreover, it has been suggested that the cuneus or precuneus
region is active in response to a wide variety of stimuli, including
memory-related and selective attention processes (Blood et al.,
1999) and attentively processed emotional information (Reske
et al., 2009). Reviews of preference judgment also found that in-
creasing preference for presented paintings led to increased acti-
vation in the left anterior cingulate sulcus, which is involved in
reward-related processing of stimuli with different emotional va-
lence (Dio and Gallese, 2009).

The aforementioned findings suggest that there are both shared
and distinct neural mechanisms of aesthetic judgment and emo-
tion; notably, ACC, pre(cuneus), and OFC may play important roles
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in the process of aesthetic appreciation. This study therefore
aimed to explore the associated and dissociated neural substrates
of aesthetic judgment and aesthetic emotion during the appre-
ciation of everyday designed products. Notably, in a review of 551
fMRI studies on emotions, Fusar-Poli et al. (2009) found that the
employed emotional conditions were negative emotion (sad, an-
gry, disgust, and fearful) (49%), neutral (32%), and happy (19%);
however, most studies compared the differences between two
types of the emotions. It’s also common that recent fMRI studies in
aesthetics focus on emotional contrasts of positive emotion to
negative emotion (e.g. Bertamini, Makin and Rampone, 2013;
Vessel et al., 2012). In addition, recent studies have found that
emotional arousal is critical to aesthetic responses (Bertamini,
Makin and Rampone, 2013; Okanoya, 2013) and suggested that
emotional arousal should be included to account for aesthetic
experience. To get a better understanding of aesthetic emotions,
we therefore included emotional arousal in the behavioral mea-
sures and investigated the contrasts between the positive, neutral,
and negative emotion in the fMRI data.
Fig. 1. Procedures of experimental design. The experiment was performed in two
runs, and 45 trials were presented in each run.
2. Method

2.1. Participants

Thirty-three neurologically healthy, right-handed Taiwanese
college students participated in this study. One participant fell
asleep, and two participants did not complete the fMRI scan. Fi-
nally, 30 participants (14 males and 16 females) aged 20–29
(22.9372.595 years) were included in this study. All participants
were Mandarin speakers and had normal or corrected-to-normal
vision. They were pre-screened and had no history of previous
neurological or neuropsychological disorders. Written informed
consent was obtained from all participants, and the Research
Ethics Committee of the National Taiwan University, Taiwan ap-
proved the study (approval number: 201301HS024). Approxi-
mately $23 was rewarded for participation.

2.2. Stimuli

Ninety pictures of everyday designed products were employed
as stimuli through E-prime in the fMRI study. The pictures were
selected from “Aesthetic Pictures of Everyday Designed Products
(APEDP)”, which was tested on a sample of 401 college students
(Yeh, 2013). APEDP includes 412 pictures that were collected from
websites, books, and international awards of creative products.
The pictures in the original APEDP were divided into three cate-
gories (beautiful, medium, and ugly) based on aesthetic judgment
(degree of beauty). The perceived beauty of pictures was positively
correlated with positive emotions of “happy/pleasant” and “re-
laxed/peaceful” (r's¼0.959 and 0.963, respectively, p'so0.001)
and negatively correlated with negative emotions of “disgusting/
hateful” and “terrible/fearful” (r's¼�0.911 and �0.884, respec-
tively, p'so0.001) (Yeh, 2013).

A behavioral pilot study, which included a separate sample of
participants, was conducted to validate the stimuli and experi-
mental procedures prior to the fMRI experiment. Ninety-eight
college students (11 males and 87 females) aged 20–29
(20.70472.683 years) participated in the behavioral pilot study.
The 40 most salient pictures from each aesthetic judgment group
(beautiful, medium, and ugly) in APEDP were selected. Based on a
6-point Likert type measurement (ranging from very ugly to very
beautiful), the mean scores for the selected “beautiful”, “medium”,
and “ugly” pictures were 4.877 (SD¼0.146), 3.876 (SD¼0.200),
and 1.844 (SD¼0.194), respectively.

We asked the participants to rate the aesthetic judgment
(1¼ugly, 2¼medium, 3¼beautiful), and aesthetic emotion
(1¼negative, 2¼neutral, 3¼positive) of each stimulus in this pilot
study to match the design of the fMRI study. The use of fingers for
button-press responses (1: index finger; 2: middle finger; 3: ring
finger) was counterbalanced. We further selected the 30 most
salient pictures from each aesthetic judgment group based on the
results. The mean scores for the selected “beautiful”, “medium”,
and “ugly” pictures were 2.245 (SD¼0.093), 1.703 (SD¼0.146), and
1.154 (SD¼0.030), respectively. The mean scores of the three ca-
tegories of pictures did not have gender differences in the original
sample of 401 college students (Wilks’ Λ¼0.903, p¼0.123,
η2p¼0.097), in the pilot sample of 98 college students (Wilks’
Λ¼0.979, p¼0.565, η2p¼0.021), or in the behavioral sample of this
study (Wilks’ Λ¼ .918, p¼0.519, η2p¼0.082).

2.3. Design and procedures

The study design and procedures were slightly adjusted based
on the results of the behavioral pilot study to obtain valid data in
the fMRI experiment. Notably, the reaction time for rating beau-
tifulness and emotions of each stimulus in the behavioral pilot
study was 2.316 s and 2.297 s. Therefore, we set the rating time at
3 s in the fMRI experiment. The fMRI experiment employed an
event-related paradigm that was identical to the behavioral pilot
study. Participants completed the consent form and required
personal information, and a brief introduction and practice session
followed.

