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Using functional magnetic resonance imaging (fMRI) we investigated whether a
culturally defined context modulates the neurocognitive processing of artworks.
We presented subjects with paintings from the Museum of Modern Art (MoMA)
in New York, and labeled them as being either from the MoMA or from an
adult education center. Irrespective of aesthetic appreciation, we found higher
neural activation in the left precuneus, superior and inferior parietal cortex for
the MoMA condition compared to the control label condition. When taking the
aesthetic preference for a painting into account, the MoMA condition elicited
higher involvement of right precuneus, bilateral anterior cingulate cortex (ACC), and
temporoparietal junction (TPJ). Our findings indicate that mental frames, in particular
labels of social value, modulate both cognitive and affective aspects of sensory
processing.
Keywords: visual art, functional magnetic resonance imaging, cognition, aesthetic appreciation, framing

Introduction
The context, in which sensory input is derived, constitutes a mental frame that determines our
relationship to our cultural environment on an implicit level of processing (Pöppel and Bao, 2011).
Aiming at unraveling the neurobiological underpinnings of context effects, previous neuroimaging
research has demonstrated the impact of knowledge and social or cultural value systems in various
domains including decision making, moral reasoning and perception. Evidence highlights the
role of prefrontal, temporal, and parietal brain regions in framing effects, which can be associated
with working memory, social cognition, and imagery (Bhatt and Camerer, 2005; Gonzalez et al.,
2005; Windmann et al., 2006; Deppe et al., 2007; Avram et al., 2014; Fehse et al., 2015). Underlying
mechanisms that modulate the evaluation of information have so far been understood as either an
influence of emotions on cognition (Mobbs et al., 2006; Brunetti et al., 2014) or cognitive control
of emotions, which has found to be represented by inhibitory neural connections between cortical
and subcortical brain regions (Camus et al., 2009; Hare et al., 2009). This study aims at a deeper
understanding of framing effects on sensory information processing by further elucidating the
ways in which social and cultural factors influence or even determine the visual processing of
artworks.
Two distinct complementary pathways characterize the processing of visual input.
On the one hand visual information is analyzed bottom-up in terms of psychophysical
properties; on the other hand prior experiences and expectations take top-down influence on

Frontiers in Human Neuroscience | www.frontiersin.org

1

October 2015 | Volume 9 | Article 528

Silveira et al.

