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Visual elements of subjective preference modulate amygdala activation
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bstract

What are the basic visual cues that determine our preference towards mundane everyday objects? We previously showed that a highly potent
ue is the nature of the object’s contour: people generally like objects with a curved contour compared with objects that have pointed features
nd a sharp-angled contour. This bias is hypothesized here to stem from an implicit perception of potential threat conveyed by sharp elements.
sing human neuroimaging to test this hypothesis, we report that the amygdala, a brain structure that is involved in fear processing and has been

hown to exhibit activation level that is proportional to arousal in general, is significantly more active for everyday sharp objects (e.g., a sofa with
harp corners) compared with their curved contour counterparts. Therefore, our results indicate that a preference bias towards a visual object can
e induced by low-level perceptual properties, independent of semantic meaning, via visual elements that on some level could be associated with

hreat. We further present behavioral results that provide initial support for the link between the sharpness of the contour and threat perception.
ur brains might be organized to extract these basic contour elements rapidly for deriving an early warning signal in the presence of potential
anger.

2007 Elsevier Ltd. All rights reserved.
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We determine our preference towards people and objects in
he environment frequently and rapidly (Ambady, Bernieri, &
icheson, 2000; Bar, Neta, & Linz, 2006; Willis & Todorov,
006). These first-impression preferences must rely on percep-
ual features in the image, especially when they are derived
uickly. What are these features? In addressing this question,
e discovered that the nature of an object’s contour provides a
otent source of influence on preferences (Bar & Neta, 2006).
pecifically, emotionally neutral objects comprised of primar-

ly pointed features and sharp angles were liked significantly
ess than when the same objects were comprised of curved fea-
ures (e.g., a watch with a sharp-angled contour compared with
watch with a curved contour).

What is the origin of this bias for preferring objects with

urved visual elements significantly more than objects with
harp-angled elements? We hypothesize that this preference bias
s the result of an elevated level of arousal in the presence of
harp-angled features; an elevated arousal that stems from an
mplicit association of these sharp features with threat and dan-
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er. To test this hypothesis, we compared amygdala response
etween conditions when participants viewed sharp-angled and
urved objects. Specifically, we collected pairs of objects where
ach pair consisted of one member whose contour is primarily
omprised of sharp angles, and a counterpart whose correspond-
ng features are curved. The object pairs could either depict real
veryday objects (e.g., a sharp-angled candle and a curved can-
le) or novel patterns that we created (Fig. 1). We ensured that
he semantic meaning of the objects was emotionally neutral
i.e., we refrained from using images of objects such as knives
r puppies). Each participant was exposed to only one member
f each pair. In a third condition, we used objects with mixed
harp and curved features as a control baseline (see Section 1).
iven that the amygdala in particular has been implicated in
rocessing information related to fear and arousal (Adolphs et
l., 1999; Whalen, 1998), we concentrated on the difference in
unctional magnetic resonance imaging (fMRI) activity elicited
n the amygdala by these three conditions. If the reduced lik-

ng for sharp-angled objects stems from an elevated perception
f threat, one would expect increased amygdala activation for
his condition compared with both the curved and the baseline
onditions.

mailto:bar@nmr.mgh.harvard.edu
dx.doi.org/10.1016/j.neuropsychologia.2007.03.008
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ig. 1. Examples of the stimuli used in the experiment. (A) Pairs of real objects
urved and sharp angles. Pairs of objects and patterns were matched in appeara
hem. (D) A depiction of two trials in the experimental sequence.

We additionally hypothesized that the contour-based pref-
rence formation is mediated by the low spatial frequencies
LSFs) of the image, rather than the high spatial frequencies
HSFs). Such LSFs have been shown to be extracted rapidly (Bar,
003; Bar, Neta, & Linz, 2006; Bullier, 2001) and, critically,
ave been shown to modulate amygdala response in fear-related
ituations (Vuilleumier, 2005; Vuilleumier, Armony, Driver, &
olan, 2003). The prediction that stems from this hypothesis is

hat the reduced liking of sharp-angled objects relative to curved
bjects would be significantly stronger when viewing the LSF
ersion of the images than when viewing the HSFs, and we test
his prediction directly in Experiment 2. Finally, in Experiment
, we provide initial evidence linking sharp-angled contour and

hreat perception. The combination of the results of these three
xperiments supports our hypothesis that the relative reduced
iking of objects with a sharp contour stems from a perception
f potential threat conveyed by sharp elements.
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pairs of novel patterns; (C) control baseline objects, comprised of a mixture of
nd in semantic meaning so that the contour was the critical difference between

