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Famous people and artifacts are referred to as “unique entities”
(UEs) due to the unique nature of the knowledge we have about
them. Past imaging and lesion experiments have indicated that the
anterior temporal lobes (ATLs) as having a special role in the
processing of UEs. It has remained unclear which attributes of UEs
were responsible for the observed effects in imaging experiments.
In this study, we investigated what factors of UEs influence brain
activity. In a training paradigm, we systematically varied the
uniqueness of semantic associations, the presence/absence of
a proper name, and the number of semantic associations to
determine factors modulating activity in regions subserving the
processing of UEs. We found that a conjunction of unique semantic
information and proper names modulated activity within a section
of the left ATL. Overall, the processing of UEs involved a wider left-
hemispheric cortical network. Within these regions, brain activity
was significantly affected by the unique semantic attributes
especially in the presence of a proper name, but we could not
find evidence for an effect of the number of semantic associations.
Findings are discussed in regard to current models of ATL function,
the neurophysiology of semantics, and social cognitive processing.

Keywords: anterior temporal lobe, concepts, face perception, semantic
memory, social neuroscience

Introduction

The faces of members of our own species are one of the most
salient stimuli for human beings because they carry a wealth
of information critical for social interaction. When a face is
familiar, our behavior is not only governed by perception
of facial features, expressions, and speech articulation but
also, and most importantly, what we know about that person
and his/her role and status in our social environment. This
knowledge determines appropriate behavior to a specific
family member, friend, colleague, or the person working at
the cash register of our local store. The faces of famous people
represent a special class within this category. Famous people
differ widely between cultures and subcultures and reflect
their particular norms and values. Famous people are usually
highly familiar to us and often a great deal is known about them
without ever having directly interacted with them. The specific
information about their attributes, accomplishments, and status
in society is often unique to them.

It is these attributes that put famous people in the domain
of so-called “semantically unique items” or “unique entities”
(UEs), which is a term from the field of semantic memory
denoting an entity (here a person) with unique conceptual and
lexical associations (Damasio et al. 1996; Gorno-Tempini and
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Price 2001). These unique semantic associations put famous
individuals into a semantic category with no other members
(Grabowski et al. 2001). Semantic uniqueness therefore repre-
sents an extreme on the continuum of semantic specificity
spanning from unique (Barack Obama) over less specific
(politician) to nonspecific or general (human). UEs are often
denoted by a proper name and include famous buildings, places,
or landmarks, such as the Empire State Building, famous animals,
such as “Lassie,” and notable objects, such as The Book of Kells.
Damasio and colleagues reported in the 1990s that focal
anterior temporal lobe (ATL) damage led to deficits in
identifying and retrieving information about UEs, most fre-
quently observed for face stimuli but in some cases also
observed for landmarks (Damasio 1989; Damasio et al. 1996,
Tranel, Damasio, et al. 1997; Tranel, Logan, et al. 1997). In their
model for brain processes underlying lexical retrieval, Damasio
(1989) and Damasio et al. (1996) suggested that UEs may have
a special role regarding their neural representation in the brain
and that the retrieval of lexical information is mediated not
only by perisylvian structures as the classical aphasia literature
suggested but also by intermediary regions called “convergence
zones.” Convergence zones serve as mediators between
conceptual knowledge and lexical representations but do not
contain the conceptual representations or lexical or phonetic
information themselves. Within this framework, UEs such as
famous faces are thought to require the highest disambiguation
of perceptual features and the highest recall of pertinent
contextual knowledge (Damasio et al. 2004). The authors
proposed that the convergence zone for UEs lies within
the demarcations of the right temporal pole, whereas the
left temporal pole contains convergence zones that mediate
between distributed structures supporting conceptual knowl-
edge located in left perisylvian language areas supporting the
implementation of word forms in vocalization.
Right-lateralized ATL damage usually causes a loss of feelings
of familiarity and access to specific semantic information about
the UE, while the left-lateralized ATL damage more often causes
severe proper naming deficits (reviewed by Gainotti 2007).
Further evidence for this functional lateralization of proper
naming and semantic recall is found in a training study where
participants learned the names and occupations of people
depicted on photographs (Tsukiura et al. 2006). The authors
found evidence that the left ATL mediates between person
semantic information and proper names, while the right ATL
links visual face information and person semantic information.
Neuroimaging studies have also reported that the ATL is
sensitive to the naming or retrieval of information about
famous people and landmarks (Gorno-Tempini and Price 2001;
Grabowski et al. 2001). In a positron emission tomography



(PET) study involving famous and nonfamous faces and
buildings, Gorno-Tempini and Price (2001) found that the left
anterior middle temporal gyrus (MTG) was equally active for
famous faces and famous buildings. The equivalent location in
the right MTG showed a small effect for famous faces but not
for famous landmarks. They speculated that operations on
famous faces and UEs in general elicit more activation in areas
associated with the retrieval of semantic features. They
hypothesized that recovery of unique semantic features place
specific demands on neural processes, translating into an
increased blood oxygenation level-dependent (BOLD) re-
sponse. They point out, however, that the observed effects
may be due to the unintended retrieval of lexical (proper
names) and not unique semantic information.

A PET imaging study by Grabowski et al. (2001) confirmed
the special role of UEs by asking participants to name famous
faces and landmarks. They found that the left temporal polar
region was significantly activated when subjects named unique
people and landmarks. They attributed this effect to processes
associated with the naming of UEs but not the retrieval of other
semantic properties of the stimuli. This notion received further
support by a lesion overlap study by Tranel (2006) who showed
that patients with left temporal polar lesions performed inferior
in a person- and landmark-naming task than patients with right
temporal polar lesions.

An important caveat in the interpretation of the neuro-
imaging studies of UEs is that their task design could not
distinguish between processes underlying access to the
presumed unique semantic associations of the stimuli and the
retrieval of their proper names (Gorno-Tempini and Price
2001; Grabowski et al. 2001). This is a general problem that
arises when known entities such as famous people are used
as stimulus material: the knowledge about them is assumed
but not actually controlled. The activations associated with
famous/UEs could therefore be due to a variety of variables
including their different (unique) semantic associations and
their association with a proper name. A further possible
confound in studies using known stimulus materials is that
participants simply know more about famous people/places
than ones that they have never encountered, thus the amount
of associated semantic information differs. Finally, the degree of
their familiarity and distinct visual features may vary. All of
these variables are difficult to control using stimulus material
consisting of well-known famous people and places.

The primary goal of this study was to investigate whether
brain regions known to be involved in the processing of
knowledge about people and landmarks are modulated by
the nature of their semantic attributes. More specifically, we
tested whether the uniqueness of semantic associations, the
association with a proper name, and the number of semantic
associations (richness) would differentially engage the ATLs
while controlling for stimulus familiarity.