The participant’s head was fixed with foam pads during the
fMRI scan to minimize head motions. All participants reported no
difficulty in viewing stimuli or hearing instructions. Participants
who required vision correction used either MRI-compatible con-
tact lenses or MRI-compatible plastic goggles. The experiment was
performed in two runs. During each run, participants were first
presented with the word “ready” and a dummy scan for 6 s, and
the 45 trials were presented. Within one trial, a stimulus was
presented for 5 s following a fixation period with randomly jit-
tered inter-trial intervals of 1, 2, or 3 s. Participants were requested
to rate their aesthetic emotion (negative, neutral, or positive) (see
Fig. 1). The response time was 3 s, and the participants could
change their responses within the time limit. Moreover, the use of
fingers for button-press responses (1: index finger; 2: middle
finger; 3: ring finger) was counterbalanced. The stimuli of the
three categories of aesthetic judgment were also randomly dis-
tributed in each run. There was a 2-min break between the two



Table 1
Means and standard deviations of aesthetic judgment, aesthetic emotion, and
arousal in each of the stimuli groups.

Stimuli group Aesthetic judgment Aesthetic emotion Emotional arousal

M SD M SD M SD

Beautiful 2.07 0.604 2.69 0.516 2.67 0.713
Medium 1.68 0.576 2.34 0.561 2.25 0.612
Ugly 1.05 0.241 1.21 0.505 3.19 0.835

Note: aesthetic judgment: 1¼ugly; 2¼medium; 3¼beautiful. Aesthetic emotion:
1¼negative; 2¼neutral; 3¼positive. Emotional arousal: 1¼very weak; 2¼weak;
3¼strong; 4¼very strong. 72.11% of the beautiful stimuli were reported to provoke
positive emotion; 84.00% of the ugly stimuli were reported to provoke negative
emotion; 2.67% of the beautiful stimuli were reported to provoke negative emo-
tion; 4.55% of the ugly stimuli were reported to provoke positive emotion.
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runs, and each run took approximately 7 min and 36 s. The total
duration of the experiment for each participant was approximately
17 min 12 s.

We also performed post-scan ratings on the aesthetic judgment
and aesthetic emotion of each picture using the same rating scale
during fMRI scans for all participants to evaluate the brain–be-
haviour relationship. We assessed aesthetic judgment in post-scan
ratings for two reasons: first, to avoid exhaustion for too many
ratings during fMRI scans; and second, we assumed that aesthetic
judgment was less subject to change in short periods of time
compared to emotional states. Participants were requested to go
through all procedures immediately after the fMRI experiment, in
which judgments of beauty (ugly, medium, and beautiful) and
ratings of emotional arousal (1¼very weak; 2¼weak; 3¼strong;
4¼very weak) were also included.

2.4. Data acquisition

Scans were performed in a 3-tesla Siemens Megnetom Skyra
Siemens MRI scanner using a 32-channel head coil. Visual stimuli
were presented to the participants on a Hitachi CP-SX635 Pro-
jector. BOLD echoplanar images (EPIs) were collected using T2*-
weighted gradient-echo echoplanar imaging sequences (voxel size,
4�4�3 mm3). Each volume contained 34 transversal slices of
3 mm slice thickness that were oriented parallel to the anterior
and posterior commissure (AC–PC) line covering the entire brain
(TR¼2000 ms, TE¼24 ms, flip angle¼ 90°, FOV¼256 mm, 64�64
matrix, in plane-resolution¼4.0�4.0 mm2). High-resolution T1-
weighted structural images were also acquired using the 3D
MPRAGE pulse sequence: TR¼1560 ms, TE¼3.30 ms, flip
angle¼15.0°, 256�256 voxel matrix, FOV¼256 mm, 192 con-
tiguous axial slices, thickness¼1.0 mm, and in-plane resolution:
1.0�1.0 mm2. This study included two runs, and the first two TRs
in each functional run were discarded to avoid T1 equilibrium
effects. Each functional run acquired 228 volumes.

2.5. Image analyses

Functional data were analyzed using SPM8 software (Statistical
Parametric Mapping, Wellcome Department of Cognitive Neurol-
ogy, London, UK). Following Dicom, slice timing correction, and
realignment, co-registered images were normalized to the stan-
dard Montreal Neurological Institute EPI template and the
4�4�3 mm3 voxel size of the written normalized images.
Moreover, statistical analyses were calculated on data that had
been spatially smoothed using an 8-mm full-width-at-half-max-
imum (FWHM) Gaussian kernel with a high-pass filter (128-s
cutoff period) to remove low frequency artifacts.

Data from each participant were entered into a general linear
model using an event-related analysis procedure. Statistical ana-
lysis was performed in a two-stage random-effects model. In the
subject-specific first-level model, each stimulus type was modeled
by a canonical hemodynamic response function and its temporal
derivative. The functional data in these first-level models were
high-pass filtered with a cutoff of 128 s. The parameter estimates
in these first-level models, which reflected signal change for all
paired conditions in aesthetic judgment and aesthetic emotion,
were calculated in the context of a general linear model. Contrasts
of interest were obtained for each participant from these first-level
parameter estimates and used in a second-level random effects
model. The averaged trials accepted for each condition in GLM
analysis were as follows: 30 trails for the beautiful, medium, or
ugly stimuli in normative aesthetic judgment contrasts; 45.83,
19.10, and 25.07 trials for the beautiful, medium, and ugly stimuli
in subjective aesthetic judgment contrasts; 36.27, 26.10, and 26.60
for the positive, neutral, and negative emotion in aesthetic
emotion contrasts. The threshold of p-value adjustment for control
was set to 0.005. All reported areas of activation were considered
significant at po0.05 corrected for family-wise error rate (FWE)
for multiple comparisons at the voxel level with a cluster size
greater than or equal to 10 voxels. In addition, time courses were
extracted from the beta values of peak voxels of the regions to
visualize the signal change in significant brain regions.
3. Results

3.1. Behavioral data

The mean rating scores for aesthetic judgment, aesthetic
emotion, and emotional arousal are displayed in Table 1. Analysis
of variance showed that there were significant differences be-
tween the three categories of stimuli with regard to aesthetic
judgment, aesthetic emotion, and emotional arousal, F(2, 2697)¼
941.711, 1958.156, and 378.982, η2p¼0.411, 0.592, and 0.220,
p'so .001; all post-hoc tests were significant as well. In other
words, our categorizations of stimuli are reliable and valid. We
also found that ugly stimuli provoked stronger emotional arousal
then did the beautiful and the medium stimuli.