. Experiment 1: Subjective preference and amygdala
ctivation

.1. Methods

.1.1. Participants and design
We collected 140 pairs of real objects and 140 pairs of novel meaningless

atterns for which the critical difference between the items in each pair was the
urvature of their contour, keeping their semantic meaning and general appear-
nce equated (Fig. 1). These were everyday objects whose semantic meaning
ad no inherent positive or negative valence (e.g., a plant or a chair). The novel
atterns provided a further measure for the possible role of semantic meaning,
amiliarity and associations in preference formation. We also included a control
ondition of 80 real objects consisting of a roughly equal mixture of curved and

harp-angled features to determine a baseline preference. In sum, we had 140
tems in the sharp-angled real object condition, 140 items in the Curved real
bject condition, 80 items in the control real object condition, 140 items in the
harp-angled novel pattern condition, and 140 items in the curved novel pattern
ondition.
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The real object images were grayscale photographs of everyday objects,
uch as tools, furniture, clothes, and plants. The novel pattern images were
rayscale patterns that we created using Adobe Photoshop 7.0. One picture at
time was presented at the center of the computer screen (visual angle 7◦),

n a gray background, for 85 ms. Sixteen healthy volunteers (8 female) partic-
pated. Each had 60 practice trials consisting of all conditions of real objects,
ovel patterns, and fixations (prior to image acquisition) with images that were
ot presented again in the experimental trials. After the practice, each partic-
pant then viewed one member from each pair (either the sharp-angled or the
urved; counterbalanced across participants), and all the control objects, and
ade a like/dislike forced-choice decision about each picture based on their

mmediate “gut” reaction. Participants were given 1915 ms to decide whether
hey “liked” or “disliked” each object or novel pattern (i.e., “Do you get a good
like) or bad (dislike) feeling from this image?”), and they could make this
esponse at any point during this time (Fig. 1D). For each condition, percent
like” responses was calculated as the proportion of the “like” responses out
f the total number of responses. All participants had normal or corrected-to-
ormal vision, no psychoactive medication, and no significant neurological or
sychiatric history. None were aware of the purpose of the experiment, and
hey were all recruited from the greater Harvard and Massachusetts General
ospital community, and paid for their participation. Informed written consent
as obtained from each participant before the session, and all procedures were

pproved by Massachusetts General Hospital Human Studies Protocol number
001P-001754.

.1.2. fMRI data acquisition
Stimuli were back-projected using a Notevision6 LCD projector onto a

ranslucent screen that participants viewed through a mirror mounted on the head
oil. A custom-designed magnet-compatible panel of four keys (two of which
ere used for this experiment) was used for participants’ responses. The image
resentation and response collection were controlled by a Macintosh G4 run-
ing Matlab experimental software at a display resolution of 1024 × 768 pixels
nd a refresh rate of 75 Hz. The presentation order of trials for the event-related
esign was randomized across the three categories of stimuli. This was accom-
lished using the optseq program within the FreeSurfer Functional Analysis
tream (FS-FAST) software tools (http://surfer.nmr.mgh.harvard.edu/optseq);
program that optimizes the presentation sequence of experimental and fix-

tion trials for event-related designs to maximize the efficiency and accuracy
f the estimation of the hemodynamic response for each stimulus presentation
Burock, Buckner, Woldorff, Rosen, & Dale, 1998; Dale, Greve, & Burock,
999). The final sequence presentation order provided by optseq was divided
nto five sections of 140 consecutive trials, each lasting 2 s, for use in each of the
unctional runs. Structural images were acquired in a 3T Siemens Allegra sys-
em using a series of high-resolution 3-D T1-weighted images, and functional
mages were then collected using a T2*-weighted gradient echo-planar imaging
equence (TR = 2.00 s, TE = 25 ms, flip angle = 90◦, field of view = 256, slice
hickness = 3 mm + 1 mm skip, 33 interleaved slices oriented along the AC-PC
ine).

.1.3. fMRI statistical analysis
Functional data were analyzed using the FS-FAST analysis tools (see elab-

rated description of methods in Bar & Aminoff, 2003; Bar et al., 2001).
ata from individual fMRI runs were first corrected for motion using the
FNI package (Cox, 1996) and spatially smoothed with a Gaussian full-width,
alf-maximum (FWHM) filter of 5 mm. The intensities for all runs were then
ormalized to correct for signal intensity changes and temporal drift, with
lobal rescaling for each run to a mean intensity of 1000. Signal intensity
or each condition was then computed, excluding trials with extreme response
imes (RTs), and averaged across runs. To obtain whole brain group activa-
ion maps in the event-related priming task, a Finite Impulse Response (FIR)

odel was used in which signal intensity was averaged across 2–8 s from
rial onset. Motion parameters derived from realignment correction were also
ntered to the model as covariates. The data were then tested for statisti-

al significance and activation maps were constructed for specific contrasts
f interest, namely sharp-angled versus Curved stimuli conditions, as well
s individually for the real objects and novel patterns (t-test with a minimal
hreshold set at p < .001, uncorrected for multiple comparisons) for each fMRI
esign.
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.1.4. Cortical surface-based analysis
Once the data from all trials were averaged, the mean and variance volumes

ere resampled onto the cortical surface for each participant. Each hemisphere
as then morphed into a sphere in the following manner: first, each cortical hemi-

phere was morphed into a metrically optimal spherical surface. The pattern of
ortical folds was then represented as a function on a unit sphere. Next, each
ndividual participant’s spherical representation was aligned with an averaged
olding pattern constructed from a larger number of individuals aligned previ-
usly. This alignment was accomplished by maximizing the correlation between
he individual and the group, while prohibiting changes in the surface topol-
gy and simultaneously penalizing excessive metric distortion (Fischl, Sereno,
ootell, & Dale, 1999).