An fMRI study on the neurobiology of framing effects

information processing. Accordingly, aesthetic judgment and
aesthetic appreciation, which are considered as cognitive and
affective outcome of visual arts processing, can be influenced
by painting style, color, brush stroke etc. on the one hand, and
by expertise, cognitive mastering of the painting or the context
in which the painting is perceived on the other hand (Leder
et al., 2004). In line with this, it has been shown that the value
a perceiving person attaches to an artwork is constrained by
anticipations and additional information (Cupchik et al., 1994;
Russell, 2003; Leder et al., 2006). In neuroimaging studies, the
perception of artworks has been found to involve a complex
set of brain areas corresponding to emotional, cognitive and
perceptual processes. While in many studies reward-related
areas like the ventral striatum, medial prefrontal cortex and
anterior insular cortex were associated with aesthetic processes
(Kawabata and Zeki, 2004; Cinzia and Vittorio, 2009), in other
studies also areas related to cognitive functions like visuospatial processes, memory retrieval, or self-related processes
were found to be recruited (Fairhall and Ishai, 2008; Cupchik
et al., 2009; Silveira et al., 2012; Vessel et al., 2012). The
different activation patterns appear to be highly dependent
on the behavioral task that was implemented in the study
(Vartanian and Skov, 2014). Therefore, aesthetic appreciation
and cognitive processing of visual art can be associated with
distinct, yet possibly partly overlapping brain networks. Even
though brain regions of higher cognitive function like the parietal
lobes, the temporoparietal junction (TPJ), or parts of the frontal
lobes have been associated with positive aesthetic appreciation
(Kawabata and Zeki, 2004; Jacobsen et al., 2006; Cela-Conde
et al., 2009; Lutz et al., 2013), it remains a challenge to disentangle
neural underpinnings of affective and cognitive aesthetic
responses.
Museum venues can generate a framing effect on the aesthetic
value of an artwork (Brieber et al., 2014). Previous neuroimaging
research provides evidence that a label might modulate the
processing of an artwork. Kirk et al. (2009) demonstrated in
an functional magnetic resonance imaging (fMRI) study that
labeling identical paintings as either art or non-art modulates
their processing. Paintings that were labeled as being obtained
from a gallery, i.e., from an art-related context, were not only
perceived as aesthetically more pleasing, but were also processed
with higher activation levels in the medial orbitofrontal cortex
(mOFC) and prefrontal cortex, compared to paintings that
were labeled as being computer generated. The effect on the
neural level was moderated by aesthetic pleasure. Based on
their findings, Kirk et al. (2009) suggested that the source
of a presented artwork determines expectations and thus,
biases an aesthetic judgment. Huang et al. (2011) explored
the effects of authenticity for the aesthetic appreciation of art
in a neurofunctional study. They demonstrated that assigning
paintings as either authentic or fake, regardless of their actual
authenticity, had an effect on neural responses. Paintings that
were declared as copies were processed with a higher activation
in the frontopolar part of the prefrontal cortex and in the middle
frontal gyrus. The study highlights that especially naïve observers
rely heavily on expert advice in aesthetic matters, indicating the
strong social influence on the perception of artworks.
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The involvement of non-visual brain areas with respect
to context related effects hints at the impact of expectations
and knowledge systems on aesthetic appreciation processes.
The crucial importance of expectations and artistic knowledge
becomes especially evident considering the character of
contemporary artworks. Contemporary art cannot be defined
by specific visual or optical features. Often contemporary
artworks cannot be distinguished from daily life objects. These
artworks require specific aesthetic settings and information
to be appreciated as artworks and to gain aesthetic value.
With the goal to examine the meaning and importance of a
specific institutional context for the appreciation of an artwork,
this study uses modern paintings as stimulus material. On
the basis of previous studies (Kirk et al., 2009; Huang et al.,
2011), we further tested in which way information about an
exhibition venue serves as a frame that modulates the perception
of modern art. While Kirk et al.’s (2009) stimulus set only
partly consisted of paintings from the most preeminent art
gallery in Denmark, we exclusively used paintings of high
social value to reduce the variance in painting quality. We
aimed at examining how visual processes are modulated by
a label of social reputation as one dimension of the exterior
context, thus expanding previous insights on the effects of
framing paintings as art and non-art (Kirk et al., 2009) or art
and art-copy (Huang et al., 2011). The exhibition venue of
an artwork can be seen as a social predictor for its value. It
has considerable consequences for the commercial value of
the piece and for the artists’ popularity and recognition. This
inevitably raises the question whether knowledge about the
exhibition venue of an artwork influences aesthetic appreciation
and pleasure. We assigned different labels to a selection of
paintings from the online database of the Museum of Modern
Art (MoMA) in New York, declaring them either as artifacts
from the MoMA or from an adult education center. With
the MoMA being one of the worlds’ most popular museums
(Campbell-Johnston, 2013) we chose a label that reflects the high
artistic expertise and aesthetic value of the exhibited artworks.
In comparison, an adult education center represents a venue
that lacks artistic expertise, recognition and value. Accordingly,
we hypothesized that information about the exhibition venue
of a painting might frame the perception of art on an implicit
level, indicated by neural responses. We were particularly
interested in the neural correlates of two different paths of
information processing of the presented paintings. Dependent
on positive aesthetic appreciation of the paintings we expected
increased neural activity for reward-related brain areas when
processing paintings with the prestigious MOMA exhibition
label. Irrespective of an aesthetic appreciation we rather expected
cognition-related brain areas to play a pivotal role in the labeling
effect.