Our approach was to avoid the use of stimulus materials
already known to participants (famous places and landmarks) by
training participants to associate new knowledge with people
and places for which they had no prior knowledge. Training
occurred for several days prior to scanning. We systematically
varied the associations between faces/landmarks with a proper
name and the amount of semantic labels associated with them.
We provided semantic attributes for each person and place that
either rendered them famous and/or unique (“invented
television”) or attributes that are shared among many people
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or places (“worked in television”). We also varied the
association with a proper name and the number of attributes
associated with each item. In the scan session, we employed
a functional localizer task involving well-known famous people
and landmarks (e.g., Barack Obama/Eiffel Tower) to identify
brain regions that are involved in processing famous faces and
landmarks in conjunction. In the main experimental runs,
participants were presented with the trained visual stimuli and
performed a simple recall task on the learned material.

We reasoned that if the quality of semantic information
(uniqueness) is primarily responsible for the joint activations
of famous people and landmarks in the ATL shown in previous
research, then items with unique semantic associations should
engage shared neural substrate between people and land-
marks more than nonunique items. If in past studies, the ATLs
were activated because of their association with a proper
name (although not always explicitly recalled as suggested by
Grabowski et al. 2001), then items labeled with a proper name
should drive activity in these areas. If the number of semantic
associations is primarily responsible for shared neural activa-
tions of famous/UEs, then activity in these regions should be
correlated with the number of semantic attributes associated
with the people and landmarks. Finally, various interactions
between variables are explored statistically using general
linear models.

Materials and Methods

Participants

Sixteen participants without a history of neurological, psychiatric, and
psychopathological disorders or present or past psychotropic medica-
tion intake based on self-report volunteered for this study. Participants’
structural data were inspected for abnormalities by a clinical neurora-
diologist. The data of the first participant were excluded from further
analysis because pulse sequence parameters were changed in all
subsequent scans; 3 participants were excluded because they did not
reach the minimum performance criterion and one could not be
scanned because of technical difficulties. Eleven participants were
included in the final analysis (7 females; mean age: 23). All participants
were right handed native English speakers with normal or corrected-to-
normal vision. Informed consent was obtained according to the
guidelines of the Institutional Review Board of the Temple University
Philadelphia. Every participant received monetary compensation for
participation or academic course credits. All participants were naive in
respect to the purpose of the experiment and were debriefed after
completion of the experiment.

Stimuli: Main Experiment

Stimuli that were presented in the training consisted of standardized
gray scale photographs of 32 people and 32 buildings/landmarks. People
and places were selected to have a low likelihood of being known by the
average American undergraduate or graduate student but had distinct
attributes that rendered them unique and famous in a European
ethnogeographic region.

Two classes of information were taken from the histories of these
people and places. First, “unique” information consisting of informa-
tion that rendered the person a unique and outstanding member of
society was taken. These items could therefore be considered unique
and famous. This consisted of unique occupations (e.g., first German
chancellor after the Second World War WWII) or accomplishments
(e.g., invented television). Similarly, unique attributes of famous
landmarks/buildings were collected (e.g., largest Roman gate north
of the Alps). Second, nonunique information about people and
landmarks was collected. This was defined as information that was
shared among many items in the respective semantic class (e.g., had 3
children; built with marble). The completed list of stimuli consisted of



64 pictures of people and buildings/landmarks with 5-7 associated
unique and nonunique facts and the respective proper names.

Stimuli: Functional Magnetic Resonance Imaging Localizer Task
To localize neural regions that have previously been associated with
famous face and landmark processing (Gorno-Tempini and Price 2001;
Grabowski et al. 2001), 1 run was devoted to a fame-localizer task
consisting of famous people and places. In order to assure that the images
of famous people and landmarks were well known to our study cohort,
the stimuli were pilot tested by presenting 9 paid volunteers with a total
of 549 pictures of famous people and landmarks. From this set, we chose
the 20 most highly recognized faces and the 20 most recognized
landmarks. These items were correctly identified by all participants. This
was compared with a control condition consisting of 20 nonfamous faces
and 20 nonfamous landmarks that were taken from publically available
sources on the internet. One-half of these were familiar, having been seen
by the participants during their training session but had no semantic or
proper name associations. An additional baseline control condition
consisted of 10 people and 10 landmarks that were rendered unrecogniz-
able using a combination of high- and low-pass filters in Adobe Photoshop.

Training

Before training, we assessed whether participants were indeed naive
about the stimulus material by presenting them in a slide presentation
on a computer. Subsequently, all picture stimuli were presented with
their respective semantic associations. Participants were instructed to
indicate whether the information rendered them unique and/or famous
to assure that they were aware of the semantic distinction between
famous and nonfamous stimuli. Ten pictures of faces and landmarks,
respectively, were presented without any associations and were later
used in the localizer task as nonfamous but visually familiar images.

During training, participants viewed slides containing either a person
or a place, with or without associated information. The information
consisted of short factual statements as in the examples above. Three
factors were varied by manipulating this information: 1) uniqueness, 2)
presence or absence of a name, and 3) semantic richness (defined
as the amount of semantic information; in this case, 1 or 4 factual
statements). The word count was controlled between corresponding
unique and nonunique conditions.

Participants were instructed to learn the information that was
presented with each item. When no information was presented, they
were asked to look at the image on the slide. Each slide was viewed for
10 s, and participants indicated on a sheet whether the associated
information rendered the person or place famous and/or unique. This
manipulation was introduced to assess whether the information selected
for each item was suitable to produce unique and nonunique stimuli. At
the end of the first session, the full stimulus set was presented twice in
a slide presentation.

Participants were subjected to a 3-day training regime. On the evening
of the first day, participants completed another 15-min training session.
The following training sessions consisted of a recall test (recall session)
where participants were presented with the images for 10 s without the
associated information. During these 10 s, they recalled the learned
information and afterward received a feedback slide containing the
complete information (10 s) during which they had the opportunity to
learn the information that was not recalled correctly. Participants
completed 4 recall sessions during the following 2 days that were at
least 6 h apart. On the day before the scan, participants were invited into
the lab for a test session in which their recall performance was assessed.
Participants who recalled less than 70% of the proper names or items
were excluded from the study. The remaining participants were asked to
complete another short training session right before scanning.