.1.5. Region of Interest (ROI) analysis
Our ROIs were limited to the subcortical regions that were hypothesized

priori to show significant activation for sharp over curved objects, namely
he bilateral amygdala, using structural and functional constraints of labeling.
he structural constraint was based first on labeling the brain structures for
ach participant. This labeling was accomplished by using the FS-FAST auto-
atic segmentation tools, which uses information about image intensities, global

osition within the brain, position relative to neighboring brain structures, and
natomical landmarks to determine classification of brain regions. These tools
ave been optimized with regards to accuracy and test–retest reliability (Fischl
t al., 2004). Subsequently, based on this segmentation, the ROI labels were
and drawn on individual participant brains on the areas designated as the right
nd left amygdala.

The functional constraint of the ROIs was based on a mask selecting only the
ubset of voxels within each anatomical label that were differentially activated
y any component of the task, as revealed by the main effect (i.e., the contrast
f all conditions versus baseline), with a threshold of p < .01. The activation
n the voxels that met these constraints was then averaged for the amygdala
n each hemisphere, allowing the contrasts of interest to be computed across
he time course. The mean percentage of signal change was then calculated for
ach condition for the TRs showing peak signal change (time points 2–6 s). One
articipant was excluded from this analysis for the right hemisphere, and one
articipant was excluded for the left hemisphere analysis because there were less
han 10 voxels activated in the specified region of the amygdala. For the analysis
f gender, we averaged the data across hemispheres because the activation was
imilar in both (see Section 1.2.2).

.2. Results

.2.1. Behavioral results
Participants liked the curved objects significantly more than

he control objects (t(15) = 2.20, p < .05), and liked the sharp-
ngled objects significantly less than the control objects (t(15) =
3.56, p < .005; mean ± standard error: sharp = 47.2% ± 3.5,

urved = 62.9% ± 2.6, control = 57.4 ± 2.7; Fig. 2A and
able 1). Thus, sharp-angled objects were liked significantly

ess than their curved counterparts (t(15) = −4.82, p < .0005).
similar outcome was obtained with preference for the

ovel patterns (t(15) = −3.28, p < .005; sharp = 24.3% ± 4.8,
urved = 34.7% ± 5.6). Note that the cutoff between like and
islike is the percentage of liking responses to the control
bjects, instead of simply taking the less specific 50% liking as
utoff. In other words, the sharp objects were liked significantly
ess than the control objects, and the curved objects were liked
ignificantly more than the control objects. Thus, we state that
he sharp real objects were disliked relative to baseline and the

urved objects were liked relative to baseline.

Overall preference for real objects was significantly higher
han for novel patterns, regardless of contour type. A con-
our (curved, sharp) × stimulus type (real objects, patterns)

http://surfer.nmr.mgh.harvard.edu/optseq
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Table 1
Summary of percent liking data for Experiment 1

Contour Mean (%) Standard error Significance

Real objects
Sharp 47.2 3.5 Curved > sharp**

Control 57.4 2.7 Sharp < control**

Curved 62.9 2.6 Curved > control*

Novel patterns
Sharp 24.3 4.8 Curved > sharp**

Curved 34.7 5.6

ANOVA: contour (C) × stimulus type (ST) Main effect: C**, main effect: ST**

Item analysis: real objects
Sharp 50.5 1.8 Curved > sharp**

Curved 58.0 1.7

Item analysis: novel patterns
1.5 **

1.6
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Sharp 25.4
Curved 37.0

NOVA revealed a significant main effect for both contour
F(1,15) = 19.6, p < .0005], and stimulus type [F(1,15) = 19.4,
< .005] (see Bar and Neta (2006) for a possible account). There
as no significant difference in average RT between the sharp

nd curved items (t(15) = 1.36, p > .1; RTsharp = 680 ms ± 26,
Tcurved = 687 ms ± 28). No effect of gender was found.

An item analysis also indicated a significant difference
etween the sharp and curved counterparts of each real
bject pair (t(139) = −3.38, p < .001; mean ± standard error:
harp = 50.5% ± 1.8, curved = 58.0% ± 1.7), and of each novel
attern pair (t(139) = −5.69, p < .0001; sharp = 25.4% ± 1.5,
urved = 37.0% ± 1.6), such that the sharp-angled were liked
ignificantly less than the curved stimuli. Therefore, this general
attern of preference judgments was consistent across partici-
ants and across items, and provides a replication of our previous
ndings with a different group of participants. Taken together,
ontour type has a robust influence on liking preferences.

.2.2. fMRI results
To test our hypothesis that the origin of this preference

ias might stem from processes in the amygdala that are
ossibly related to the detection of threat-related cues, we
onducted a Region of Interest analysis on the amygdala.
n the right amygdala, we found significantly greater acti-
ation for objects with sharp contours than for objects with
urved contours, for both real objects (t(14) = 2.19, p < .03)
nd novel patterns (t(14) = 2.09, p < .03) (Fig. 2B and C,
able 2). We used one-tailed t-tests here because our a pri-
ri hypothesis predicted that sharp-angled objects would elicit
reater amygdala activation than would objects with curved
ontours. A contour × stimulus type ANOVA revealed a sig-
ificant main effect of contour [F(1,14) = 6.55, p < .05], but
o significant main effect of stimulus type [F(1,14) = .67,
> .1], and no significant interaction of contour × stimulus
ype [F(1,14) = .09, p > .5]. The results in the left hemisphere
ere similar: there was significantly greater amygdala acti-
ation for objects with sharp contours than for objects with
urved contours, for both real objects (t(14) = 2.21, p < .03)

w
P
p
l

Curved > sharp

nd novel patterns (t(14) = 1.87, p < .05). A contour (curved,
harp) × stimulus type (real objects, patterns) ANOVA revealed
significant main effect of contour [F(1,14) = 7.17, p < .02],

ut no significant main effect of stimulus type [F(1,14) = .032,
> .8], and no significant interaction of contour × stimulus type