Materials and Methods
Participants
Seventeen right-handed German-speaking participants (Nine
female; mean [µ] 37.0, standard deviation [SD] = 6.11 years)
with normal or corrected-to-normal vision participated in
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the study. Informed consent was provided and participants
received financial reward. The study was conducted in
accordance with the Declaration of Helsinki and approved
by the ethics committee of the medical faculty of the LMU
Munich.

acquisition, FOV = 448 × 448 mm, matrix = 64 × 64, in-plane
resolution = 3 × 3 mm). In total 193 functional volumes were
acquired per subject.

Data Processing and Analysis
Statistical analysis was done with MATLAB (MathWorks, Natick,
MA, USA) and with Statistical Package for the Social Sciences
(SPSS Statistics 19.0, IBM, Armonk, NY, USA). MRI data
were analyzed using Statistical Parametric Mapping software
(SPM8, Wellcome Department of Cognitive Neurology, London,
UK, http://www.fil.ion.ucl.ac.uk/spm). Anatomical description
was done referring to the Automatic Anatomic Labeling
(AAL) atlas (Tzourio-Mazoyer et al., 2002) as implemented
in the Wake Forest University (WFU) Pickatlas (Advanced
NeuroScience Imaging Research Laboratory, Winston-Salem,
NC, USA).
The first five functional volumes were discarded to avoid
variable effects of blood oxygen saturation on T1 relaxation
due to instabilities of the magnetic field. All functional images
were 3D motion corrected. In further preprocessing analysis
realignment and spatial normalization to the EPI template (Evans
et al., 1993) was performed. Spatial smoothing was executed to
minimize noise and residual inter-subject differences in anatomy
using a Gaussian kernel of 8 mm full width at half maximum
(FWHM).
On the first level of statistical analyses a mixed categorical
and parametric regression analysis was conducted. Using this
approach we modeled two separate polynomial expansions of
the functional blood oxygen level dependent signals (Büchel
et al., 1998) for each of the two conditions respectively. Every
stimulus event, i.e., presentation of a painting, was defined by
onset time and 4 s duration. In the 0th order, the two label
conditions were modeled by a boxcar function convolved with
a hemodynamic response function. In the 1st order expansion,
the conditions were additionally scaled in positive and negative
aesthetic ratings using a parametric regressor for each condition,
and then convolved with a hemodynamic response function.
To correct for residual effects of head movements, six motion
parameters that were estimated in the preprocessing step were
included as covariates for each participant. A high pass filter with
a cut-off frequency of 1/128 Hz was used. For all four conditions
a mean image was generated for each participant using a contrast
weight of 1.
In a second step, two paired samples t-tests were calculated
accounting for variance between subjects. The statistical models
comprised the two conditions (MoMA/adult education center)
as within-subjects factors using the individual contrast images
generated on the first level either in 0th or 1st order expansion.
This procedure is a replication of the methodological approach
of Kirk et al. (2009). Significance levels of group contrasts
were set p < 0.01. Reported significant p-values were controlled
for alpha error inflation with a cluster-level correction by
family wise error p(FWE) < 0.05. For the paired t-test using
mean images of the 1st order polynomial expansion none
of the clusters reached that FWE significance. Therefore, we
also report uncorrected p-values for which we had a priori
hypotheses.

Material
In a pilot study, 96 paintings had been evaluated with respect
to their exhibition venue. In an online survey, 300 participants
(172 female; µ = 34, SD = 9.23 years) had to decide whether they
believed that the painting is originally located at the MoMA or
at an adult education center on a five-point-Likert scale (1 = I’m
very sure this painting is originally located at the MoMA; 5 = I’m
very sure this painting is originally located at an adult education
center). Only those paintings that were not easily assigned to
one of the venues (2 < x > 4) were selected for the fMRI study.
This selection should guarantee that participants could not easily
recognize the actual artistic value of the presented painting. All
artistic representations were equalized in luminance and resized
to a fixed pixel size of 250,000 pixels.