With a total of 2700 evaluations of the 90 pictures, the judg-
ment of beauty was positively associated with positive emotion
(r¼0.794, po0.001). Further examining the relationships be-
tween aesthetic judgment, aesthetic emotion, and emotional
arousal in each of the stimuli category, we found that within the
category of beautiful and medium stimuli, aesthetic judgment,
aesthetic emotion, and emotional arousal were all positive corre-
lated, r's¼0.332–0.514, p'so0.001. In the category of ugly stimuli,
although aesthetic judgment and aesthetic emotion were still
positive correlated, emotional arousal was negatively related to
aesthetic judgment and aesthetic emotion (r's¼�0.351 and
�0.272, p'so0.001), suggesting that participants tended to have
more negative emotion and stronger emotional arousal when
viewing ugly pictures then viewing beautiful pictures (see Table 2).
Moreover, the emotions rated in-scan and post-scan had great
consistency (r¼0.979, po0.001), which suggests that the parti-
cipants’ ratings in-scan and post-scan were highly reliable.

3.2. fMRI data: differences in neural activity associated with aes-
thetic judgment conditions

We compared the activated brain regions of the subjective
aesthetic judgment (based on the participant’s own categoriza-
tion) and the normative aesthetic judgment (based on the cate-
gorization of pilot studies) to check the validity and categorization
of the employed stimuli. Four contrasts (beautiful–ugly, ugly–
beautiful, beautiful–medium, and medium–ugly) were made



Table 2
Correlations of aesthetic judgment, aesthetic emotion, and emotional arousal within the category of beautiful, medium, and ugly stimuli.

Response Beautiful stimuli Medium stimuli Ugly stimuli

(1) (2) (3) (1) (2) (3) (1) (2) (3)

Judgment (1) 1.000 1.000 1.000
Emotion (2) 0.402n 1.000 0.504n 1.000 0.502n 1.000
Arousal (3) 0.445n 0.416n 1.000 0.353n 0.394n 1.000 �0.145n �0.272n 1.000

Note: Judgment: 1¼ugly; 2¼medium; 3¼beautiful. Emotion: 1¼negative; 2¼neutral; 3¼positive. Arousal: 1¼very weak; 2¼weak; 3¼strong; 4¼very strong.
n po0.001.

Table 3
Regions significantly activated for contrasts of aesthetic judgment

Conditions Regions Side BA Voxels Z max MNI coordinate P (FWE-corr)

X Y Z

Normative judgments
B–U ACC L 32 1278 4.00 �20 30 18 0.000
U–B Insula R 13 1953 4.33 38 14 �6 0.000
B–M n. s.
U–M n. s.

Subjective judgments
B–U Precuneus L 7 2804 4.40 �26 �52 44 0.000
B–U ACC L 32 1183 3.90 �22 32 20 0.000
B–U ACC R 32 1250 3.90 22 34 12 0.000
B–U Caudate L 413 4.30 �28 �40 10 0.043
U–B IFG R 13 794 4.16 32 16 �16 0.001
B–N n.s.
U–N n.s.

Note: MNI¼Montreal Neurological Institute; B¼beautiful; U¼ugly; M¼medium; L¼ left; R¼right; BA¼Brodmann’s area; ACC¼anterior cingulate cortex; IFG¼ inferior
frontal gyrus. Voxels¼number of voxels in cluster; only clusters with an extent threshold of po0.005, corrected for whole brain and cluster 10 or greater are presented;
threshold of po0.05, FWE (family-wise error rate) corrected.
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separately based on the subjective and normative judgment.

3.2.1. Normative aesthetic judgment
The region that showed significant brain activation in the

beautiful to ugly pictures was the left ACC (BA 32, po0.001). The
region that showed significant brain activation in ugly to beautiful
pictures was the right insula (BA 13, po0.001). The other two
contrasts (beautiful to medium and ugly to medium) did not have
significant brain activations (see Table 3 and Fig. 2).

3.2.2. Subjective aesthetic judgment
Regions that showed significant brain activation in the beau-

tiful to the ugly pictures were the left precuneus (BA 7, po0.001),
left and right ACC (BA 32, p'so0.001), and left caudate (po0.001).
However, the region that showed significant brain activation in the
ugly to beautiful pictures was the right inferior frontal gyrus (IFG)
(BA 13, po0.001). The other two comparisons (beautiful to med-
ium and medium to neutral) did not have significant brain acti-
vations (see Table 3 and Fig. 3).

3.3. fMRI data: differences in neural activity associated with aes-
thetic emotion conditions

We compared brain activations for the three types of aesthetic
emotion, positive, neutral, and negative, based on the participants’
responses. The region that showed significant brain activation in
positive to negative emotion was the right ACC (BA 32, p¼0.028).
The regions that showed significant brain activations in negative
to positive emotion were the right precuneus (BA 7, p¼0.016) and
right inferior frontal gyrus (BA 45, p¼0.049). Comparisons of po-
sitive to neutral emotions and negative to neutral emotions were
not significant (see Table 4 and Fig. 4).
4. Discussion

Everyday designed products have become part of our life in
modern society. An understanding of the neurological mechan-
isms of cognitive appraisals that are activated by the aesthetic
properties of these products can help us better understand how
this often subconscious process can affect outcomes, such as aes-
thetic judgment and emotional response (Kumar and Garg, 2010).
Neuroimaging techniques can provide a new analytical level of
evidence in the understanding of cognitive processes (Nadal and
Skov, 2013). Therefore, we explored the neural substrates of aes-
thetic judgment and emotions that pertain to everyday designed
products using fMRI. The findings of this study revealed that the
participants’ aesthetic judgments were highly related to their
aesthetic emotions. Moreover, this study found that the emotional
arousal was related to aesthetic judgments, which lends support to
the multiple-layer theory of emotional expression (Juslin, 2013) in
that associative coding adds a richer level of emotional expression
and intrinsically-coded expression adds dynamically changing
contours (e.g., arousal or intensity) which help to shape more
time-dependent emotional expressions.