Functional Magnetic Resonance Imaging Design

Experimental Design: Functional Localizer

The scanner protocol consisted of 1 functional localizer run and 4 main
runs. During the functional localizer, 3 types of stimuli were presented:
famous, nonfamous, or baseline. During a given block, 2 stimuli were
presented in succession (0-s interstimulus interval), for the duration of

4 s for each stimulus. Each blocked presentation was preceded by a 2-s
prompt with a brief reminder of the instruction and followed by a 2-s
response prompt. Blocks consisted of pairs of pictures that were both
famous (10) (the numbers in brackets correspond to the number of
blocks of each condition presented during 1 localizer run), both
nonfamous (10), mixed (famous and nonfamous) (3), face baseline (5),
and landmark baseline (5) totaling 53 blocks and a duration of 10 min
and 46 s. Participants were instructed to press a button with their left
index finger when they saw either 2 famous or 2 nonfamous or 2
scrambled images in succession. They were told to press with the right
index finger when it was a mixed condition. Responses were executed
during a 2-s response period.

Experimental Design: Runs 1-4 (Main Runs)

The 4 “main” runs consisted of successive pictures of people and
landmarks. This full factorial design had the conditions of stimulus class
(faces, landmarks), uniqueness (unique, nonunique), name (proper name,
no proper name), and richness (1 fact, 4 facts) resulting in 16 stimulus
combinations. The assignment of the stimulus combinations to the blocks
was arranged so that individual blocks (except mixed blocks) contained
stimuli of the same stimulus combination. Within each run, a block either
contained 2 famous/unique (16), 2 nonfamous/unique (16), or mixed
blocks (2). Four blocks contained scrambled images of faces and 4
contained images of landmarks. Participants were asked to determine
whether the stimuli presented in each individual block were either both
famous or both not famous (left index finger) or mixed (right index
finger). This decision was to be made on the basis of the information they
learned about the stimuli during training. Each of the 4 runs consisted of
a total of 42 blocks taking 9 min and 8 s to complete.

Imaging Procedure

Neuroimaging sessions were conducted at the Imaging Center of
the Temple University Hospital on a 3.0-T Siemens Verio scanner
(Erlangen, Germany) using a 12-channel Siemens head coil. Functional
T, -weighted images sensitive to BOLD contrasts were acquired using
a gradient echo echo-planar pulse sequence (repetition time [TR], 2 s;
echo time [TE], 19 ms; field of view [FOV]| = 240 x 240; voxel size, 3 x
3 x 3 mm; matrix size, 80 x 80; flip angle = 90°) and automatic
shimming. This pulse sequence was optimized for ATL coverage based
on functional and anatomical data from a pilot scan where various
combinations of voxel size and TE were tested (see Ross and Olson
2010) and visually inspected for signal coverage. Visual inspection of
the coregistered functional image confirmed signal coverage in the
ATLs in all participants. However, signal coverage was weaker in the
surface gray matter of the parahippocampal gyrus (PHG) near the
amygdala, the orbitofrontal cortex, and the region of the temporal
lobes near the ear canals (please see the temporal signal-to-noise ratio
map in the Supplementary Figure). Thirty-eight interleaved axial slices
with 3 mm thickness were acquired to cover the temporal lobes. On
the basis of the anatomical information of the structural scan, the
lowest slice was individually fitted to cover the most ventral aspect of
the inferior temporal lobes. Full brain coverage was attained in all
participants.

The 5 functional runs were preceded by a high-resolution structural
scan. The 7;-weighted images were acquired using a 3D magnetization-
prepared rapid acquisition gradient echo pulse sequence (TR, 2s. TE, 3
ms; FOV = 201 x 230 mm; inversion time, 900 ms; voxel size, 1 x 0.9 x
0.9 mm; matrix size, 256 x 256 x 256; flip angle = 15°, 160 contiguous
slices of 0.9 mm thickness). Visual stimuli were shown though goggles
purchased from Resonance Technologies, California. Responses were
recorded using a 4-button fiber optic response pad system. The
stimulus delivery was controlled by E-Prime software (Psychology
Software Tools Inc., Pittsburgh, PA) on a windows laptop located in the
scanner control room.

Image Analysis

Functional magnetic resonance imaging (fMRI) data were preprocessed
and analyzed using BrainVoyager software (Goebel et al. 1998). The
preprocessing of the functional data included a correction for head
motion (trilinear/sinc interpolation), the removal of linear trends, and
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frequency temporal filtering. The data were coregistered with their
respective anatomical data and transformed into Talairach space
(Talairach and Tournoux 1988). The resulting volumetric time course
data of the localizer run were smoothed using an 8-mm Gaussian
kernel, whereas the volume time courses of the main runs were
smoothed at 4 mm to retain special accuracy.

It was assumed that brain processes of interest would be elicited by
the task regardless of the task decision of the subject. Therefore, all
blocks were included in the analysis except “mixed blocks.” A
canonical hemodynamic response function was modeled for spanning
the period in each block in which the face and landmark stimuli were
presented.

Statistical Analysis Strategy

The first step in our analysis was performed within the demarcations of
the ATLs. We defined a left- and right-hemispheric anatomical gray
matter region of interest (ROI) similar to procedures laid out in
Grabowski et al. (2001). In a Talairach transformed brain, we defined an
axis extending midway between the ventral and dorsal (sylvian fissure)
aspect of the temporal lobes and a perpendicular plane originating at
the junction of the ascending ramus and the anterior horizontal ramus
of the sylvian fissure. We included all voxels anterior to this plane,
which included the temporal poles and the anterior sections of the
superior, medial, and inferior temporal gyrus.

We identified brain regions that are involved in the processing of
famous people and famous landmarks by performing a conjunction
analysis (conjunction null, Nichols et al. 2005) of 2 contrasts isolating
areas involved in people and landmark fame [(fFaces vs. nfFaces) N
(fLandm vs. nfLandm)| at a false discovery rate (FDR)-corrected
threshold of (g = 0.05). We used a voxelwise FDR approach, which
has been common practice in imaging research since its introduction in
2002 (Genovese et al. 2002). It should be noted that this method
was recently criticized because of its inability to account for the
topologically smooth distribution of the signal and the resulting
interdependence of voxelwise activations that can lead to an un-
derestimation of type I error (Chumbley and Friston 2009). This analysis
was performed on voxels within the cortical gray matter of the whole
brain using a gray matter mask that was created using gray/white matter
segmentation procedures available in BrainVoyager. A Fixed-Effects
generalized linear model (GLM) was employed because the generaliza-
tion of the identified brain regions served the subsequent analysis in the
same group of subjects rendering the possibility of the generalization of
the results to the general population unnecessary. We also intended to
keep the probability of type II errors low in order to avoid missing brain
regions that have been identified in similar tasks in the past. Peak voxels
within regions that survived an FDR-corrected threshold of (g = 0.05)
were identified by iteratively increasing the statistical threshold.
Activated voxels within a maximal cluster spread range of 10 voxels in
the normalized anatomical image were selected as ROIs.