Procedure
A block design was used with eight blocks per experimental
condition and each block comprising three different paintings.
Every painting was displayed for 4000 ms with an inter
stimulus interval of 250 ms. Each block was followed by the
display of a fixation cross for 6000 ms. The order of stimuli
and blocks was pseudo-randomized using a stimulus delivery
device (Presentation 15.1, Neurobehavioral Systems, Berkeley,
CA, USA). While lying in the scanner participants viewed
the presented paintings via a mirror attached to the MRI
head-coil. To assess explicit aesthetic judgments participants
were asked to decide whether they liked the painting or
not by pressing one of two buttons of a MRI compatible
device (LUMItouch, Photon Control, Burnaby, BC, Canada).
Two different labels and thus experimental conditions were
chosen to investigate the effect of context specific information
for the appreciation of art. The paintings were presented
with the label of an exhibition venue, which was either the
‘‘MoMA Manhattan’’ or the ‘‘Adult Education Center, Garden
City’’. For each participant each painting was presented only
in one of the two contexts. The paintings were therefore
split into two groups and painting-context combinations were
randomized between participants; i.e., the same painting that
was presented in the context of the exhibition venue ‘‘MoMA’’
to participant A, was presented in the context of the exhibition
venue ‘‘Adult Education Center’’ to participant B. Prior to the
scanning session participants were provided with information
about each of the exhibition venues, which were matched in
content (e.g., location, amount of visitors per year, popularity of
artists).
The study was conducted with a 3T whole body system
at the University Hospital LMU Munich (Achieva, Philips
Healthcare, Best, Netherlands). For blood oxygen level
dependency (BOLD) imaging T2∗ -weighted EPI sequence
was used (TR = 2500 ms, TE = 30 ms, FA = 80◦ , 38 axial
slices, slice thickness = 3 mm, no inter-slice gap, ascending

Frontiers in Human Neuroscience | www.frontiersin.org

3

October 2015 | Volume 9 | Article 528

Silveira et al.

An fMRI study on the neurobiology of framing effects

In analyzing the behavioral data, we used paired t-tests for the
aesthetic judgments and reaction times. Significance levels were
set p < 0.05.

On the level of neurofunctional processes, the assignment of
different labels modulated the processing of identical paintings
on a neural level. However, there were no significant context
related effects on average aesthetic ratings. It is well known
that explicit and implicit measures are sensitive to different
levels of mental operations. In art perception, the former has
often been referred to as the intellectual appreciation of an
artwork (Cupchik, 1999) and might also be undermined by a
social desirability bias (Edwards, 1957; Temme and Gieszen,
1995). However, when taken previous studies into account
it is surprising that no effect on the explicit level could be
found. In this regard, we couldn’t replicate the finding that
different exhibition contexts modulate the appreciation of art.
This might be traced back to differences in the response measure
of aesthetic appreciation. While Kirk et al. (2009) used a Likert
scale, we used a dichotomous preference ratings. The nature
of forced choice paradigms provokes an artificial decision to
express either positive or negative attitude towards a stimulus.
However, we chose this behavioral measurement as aesthetic
appreciation has been characterized by categorically differential
response patterns between favored and depreciated paintings
rather than a continuous increase or decrease of responses from
negative to positive on the neural level (Vessel et al., 2012). In
general, aesthetic appreciation cannot only be represented on
either a continuum or a categorical difference between liking
to not-liking. Especially when is comes to aesthetics, subjective
aspects play a pivotal role in appreciation and preference choices.
Even though in the current study, we only investigated one
aspect of the exterior context as a modulating factor of brain
responses, we want to point out that the aesthetics cannot be
externalized, but are also a property of the viewer’s response to
the artwork. On the basis of our results, we thus can’t make
conclusions on the subjective quality of visual arts perception and
aesthetic appreciation, but only framing effects that are related to
contextual modulations of visual perception.
An effect of the given contexts was investigated by comparing
the processing of paintings under two different label conditions.
We found stronger BOLD signals for the MoMA label
compared to the control label condition. However, brain
regions corresponding to this label effect differed dependent
on liking of the respective painting, thus supporting findings