The fMRI data are consistent with the behavioral data and also
indicate the associative and dissociative neutral mechanisms un-
derlying different types of aesthetic judgments and aesthetic
emotions. Basically, the findings of this study lend support to the
arguments that aesthetic experience involves the interaction of
top-down attention and bottom-up perceptual facilitation (Craig,
2009; Cupchik et al., 2009; Critchley et al., 2004). The following



Fig. 2. Regions showing brain activation for the beautiful versus ugly and ugly versus beautiful contrasts in normative aesthetic judgments. Bar-charts show beta values for
regions of interests (ROIs). Error bars represent standard error of the mean (SEM) from the mean. Significant activations at a po0.05 FWE-corrected level. MNI coordinates
for distinct regions can be found in Table 3. L¼ left; R¼right; ACC¼anterior cingulate cortex.

Y.-c. Yeh et al. / Neuropsychologia 73 (2015) 151–160156
main findings are included: (a) normative beauty and subjective
beauty both involve the left ACC; (b) subjective beauty and posi-
tive emotions both involve the right ACC; (c) subjective beauty and
negative emotions both involve the precuneus; (d) subjective ug-
liness and negative emotion both involve the right IFG;
(e) subjective ugliness alone additionally activated the insula; and
(f) subjective beauty alone additionally activated the caudate (see
Fig. 5 for the overlaps).

First, we found that both the normative and subjective judg-
ment of beauty activated the left ACC, whereas the subjective
judgment of beauty additionally activated the right ACC, pre-
cuneus, and left caudate. These findings support the coexistence of
subjective beauty and normative beauty (Atalay, 2007; Zangwill,
2014) and suggest that these two types of beauty, although highly
correlated based on shared neural substrates, are distinguishable
by their underlying neural substrates. As Atalay (2007) suggested,
judgment of tastes cannot be separated from the actual situation it
precedes, and we have to conceive the inner unity between the
subjective and the universal. As a result, we evaluate a product
based on our subjective feelings, but our evaluation is also a uni-
versal one. The findings here are also in line with the argument
that aesthetic preference of a product is related to a balance be-
tween typicality to the norm and novelty to the individual (Han-
cock et al., 2005) as well as that the caudate nucleus and the ACC
indicate processes of spontaneous aesthetic evaluation (Bohrn
et al., 2013).

In addition, the strong activation of the ACC that was found in
this study confirms that the ACC is critical to aesthetic judgments
across domains (Goldberg et al., 2014; Zeki et al., 2014). However,
the activation of the caudate during the viewing of beautiful
products contradicts the review that decreased preferences for
observed paintings decreases activation in the caudate nucleus
(Dio and Gallese, 2009), which suggests that aesthetic judgment is
partially domain-specific. On the other hand, the importance of
precuneus to aesthetic judgment may relate to their role in
memory retrieval, especially in successful episodic memory re-
trieval. Past studies have found that aesthetic judgment is related
to a subjective valence system, by which individuals engage in a
spontaneous comparison of what they see with patterns they are
already familiar with through retrieving previous judgments or
running comparisons between patterns of stimuli (Bohrn et al.,
2013; Jacobsen et al., 2006). Chatterjee and Vartanian (2014) also
suggested that the precuneus contributes to visuospatial explora-
tion of pictorial stimuli. Accordingly, precuneus is associated with
fitting new information into an established mental framework of
prior knowledge (Jacobsen et al., 2006). Since individuals’ prior
knowledge and episodic memory vary greatly, the activation of
precuneus in subjective aesthetic judgement only provides ex-
planations for the difference between subjective and normative
aesthetic judgment.

Second, this study found that subjective beauty, normative
beauty, and positive emotion all activate the ACC, which suggests
that the ACC plays a key role in the aesthetic appreciation of de-
signed products. The ACC includes the dorsal ACC (also known as
MCC) and ventral ACC. The dorsal ACC has extensive connections
with cognitive (e.g., lateral prefrontal) and motor-related (e.g.,
premotor and primary motor) areas of the cortex, whereas the
ventral ACC has extensive connections with areas that are im-
portant for emotion (e.g., amygdala), autonomic (e.g., lateral hy-
pothalamus, brainstem centres), memory (e.g., hippocampal re-
gion), and reward-(e.g., orbitofrontal cortex)related functions
(Stevens et al., 2011). The finding that the ACC is strongly activated



Fig. 3. Regions showing brain activation for beautiful versus ugly and ugly versus beautiful contrasts in subjective aesthetic judgments. Bar-charts show beta values for
regions of interests (ROIs). Error bars represent standard error of the mean (SEM) from the mean. Significant activations at a po0.05 FWE-corrected level. MNI coordinates
for distinct regions can be found in Table 3. L¼ left; R¼right; ACC¼anterior cingulate cortex; IFG¼ inferior frontal gyrus.

Table 4
Regions significantly activated for contrasts of aesthetic emotions.

Conditions Regions Side BA Voxel Z max MNI coordinate P (FWE-corr)

X Y Z

P-Neg ACC R 32 674 3.90 2 48 �2 0.028
Neg-P Precuneus R 7 774 4.20 8 �72 34 0.016
Neg-P IFG R 45 586 3.89 46 22 6 0.049
P–N n.s.
Neg-N n.s.