In the second step, we performed a Random-Effects GLM of our data
attained in the main runs (within the regions identified by the previous
conjunction analysis) of our experiment with stimulus class (2),
uniqueness (2), name (2), and richness (2) as predictors. The resulting
beta weights were extracted and entered in a repeated measures
analysis of variance (RM-ANOVA) where the above predictors served as
factors and determined main effects and interactions. In the last step,
the analysis described above was performed on the whole-brain volume
to explore brain regions engaged in the processing of UEs that were
not identified in previous experiments.

Results

Bebavior

As outlined in the Materials and Methods, we presented
participants with all new face and landmark stimuli with the
associated semantic information and proper names before
training began. We first assessed whether participants sub-
jectively judged items with unique semantic information as
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unique/famous. On average, people labeled 93.33% of items
with unique descriptors as unique/famous, however, some (an
average of 19.36%) of the nonunique items were labeled as
unique and/or famous. This occurred most frequently with
items that only had one semantic association and for labels that
are often associated with famous people and landmarks but do
not strictly render the items unique or famous.

Before the scan participants’ recall performance was
assessed. On average, 92.85% (standard deviation [SD]: 5.31%)
of all semantic associations (excluding names) and an average
of 90.91% (SD: 9.63%) of proper names were recalled. Recall of
semantic information did not differ between the stimulus
classes of faces (91.6%, SD: 6.46%) and landmarks (94.1%, SD:
4.15%) (o = -1.19, P = 0.26). Importantly, unique items
(92.61%, SD: 4.56%) were recalled at approximately the same
rate as nonunique ones (93.06%, SD: 4.38%) as evidenced by the
result of a paired sample #test (¢, = -0.468, P = 0.65). Proper
names were recalled at a higher rate for landmarks (94.87%, SD:
7.82) than for faces (86.93%, SD: 7.82) (#0 = -3.13, P = 0.01).
There was a small but reliable difference in the failure to recall
unique items (5.97%, SD: 6.62) than nonunique items (3.13%,
SD: 342), (tip = 2.35, P = 0.04). However, it should be
emphasized that we were only concerned with the assurance
that the recall was overall high which was clearly shown.

During the localizer scan, participants identified homoge-
neous trials containing famous faces (93% correct, 2% omission,
and 5% incorrect) and nonfamous faces (86% correct, 1%
omission, and 13% incorrect), famous landmarks (84% correct,
1% omission, and 15% incorrect) and nonfamous landmarks
(73% correct, 11% omission, and 16% incorrect). Mixed trials
(distractors) were identified correctly in 73% (13% omissions
and 14% errors) of the cases and the task on the baseline
stimuli was correctly performed in 94% of all cases (2%
omissions and 4% incorrect). One participant was excluded
from this analysis because he/she misunderstood the instruc-
tions. Please also note that the term “correct” is relative here
because some items that were in the nonfamous category
may have been experienced by the subject as familiar and
therefore judged as famous. On the other hand, some famous
items may not have been known to participants or were
depicted in an unfamiliar pose. Overall, participants were less
familiar with landmarks than they were with famous people,
which explains the observed difference between face and
landmark trials.

Localizer Task: Activations to Faces and Landmarks

In this first step, we determined whether our data conformed
to previous findings reporting a typical pattern of differences
between cortical activations to faces and landmarks. For that,
we performed a random effect GLM using the conditions of
our localizer task (fFaces, nfFaces, fLandm, and nfLandm) as
predictors of interest. We performed a contrast between all
faces and landmarks [(fFaces + nfFaces) vs. (fLandm + nfLandm)]
at an FDR-corrected threshold [g(FDR) < 0.05, P < 0.0006] for
the whole brain. The inspection of the resulting #map (Fig. 1,
Panel 1) revealed that faces relative to landmarks activated
regions previously shown to be engaged in face processing,
such as the medial prefrontal cortex (mPfc) of the left and right
hemisphere, sections of the right ATL, the fusiform face area,
the right and left posterior superior temporal sulcus (STS), and
the left and right angular gyri. Landmarks engaged a typical
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Figure 1. Left and right in radiological convention. Panel 1: t-map (P < 0.003) of the
contrast (A,B) [(famous faces + nonfamous faces) vs. (famous landmarks +
nonfamous landmarks)] of the localizer task; orange: famous faces > famous
landmarks; (C,D) blue: famous landmarks > famous faces. Panel 2: t-maps within the
anatomical demarcations of the ATLs. Orange: famous faces versus nonfamous faces;
blue: famous landmarks versus nonfamous landmarks; off-white: conjunction
[(famous faces vs. nonfamous faces) M (famous landmarks vs. nonfamous
landmarks)]. Panel 3: (A-D): Whole-brain conjunction analysis (t-map (P < 0.006))
from the localizer task; “fame effect” shown [(famous faces vs. nonfamous faces) N
(famous landmarks vs. nonfamous landmarks)]. Numbers in light blue (1-8) mark
locations of ROIs used in the subsequent analysis of the main run and correspond to
numbers 1-8 in the Talairach table in the Supplementary Material. Locations with
significantly larger activations in nonfamous conditions are not included.

pattern of dorsal visual stream, retrosplenial cortex, and
posterior parahippocampal gyri. A similar analysis of faces and
landmarks of our learned stimulus material in the main runs
yielded a comparable pattern of activation (not depicted). (A
fixed effects analysis GLM on the gray matter of the whole brain
was performed on the main runs after a random effects GLM at
g (FDR) = 0.05 failed to reveal significant differences.)

Separate contrasts for famous versus nonfamous faces and
landmarks of the localizer task within the anatomical demarca-
tions of the left and the right ATL revealed that famous faces
activated the ATLs bilaterally (see Fig. 1, Panel 2). This was more
extensive in the left ATL than in the right ATL. Activations due
to famous landmarks were evident in a small section of the left
ATL, at the polar tip. The conjunction analysis between the
contrasts of famous versus nonfamous faces and famous versus
nonfamous landmarks showed a significant activation in the
polar aspect of the left ATL. We used this conjunction analysis
to define the “conjunction” ROI for UEs.

ROI Analysis: Left and Right ATL

Turning to the main experimental data from the trained faces
and places, a RM-ANOVA found a 3-way interaction between
the factors of stimulus class, uniqueness, and naming in the left
ATL conjunction ROI (F, ;o = 13.41, P = 0.004).

When separate analyses were carried out for faces and
landmarks, the interaction between uniqueness and names was
significant for faces (F, 10 = 8.03, P = 0.018) and approached
significance for landmarks (F; ;o = 34, P= 0.095). For a summary
of the observed effect sizes, please refer to Figure 2. Any other
main effects and interactions remained insignificant in the left
ATL.