Results
Behavioral Results
We found no significant differences between the label conditions
(MoMA/adult education center) on the behavioral level. In the
explicit aesthetic judgments of the paintings, the labeling did
not affect aesthetic appreciation of the paintings, t (16) = 1.20,
p = 0.246, with µ = 64, SD = 20% positive aesthetic responses for
the MoMA and µ = 59, SD = 20% positive aesthetic responses
for the control label condition. There was also no significant
difference in reaction times, t (16) = 1.70, p = 0.108, with µ = 15,
SD = 4 s for the MoMA condition and µ = 14, SD = 4 s for the
control label condition.

Neuroimaging Results
Pairwise contrasts were calculated to compare the two different
label conditions to each other. In the 0th order expansion,
there was higher activation for the MoMA condition compared
to the control label condition in the left precuneus, superior
and inferior parietal cortex (Table 1A; Figure 1A). The reverse
contrast did not reveal regions of significantly higher activation
for the control label condition.
When aesthetic rating was included as a parametric regressor,
i.e., when taking aesthetic appreciation of the presented paintings
into account, there was a higher activation for the MoMA
label. For positive aesthetic ratings there was an increase of
metabolism in the bilateral anterior cingulate cortex (ACC), the
right precuneus and in the bilateral TPJ (Table 1B; Figure 1B). In
both models, the reverse contrast did not reveal higher activation
for the control condition label.

Discussion
We addressed the question whether the exhibition venue and
its reputation can set a mental frame that modulates the
neural correlates of aesthetic perception and whether this
effect is dependent on the aesthetic appreciation of paintings.

TABLE 1 | Neural correlates of differential processing of visual art under label conditions.
Coordinates
Brain region

z-statistics

x

y

z

(A) Main effect MoMA > control label
Cluster
L precuenus
L superior parietal cortex
L inferior parietal cortex

−18
−40
−40

−54
−50
−60

48
54
52

3.68
3.19
3.37

(B) MoMA > control labelmodulated by aesthetic ratings (positive > negative aesthetic judgments)
Anterior cingulate cortex
Precuneus
L middle temporal gyrus
R superior temporal gyrus

−4
4
−50
−54

38
−44
−62
−40

2
60
18
14

3.61
3.17
3.28
3.25

Size in voxels

959

256
124
332
375

Note: Right (R) or left (L) hemisphere. The x, y and z coordinates are in the MNI space, z-values of t-test. 2 × 2 × 2 mm voxel size.

Frontiers in Human Neuroscience | www.frontiersin.org

4

October 2015 | Volume 9 | Article 528

Silveira et al.

An fMRI study on the neurobiology of framing effects

FIGURE 1 | Higher neural activation when viewing artworks under the label “Museum of Modern Art” compared to a control label condition
(A) without and (B) with using aesthetic appreciation as a parametric regressor. The x coordinates are in the MNI space. Prec = precuneus, ACC = anterior
cingulate cortex.