F(1,14) = .11, p > .7]. A contour (curved, sharp) × stimulus
ype (real objects, patterns) × Hemisphere (left, right) ANOVA
emonstrated that there was no significant main effect of Hemi-
phere [F(1,14) = .46, p > .5] and no significant interactions
etween contour and Hemisphere [F(1,14) = .06, p > .8], stim-
lus type and Hemisphere [F(1,14) = .78, p > .3] or for the
verall interaction of contour, stimulus type and hemisphere
F(1,14) = .01, p > .9] (Table 2). Overall, these results provide
trong support for the proposal that sharp-angled objects are
iked less because of an increased perception of threat that they
onvey, consciously or not, even for visual stimuli whose seman-
ic meaning is emotionally neutral.

The increased bilateral amygdala activation for sharp-angled
bjects was consistent regardless of participants’ sex. For this
nalysis, we averaged the results of the left and right hemispheres
ecause the activation was shown to be similar in each. A contour
curved, sharp) × stimulus type (real objects, patterns) × gender
male, female) ANOVA revealed no significant main effect
f gender [F(1,14) = 3.22, p > .09], no significant interaction
etween gender and contour [F(1,14) = 2.97, p > .1], but a
ignificant gender × stimulus type interaction [F(1,14) = 8.89,
< .02] on percent signal change in the amygdala. The gen-
er × contour × stimulus type interaction was not significant
F(1,14) = .41, p > .5] (Table 2).

Contour type was correlated with percent “like” responses
uch that the majority of objects with sharp contours were dis-
iked relative to baseline, and the majority of objects with curved
ontours were liked relative to baseline [Point Biserial corre-
ation coefficient: r(279) = .32, p < .0001. For this correlation,

e have compared two variables: contour (sharp, curved) and
ercent liking (an average of the like/dislike scores across all
articipants for each individual item), collapsed across stimu-
us type. Because one of these variables is discrete (contour)



M. Bar, M. Neta / Neuropsychologia 45 (2007) 2191–2200 2195

Table 2
Summary of amygdala ROI data for Experiment 1

ANOVA Effect Significance

Contour effect (RH)
Real objects: sharp > curved *
Novel patterns: sharp > curved *

Contour effect (LH)
Real objects: sharp > curved *
Novel patterns: sharp > curved *

Contour (C) × stimulus type (ST) RH
Main effect: C *
Main effect: ST n.s.
Interaction: C × ST n.s.

Contour (C) × stimulus type (ST) LH
Main effect: C *
Main effect: ST n.s.
Interaction: C × ST n.s.

Contour (C) × stimulus type (ST) × hemisphere (H)

Main effect: H n.s.
Interaction: H × C n.s.
Interaction: H × ST n.s.
Interaction: H × C × ST n.s.

Contour (C) × stimulus type (ST) × gender (G)

Main effect: G n.s.
Interaction: G × C n.s.
Interaction: G × ST *
Interaction: G × C × ST n.s.

t-Tests Conditions Significance
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ollapse across C, ST, H
ollapse across liking, ST, H

nd one is continuous (percent liking), the correlation is a Point
iserial. There were a total of 140 sharp items and 140 curved

tems (hence df = 279)]. We wanted to explore further which of
he two factors directly influences amygdala activation: mere
iking or contour type. In other words, is amygdala activation
tronger for sharp-angled objects because they are liked less, or
ecause of the sharp elements in the image? Here we could not
erform an item analysis on the ROI data, and therefore con-
ucted an analysis across participants. When comparing like
ith dislike responses for each participant, collapsed across

ontour, stimulus type, and hemisphere, we found no signifi-
ant difference in amygdala percent signal change (t(15) = .19,
> .4). However, when comparing sharp contour and curved
ontour for each participant, collapsed across percent liking,
timulus type, and hemisphere, we found a significant differ-
nce in amygdala percent signal change (t(15) = 3.21, p < .003)
Table 2). These further analyses demonstrate that the amyg-
ala response increased for sharp-angled stimuli because of the
resence of the sharp features per se, and not because of a dif-
erence in liking. Taken together, contour type is the dimension
hat drove the difference in amygdala activation, and not the lik-
ng response. It is possible that while the perception of threat
n these everyday objects and novel patterns is implicit, it has
ffected, somewhat indirectly, the explicit judgment of liking. In
ther words, we might not perceive the mundane objects in our
veryday environment explicitly as threatening when their con-
our is composed of sharp elements, but this implicit perception

f threat is translated into an explicit preference bias.