We further explored whether the left and right ATL as
a whole was more responsive to faces than to landmarks.
For that, we directly compared BOLD signal to faces and
landmarks in the localizer task and the main runs (paired sample
ttest) within the predefined demarcations of the left and right
ATL. In the localizer task, famous and nonfamous faces engaged
the left ATL significantly more than famous (¢ = 3.42, P= 0.006)
and nonfamous landmarks (¢, = 2.66, P = 0.022). However,
BOLD signal between these stimulus categories was not
significantly different in the right ATL for famous (#, = 1.148,
P = 0.278) and nonfamous stimuli (#,o = 0.869, P = 0405). The
statistical comparison between faces and landmarks for the
trained stimuli in the main runs was nonsignificant when
performed for all faces and landmarks in the left ATL (#9 =
-0.349, P = 0.735) and the right ATL (4,0 = 1.004, P = 0.339).

Using the entire ATLs as a ROI for this comparison may be
too insensitive, in that, one stimulus class may engage a small
subsection of the left or right ATL. We therefore computed
a statistical #map (P < 0.01, uncorrected, cluster threshold = 5
voxels) of the comparison between faces and landmarks from
the main runs within the left and right ATL. The #map remained
without significant differences.

Exploratory Whole-Brain Analysis: People and Landmark
Fame

We reasoned that cortical areas other than the ATLs may be
involved in the processing of UEs. We therefore performed
a whole-brain conjunction analysis (conjunction null, Nichols
et al. 2005) of the face and landmark contrast (famous vs.
nonfamous). ROIs were defined within areas with significant
activation for famous faces and landmarks, and the factors
of our “main runs” (stimulus class, uniqueness, names, and
semantic richness) were tested within those regions with an
RM-ANOVA.

The conjunction analysis between the respective contrasts
of famous and nonfamous faces (fFaces vs. nfFaces) and
landmarks (fLandm vs. nfLandm) of the localizer task revealed
a network of regions (see Fig. 1, Panel 3 and Supplementary
Table). The activations for famous items showed a left-hemi-
spheric dominance including large sections in mPfc including
the superior frontal gyrus (sFG) and middle frontal gyrus
(mFG) and the adjacent anterior cingulate (aC) gyrus. Further
activations included the caudate head (CH), the amygdala
(Amyg), and the left polar ATL as identified in our previous
anatomical ROI analysis, the STS, and the PHG all within the
left hemisphere. For a comprehensive list of brain regions
engaged to famous and nonfamous items, please refer to the
Talairach table in the Supplementary Material. As laid out in the
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Figure 2. Effect sizes (eta squared: 1) for main effects and interactions of predictors within the conjunction ROI in the left ATL. U, uniqueness; N, names; R, richness for faces

(Ieft bar graph) and landmarks (right bar graph).

Materials and Methods, we defined ROIs around peak voxels
within regions identified in this conjunction analysis.

ROI Analysis: Uniqueness, Naming, and Richness

The result of the conjunction analysis of our localizer task
did not indicate the ATLs as an exclusive site for the processing
of UEs but revealed a large network of brain areas. We
conducted random effects analyses GLM and a subsequent RM-
ANOVAs with the factors stimulus class x uniqueness x name
and semantic richness within the individual ROIs that were
determined in the preceding conjunction analysis. The results
of the separate RM-ANOVAs are detailed in Table 1.

The results suggest that the brain regions under investigation
contribute to the processing of different aspects of UEs. We
found a significant main effect of semantic “uniqueness” in the
left MFG (Fj 10 = 14.78, P < 0.05) and the left AC (F; 0= 822, P <
0.05). In both cortical locations, there were no significant
interactions with “stimulus class” suggesting that these regions
have a general role in processing unique semantic information.
Significant interactions between “uniqueness” and “name” were
found in the left STS (F; 10 = 549, P < 0.05), left SFG (F, 10 =5.87,
P <0.05), left AC (Fy 10 = 3747, P <0.001), and the left amygdala
(Fi10 = 19.77, P < 0.01). Interestingly, the factor “name” had no
main effect on any of the cortical regions identified in the
conjunction analysis unless this factor was combined with
unique semantic information.

Further interactions were found in the left STS and the left
amygdala. The existence of a name engaged the left STS, but
this effect was dependent on stimulus class (F 1o = 18.73, P <
0.01) with greater activations observed to famous faces (o =
2.87, P=0.017).

Discussion

Our knowledge about people and objects is crucial in guiding
our social interactions and behavior. There is a vast amount of
research on brain processes underlying the perception and
cognition of people and objects; however, most of it has
focused on their perceptual rather than semantic properties.
The general motivation for the experiment reported here was
to investigate brain processes underlying the representation of
knowledge about people and objects using fMRI. The more
specific goal of this study was to test the UE account in which it
has been proposed that the ATLs process unique semantic
associations. In addition, we assessed other proposals about the
function of the ATLs—that it is sensitive to proper name
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Table 1

Results of RM-ANOVAs within ROIs identified in the preceding whole-brain conjunction analysis

Locations ISFG  IMFG IAC ICH  1Amyg ISTS IATL  IPHG

1 2 3 4 5 6 7 8

Main effects
Class 002 307 0.16 002 247 015 232 0
Uniqueness 0.18 14.78** 822* 123 027 423 009 039
Name 0.76 051 0.04 1.07 001 45 019 0
Richness 0.2 0 0.3 179 1.4 016 002 042

Interactions
CxU 008 092 1.67 1.14 045 466 075 057
C XN 159 01 2.08 033 194 18.73** 122 03
UXxN 587 3 37.47*** 0.01 19.97*** 549* 0 2.79
CxUXN 278 078 2.04 0.04 6.75* 023  837* 027
C xR 196 034 0.09 056 03 0 0.03 185
U xR 019 051 0 088 0 028 0 0.03
CxUXR 057 047 0.06 0.86 0.08 014 031 014
N X R 1.62 1.49 0.43 297 14 1.21 0.06 0.66
CXNXR 049  0.63 0.04 0 1.19 016 028 331
UX N XR 1 0.12 0.01 386 0.86 195 009 001
CXUXNXR 002 075 0.52 016 1 065 004 047

Note: C, stimulus class; U, uniqueness; N, proper name; R, richness; |, left hemisphere; CH,
caudate head.
F values, *P < 0.05, **P < 0.01, ***P < 0.001.

retrieval and/or the amount or richness of retrieved semantic
information.

