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Aesthetic judgments, like most judgments, depend on context. Whether an object or image is seen in daily
life or in an art gallery can significantly modulate the aesthetic value humans attach to it. We investigated the
neural system supporting this modulation by presenting human subjects with artworks under different
contexts whilst acquiring fMRI data. Using the same database of artworks, we randomly labelled images as

being either sourced from a gallery or computer generated. Subjects' aesthetic ratings were significantly
higher for stimuli viewed in the ‘gallery’ than ‘computer’ contexts. This contextual modulation correlated
with activity in the medial orbitofrontal cortex and prefrontal cortex, whereas the context, independent of
aesthetic value, correlated with bilateral activations of temporal pole and bilateral entorhinal cortex. This
shows that prefrontal and orbitofrontal cortices recruited by aesthetic judgments are significantly biased by
subjects' prior expectations about the likely hedonic value of stimuli according to their source.

© 2008 Elsevier Inc. All rights reserved.

Introduction

It is known, both anecdotally and experimentally, that aesthetic
value is influenced by context. Behavioural studies have shown that
presenting artworks accompanied with titles, text, and other forms of
cognitive information can significantly influence an observer's
reported evaluation of the artwork (e.g., Cupchik et al., 1994; Leder
etal., 2006; Russell, 2003). However, the neural sources of this context
specific modulation remain uncharted.

Recently, neuroimaging studies have investigated the neural
correlates of aesthetic evaluation. Experiments using musical
sequences as stimuli (Blood et al., 1999; Blood and Zatorre, 2001;
Brown et al., 2004; Menon and Levitin, 2005; Koelsch et al., 2006)
have found that post-hoc ratings of subjective pleasantness correlate
with activity in the striatum (dorsal and ventral), amygdala, para-
hippocampal gyrus, insula, orbitofrontal cortex (OFC), and the anterior
cingulate cortex (ACC). A similar finding was reported in two studies
using paintings as stimuli (Vartanian and Goel, 2004; Kawabata and
Zeki, 2004). The main effect of the subjects' aesthetic appreciation of
the images (as determined by subjective ratings) resulted in activity in
the caudate nucleus, OFC and ACC. The network recruited during an
aesthetic judgment (when compared to a symmetry judgment)
includes enhanced activity in frontomedian cortex, lateral OFC,
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inferior frontal gyrus, posterior cingulate, temporal pole, and
temporoparietal junction (Jacobsen et al., 2006). Together, these
studies suggest that subjective assessment of the aesthetic value of
works of art, engage a network of brain structures known to be
involved in the processing of reward, perceptual processing, and
decision-making.

The question we address here is whether explicit contextual in-
formation influences activity in specific part of this extended network
of areas. Since previous studies have demonstrated that activity in
the medial OFC is modulated by contextual information in experi-
mental conditions where subjects evaluate their preference for liquids
or odours, we hypothesized that the medial OFC would be the most
likely target of such contextual modulation. de Araujo et al. (2005)
demonstrated that human subjects will rate a test odour as sig-
nificantly more pleasant when it is paired with a pleasant visual word
as when paired with an unpleasant one. They observed a neural
correlate of this behavioural modulation in medial OFC. This shows
that high-level cognitive input such as word labels influence brain
activity in medial OFC. Similarly, McClure et al. (2004) investigated the
neural systems involved in generating preferences produced by two
different brands of soft drinks (Coca-Cola and Pepsi) and found that
the rated preference of unlabelled drinks (i.e. without cognitive
influences) was reflected in activations of the ventromedial part of the
prefrontal cortex (VMPFC), whereas brand knowledge modulated
dorsolateral prefrontal cortex, visual cortex, midbrain and hippocam-
pus. This result was recently extended by Plassmann et al. (2008) who
showed that knowledge of the monetary value of a wine increases
subjects' reports of preference, and reported a neural correlate of this
effect in medial OFC. However, no neuroimaging study has charted the
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neural correlates of contextual modulation of subjective preference
for visual stimuli, including visual works of art.