Beyond the amygdala, there was significant differential acti-
ation for sharp-angled and curved contour items in several other
egions on the cortical surface of the brain. These include, in the

S
e
T
a

ke vs. dislike n.s.
arp > curved **

eft hemisphere, the superior temporal gyrus (Talairach peak x, y,
coordinates; −57, −22, −7), anterior cingulate cortex (ACC;
3, +25, +21), and early visual areas including the lingual gyrus

−9, −61, +3). In addition, there was differential activity in the
arahippocampal cortex (PHC; −24, −33, −11) and retrosple-
ial complex (RSC; −7, −58, +27), particularly in the precuneus
egion. In the right hemisphere, the PHC (+27, −36, −12) and
SC (+9, −50, +22) were again differentially activated, as well
s early visual areas, particularly in the calcarine sulcus (+5,
83, +4). In all of these cases, the activity was stronger for

he sharp-angled objects than for their curved contour coun-
erparts. While the activation in these cortical regions may be
elevant to understanding the broad implications of the effects
f these visual qualities (i.e., the sharp angles and curvature in
ontour) and of liking, the specific interpretations of these data
re beyond our present scope of studying the relation between
ontour type, liking judgments and amygdala activation. Future
tudies and additional hypotheses would be required to address
hese additional foci directly.

In the following experiment we tested our second hypothesis:
hat the bias in preference towards curved objects is mediated
y the LSFs in the image. The rationale for this hypothesis was
hat if the reduced preference for sharp-angled objects relative
o curved objects is related to the detection of a potential threat,
umans would benefit from extracting the relevant information
apidly. Given that LSFs are known to be extracted faster than
SFs (Bar, 2003; Bullier, 2001; Merigan & Maunsell, 1993;

hapley, 1990), we hypothesized that such contour-based pref-
rence formation will rely more on the LSFs than on the HSFs.
he specific prediction that stems from this hypothesis is that
preference bias for curved over sharp-angled objects would
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Fig. 2. Decreased preference and increased amygdala activation for items with
sharp angles. (A) Percent “like” responses as a function of contour type; (B)
percent fMRI signal change in the amygdala, averaged across the left and
right hemispheres of fifteen participants during the peak activation time interval
(2–6 s). All error bars represent 95% confidence intervals; they reflect standard
errors across participants. (C) Statistical map showing a significant differential
activation in the amygdala when comparing the activity elicited by sharp-angled
objects with their curved counterparts.
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e significantly stronger when viewing the LSF version of the
mages than when viewing the corresponding HSF version.

. Experiment 2: Low spatial frequencies mediate
ontour-driven preferences

In this experiment, we tested directly our hypothesis that the
spects of the contour that are critical for this type of preference
ormation are conveyed primarily by the LSFs in the image. We
receded this experiment with a pilot study, where we wanted
o verify that the amount of low and high spatial filtering we
mployed would create sets of LSF and HSF images that are
qually recognizable. By using an equated set of images, we
nsure that the differences we might observe are not attributable
o differences in performance but to differences in spatial fre-
uency content. In this pilot study the task of the participants was
o recognize and name aloud each object. Subsequently, a differ-
nt group of participants rated preferences for this set of equated
SF and HSF images, using the same task as in Experiment 1
ith intact images.

.1. Methods

The methods for the filtering pilot study were the same as for Experi-
ent 1, except that participants were asked to name each presented object,

nd a microphone recorded both responses and RTs. Further, because the task
s to recognize each object, and the novel patterns are not namable objects
hat can be identified, they were omitted from this pilot, and from the exper-
ment, as their recognition could not be easily equated. All stimuli were
ltered to include either the LSFs (spatial frequencies of lower than: 6, 8,
r 10 cycles per image; cpi) or the HSFs (frequencies higher than 24 cpi).
he participants consisted of a new group of 26 individuals (4 viewed the
SFs at 6 cpi, 6 viewed the LSFs at 8 cpi, 8 viewed the LSFs at 10 cpi, and
viewed the HSFs at 24 cpi). The spatial filtering was applied by using an

n-house filtering program written in Matlab. The images were filtered in the
requency domain, employing Gaussian low-pass and high-pass filters imple-
ented using techniques described in Gonzalez, Woods, & Eddins (2004). We
odified the filtering level of the LSFs until we found a recognition rate and
T that was equivalent to this of the participants that viewed the HSFs. Based
n the data from these participants, we found that the level of LSF filtering
hat best matches performance with our 24 cpi HSF filtering is 10 cpi. With
his filtering cut-off, average recognition difficulty of the items in each condi-
ion was equivalent in terms of accuracy and average RTs (LSF at 10 cpi and
SF at 24 cpi; t(14) = .80, p > .2; mean ± standard error: RTLSF = 976 ms ± 51,
THSF = 930 ms ± 26).