Note: MNI¼Montreal Neurological Institute; P¼positive; N¼neutral; Neg¼negative; L¼ left; R¼right; BA¼Brodmann’s area; ACC¼anterior cingulate cortex; IFG¼ inferior
frontal gyrus. Voxels¼number of voxels in cluster; only clusters with an extent threshold of po0.005, corrected for whole brain and cluster 10 or greater are presented;
threshold of po0.05, FWE (family-wise error rate) corrected.
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when viewing beautiful products with positive emotion supports
the two-pathway theory of the ACC. Moreover, an inspection of the
activated brain regions revealed that beautiful products lead to
activations in both the dorsal and ventral ACC (see Fig. 2), whereas
positive emotion only leads to activations in the ventral ACC,
which suggests that aesthetic judgments of designed products
include the process of aesthetic emotion. These findings support
the claims that aesthetic judgments and aesthetic emotions are
interactive (Armstrong and Detweiler-Bedell, 2008; Dio and Gal-
lese, 2009; Zeki et al., 2014) and the argument that beauty is best
thought of as an exhilarating emotional experience (Armstrong
and Detweiler-Bedell, 2008).



Fig. 4. Regions showing brain activation for the positive versus negative and negative versus positive contrasts in subjective aesthetic judgments. Bar-charts show beta
values for regions of interests (ROIs). Error bars represent standard error of the mean (SEM) from the mean. Significant activations at a po0.05 FWE-corrected level. MNI
coordinates for distinct regions can be found in Table 4. L¼ left; R¼right; ACC¼anterior cingulate cortex; IFG¼ inferior frontal gyrus.

Fig. 5. Associated and dissociated neural substrates of aesthetic judgments and
aesthetic emotions.
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Third, the findings in this study suggest that beautiful pictures
that arouse positive emotions and that arouse negative emotions
are based on different neural mechanisms. Behavioral data in this
study showed that 2.667% of the beautiful pictures were rated as a
negative emotion. fMRI data showed that subjective beauty and
positive emotion activated the right ACC but that subjective beauty
and negative emotion activated the precuneus. The precuneus is
linked to emotional and memory-related processes (Lundstrom
et al., 2005; Reske et al., 2009) and aesthetic experiences (Fletcher
et al., 1995; Maguire et al., 1999). Individuals need to compare
sensory representation with past experiences when consciously
processing emotional stimuli and this integration occurs in the
cuneus/precuneus region (Reske et al., 2009). These results are
consistent with Skov’s (2010) finding that different brain regions
were activated when participants rated unpleasant images as
beautiful and rated pleasant images as beautiful, especially those
ratings involved high-level perceptual processing areas and re-
wards. Moreover, our findings are consistent with the finding that
the ACC is related to positive, but not negative, emotion (Garrett
and Maddock, 2006). Accordingly, different cognitive and affective
mechanisms come into play when we appreciate designed pro-
ducts with emotionally negative and positive contents.

Finally, the finding that ugly pictures caused activations in the
insula and the high correlation of ugliness and negative emotion
found in the behavioral data support the finding that the insula is
closely related to the processing of emotions (Cupchik et al., 2009;
Lindquist and Barrett, 2012; Goldberg et al., 2014). Moreover, we
found that subjective judgments of ugliness and negative emo-
tions both activated the right IFG (RIFG), which is consistent with a
recent finding that ugly pictures activated the IFG (Pöppel et al.,
2013). The RIFG plays an important role in attentional control and
rapidly adaptations to respond to currently relevant and salient
stimuli with inhibitory control (Hampshire et al., 2010). Accord-
ingly, ugly products that provoke negative emotion may lead to an
avoidance of gazing at first insight followed by aesthetic appraisals
in which the participant adjusts their mood and refocuses through
the function of the RIFG.

Integrating the findings and the literature review in this study,
we propose that the processes of aesthetic appreciation in de-
signed products include five components: aesthetic perception,
aesthetic analysis, aesthetic association, aesthetic judgment, and



Fig. 6. A proposed model for aesthetic appreciation in designed products.
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aesthetic emotion. While aesthetic perception involves more bot-
tom-up processes, the other components involve more top-down
processes. Moreover, aesthetic judgment and aesthetic emotion
are interactive. Notably, aesthetic judgment is made based on a
balance between subjective preference and normative values,
whereas aesthetic emotion is resulted from an integration of in-
trinsic coding system and associative coded expression. Finally,
under the interactions of the aesthetic processes, four types of
outcomes can be brought about: feeling beautiful with positive
emotion, feeling beautiful with negative emotion, feeling ugly
with positive emotion, and feeling ugly with negative emotion.
Importantly, such processes and outcomes are influenced by the
mechanisms of memory retrieval, attentional control, emotional
regulation, and adaptive response; these mechanisms are formed
through the interactions of personal experiences, expertize, social
values, and neural substrates, such as ACC, caudate, precuneus,
IFG, and insula (see Fig. 6).
5. Conclusions

Currently, most related studies in neuroaesthetics were con-
ducted in the context of the arts. Aesthetics have become an es-
sential part of our life, and the appreciation of beauty should be
more mundane. Therefore, this study used everyday designed
products as stimuli to explore the neural mechanisms that un-
derlie the ordinary process of aesthetic appreciation. The following
main conclusions were found. First, the subjective beauty and
normative beauty pertaining to everyday designed products share
certain neural substrates, but subjective beauty seemed more
strongly associated with past experiences and personal emotions,
which suggests that when designing a product, creating systems
that adapt to cultural norms and personal experience are required
to maintain the balance between typicality and novelty of a pro-
duct over time. Second, the underlying neural mechanisms of
aesthetic judgment differed when the aroused emotions varied.
Both associative and dissociative neutral substrates were found.
Third, the judgment of beauty was strongly associated with posi-
tive emotions, whereas ugliness was closely related to negative
emotions. In summary, aesthetic judgment and aesthetic emotion
during the appreciation of designed products are interactive as
evidenced by the shared activities in neutral substrates and the
high correlation in the behavioral data. The findings of this study
illuminate the complex but ordinary processes of aesthetic ap-
preciation. Moreover, this study broadens the research scope of
neuroaesthetics.
6. Limitations and suggestions

The findings in this study illustrate that aesthetic emotion is
critical to the aesthetic judgment of designed products. However,
how these factors influence each other was not examined due to
the poor time resolution of MRI scan. Further studies can combine
MRI scans and event-related potential techniques, which have
good time resolution, to better understand the interaction patterns
of aesthetic judgment and aesthetic emotion.