To test this hypothesis subjects were asked to aesthetically rate a
series of abstract paintings while in the scanner. We manipulated the
context under which subjects viewed the artworks by labelling 50% as
being from a prestigious gallery (‘gallery’ label) and 50% as being
generated by the experimenters using a computer program (‘compu-
ter’ label) (see Fig. 1). This prevented any systematic difference in
visual stimulation between the two conditions and thus controlled
only the prior expectation by changing the context. Our aim was to
test which areas were significantly modulated by context alone, and
which were modulated by both context and aesthetics ratings. Pre-
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Fig. 1. Displays experimental paradigm where a fixation cross was shown for 1 s
followed by a block of 5 presentations of ‘gallery’ labelled conditions (A) or ‘computer’
labelled conditions (B), which was presented for 5 s in which the subjects were
instructed to indicate the level of aesthetic appeal by means of button-press on a scale
from 5 (highest appeal) to 1 (lowest appeal). The inter-trial interval was 1 s (fixation
cross) between the presented images. (C) The experimental protocol consisted of a
block-design with 5 presentations in each block. The 5 trials within every block had
duration of 6 s (fixation +stimulus). The TR was 2400 ms. Labels were counterbalanced
across subjects. The stimuli were all non-canonical chromatic abstract artworks.

screening of subjects and post-hoc testing confirmed that subjects had
no prior knowledge or familiarity of the paintings.

We hypothesized that the context in which subjects viewed
artworks would significantly affect both their aesthetic evaluation in
terms of their behavioural rating as well as the neural processing
supporting this change. We base our hypothesis on the assumption
that the context associated with the ‘gallery’ label would induce a
higher expectation of reward than the context associated with the
‘computer’ label, and that this difference in reward expectation would
be reflected in the ratings and in the neural activity of the reward
system.

Materials and methods
Subjects

Fourteen subjects (5 females; mean age 26.3 years, age range 23—
29 years, 4 left-handed) participated in the study. They were all
undergraduate or graduate students and all had normal or corrected-
to-normal vision, and none had a history of neurological or psychiatric
disorders. We excluded subjects with a formal education in any art-
related field in order to reduce the familiarity effect of the stimulus
class. Written informed consent from all subjects and ethical approval
(KF-01-131/03) were obtained before the experiment.

fMRI task

Visual chromatic reproductions of original abstract paintings
served as stimuli. In total 200 stimuli were selected from online
sources (see Supplementary material for a complete list of stimulus
material). Labels accompanied stimulus-presentation and were pre-
sented below each visual stimulus (see Fig. 1). We manipulated the
context in which the stimuli were presented by applying one of two
labels in different blocks: Half the stimuli were labelled as belonging
to the Louisiana Museum of Modern Art, Denmark, corresponding to
‘gallery’ conditions, while the other half were labelled as ‘computer’
(implying that the experimenters generated the stimuli through a
computer program, Photoshop). Prior to scanning, subjects were
instructed in the use of the aesthetic rating scale. No reference was
made to the labelling manipulation of the stimulus material. In
support of the experimental manipulation subjects were given the
following instruction: “Inside the scanner you will be presented with
200 abstract paintings. There are two types of paintings. 50% of the
paintings have been borrowed from the Louisiana Museum of Modern Art
(Copenhagen, Denmark). The other 50% have been generated by the
experimenter by means of a computer program (Photoshop)”. All
subjects had prior knowledge of the existence and prestige of
Louisiana Museum of Modern Art. All labels were counterbalanced
across subjects, such that visual parameters were balanced across
label conditions. Since systematic differences in visual stimulation
between the two conditions were controlled only the prior expecta-
tions of the subjects varied by changing the context.

Prior to scanning, stimuli were rated according to an aesthetic
rating scale in a behavioural pilot study by a separate cohort of
subjects (9 subjects; 3 females; mean age 25.3 years; age range 24—
28 years). Level of appeal was rated using a scale from 1 to 5, where 1:
“very unappealing” and 5: “very appealing”. Based on these results, we
found that the reports conformed to an approximately uniform
balanced distribution across the aesthetic rating scale.