Once we have derived sets of LSF and HSF images that were equated in
erformance, we proceeded to the actual experiment. Methods were the same
s for Experiment 1, except as follows: (i) because this experiment had to be
iloted without the novel patterns, they were also omitted from the experiment,
ii) all stimuli were filtered to include either the LSFs or the HSFs (as described
bove) to the degree to which the pilot determined (Fig. 3), and (iii) a new set of
2 participants were recruited (16 viewed the LSFs at 10 cpi and 16 viewed
he HSFs at 24 cpi), and made the same like/dislike forced-choice decision
bout each picture as in Experiment 1, based on their immediate “gut” reac-
ion. All participants had normal or corrected-to-normal vision, no psychoactive

edication, and no significant neurological or psychiatric history. None were
ware of the purpose of the experiment, and they were all recruited from the

reater Harvard and Massachusetts General Hospital community, and paid for
heir participation. Informed written consent was obtained from each partici-
ant before the session, and all procedures were approved by Massachusetts
eneral Hospital Human Studies Protocol number 2001P-001754, and by the
ommittee on the Use of Human Subjects in Research, Harvard University, FWA
00004837.
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Fig. 3. Examples of the filtered stimuli used in Experiment 2. (A) Pairs of real objects filtered to include the low spatial frequencies (LSFs; up to ten cycles per
i SFs; higher than 24 cycles per image); (C) control baseline objects filtered to include
t The contrast of the images has been modified slightly from the experimental version
t nditions in a pilot experiment.
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Table 3
Summary of percent liking data for Experiment 2

Contour Mean (%) Standard Error Significance

LSFs (8 cpi)
Sharp 41.9 3.1 Curved > sharp**

Control 49.2 3.8 Sharp < control*

Curved 58.1 3.1 Curved > control**

HSFs (24 cpi)
Sharp 53.9 5.5 Curved > sharp**

Control 60.0 4.5 Sharp < control*

A

m
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i
w
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3
a

mage); (B) pairs of real objects filtered to include the high spatial frequencies (H
he same LSFs; (D) control baseline objects filtered to include the same HSFs.
o optimize visibility in the figure. Recognition was equated between the two co

.2. Results

When viewing the LSFs of an object, participants liked
he curved objects significantly more than the control (i.e.

ixed contour) objects, t(15) = 3.66, p < .005, and liked
he sharp-angled objects significantly less than the control
bjects, t(15) = −2.75, p < .01; mean ± standard error: sharp =
1.9% ± 3.1, curved = 58.1% ± 3.1, control = 49.2% ± 3.8.
hus, sharp-angled LSF objects were liked significantly

ess than the curved objects, t(15) = −5.84, p < .0001. Con-
ersely, when viewing the HSFs of an object, there was
o significant difference between preference for the curved
bjects and the control objects, t(15) = .30, p > .7, although
he sharp-angled objects were liked significantly less than the
ontrol objects, t(15) = −2.74, p < .01; sharp = 53.9% ± 5.5,
urved = 60.8% ± 4.8, control = 60.0% ± 4.5; summary in
able 3. The bias in preference for curved objects over sharp
bjects was significantly greater for the LSF version of the
bjects than for the HSF version, t(15) = 3.23, p < .005 (Fig. 4).
n other words, when participants viewed the LSFs, they liked
he sharp significantly less than the curved, and this difference
as much greater than the difference exhibited by participants
ho viewed the HSFs. Indeed, there was a contour (curved,

harp) × Spatial Frequency (low, high) interaction such that the

reference bias for curved objects over sharp-angled objects
as greater when viewing the LSFs than when viewing the
SFs [F(1,30) = 7.09, p < .02]. This specific result demonstrates

hat the bias in preference against the sharp-angled objects is
h
a

Curved 60.8 4.8 Curved vs. control n.s.

NOVA: contour (C) × spatial frequency (SF); interaction: C × SF**.

ore readily influenced by the information conveyed by the
SFs of an image. Furthermore, the sharp versus curved bias

n preference in the LSF condition in this experiment (16.2%)
as almost identical to the corresponding difference when the
bject images were intact in Experiment 1 (15.7%). Therefore,
he rapidly extracted LSFs of an image seem to play a dominant
ole in shaping our contour-based visual preferences.

. Experiment 3: Subjective ratings of threat for sharp
nd curve contours
Experiments 1 and 2, while providing critical support for our
ypotheses, do not provide a direct link between contour type
nd an actual perception of threat; so far we primarily inferred
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Fig. 4. Low spatial frequencies drive the preference for curved objects. The dif-
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Table 4
Summary of threat data for Experiment 3

Contour/stimulus type Mean
threat (%)

Standard
error

Significance

85 ms
Sharp/real object 42.5 5.4 Curved < sharp**

Curved/real object 28.0 5.5 Curved < control**

Control/real object 48.8 4.3 Sharp < control*

Sharp/novel pattern 56.8 8.9
Curved < sharp*

Curved/novel pattern 39.8 7.4

150 ms
Sharp/real object 38.0 4.2 Curved < sharp**

Curved/real object 29.7 5.3 Curved < control*

Control/real object 39.7 2.8 Sharp vs. control n.s.

Sharp/novel pattern 60.8 7.2
Curved < sharp**

Curved/novel pattern 41.9 8.5

Average
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e
effect of stimulus type [F(1,10) = 7.88, p < .02], with no signif-
icant contour × stimulus type interaction [F(1,10) = .52, p > .4]
(Table 5). This main effect of stimulus type seems to stem from

Table 5
Summary of ANOVAs for Experiment 3

ANOVA Effect Significance

Contour (C) × stimulus type
(ST) 85 ms

Main effect: C *
Main effect: ST *
Interaction: C × ST n.s.

Contour (C) × stimulus type
(ST) 150 ms

Main effect: C **
Main effect: ST n.s.
Interaction: C × ST n.s.