Moreover, appraisal plays a fundamental role in the eliciting of
emotions, and different types of appraisal may evoke different
types of emotions (Silvia, 2005, 2006; Silvia and Brown, 2007).
Appraisals focused on novelty and familiarity may lead to knowl-
edge emotions (i.e., interest and surprise). Appraisals of goal-in-
congruence or intentionality may elicit hostile emotions (i.e., an-
ger or disgust). Appraisals concerning the congruence of artworks
with our values and self-image may elicit self-conscious emotions
(i.e., pride and shame) (Silvia, 2005, 2006; Silvia and Brown, 2007).
It has been suggested that an understanding of the link between
emotional response and design is particularly important because
of the critical role that emotions often play in consumers’ decision-
making (Schwarz, 2000). Further studies can manipulate the types
of appraisals of designed products and compare the neural me-
chanisms that lead to different types of emotions.

Finally, aesthetic judgments and emotions of everyday de-
signed products could be influenced by shape, colour, texture, as
well as such cognitive variables as personal experiences, expertize,
social values, brand identification, and desirability of object. Past
findings have suggested that visual shape information is processed
within the lateral occipital complex, texture is processed in medial
regions of the collateral sulcus (Podrebarac et al., 2014.), and col-
our was found medially within the left lingual gyrus as well as the
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anterior collateral sulcus (Cavina-Pratesi et al., 2010; Chatterjee
and Vartanian, 2014). Future studies can further manipulate visual
characteristics as well as cognitive variables to explore the neural
mechanisms underlying aesthetic appreciation of designed
products.
Acknowledgements

This work was supported by the Ministry of Technology in
Taiwan (Contract nos. NSC 100-2511-S-004-002-MY3 and NSC
101-2420-H-004-014-MY2). We thank Taiwan Mind & Brain Ima-
ging Center (TMBIC) and National Chengchi University for con-
sultation and instrumental availability. We also thank Chun Fu Lin
and Ssu Chi Lai for helping data collection.
References

Armstrong, T., Detweiler-Bedell, B., 2008. Beauty as an emotion: the exhilarating
prospect of mastering a challenging world. Rev. Gen. Psychol. 12 (4), 305–329.
http://dx.doi.org/10.1037/a0012558.

Atalay, M., 2007. Kant’s aesthetic theory: subjectivity vs. universal validity. Percipi
1, 44–52.

Bertamini, M., Makin, A., Rampone, G., 2013. Implicit association of symmetry with
positive valence, high arousal and simplicity. i-Perception 4 (5), 317–327.

Blood, A.J., Zatorre, R.J., Bermudez, P., Evans, A.C., 1999. Emotional responses to
pleasant and unpleasant music correlate with activity in paralimbic brain re-
gions. Nat. Neurosci 2 (4), 382–387.

Bohrn, I.C., Altmann, U., Lubrich, O., Menninghaus, W., Jacobs, A.M., 2013. When we
like what we know—a parametric fMRI analysis of beauty and familiarity. Brain
Lang. 124 (1), 1–8. http://dx.doi.org/10.1016/j.bandl.2012.10.003.

Brattico, E., Bogert, B., Jacobsen, T., 2013. Toward a neural chronometry for the
aesthetic experience of music. Front. Psychol. 4, 1–21. http://dx.doi.org/
10.3389/fpsyg.2013.00206 (article 206).

Cavina-Pratesi, C., Kentridge, R.W., Heywood, C.A., Milner, A.D., 2010. Separate
channels for processing form, texture, and color: evidence from fMRI adapta-
tion and visual object agnosia. Cereb. Cortex 20 (10), 2319–2332.

Chatterjee, A., 2011. Neuroaesthetics: a coming of age story. J. Cogn. Neurosci. 23
(1), 53–62.

Chatterjee, A., Vartanian, O., 2014. Neuroaesthetics. Trends Cogn. Sci. 18 (7),
370–375.

Dio, C.D., Gallese, V., 2009. Neuroaesthetics: a review. Curr. Opin. Neurobiol. 19,
682–687.

Craig, A.D.B., 2009. How do you feel—now? The anterior insula and human
awareness. Nat. Rev. Neurosci. 10 (1), 59–70. http://dx.doi.org/10.1038/
nrn2555.

Critchley, H.D., Wiens, S., Rotshtein, P., Öhman, A., Dolan, R.J., 2004. Neural systems
supporting interoceptive awareness. Nat. Neurosci. 7 (2), 189–195.

Cupchik, G.C., Vartanian, O., Crawley, A., Mikulis, D.J., 2009. Viewing artworks:
contributions of cognitive control and perceptual facilitation to aesthetic ex-
perience. Brain Cogn. 70 (1), 84–91.

Fan, J., Gu, X., Liu, X., Guise, K.G., Park, Y., Martin, L., Hof, P.R., 2011. Involvement of
the anterior cingulate and frontoinsular cortices in rapid processing of salient
facial emotional information. Neuroimage 54 (3), 2539–2546.