The experimental protocol consisted of a block-design with 5
presentations in each block with identical labels making a total of 20
blocks for each context. A block design was used in order to minimize
the number of task switches required of subjects. On each trial, a
fixation cross appeared for 1000 ms on a grey background followed by
a stimulus presentation for 5000 ms. Following the appearance of
each stimulus, subjects were instructed, within the 5000 ms stimulus
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duration, to rate the stimulus (using the same scale as mentioned
above) by pressing one of five buttons on a key pad with their right
hand (Fig. 1). Total scanning-time per subject was 20 min per session.
Post-scanning, subjects were presented (outside the scanner) with the
stimuli again and asked to rate each stimulus on a 5-step familiarity
rating scale (1; not familiar - 5; very familiar). Familiarity ratings were
entered into the design matrix as a parametric regressor of no interest.
The stimuli were presented at a screen resolution of 1024 x
768 pixels displayed at a visual angle of 24x18°, and centred in a
500x500 pixel resolution surrounded by a grey background. Stimuli
were presented and responses collected using E-prime (Psychology
Software Tools, Inc.). The stimuli were back-projected via an LCD
projector onto a transparent screen positioned over the subjects’
head and viewed through a tilted mirror fixed to the head coil.

fMRI data acquisition

The functional imaging was performed with a 3 T scanner (Siemens,
Magnetom Trio, Erlangen, Germany) to acquire gradient T2* weighted
echo planar images (EPI) to maximize the blood oxygen level-dependent
(BOLD) contrast (echo time, TE=30 ms; repetition time, TR=2400 ms;
flip angle, FA=90°). The EPI sequence was optimized in order to reduce
signal drop-out in OFC (Deichmann et al., 2003). Each functional image
was acquired in an interleaved way, beginning with 2nd slice (slice no.
2,4...40,1,3...39) when counted from the bottom, comprising 40 axial
slices each 3.0 mm thick, consisting of 64x64 voxels with an inplane
resolution of 3x3 mm. The slices were acquired in the transverse plane
and tilted around the x-axis in order to give near whole-brain coverage,
excluding the cerebellum. Each session consisted of 500 volumes. The
subjects' pulse and respiration were recorded using an MRI-compatible
pulse oximeter, and a respiration belt, both sampled at 50 Hz. After every
functional scan, a T1 weighted MPRAGE structural sequence was
acquired, using a phased array head coil to provide high-resolution
anatomical detail.

fMRI data analysis

Image pre-processing and data analysis was performed using
SPM2 (Wellcome Department of Imaging Neuroscience, London, UK).
The EPI images were realigned spatially (Friston et al., 1995). This was
followed by temporal realignment, which corrected for slice-time
differences using the middle slice as reference slice. Images were then
normalized to the Montreal Neurological Institute (MNI) template
provided in SPM2. Finally a spatial filtering was performed by
applying a Gaussian smoothing kernel of 8 mm FWHM (full width at
half-maximum).

Following pre-processing a general linear model was applied to the
fMRI time-series where stimulus onset was modelled as single impulse
response functions including stimulus duration (5000 ms) and then
convolved with the canonical haemodynamic response function (HRF)
including its temporal and dispersion derivatives in order to capture
variations in the onset and width of the BOLD responses.

A parametric regression analysis was used (Buchel et al., 1998) that
allowed us to model Oth order and 1st order haemodynamic responses
using orthogonalized polynomial expansion functions. This was
performed for each of the two conditions (gallery and computer
labels) using subject-specific aesthetic ratings in order to model
parametric modulations of aesthetic ratings for the 1st order
expansions. The Oth order parametric regression analysis allowed us
to model the two conditions (gallery and computer) independently of
the aesthetic ratings. This gave the overall design character of a mixed
design incorporating the condition (gallery and computer labels) in
the Oth order expansion and the aesthetic evaluation of the individual
stimuli into the 1st order expansion and. Because the HRF is a
smoothing filter in the temporal domain, the Oth order expansion,
which was constructed as a convolution of the box-car (‘on’ when the

stimulus was presented and ‘off’ in the 1 s in between) with the HRF,
was very similar to, although not identical, a traditional box-car which
for the ‘gallery’ labelled images would be ‘on’ for the full 30 s and ‘off’
when the computer label was ‘on’. The 1st order expansion on the
other hand incorporates the individual aesthetic ratings in such a way
that the underlying model (i.e. onset time+5 s duration) is scaled with
the aesthetic rating and then convolved with the HRF. Thereby a
regressor was constructed where the expected haemodynamic signal
varied for the individual images according to the aesthetic rating.
First-level analysis was performed on each subject to generate a single
mean image corresponding to each term of the polynomial expansion.
As the behavioural data demonstrated a statistically significant
difference in aesthetic ratings (see Fig. 2) between gallery and
computer conditions, further regressors were applied to separate
the data and control for these behavioural differences between
conditions. For each subject the frequency of each of the five rating
bins was balanced, such that there were no differences in mean ratings
between gallery and computer conditions since such a difference
would confound the Oth order parametric regression analysis with
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Fig. 2. Subjects’ aesthetic ratings grouped according to the labelled conditions. (A) Mean
aesthetic ratings across subjects for the two conditions. The SEM across subjects is
shown. (B) Distribution of the frequencies of aesthetic responses across all subjects for
the two conditions (5=high appeal; 1=low appeal).
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Fig. 3. Behavioural data collected during scanning. The figure shows the mean reaction-
times (RT) across all subjects. Bars indicate SEM.