Contour (C) × stimulus type Main effect: PT n.s.
erence in percent “like” responses between curved and sharp contour objects
i.e., curved-sharp) for low spatial frequencies (LSFs) and for high spatial
requencies (HSFs). The difference for LSFs is significantly greater than the
ifference for HSFs.

t from the combined decrease in preference and increase in
mygdala activation. But amygdala activation could be observed
or emotions other than fear, and we decided to test the direct
ink in a separate behavioral experiment.

.1. Methods

In this additional experiment, two different groups of eleven participants
ach saw the same images used in Experiment 1 and, instead of liking, they
ere required to respond “threatening” or “non-threatening” for each item. One
roup saw these images exactly under identical conditions as the participants in
xperiment 1 (presented for 85 ms), and the second group saw these pictures for
50 ms. The 150 ms version was conducted in parallel in case that the original
5 ms version was too brief for the possible perception of threat to translate into
n explicit threat response.

.2. Results

Critically, in both the 85 and 150 ms groups, we observed
significant difference between the perceived threat for the

harp compared with the curved objects. In the 85 ms group,
harp-angled objects were rated as significantly more threaten-
ng than curved objects, t(10) = 3.71, p < .003; mean ± standard
rror: sharp = 42.5% ± 5.4, curved = 28.0% ± 5.5 (Table 4). The
ame was found for the novel patterns, t(10) = 2.58, p < .02;
harp = 56.8% ± 8.9, curved = 39.8% ± 7.4. This effect was also
ignificant in the 150 ms group, for the real objects t(10) = 3.01,
< .007; sharp = 38.0% ± 4.2, curved = 29.7% ± 5.3, and for
he novel patterns, t(10) = 3.46, p < .003; sharp = 60.8% ± 7.2,
urved = 41.9% ± 8.5. These findings provide essential support
or our proposal that the amygdala activation and subsequent
ffect on liking is a result of threat conveyed by contour elements.
Sharp/real object 40.2 2.3
Pattern > object**

Sharp/novel pattern 58.8 5.9

The control (i.e., mixed contour) objects in the 85 ms
roup were rated as more threatening than the curved
bjects t(10) = 5.59, p < .0002, and the sharp-angled objects,
(10) = 2.91, p < .02; control = 48.8% ± 4.3. However, in the
50 ms group, the control objects were still rated as more threat-
ning than the curved objects t(10) = 2.22, p < .03, but they
ere not significantly more threatening that the sharp-angled
bjects, t(10) = .54, p > .6; mean control = 39.7% ± 2.8. That the
harp-angled objects were not rated as more threatening than
he control objects is somewhat puzzling, and will require fur-
her experiments to be fully explained. Independently, for our
resent purposes, the critical comparison is whether objects with
sharp-angled contour are perceived as relatively more threat-

ning than objects with a curved contour, and these findings
ndicate unequivocally that they are.

A contour (curved, sharp) × stimulus type (real objects, pat-
erns) ANOVA for the 85 ms group revealed a significant main
ffect of contour [F(1,10) = 9.38, p < .02], and a significant main
(ST) × presentation time (PT) Interaction: PT × C n.s.
Interaction: PT × ST n.s.
Interaction:
PT × C × ST

n.s.
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he difference in semantic value and subjective associations of
he real objects, which were lacking in the novel, meaning-
ess patterns. This is not based on any inherent valence; these
tems are all devoid of any positive or negative valence. Sup-
ort for this account can be found in Experiments 1 and 2,
here novel patterns were significantly more disliked than real
bjects, and, in Experiment 3, where the sharp novel patterns
ere significantly more threatening compared with the sharp

eal objects when averaging across Presentation Time (85 ms,
50 ms) (t(10) = 3.58, p < .005; mean ± standard error: sharp real
bjects = 40.2 ± 2.3, sharp novel patterns = 58.8 ± 5.9). The dif-
erence in meaning and subjective associations also seems the
est explanation for why some sharp real objects were rated
s non-threatening despite their contour. Interestingly, the pref-
rence for the novel meaningless patterns is more critically
odulated by the effect of contour, because participants had

o subjective experience with them. In that sense, the increased
hreat and disliking that was observed for the novel, compared
ith real objects, might provide a more realistic estimate of the

ffect of contour on preference formation.
In the 150 ms group, there was still a significant main effect

f contour [F(1,10) = 14.8, p < .003], but no significant main
ffect of stimulus type [F(1,10) = 3.25, p > .1], and a trend for a
ignificant contour × stimulus type interaction [F(1,10) = 4.57,
< .06].

Finally, an overall contour × stimulus type × presentation
ime (85 ms, 150 ms) ANOVA revealed no main effect of
resentation Time [F(1,10) = .015, p > .9], no significant inter-
ctions between presentation time and contour [F(1,10) = .092,
> .7], or stimulus type [F(1,10) = 1.64, p > .6], and no over-
ll interaction between presentation time, contour, and stimulus
ype [F(1,10) = 1.87, p > .2].