of Kirk et al. (2009) However, the brain regions involved in
this framing effect suggest different underlying processes; while
Kirk et al. (2009) demonstrate that common reward-related
brain areas are recruited with respect to positive aesthetic
appreciation, we particularly found the precuneus to be engaged
in contextual changes both with and without taking positive
aesthetic judgments into account. This cardinal difference in
findings between the two studies might be explained by the
difference in response measure as Kirk et al. (2009) measured
brain activity reflecting a graded liking response. Even though
also the recruitment of parietal regions has previously been
linked to positive aesthetic judgments in general (Kawabata and
Zeki, 2004; Vartanian and Goel, 2004; Cela-Conde et al., 2009;
Cupchik et al., 2009; Huang et al., 2011; Lacey et al., 2011),
activation of the precuneus might indicate aspects of a framing
effect that are less likely related to aesthetic appreciation alone.
This assumption also corresponds to the lack of an effect on the
explicit level of aesthetic appreciation.
In this regard, the spatial dissociation of parietal activation
patterns between the two statistical models might be
representative of different underlying processes. While
involvement of precuneus independent of aesthetic ratings
is located in the left hemisphere, for aesthetically determined
responses it is located in the right hemisphere. The latter one
can be seen as a confirmation of previous findings, where
the right hemisphere of the parietal lobe has continuously
been associated with positive aesthetic ratings (Lutz et al.,
2013). It also corresponds to findings of Huang et al. (2011)
that the right precuneus is involved in a framing effect of
processing visual art as either authentic or fake. The precuneus
has been functionally ascribed to a set of diverse cognitive
processes that can be broadly divided into episodic memory
retrieval, visuo-spatial imagery, attentional, and self-related
operations (Cavanna and Trimble, 2006). In the context of
aesthetic visual information processing, particularly the notion
of precuneus being associated with personal relevance has been
supported by previous research (Silveira et al., 2012; Vessel
et al., 2012). Trying to disentangle and identify functional
ascriptions of precuneus activation, structural subsections
have been suggested that divide the precuenus anatomically
in an anterior, central, and posterior part (Margulies et al.,
2009). In the current study, modulation of BOLD signals
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were found in the cognitive/associative central precuneus.
This subsection of the precuneus has been shown to elicit
resting-state functional connectivity with parietal regions and
the superior temporal sulcus as well as with the medial frontal
cortex (brodman area 32; Petrides and Pandya, 1984; Margulies
et al., 2009). In particular, for framing effects modulated by
aesthetic appreciation, we found a simultaneous activation
pattern in the ACC, TPJ, and central precuneus, corroborating
with the notion of cognitive functions being involved in framing
effects.
In a broader sense, our results provide insight into the
neurobiology of framing effects in general. Previous research
has provided evidence that temporal and parietal brain regions
are involved in framing effects, i.e., modulated by social norms
and values (Bhatt and Camerer, 2005; Gonzalez et al., 2005).
In particular, temporal structures like the TPJ might indicate
processes related to social cognition (Gallagher and Frith,
2003; Saxe and Kanwisher, 2003). Our study highlights the
predominant role of precuneus in top-down processing. Offering
a promising taxonomy of framing effects, Levin et al. (1998)
coined the term ‘‘attribute framing’’ for phenomena that can be
related to an attribute of a stimulus and its positive or negative
valence. In particular, effects of brands can be seen as exemplary
for attribute framing. Research on the neural correlates of brands
is still limited and somewhat ambiguous (Ariely and Berns, 2010;
Plassmann et al., 2012). Evidence is provided that involvement of
precuneus might be relevant in effects of luxury brands (Schaefer
and Rotte, 2007). In terms of exhibition venues, the MoMA
might be seen as a fairly strong brand. Thus, our results support
previous findings that attribute framing effects of labels with a
positive connotation in terms of social popularity as compared
to those labels with lack of social reputation are related to the
precuneus. This also corroborates with the notion that effects of
familiar brands are associated with personal relevance and thus,
self-relatedness (Santos et al., 2012; Bruce et al., 2014).

Conclusion
Taken together, our study provides evidence that expectations
and knowledge systems modulate the perception of visual
art. This indicates the importance of psychological and social
contexts for the appreciation and aesthetic experience of art.
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Even though all paintings used in the study can be considered
as ‘‘good art’’, the assignment of a label positively influenced the
aesthetic value on an implicit level. The apparent modulations of
neural activation reflect changes in top-down processes of visual
perception. Ultimately, attaching aesthetic value to an artwork
seems to be determined by social norms. It is not only the picture
we admire, it is also the frame.
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