aesthetic ratings. For each subject the residual rating bins from this
process were put in separate regressors that were applied in the
subsequent 1st order parametric modulation. The mean images from
the first level analysis were entered into a second-level, random
effects (RFX) analysis accounting for the between subject variance. An
ANOVA model using the beta-estimates of the two conditions for the
Oth and 1st order expansions was applied. Equal variance was not
assumed, thus SPM2's options for non-sphericity correction was
applied (Glaser and Friston, 2004).

In order to correct for the structured noise induced by respiration and
cardiac pulsation we included RETROICOR (RETROspective Image based
CORrection method) nuisance covariates in the design matrix (Glover et
al,, 2000). These regressors are a Fourier expansion of the aliased cardiac
and respiratory oscillations. We included six regressors for respiration
and ten regressors for cardiac pulsation. We also included twenty-four
regressors that remove residual movement artefacts with spin history

effects, which have been shown to remain even after image realignment
(Friston et al,, 1996). This set of nuisance regressors have also been
shown to reduce inter and intra subject variation significantly (Lund et
al., 2005). Having all four types of nuisance regressors in the design
improves the assumption of independently and identically distributed
errors (Lund et al,, 2006). For the analysis a high pass filter with a cut-off
frequency at 1/128 Hz was applied.

Using t-contrasts allowed us to test for correlations of the fMRI
BOLD signal and the parameters of interest performed respectively as
Oth order and 1st order parametric modulations. Reported p-values
(p<0.05) were controlled for false discovery rate (FDR) correction
(Genovese et al., 2002). Additionally for regions which failed to reach
FDR significance but for which we had a priori hypotheses, we report
uncorrected p-values. Unless otherwise stated reported p-values are
uncorrected for multiple comparisons. The co-ordinates of all
activations are reported in MNI space.

Results
Behavioural data

The aesthetic ratings collected during scanning for the two
stimulus conditions are shown in Fig. 2. The mean aesthetic rating
for ‘gallery’ labelled conditions was 2.86 (SEM=0.05), and for
‘computer’ labelled conditions 2.57 (SEM=0.07). As hypothesized,
statistical analysis revealed that the stimuli were rated as being
significantly more aesthetically pleasing when labelled as ‘gallery’
than when labelled as ‘computer’ (ANOVA, F(1,26)=10.49; p<0.003).
Mean reaction times (RT) were 1224 ms (SEM=98.5) for gallery
conditions and 1187 ms (SEM=96.5) for computer conditions (Fig. 3).
The labels did not give rise to a significant difference in RT (ANOVA, F
(1,26)=0.07; p>0.78) between conditions.

fMRI data

Correlation between the BOLD signal and aesthetic ratings

To test whether aesthetic ratings differentially modulate brain
activity due to the labelling of the two conditions, we employed a
parametric regression analysis (Buchel et al., 1998) using the mean

Gallery Label

Fig. 4. Upper panel: The figure shows activation in right medial OFC where the BOLD signal correlates with the 1st order linear term for the contrast [G-C]. The activation is overlaid
on saggital, coronal and axial sections of the canonical SPM structural image. Lower panel: Parameter estimates for voxels in medial OFC for the two conditions Gallery (G) and
Computer (C) where the x-axis reflects the two stimulus conditions, and the y-axis shows BOLD signal changes. Error bars indicate 90% confidence interval.
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Fig. 5. Activation in left polar frontal cortex where the BOLD signal correlates with the 1st order linear term of the aesthetic ratings for the contrast [G-C]. The activation is overlaid on

saggital, coronal and axial sections of the canonical SPM structural image.

centred subject-specific behavioural responses (aesthetic judgments)
as separate regressors for each label.