Fletcher, P.C., Happe, F., Frith, U., Baker, S.C., Dolan, R.J., Frackowiak, R.S., Frith, C.D.,
1995. Other minds in the brain: a functional imaging study of “theory of mind”
in story comprehension. Cognition 57 (2), 109–128.

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze, S., Politi, P.,
2009. Functional atlas of emotional faces processing: a voxel-based meta-
analysis of 105 functional magnetic resonance imaging studies. J. Psychiatry
Neurosci. 34 (6), 418–432.

Garrett, A.S., Maddock, R.J., 2006. Separating subjective emotion from the percep-
tion of emotion-inducing stimuli: an fMRI study. Neuroimage 33 (1), 263–274.

Goldberg, H., Preminger, S., Malach, R., 2014. The emotion–action link? Naturalistic
emotional stimuli preferentially activate the human dorsal visual stream.
Neuroimage 84, 254–264.

Hampshire, A., Chamberlain, S.R., Monti, M.M., Duncan, J., Owen, A.M., 2010. The
role of the right inferior frontal gyrus: inhibition and attentional control.
Neuroimage 50, 1313–1319.

Hancock, P.A., Pepe, A.A., Murphy, L.L., 2005. Hedonomics: the power of positive
and pleasurable ergonomics. Ergon. Des. 13 (1), 8–14.

Hwang, S., White, S.F., Nolan, Z.T., Sinclair, S., Blair, R.J.R., 2014. Neurodevelopmental
changes in the responsiveness of systems involved in top down attention and
emotional responding. Neuropsychologia 62, 277–285.
Jacobsen, T., Schubotz, R.I., Hӧfel, L., Cramon, D.Y., 2006. Brain correlates of aes-

thetic judgment of beauty. NeuroImage 29, 276–285.
Jakesch, M., Leder, H., 2009. Finding meaning in art: preferred levels of ambiguity in

art appreciation. Q. J. Exp. Psychol. 62, 2105–2112.
Janak, P.H., Tye, K.M., 2015. From circuits to behaviour in the amygdala. Nature 517

(7534), 284–292.
Juslin, P.N., 2013. From everyday emotions to aesthetic emotions: towards a unified

theory of musical emotions. Phys. Life Rev. 10 (3), 235–266.
Kuchinke, L., Trapp, S., Jacobs, A.M., Leder, H., 2009. Pupillary responses in art ap-

preciation: effects of aesthetic emotion. Psychol. Aesthet. Creat Arts 3, 156–163.
Kawabata, H., Zeki, S., 2004. Neural correlates of beauty. J. Neurophysiol. 91,

1699–1705.
Kumar, M., Garg, N., 2010. Aesthetic principles and cognitive emotion appraisals:

How much of the beauty lies in the eye of the beholder? J. Consum. Psychol. 20
(4), 485–494.

Leder, H., 2013. Next steps in neuroaesthetics: which processes and processing
stages to study? Psychol. Aesthet. Creat. Arts 7 (1), 27.

Leder, H., Belke, B., Oeberst, A., Augustin, D., 2004. A model of aesthetic apprecia-
tion and aesthetic judgment. Br. J. Psychol. 95, 489–508.

Lindquist, K.A., Barrett, L.F., 2012. A functional architecture of the human brain:
emerging insights from the science of emotion. Trends Cogn. Sci. 11, 533–540.

Lundstrom, B.N., Ingvar, M., Petersson, K.M., 2005. The role of precuneus and left
inferior frontal cortex during source memory episodic retrieval. Neuroimage 27
(4), 824–834.

Maguire, E.A., Frith, C.D., Morris, R.G.M., 1999. The functional neuroanatomy of
comprehension and memory: the importance of prior knowledge. Brain 122
(10), 1839–1850.

Nadal, M., Pearce, M.T., 2011. The Copenhagen Neuroaesthetics conference: pro-
spects and pitfalls for an emerging field. Brain Cogn. 76, 172–183.

Nadal, M., Skov, M., 2013. Introduction to the special issue: toward an inter-
disciplinary neuroaesthetics. Psychol. Aesthet. Crea 7 (1), 1.

Okanoya, K., 2013. Learning, epigenetics, and computation: an extension on Fitch’s
proposal: comment on “Toward a computational framework for cognitive
biology: unifying approaches from cognitive neuroscience and comparative
cognition” by W. Tecumseh Fitch. Phys. Life Rev. 11 (3), 389–390.

Podrebarac, S.K., Goodale, M.A., Snow, J.C., 2014. Are visual texture-selective areas
recruited during haptic texture discrimination? NeuroImage 94, 129–137.

Pöppel, E., Avram, M., Bao, Y., Graupmann, V., Gutyrchik, E., Lutz, A., Zaytseva, Y.,
2013. Sensory processing of art as a unique window into cognitive mechan-
isms: evidence from behavioral experiments and fMRI studies. Procedia Soc.
Behav. Sci. 86, 10–17. http://dx.doi.org/10.1016/j.sbspro.2013.08.517.

Reske, M., Habel, U., Kellermann, T., Backes, V., Jon Shah, N., von Wilmsdorff, M.,
Schneider, F., 2009. Differential brain activation during facial emotion dis-
crimination in first-episode schizophrenia. J. Psychiatr. Res. 43 (6), 592–599.

Schwarz, N., 2000. Emotion, cognition, and decision making. Cogn. Emot. 14 (4),
433–440.

Silvia, P.J., 2006. Artistic training and interest in visual art: applying the appraisal
model of aesthetic emotions. Empir. Stud. Arts 24, 139–161.

Silvia, P.J., Brown, E.M., 2007. Anger, disgust, and the negative aesthetic emotions:
expanding an appraisal model of aesthetic experience. Psychol. Aesthet. Creat.
Arts 1, 100–106.