The Unique Entity Account is based on findings showing that
focal ATL lesions cause diminished recall of knowledge about
known people and places such as proper names and person-
specific information (e.g, Damasio et al. 2004; Tranel 20006).
Neuroimaging studies have shown greater ATL activations to the
retrieval of names of famous than nonfamous people and
landmarks (Gorno-Tempini et al. 1998; Gorno-Tempini and Price
2001; Grabowski et al. 2001). A problem associated with the use
of previously well-known stimulus material is that it is difficult to
control for the amount and quality of associated knowledge, and it
therefore remained unclear which ATL process gave rise to the
observed differences in BOLD response. To better understand
this, we trained participants to associate different kinds and
amounts of semantic information with newly learned faces and
landmarks. The type of semantic information (uniqueness), the
association with a proper name, and the amount of semantic
information was varied.

In the following paragraphs, we will briefly summarize the
main findings of this experiment and then discuss how our
findings relate to well-known models of ATL function and
semantic memory. Finally, we will discuss the findings of our
whole-brain analysis and put ATL processes into the context of
a wider cortical network.



Summary of Findings

The first step in our analysis was to determine whether we
could replicate findings of differences between faces and
landmarks reported in the literature (Gorno-Tempini and Price
2001; Grabowski et al. 2001). We found a typical pattern of
differences in activation between faces and landmarks in the
localizer run. These differences were also present in the main
runs but were of much smaller magnitude. This provided
assurance that stimulus material and design were appropriate
for this experiment.

In the localizer run, truly famous faces and landmarks
significantly engaged the same region within the left ATL in line
with previous evidence showing ATL involvement in the
processing of UEs such as known people and landmarks
(Nakamura et al. 2000; Gorno-Tempini and Price 2001; Allen
et al. 2000). In the subsequent analyses of the training task, we
found that the association of faces or places with unique
semantic information and proper names significantly modu-
lated BOLD activity within the left ATL. Overall, faces affected
left ATL activity more than landmarks, but this was only the
case in the localizer task and not the trained stimulus material.
There was no evidence for an effect of semantic richness on
activity in this region.

The left ATL was not the only location in the brain that was
involved in the processing of famous people and landmarks.
Rather, it was one part of a larger left hemispheric network.
This network is in large parts similar to the one often shown
in imaging experiments using social cognitive tasks especially
those involving face stimuli (e.g., Gobbini and Haxby 2007).
Within this network, many regions were modulated by the
presence of unique semantic information in the training stimuli.
Most prominently, locations in the left medial frontal gyrus and
the left anterior cingulate responded to retrieved unique
semantic information, regardless of stimulus class. The left
AC was particularly engaged when the stimulus material was
unique and associated with a proper name. This combination
of attributes activated the left amygdala, the left sFG, and the
left STS.

Processes within the ATLs

The convergence zone account (Grabowski et al. 2001; Tranel
2001; Damasio et al. 2004; Tranel et al. 2005; Tranel 2006) and the
HUB account (e.g., Patterson et al. 2007 ) are the most prominent
theories of ATL function. They belong to a class of theories of
semantic memory that propose that the neural representations
underlying semantic knowledge are widely distributed through-
out the brain. The modality-specific features of objects as well as
their associated motor actions are represented in their respective
modality-specific regions. According to these distributed models,
this requires a “binding” mechanism that can simultaneously
access modality-specific features when required by a task.

UEs and the Convergence Zone Account

Results from comprehensive lesion overlap studies motivated
Damasio and colleagues to suggest several binding
or convergence sites at various locations throughout the cortex.
Convergence regions are thought to lie close to the brain
regions they link, and according to this model, there
are different convergence regions for unique and non-UEs.
Both classes of items are thought to differ in their representa-
tional complexity with a more anterior distribution of cortical

structures underlying the representation of UEs (Damasio et al.
1996). This elaboration of the convergence zone model
proposes that there is some topographical specificity regarding
classes of objects because of a hierarchical organization
(Barsalou et al. 2003). More posterior cortical regions contain
convergence zones that bind features of a specific type, whereas
convergence zones in the more anterior regions combine
features into complex configurations. This gradient provides the
basis for making distinctions between objects on different levels
of specificity. A similar idea was expressed earlier with the
proposal of a topographic gradient in the representation of
concepts along the rostrocaudal axis of the inferior temporal
lobes (Martin and Chao 2001).

Damasio and colleagues proposed that one convergence zone
is located within the left ATL, the function being to mediate
between stored conceptual knowledge and the recall of proper
names for UEs (Gorno-Tempini and Price 2001; Grabowski et al.
2001; Allen et al. 2006) but is not otherwise involved in general
semantic knowledge (Grabowski et al. 2001; Tranel 2001;
Damasio et al. 2004; Tranel et al. 2005; Tranel 2006). Furthermore,
they proposed that the left ATL is specifically engaged when the
task demands the recall—either explicitly or covertly—of proper
names for classes of UEs, and the main reason why this region
activates to UEs in imaging studies is because these, unlike
nonunique objects, are denoted by a proper name.

Our results speak to this model in several ways: 1) we
showed that UEs such as famous faces and landmarks activate
the left ATL; 2) however, we found that explicit name recall
is not required to elicit activity in the left ATL; and 3)
activation within the left ATL to UEs is modulated by the
interaction of unique semantic associations and proper names.
This later finding supports previous lesion findings by Tranel
and Damasio and suggests that this region is preferentially
sensitive to unique semantic information in the context of
a name. However, it may not be exclusively engaged in the
retrieval of proper names.

The HUB Account and Stimulus Specificity

An alternate account for the preferential activation in the ATLs
to UEs is offered by the Hub Account of semantic memory
(Rogers, Hocking, et al. 2006). With evidence derived from
lesion data of patients with semantic dementia with their broad
amodal semantic impairments but otherwise intact cognitive
function, the HUB model locates a single domain general-
binding mechanism within the ATLs of both hemispheres. Like
convergence zones described above, the putative hub links
modality-specific representations of object attributes (McClel-
land and Rogers 2003). The hub differs from convergence
zones in that only one region of convergence exists with only
one functional specialization: the linking of attributes of all
objects within the ATL. A major appeal of this account is its
comprehensiveness providing a computational model on how
the formation of concepts is instantiated, predicting perfor-
mance patterns in neurotypical individuals and in patients with
semantic dementia (Rogers et al. 2004).