We identified brain areas where the 1st order parametric regression
co-efficient for aesthetic ratings was greater for the gallery (G) compared
to the computer (C) context. This contrast revealed significant effects in
right medial OFC (12, 48, —20; z=4.37; p<0.05, corrected for multiple
comparisons using false discovery rate, FDR) (Fig. 4). Although the peak
voxels were located in the medial OFC of the right hemisphere (Fig. 4),
significant activations were found in a corresponding region of the left
OFC at a lower statistical threshold of p<0.001 (-14, 46, -23; z=3.51)
(figure not shown). Furthermore, the left frontal pole on the ventral
aspect of the medial prefrontal cortex (VMPFC) (-10, 60, 2; z=3.49;
p<0.001) was active (Fig. 5). The converse comparison, which should
show areas whose linear response to aesthetic ratings is greater for the
computer context than it is for the gallery context, showed no significant
regions (p>0.001) (figure not shown).

A conjunction analysis was performed to identify common brain
regions that are linearly responsive to aesthetic ratings regardless of
context. This was performed as a conjunction between the 1st order
parametric regressors for both G and C conditions. This analysis did
not reveal significant voxels (p>0.0012).

Correlation between the BOLD signal and context irrespective of
aesthetic ratings

For the main effect [G-C], which reflects brain areas which are
more active in the gallery vs. computer condition irrespective of the
actual aesthetic rating given, activity was found in bilateral entorhinal
cortex, BA 28/34 (see Table 1 and Fig. 6A). This region, located on the
parahippocampal gyrus adjacent to the hippocampus formation, is
heavily interconnected with the hippocampus. Furthermore, we
observed activity in bilateral temporal pole/medial temporal pole
(see Table 1 and Fig. 6B) and a large cluster of voxels in bilateral visual
cortex corresponding to BA 17 (see Table 1). The main effects show an
effect of context even when there was no change in the visual
stimulation across the two conditions.

For the converse main effect of context [C-G] we did not observe
significant activations (p>0.001) (figure not shown).

Finally, we performed a conjunction analysis to identify areas
involved in contextual processing irrespective of the two conditions.
This was performed as a conjunction between G and C conditions. It

Table 1
Location of brain regions that respond preferentially to [Gallery-Computer] irrespective
of aesthetic ratings

Brain region Peak MNI coordinates z Score
R. entorhinalcortex,BA28/34 20,- 4,- 28 3.54
L. entorhinalcortex,BA28/34 -18,- 8,- 28 (3.27)
R. temporalpole 32,18,- 42 3.83
L. temporalpole - 36,14,- 36 3.41
R. visualcortex(BA17) 10,- 52,10

2,- 60,12 } 3.95*
L.visualcortex(BA17) - 6,- 56,12

Activations are shown at (p<0.001, uncorrected) and (p<0.005, uncorrected, in
parentheses). *p<0.003, corrected; cluster-level. L, left hemisphere; R, right hemisphere.

did not result in any significant activity (p>0.001?), indicating that
contextual processing are recruited differentially by the two labels in
brain areas shown in Fig. 6.

Correlation between recognition effects and aesthetic ratings

To control whether recognition effects induced by the labels might
have contributed to the results, such that the cortical differences
between conditions reflected recognition effects rather than aesthetic
judgments in medial OFC (Frey and Petrides, 2002), we regressed onto
familiarity data (collected post-scanning for all subjects) in order to
search for brain areas that showed a correlation between familiarity
and aesthetic ratings. Small volume corrections (SVC) were applied
constraining our analysis to the medial OFC activation (12, 48, -20 and
-14, 46, -23). This analysis did not produce any supra-threshold
voxels at p>0.001 (not shown), indicating that recognition effects did
not contribute to the results in medial OFC.