Silvia, P.J., 2005. Cognitive appraisals and interest in visual art: Exploring an ap-
praisal theory of aesthetic emotions. Empir. Stud. Arts 23, 119–133.

Skov, M., 2010. The pleasure of art, in. In: Kringelbach, M.L., Berridge, K.C. (Eds.),
Pleasures of the Brain. Oxford University Press, Cambridge, MA, pp. 270–283.

Stevens, F.L., Taber, K.H., Hurley, R.A., Hayman, L.A., 2011. Anterior cingulate cortex:
unique role in cognition and emotion. J. Neuropsychiatry Clin. Neurosci. 23,
121–125.

Townsend, C., Sood, S., 2012. Self-affirmation through the choice of highly aesthetic
products. J. Consum. Res 39, 415–428.

Vartanian, O., Goel, V., 2004. Neuroanatomical correlates of aesthetic preference for
paintings. Cogn. Neurosci. Neuropsychol. 15 (5), 893–897.

Verpooten, J., Nellissen, M., 2010. Sensory exploitation and cultural transmission:
the late emergence of iconic representations in human evolution. Theor. Biosci.
129, 211–221.

Vessel, E.A., Starr, G.G., Rubin, N., 2012. The brain on art: intense aesthetic ex-
perience activates the default mode network. Front. Hum. Neurosci. 6, 1–17,
article 66.

Yeh, Y.C., 2013. Cognitive processes and neural mechanisms of aesthetic experience
and creativity in designed products (NSC 101-2420-H-004-014-MY2). Ministry
of Science and Technology of the Republic of China in Taiwan, Taipei.

Zangwill, N., 2014. Aesthetic judgment. In: Zalta, E.N. (Ed.), The Stanford En-
cyclopedia of Philosophy, Summer 2014 edition .

Zeki, S., Romaya, J.P., Benincasa, D.M.T., Atiyah, M.F., 2014. The experience of
mathematical beauty and its neural correlates. Front. Hum. Neurosci. 8, 1–12
(Article 68).

http://dx.doi.org/10.1037/a0012558
http://dx.doi.org/10.1037/a0012558
http://dx.doi.org/10.1037/a0012558
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref2
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref2
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref2
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref3
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref3
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref3
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref4
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref4
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref4
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref4
http://dx.doi.org/10.1016/j.bandl.2012.10.003
http://dx.doi.org/10.1016/j.bandl.2012.10.003
http://dx.doi.org/10.1016/j.bandl.2012.10.003
http://dx.doi.org/10.3389/fpsyg.2013.00206
http://dx.doi.org/10.3389/fpsyg.2013.00206
http://dx.doi.org/10.3389/fpsyg.2013.00206
http://dx.doi.org/10.3389/fpsyg.2013.00206
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref7
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref7
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref7
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref7
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref8
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref8
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref8
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref9
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref9
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref9
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref10
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref10
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref10
http://dx.doi.org/10.1038/nrn2555
http://dx.doi.org/10.1038/nrn2555
http://dx.doi.org/10.1038/nrn2555
http://dx.doi.org/10.1038/nrn2555
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref12
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref12
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref12
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref13
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref13
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref13
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref13
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref14
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref14
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref14
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref14
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref15
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref15
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref15
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref15
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref16
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref16
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref16
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref16
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref16
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref17
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref17
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref17
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref18
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref18
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref18
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref18
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref19
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref19
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref19
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref19
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref20
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref20
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref20
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref21
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref21
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref21
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref21
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref22
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref22
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref22
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref22
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref22
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref23
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref23
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref23
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref24
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref24
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref24
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref25
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref25
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref25
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref26
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref26
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref26
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref27
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref27
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref27
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref28
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref28
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref28
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref28
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref29
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref29
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref30
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref30
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref30
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref31
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref31
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref31
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref32
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref32
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref32
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref32
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref33
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref33
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref33
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref33
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref34
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref34
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref34
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref35
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref35
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref36
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref36
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref36
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref36
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref36
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref37
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref37
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref37
http://dx.doi.org/10.1016/j.sbspro.2013.08.517
http://dx.doi.org/10.1016/j.sbspro.2013.08.517
http://dx.doi.org/10.1016/j.sbspro.2013.08.517
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref39
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref39
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref39
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref39
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref40
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref40
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref40
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref41
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref41
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref41
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref42
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref42
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref42
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref42
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref43
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref43
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref43
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref44
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref44
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref44
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref45
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref45
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref45
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref45
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref46
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref46
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref46
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref47
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref47
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref47
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref49
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref49
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref49
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref49
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref50
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref50
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref50
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref50
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref52
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref52
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref52
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref53
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref53
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref54
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref54
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref54
http://refhub.elsevier.com/S0028-3932(15)30027-0/sbref54

	Associated and dissociated neural substrates of aesthetic judgment and aesthetic emotion during the appreciation of...
	Introduction
	Theories of aesthetic judgment and emotion
	Neural mechanisms of aesthetic judgment and emotion
	Shared neural substrates of aesthetic judgment and emotion

	Method
	Participants
	Stimuli
	Design and procedures
	Data acquisition
	Image analyses

	Results
	Behavioral data
	fMRI data: differences in neural activity associated with aesthetic judgment conditions
	3.2.1. Normative aesthetic judgment
	3.2.2. Subjective aesthetic judgment

	fMRI data: differences in neural activity associated with aesthetic emotion conditions

	Discussion
	Conclusions
	Limitations and suggestions
	Acknowledgements
	References