The Hub Model states that the ATLs store similarity
relationships between objects, allowing one to generalize
across different instances and modalities. One key assumption
is that the ATLs are more engaged when the task requires
the differentiation of very similar specific-level concepts as
compared with more general concepts that share many
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properties. Tasks requiring judgments about UEs would
necessitate specific-level judgments (Rogers, Hocking, et al.
20006), thus explaining the pattern of findings described by
Tranel and Damasio (Grabowski et al. 2001; Tranel 2001,
Damasio et al. 2004; Tranel et al. 2005; Tranel 20006). Patterson
et al. (2007) explain that a specific-level task such as naming
the bird species in response to a picture of a robin requires
the ATLs to instantiate the robin representation in a very
precise manner. In contrast, naming the same item at a basic
level (e.g., “bird”) only requires the hub to instantiate a gist-like
bird representation. It is assumed that a stronger metabolic
response occurs in tasks that require the differentiation of
highly overlapping representations. This notion finds support in
neuroimaging studies that show that the ATL is more sensitive
to specific-level semantic comparisons as compared with more
general semantic comparisons (Gauthier et al. 1997; Tyler et al.
2004; Rogers, Hocking, et al. 2000).

According to the Hub Account, activity in the ATLs to UEs is
not due to the nature of the objects as belonging to certain
stimulus classes but rather to the specificity of the semantic
operations performed on them (Rogers, Hocking, et al. 2006). For
example, identifying or naming Barack Obama would presumably
elicit a stronger BOLD response in the ATLs than classifying
him on a basic level (politician). Our task required participants
to make a somewhat general decision as to whether stimuli
belonged to the class of famous stimuli; no specific-level decisions
were required. Therefore, according to the specificity explana-
tion, our task was not suitable to elicit enhanced BOLD responses
in the ATLs. Thus, it seems unlikely that the observed differences
between unique and nonunique conditions were due to differ-
ences in the specificity of semantic operations.

The Hub Account, despite its comprehensive nature and
ability to explain a wide variety of symptoms associated with
SD has not remained without contradictory evidence. One
critical assumption of the model is that the hub in the ATLs is
responsible for linking features for all stimulus or concept
classes (domain generality) and should not show a differential
response to certain stimulus classes when attributes such as
stimulus specificity are held constant. Testing this particular
property of the HUB Account, a recent study showed domain-
specific effects when stimulus specificity was held constant.
Interestingly, enhanced responses in the ATLs were only found
when study participants encoded facts about people (Simmons
et al. 2009).

Our findings do not contradict the existence of a semantic
hub, but they do indicate that there may be more complexity
and heterogeneity to the ATLs than is widely appreciated
(Martin 2009). Zahn et al. (2007) suggested that there may be
a topographical dorsal-ventral gradient in the representation
for multisensory versus abstract social conceptual knowledge.
Indeed, activations to social stimuli in one of our previous
studies (Ross and Olson 2010) and the studies by Zahn et al.
(2007) and Simmons et al. (2009) were found in more dorsal
sections of the ATLs, whereas domain-general semantic
specificity effects have been located in ventral posterior section
of the ATLs (Tyler et al. 2004; Rogers, Ivanoiu, et al. 2006; Visser
et al. 2010) in a region that is most commonly referred to as
perirhinal cortex. A recent study by Brambati et al. (2010)
showed that task specificity engaged the left ATL in a semantic
task involving known faces.

Domain generality as proposed by the Hub Account is also
called into question by findings showing that there is sensory
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specificity within the ATL: visual stimuli tend to activate the
ventral ATL, auditory stimuli activate the dorsal ATL, and
multisensory audiovisual stimuli activate the polar tip (Skipper
et al. 2011).

The Wider Neural Network Underlying the Processing of
UEs

In the whole-brain analysis, we identified a left hemispheric
network of cortical regions that were modulated by famous-
ness in faces and places. Within these regions, the quality
of the semantic information (uniqueness) was the variable
most reliably affecting BOLD response. Interestingly, a region
in the left anterior STS was close to the one reported by
Gorno-Tempini and Price (2001) who found equivalent
activation for famous faces and landmarks within this region
and speculated that this region is involved in the analysis of
unique semantic attributes. They point out, however, that the
retrieval of semantic and lexical information may have
occurred together automatically, and it is therefore possible
that this region is involved in linking semantic and lexical
information.

In our experiment, the activity in this region was modulated
by the association with a proper name in unique items, especially
people. This does not answer the question of whether this
region is primarily involved in naming or other semantic
processes. However, this region is unlikely to support general
lexical access since we found no main effects for naming but an
interaction between naming and uniqueness. It remains unclear
why this region is sensitive to this interaction for faces but not
places (a class by name interaction).

In our study robust modulations were observed when unique-
level semantic information was associated with a proper name.
This interesting interaction was observed for both faces and
landmarks in the left anterior cingulate cortex (IAC), the sFG, the
left amygdala, and the left STS. Proper names, even without their
explicit retrieval, and associated semantic information are crucial
elements in the identification process of persons and other UEs
such as landmarks. They distinguish entities from one another
and specify and disambiguate proper responses toward them.
While our data do not speak to the question of whether networks
involved in semantic and proper name recall are distinct from one
another, we can say that the brain regions identified here respond
preferentially to their co-occurrence, most prominently in the
regions of the amygdala and the anterior cingulate. Both regions
have been implicated in fear conditioning and extinction (see
review by Sehlmeyer et al. 2009), reward processing (see review
by Haber and Knutson 2010), the processing of affective
information of faces (Killgore and Yurgelun-Todd 2004) and
show abnormal functional coupling in anxiety disorders (review
by Damsa et al. 2009), bipolar disorder (review by Cerullo et al.
2009), and antisocial behavior (review by Raine and Yang 2000)
with functional coupling between both regions (Pezawas et al.
2005; Kienast et al. 2008). This diversity in processes engaging
these brain regions raises the question of whether these regions
support different functions or whether they share a common
function that may underlie the effects observed in the present
experiment.

A possible answer to this question comes from Adolphs (2010)
who recently suggested that the amygdala is responsive to such
a wide range of social and emotional stimuli because it processes
“salience” or “relevance” rather than threat. This view of the



amygdala and closely connected structures explains why we
found that these regions are responsive to UEs with proper
names. These are exceptionally salient stimuli that are relevant for
social behavior and typically associated with unique identifiers
like proper names. It is therefore likely that stimulus salience as
delivered by the unique semantic information and proper names
is responsible for the enhanced activation within the network
shared by famous people and landmarks. This also explains why
known famous people and landmarks used in the localizer block
(which one can assume are more salient than the trained stimuli)
led to a much stronger BOLD response than the stimuli used in
the training stimuli.

It is possible that the engagement of the amygdala to highly
salient stimuli has consequences for BOLD activation in a wider
cortical network serving a modulatory role. In turn, other
research has established the anterior cingulate as having
modulatory influences on the amygdala (Bissiere et al. 2008).
It is reasonable to assume that the identity and importance of
salient stimuli is established through an intricate interplay of
these regions with a wider cortical network coding stimulus
and task-relevant functions. Stimulus salience as coded by these
regions may therefore be an important and overlooked variable
in the research concerned with social cognitive processing,
particularly involving known famous entities.