Discussion
The aim of this study was to investigate the neural system

supporting contextual modulation of aesthetic ratings. We presented
images to subjects in two different contexts, which we hypothesized

Fig. 6. The main effect of context [G-C]. (A) Significant voxels (p<0.001) were found in
right entorhinal cortex. Activations were found in a corresponding region on the left at a
lower statistical threshold (p<0.005). Panel A displayed at p<0.005 to show the extent
of the activation in entorhinal cortex. (B) Activations were also found in bilateral
temporal pole (p<0.001). The activations are overlaid on axial and coronal sections of
the canonical SPM structural image.
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would induce different prior expectations of the hedonic values of
each image, with gallery contexts inducing a greater expectation of
hedonic value than the same image presented in a computer-
generated context. The behavioural results showed this hypothesis
to be correct, since images under the gallery label were rated as having
a significantly higher mean aesthetic value than those carrying the
computer label, even in the absence of systematic differences in visual
stimulation across conditions.

The fMRI data showed that activity in the medial OFC exhibited a
stronger correlation with aesthetic ratings under the gallery context
compared to the computer context, thus demonstrating that the
aesthetic response profile in medial OFC is sensitive to context. In
contrast, bilateral activations in the entorhinal cortex, adjoining the
hippocampus, temporal pole and primary visual cortex showed a
greater response to the gallery vs. computer context irrespective of the
actual aesthetic ratings. Note that for this contrast, we controlled for
the distribution of aesthetic ratings, so that the conditions used were
selected to ensure that the distributions of aesthetic ratings were
identical for both gallery and computer conditions. Thus differences in
mean aesthetic rating cannot account for the activations reported.

The activation of medial OFC is consistent with current evidence
which suggests that this region represents attributed hedonic values
from a variety of sensory modalities, including gustatory (O'Doherty et
al.,, 2001a; Small et al., 2001, 2003), olfactory (Anderson et al., 2003;
Gottfried et al., 2002; Rolls et al., 2003a), somatosensory (Rolls et al.,
2003b), correlated with modulated activity (Blood et al., 1999; Blood
and Zatorre, 2001; Brown et al., 2004; Menon and Levitin, 2005;
Koelsch et al., 2006) and vision (Aharon et al., 2001; Kawabata and
Zeki, 2004; O'Doherty et al., 2003b; Vartanian and Goel, 2004) as well
as for more abstract rewards such as money (Elliott et al., 2003;
Knutson et al., 2001; O'Doherty et al., 2001b). As an extension of these
previous findings, the present study provides evidence that the
representation of hedonic value in medial OFC is modulated differently
relative to cognitive and semantic input even when there are no
systematic image-wise differences across the two conditions. Further-
more, the results of the present study confirm and extend earlier
studies demonstrating a relation between contextual modulation of
subjects' preference for perceived stimuli and medial OFC activity.
Studies using brand information to influence preference for soft drinks
(McClure et al., 2004), visual word descriptors to influence preference
for odours (de Araujo et al., 2005), and price information to influence
preference for wine (Plassmann et al., 2008) all found that this
behavioural effect modulated activity in medial OFC or VMPFC. The
present study extends this effect to the domain of visual processing.
This generality across gustatory, olfactory and visual modalities
strongly suggests that medial OFC is a common centre for the
integration of different sources of information pertaining to the
assessment of a stimulus' value, including sensory information, reward
processing, and high-level cognitive inputs.

An interesting question is how the OFC result should be interpreted
in relation to models of the neural mechanisms underlying aesthetic
evaluation. The medial OFC might be involved in two functional sub-
processes: (1) the evaluative categorization processes associated with
making an aesthetic judgment, i.e. the subjective report; or (2) or the
processes correlated with the coding of subjective pleasure, i.e. stimulus
hedonic value. Results indicate a neural difference between making an
active aesthetic judgment of the aesthetic value of some stimulus and
attending to the same stimulus in other ways (passive viewing;
symmetrical judgments) (Hofel and Jacobsen, 2007a,b; Jacobsen and
Hofel, 2003, Jacobsen et al., 2006). However, no involvement of medial
part of OFC was found in a neuroimaging study investigating the
processes involved in making aesthetic judgments compared to making
a symmetry judgment although parametric effects of stimulus complex-
ity in aesthetic judgments were found in the lateral aspects of the OFC
(Jacobsen et al., 2006). The parametric modulation of medial OFC in the
present study are thus more likely to be related to the subjective coding

of hedonic valence, than mechanisms associated with the active act of
making an overt judgment.

