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Abstract
Status hierarchies constitute a fundamental organizing principle of human society. However, little is
known about the neural systems that process nonverbal cues that indicate status. Preliminary
neuropsychological work has suggested a role for the ventrolateral and ventromedial prefrontal cortex
(VLPFC/VMPFC) and the superior temporal cortex (STC). We used functional magnetic resonance
imaging to delineate the nature of these roles. Analyses revealed signal changes in the right VLPFC
in connection with two primary functions attributed to status cues. Status cues moderate behavior
and the right VLPFC showed increased signal for high-status relative to neutral and low-status cues.
The VLPFC also showed increased signal for high-status cues displayed by individuals of the
opposite gender to the perceiver; this may be relevant to the role status cues play in moderating mate
choice behavior. Connectivity results indicated significant positive connectivity between the VLPFC
and both the VMPFC and the STC. We suggest that the VLPFC retrieves information from these
regions when processing hierarchy cues to facilitate socially adaptive behavior.

INTRODUCTION
Responding to social hierarchy cues is crucial for successful social interactions in humans and
other social animals. The perception of hierarchy cues modulates many adaptive behaviors,
such as the direction of visual attention (Deaner, Khera, & Platt, 2005), response inhibition
(Anderson & Berdahl, 2002; Estep et al., 1988), and mate selection (Miller & Todd, 1998).
Clinical reports implicate focal lesions of the ventrolateral prefrontal cortex (VLPFC), the
ventromedial prefrontal cortex (VMPFC), and the dorsolateral prefrontal cortex (DLPFC) in
impaired processing of social hierarchy information in humans (Karafin, Tranel, & Adolphs,
2004; Mah, Arnold, & Grafman, 2004; Blair & Cipolotti, 2000). Although these findings are
suggestive, the specific neural systems involved in processing nonverbal displays of hierarchy
are not yet known.

Status is conveyed through nonverbal cues, including gestures and facial cues (Hall, Coats, &
LeBeau, 2005). High-status cues reverse undesirable behaviors in subordinates and restrict
behaviors such as aggression and approach (Anderson & Berdahl, 2002; Fournier, Moskowitz,
& Zuroff, 2002; Estep et al., 1988; Kleinke, 1986). Individuals displaying high-status cues
become foci of attention because monitoring high-status individuals yields valuable
information for adaptive social behavior (Deaner et al., 2005). Among those behaviors is mate
selection: Social dominance is associated with reproductive success in multiple species (Pusey,
Williams, & Goodall, 1997; Fedigan, 1983). Given this, individuals who prefer high-status
opposite-gender individuals may maximize reproductive fitness. This suggests that
mechanisms exist for guiding selective attention to high-status opposite-gender conspecifics.
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Little information exists about the neural regions involved in processing status cues. Anecdotal
reports suggest that patients with lesions in the VLPFC (Brodmann’s areas 47 and inferior
regions of 45) show reduced responsiveness to hierarchy information, indicating this region
may be involved (Blair & Cipolotti, 2000). The VLPFC is known to play a role in modulating
behavioral responding (Blair, 2004), which is also an important function of status cues (Karafin
et al., 2004). Neuropsychological data (Karafin et al., 2004) have also implicated the VMPFC
(Brodmann’s areas 11–13, 25 and inferior regions of 10 and 32), a region broadly involved in
socioemotional processing (Bechara, Damasio, & Damasio, 2000; Adolphs, 1999). Single-cell
recording studies suggest that the superior temporal cortex (STC) may contain “‘dominance
hierarchy’ or ‘social status’ cells” (Allison, Puce, & McCarthy, 2000, p. 275; Hasselmo, Rolls,
& Baylis, 1989).

On this basis, we predicted first that activity in the VLPFC, the VMPFC, and the STC would
increase in response to high-status cues. Second, we predicted that targets’ and perceivers’
gender would modulate neural responses to status cues. Gender provides independent
information about status, and status cues are implicated in mate selection for males and females
(de Waal, 1986; Nyquist & Spence, 1986). Third, we predicted that the STC and the VMPFC
would show significant functional connectivity with the VLPFC during the processing of
hierarchy cues. This is based on the hypothesis that the VLPFC modifies behavior in response
to status cues by recruiting information from the STC and the VMPFC. To test these
hypotheses, we developed a novel stimulus set based on a meta-analysis assessing status
perceptions and nonverbal cues (Hall et al., 2005). Participants viewed photographs from this
set during fMRI scanning.

METHODS
Stimuli

We created a novel stimulus set depicting high-status, neutral, and low-status nonverbal cues.
The cues were selected on the basis of a recent meta-analysis identifying the nonverbal cues
that most reliably contribute to perceptions of status (Hall et al., 2005). Four kinds of nonverbal
cues varied across poses: brow position (high-status = lowered/low-status = raised), posture
(open/closed), gestures (outwardly/inwardly directed, i.e., illustrators and adapters), and gaze
(direct/averted). Neutral variants of each cue were also included. Each high-status and low-
status pose combined three status cues with one neutral cue (e.g., dominant gesture, posture,
and gaze, but neutral brow position). This design permitted us to assess the extent to which
each type of cue independently contributed to the perception of status. An equal number of
seated and standing poses were shown. Actors were instructed not to alter any variables other
than the three cues involved in each pose (e.g., eye width or mouth position). Photos were
acquired using a digital camera. The camera was mounted on a tripod in a large room; the
actors stood against a bare wall while posing. The resulting photos were digitally cropped and
converted to grayscale, and any anomalies (e.g., red eye) resulting from the camera flash were
corrected using Adobe Photoshop. The resulting stimulus set consisted of 384 gray-scale
photographs of eight male and eight female professional actors (M age = 29.8 ± 5.0 years)
showing eight high-status, eight neutral, and eight low-status poses.