This study was motivated by the question about which
attributes of famous stimuli result in the activations in cortical
areas that are usually reported in experiments comparing famous
with nonfamous stimuli. It should be pointed out that this list of
variables possibly accounting for observed differences is not
exhaustive. Some of the activations in the network reported here
may have been associated with differences in memory processes
due to the fact that famous faces and landmarks and nonfamous
items were differentially mediated through hippocampal binding.
Medial temporal lobe structures such as the hippocampus play
a general role in relational memory (reviewed by Davachi 2000).
The hippocampus is thought to play a role in the both encoding
and retrieval of associations between names and faces, for
instance (Sperling et al. 2001; Kirwan and Stark 2004; Tsukiura
et al. 2008) as well as between other types of associations. While
there were no BOLD differences in the hippocampus evident
in our analysis, we did find significant differences in BOLD
response between famous and nonfamous faces and landmarks in
a section of the PHG. We did not find effects within this region in
our training data, and its precise role in processes underlying our
task and stimuli therefore remains undetermined. However,
famous and nonfamous items in our localizer task differed in
regard to their episodic associations. Personal knowledge about
truly famous faces and landmarks is acquired throughout life,
namely conversations, media, school, and travel and is rich in
episodic detail. In this regard, our trained stimuli were relatively
impoverished.

UEs as Social Stimuli

While it is intuitively evident that people and the knowledge
associated with them should engage social brain structures, it
is less obvious why famous places and landmarks should
be considered as belonging to the class of items relevant to
social behavior. We mention this because famous landmarks
engaged many of the core “social brain” regions that were
engaged by famous faces. A closer look reveals that famous
landmarks are important social artifacts in that they serve

purposes relevant to social interaction in a wide spectrum
of domains such as religion (churches), politics (White House),
sports (Yankee Stadium), science (observatory), and art and
architecture (Eiffel Tower). Furthermore, they are the subject
of social interaction, receiving their salient status through
social consensus.

Our research group (Olson et al. 2007; Ross et al. 2010; Ross
and Olson 2010; Skipper et al. 2011), as well as other groups
(Moll et al. 2005; Zahn et al. 2007; Simmons and Martin 2009;
Simmons et al. 2009; Zahn et al. 2009), have proposed that the
ATL is involved in the processing of social knowledge. The
motivation for suggesting a social function of, at least sections
of the ATLs was motivated by findings of domain-specific
effects within the ATL (Zahn et al. 2007; Simmons and Martin
2009; Simmons et al. 2009) and the numerous reports of ATL
involvement in imaging experiments involving social cognitive
tasks. The precise nature of this social semantic function,
however, warrants further investigation as it is not clear
whether the role of the ATLs can be understood as a “store”
of social semantic representations or whether they are
instrumental in linking social semantic knowledge with the
respective features located in sensory-specific areas in the
form of a “person identity node” (e.g., Bruce and Young 1986;
Gainotti et al. 2010). Although testing the social semantic
hypothesis was not the primary goal of the experiment
reported here, the data presented are generally in agreement
with the idea that the ATLs have some function in the
representation of social knowledge. However, this interpreta-
tion alone does not explain why the quality of the semantic
information in association with a name differentially impacts
left ATL social semantic processes.

A related but alternative explanation that we have alluded to
above more readily explains the pattern of effects observed here.
BOLD effects in the left ATL and possibly other nodes of the
network identified may not directly be determined by the social
nature of unique and famous stimuli or their semantic specificity
but rather their intrinsic salience delivered by semantic
associations. It is possible that activity in domain-general
semantic mechanisms as proposed by hub and convergence
models are modulated by input from the amygdala coding for
stimulus salience (Adolphs 2010; Pessoa and Adolphs 2010). This
is supported by a recent finding (Simmons et al. 2009) showing
that sections of the ATL showing domain-specific activation
to person knowledge are functionally connected to the wider
social brain network, namely the amygdala, the mPFC, the
posterior STS, and the fusiform gyrus.

The precise purpose of amygdala processing in coding
stimulus salience and its timing within the information
processing hierarchy are currently under debate. The fact that
the amygdala widely projects to other brain regions suggests
a broad modulatory role, affecting many cognitive functions
such as attention, orientation, and memory (Adolphs 2010). In
our experiment, the activation in the amygdala and other
structures was significantly affected by the unique semantic
attributes, especially in the presence of a unique label—a
proper name. In our study, salience may have been established
through “higher order” evaluation of semantic labels rather
than automatic response to basic reward, threat, or emotional
stimuli. This suggests that the presumed coding for salience is
established by a complex interaction with brain regions serving
the cognitive evaluation and storage of semantic memory like
the ATL.
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Caveats

It remains possible that we would have observed greater ATL
activations to proper names alone, had we used an explicit
naming task (Grabowski et al. 2001; Tsukiura et al. 2009; Ross
et al. 2010) although it has been suggested that the mere
association with a proper name may engage ATL structures
automatically (Grabowski et al. 2001). On the other hand, it is
possible that in prior studies of proper naming, the ATL was
activated because of uncontrolled unique-level semantic in-
formation. It should be pointed out here that the ATLs may not
necessarily contain the lexical-phonological representations of
names themselves but may contain links between semantics and
word form (Burton et al. 1990; Burton and Bruce 1992, 1993;
Galdo Alvarez et al. 2009; Semenza 2009), which would be more
consistent with a lack of lexical-phonological deficits in patients
with ATL lesions (Snowden et al. 2004). The task that participants
performed in the scanner was designed to elicit the retrieval of
learned semantic attributes without explicit name retrieval. It
should be noted as a possible caveat that the task may have
somehow biased our results toward effects of differences
between unique and nonunique associations.

Conclusions

This study was motivated by the question about the nature of
semantic attributes of famous people and landmarks that affect
neural activity in brain regions, such as the ATL, that have
previously been associated with the processing of UEs. We found
that activity within the left ATL was significantly modulated by the
unique semantic attributes of visual stimuli when associated with
a proper name. In addition, UEs engaged a wider left hemispheric
cortical network consisting of regions widely implicated in social
processing, such as the amygdala and mPfc. Activity within these
regions was modulated by unique semantic attributes especially in
combination with a proper name for both faces and landmarks.
We propose that semantic associations rendering persons and
objects salient representatives of their class are an important
factor that modulates neural activity in social brain regions,
including the ATL.
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Supplementary material can be found at:

.oxfordjournals.org/
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