In the study by McClure et al. (2004) images of Coca-Cola vs. Pepsi
cans influenced activations in areas that are traditionally considered as
more cognitive than flavour related areas, including hippocampus,
midbrain, primary visual cortex and dorsolateral prefrontal cortex
(McClure et al., 2004). We observed bilateral activation in the entorhinal
cortex in the main effect [G-C] irrespective of the actual aesthetic
ratings. The entorhinal cortex adjoins and is interconnected with the
hippocampus, a region that has been consistently related to processing
of episodic memories (Brown and Aggleton, 2001; Eichenbaum et al.,
1996, 2007). Hippocampus activation is associated with trials in which
subjects correctly recollect contextual information compared to ones in
which they do not (Cansino et al., 2002). Other findings suggest that
midbrain dopaminergic systems involved in reward expectation could
directly modulate declarative memory formation in the hippocampus
(Adcock et al., 2006; Bernabeu et al., 1997; Wittmann et al., 2005). This
evidence is in line with our initial hypothesis that it is the subjects'
conception of the image, rather than its sensory properties, that
primarily determines its hedonic value. Similarly, recent results have
shown that neurons in primary visual cortex encode associations
between visual stimuli and subsequent prediction of reward timing
(Shuler and Bear, 2006). These data demonstrate that reward-timing
activity can occur very early in the sensory-processing paths. One
possible mechanism responsible for this effect might be due to subjects
acquiring different prior expectations over future rewards evoked by the
stimulus labels. The different expectations of hedonic value could be
determined in different ways. The difference in context in this
experiment straddles at least two possible factors. The first might be
loosely described as a difference in prestige; the art gallery is more
prestigious than the computer as a source of artworks. Accordingly the
prediction of higher reward for the gallery comes from a social prior. The
more prestigious the art gallery, the more competition there is for artists
to display works there, therefore those that succeed will be more likely to
reward viewers than those that fail. A second, closely related factor is the
monetary value of the artwork. Artworks from a gallery are more likely to
have a greater monetary value than those which are not (on average).
Neglecting economic factors of supply and demand, one might have the
simple prior that the more expensive the artwork the more likely it is to
have a higher hedonic value for a given observer. The context induced
changes in aesthetic modulation could be due to either or both of these
factors and dissociating these two will be the focus of future work.

We adopted a blocked rather than event-related design in this study.
In contrast to an event-related design in which the labelling would
inevitably have introduced an element of unpredictability, our approach
allowed us to look at responses to cognitive labels that were fully
predictable within blocks. It has been suggested that block designs is
confounded by reward expectation (O'Doherty et al., 2003a; Winston
et al., 2007). Accordingly activity observed in the present study could
possibly be due to reward expectation induced by the block design
rather than being driven by the assessment of aesthetic value. However,
we argue against this possibility in that evidence suggests that ventral
striatum is involved in reward expectancy, rather than being involved in
stimulus hedonic value (e.g. Berridge 1996; Knutson et al., 2001; Schultz
et al, 1992). OFC, on the other hand, is known to be involved in
representing the hedonic value of a stimulus (O'Doherty et al.,, 2003a;
Tremblay and Schultz, 1999; Winston et al., 2007). Hence, OFC responses
in the present study can be attributed to the hedonic value of the stimuli
themselves and it is likely that responses were not observed in ventral
striatum because there was no confound of reward expectation.

Although the entorhinal cortex and temporal pole (BA 38) are
associated with different roles in declarative memory (Kroll et al. 1997;
Nakamura and Kubota 1995; Sargolini et al. 2006), our data suggest a
connection between them. The temporal pole is thought to be
implicated in semantic memory retrieval (Damasio et al., 1996;
Mummery et al.,, 2000). This region is involved in the storage and recall



U. Kirk et al. / Neurolmage 44 (2009) 1125-1132 1131

of contextual information, particularly when affectively salient (Lane et
al.,, 1997; Smith et al., 2004 ). The temporal poles have also been reported
to be active in tasks that require explicit evaluation judgments such as
emotional intensity (Cunningham et al., 2004), and aesthetic judgments
(Jacobsen et al., 2006). Our data fits with these prior findings and raise
the possibility that the entorhinal cortex and temporal pole may be
engaged during recollection of art-related and cultural information that
influence aesthetic judgments during gallery conditions, while VMPFC
and medial OFC are more involved in attaching hedonic properties to
them. These two systems do not appear to function independently of
each other but are modulated and cooperate to influence aesthetic
judgments induced by semantic context.
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