. Discussion

A critical influence on our preference for objects in the envi-
onment is exerted by basic visual elements - whether the contour
s curved or sharp (Bar & Neta, 2006). We hypothesized that the
ias towards liking sharp-angled objects significantly less than
urved objects stems from an elevated perception of threat con-
eyed by sharp object features, either implicitly or explicitly.
o test this hypothesis, we used objects whose semantic mean-

ng is emotionally neutral, and compared amygdala response to
hese objects when they appear with different types of contour.
ur findings indicate that, in agreement with this hypothesis,

he amygdala shows significantly more activation for the sharp-
ngled objects compared with their curved counterparts. This
mygdala response is a function of contour type, rather than
ependent on liking response, and furthermore seems to be
riven significantly more by LSF rather than HSF features in
he image.

We concentrate here on the threat-related aspects of amyg-
ala function. Nevertheless, it is important to emphasize that

he amygdala has also been implicated in response to positive
alence (Gottfried, O’Doherty, & Dolan, 2003; Paton, Belova,
orrison, & Salzman, 2006), vigilance (Whalen, 1998), and a

eneral sensitivity to stimulus’ relevance (Vuilleumier, 2005;
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ald, 2003). Because the stimuli we have used here were mun-
ane, neutral (and, in the case of the patterns, meaningless)
bjects, however, they were not likely to elicit a significant level
f amygdala activation related to any of these interpretations
e.g., positive affect, relevance and vigilance).

While these findings provide necessary evidence for our pro-
osal that the relatively reduced preference for sharp-angled
bjects was a result of detecting visual cues that might imply the
resence of threat, they are not sufficient on their own; partici-
ants’ response in the first two experiments was to rate subjective
iking, whereas the potential perception of threat conveyed by the
harp-angled contour is presumably implicit in nature and thus
annot be inferred from these responses. Nevertheless, that such
levated amygdala activation was evident for objects that were
enerally less liked might be safely interpreted as associated
ith a negative impression, which is what would be expected of

timuli that contain features that signal the presence of potential
anger. To study directly our proposed link, therefore we ran
n additional behavioral experiment, which indeed showed that
hen asked explicitly to respond whether each of these stimuli
as perceived as threatening or non-threatening, participants

ended to find the objects with the sharp elements significantly
ore threatening than their curved counterparts. This provides

n important support for the proposed link between contour type
nd perception of threat.

The sharp-angled stimuli also elicited a stronger activation in
he parahippocampal cortex, the retrosplenial complex and a site
ithin the medial prefrontal cortex. This network has previously
een implicated in the analysis of contextual associations (Bar

Aminoff, 2003). Given our proposal that the sharp-angled
timuli convey potential danger, and the idea that dangerous and
rousing stimuli are more likely to elicit associative processing
han emotionally neutral objects (Medford et al., 2005), it is
eassuring that these objects activated the contextual association
etwork to a larger extent than the curved objects.

Research on subjective preference has implicated sev-
ral brain regions as involved in liking per se, namely the
rbitofrontal cortex (Gottfried, Deichmann, Winston, & Dolan,
002; Ishai, 2007; Kringelbach, O’Doherty, Rolls, & Andrews,
003; Lewis, Critchley, Rotshtein, & Dolan, in press; O’Doherty
t al., 2003; Rolls et al., 2003). As we have shown in the analysis
f Experiment 1, amygdala activity was correlated with contour
ype and not with liking response. Liking itself might have modu-
ated activity in the orbitofrontal cortex also in the present study,
nd that we did not observe such orbitofrontal liking-based mod-
lation might be a result of the notorious susceptibility artifacts
n this region, which typically necessitate an imaging protocol
pecifically designed to cope with the attenuated signal.

Finally, when decomposing object images to LSFs and
SFs, the consistent preference difference between sharp-

ngled objects and curved objects was significantly more
pparent with the LSF images. This lends support to our pro-
osal that if the reduced liking for the sharp-angled stimuli is

result of potential threat, the extraction of LSF information
ould critically influence contour-based preference formation.
his conclusion fits what is known about the relative faster per-
eption of LSFs (Bar, 2003; Bar, Kassam, et al., 2006; Bullier,
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001; Merigan & Maunsell, 1993; Shapley, 1990), as well as
he sensitivity of the amygdala to LSFs (Vuilleumier, 2005;
uilleumier et al., 2003). If the shape of the contour, even in
eutral images, is used to detect potential threat, humans will
enefit from extracting the relevant features quickly. That they
ould rely on the rapidly extracted LSFs, therefore, makes sense

n this context.
In conclusion, our findings indicate that humans like sharp-

ngled objects significantly less than they like objects with a
urved contour, and that this bias can stem from an increased
ense of threat and danger conveyed by these sharp visual
lements. We used objects whose semantic meaning was emo-
ionally neutral, rather than semantically negatively valenced
bjects (e.g., a knife or a gun), and we know that people do not
ypically feel explicitly threatened by neutral everyday objects
e.g., a watch or a sofa). Therefore, we propose that the danger
onveyed by the sharp-angled stimuli was relatively implicit.
ndeed, the amygdala has been shown to respond to implicit,
on-conscious cues of threat (Whalen et al., 1998). It is possible
hat our brains have evolved to detect sharp features rapidly, per-
aps using low-level features such as spatial frequencies (Bar &
eta, 2006; Vuilleumier et al., 2003), which can help signal a
otential danger. These findings are consistent with our proposal
hat objects may be perceived as threatening based on the nature
f their contour.
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