We conducted pilot testing to confirm that apparent status varied as a function of the cues we
selected, and to assess the extent to which each type of cue independently contributed to status
perceptions. Twenty healthy adults participated in the behavioral task (10 women and 10 men,
M age = 27.9 ± 5.9 years). Participants were tested individually in a sound-attenuated private
room. The task was presented on a laptop using the experimental software E-Studio. The
stimulus photographs were presented in random order. Participants used key-presses to rate
each stimulus on a 1-to-7 scale anchored by the adjectives dominant (7) and subordinate (1).
The instructions specified that, “Dominant people are those who have high status and a great
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deal of power and authority. In contrast, subordinate people are those who have low status and
little power and authority.” Participants were not subjected to time restrictions in rating the
photographs. Fixation crosses appeared for 500 msec after each stimulus photo.

Behavioral data were analyzed in order to address two questions. First, we wished to confirm
that the poses influenced perceptions of status in the manner intended across participants and
actors of both genders. Second, we wished to assess whether each type of cue independently
affected attributions of status or whether status attributions were determined by a subset of
cues. To address the first question, we conducted a 3 (hierarchy cue) × 2 (subject gender) × 2
(stimulus gender) ANOVA. To address the second question, we created dummy-coded
variables for each type of cue, coding each pose “1” if the high-status variant of a given type
of cue (e.g., open posture) was incorporated in the pose, “0” if it was not incorporated, and
“−1” if the low-status variant (e.g., closed posture) was incorporated. We then ran a
simultaneous multiple regression on the 24 poses (8 of each status level, of which 4 were seated
and 4 standing) to determine the extent to which each cue (posture, gesture, gaze, brow position,
as well as being seated vs. standing) predicted perceptions of status.

fMRI Testing
Participants—Thirty-two healthy right-handed participants from the Washington, D.C.,
metropolitan area volunteered for the study and were paid for their participation in the fMRI
task. The data of two participants could not be included due to scanner error, leaving 30
participants (17 women and 13 men, M age = 26.4 ± 4.7 years). Participants gave written,
informed consent before participating in the study, in accordance with the guidelines of the
Institutional Review Board at the National Institutes of Health. All participants were in good
health, with no history of psychiatric or neurological disease.

Imaging Procedure—Scanning during fMRI task performance used a 1.5-Tesla GE Signa
scanner. A total of 156 functional images per participant were taken, with a gradient EPI
sequence (repetition time = 2500 msec, echo time = 30 msec, 64 × 64 matrix, flip angle = 90°,
FOV = 24 cm). Coverage was obtained with 31 axial slices (thickness, 4 mm, in-plane
resolution 3.75 × 3.75 mm). Following the functional scans, a high-resolution anatomical scan
was obtained (three-dimension spoiled GRASS with inversion recovery prep pulse; repetition
time = 8.1 msec, echo time = 1.8 msec, FOV = 24 cm, flip angle = 20°, 128 axial slices; thickness
= 1.5 mm, 256 × 256 matrix) in register with the EPI dataset, covering the whole brain.

During the scan session, four event-related fMRI runs were acquired from each subject. Within
each run, 96 gray-scale stimulus photographs were presented for 2000 msec each. Each
stimulus photograph was followed by a 500-msec fixation cross. Forty-eight fixation trials
(jitters) were presented for 2500 msec at random intervals. Each run began and concluded with
six 2500-msec baseline fixation trials. While viewing the stimuli, participants indicated the
gender of each stimulus individual by pressing a button with the thumbs of the right or left
hand.

Each of the four runs used a separate stimulus and was programmed in E-Studio. Stimuli were
presented on a computer display that was projected onto a mirror in the MRI scanner.
Participants were placed in a light head restraint within the scanner. (Subsequent analyses
indicated that no participant moved more than 4 mm during the scan.)

fMRI Analysis—Data were analyzed within the framework of the general linear model using
Analysis of Functional Neuroimages (AFNI) (Cox, 1996). Both individual and group-level
analyses were conducted. The first 4 volumes in each scan series, collected before equilibrium
magnetization was reached, were discarded, leaving 730 TRs per subject. fMRI modeling
commenced at stimulus onset. Motion correction was performed by registering all volumes in
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the EPI dataset to a volume that was collected shortly before acquisition of the high-resolution
anatomical dataset.

The EPI datasets for each participant were spatially smoothed (using an isotropic 6 mm
Gaussian kernel) to reduce the influence of anatomical variability among the individual maps
when generating group maps. The time-series data were then normalized by dividing the signal
intensity at each time point by the mean signal intensity for each run and multiplying the result
by 100. As a result, all signal amplitude and regression coefficients represent a percent signal
change from the mean.

Regressors were created by convolving the train of stimulus events with a gamma variate
hemodynamic response function to account for the slow hemodynamic response (Cohen,
1997). It will be recalled that our task was a 3 (hierarchy cue) × 2 (stimulus gender) design.
We thus created six regressors, one for each combination of pose and target gender. An
additional regressor was created for fixation point trials.

Linear regression modeling was performed using the full set of regressors to model baseline
drift and residual motion artifact. The baseline was modeled by a first-order function and
motion artifacts were modeled using the six estimated rigid-body motion parameters.

Voxelwise group analysis involved transforming single-subject beta coefficients into the
standard coordinate space (Talairach & Tournoux, 1988). To identify brain regions responding
to the hierarchy and gender cues, a 3 (hierarchy cue) × 2 (subject gender) × 2 (stimulus gender)
random-effects ANOVA was performed on the means of all regressors compared to baseline
(fixation). This resulted in a group map of areas of differential activation. A subset of clusters
showing significant differential activation was selected according to a priori hypotheses about
the regions involved in decision making. These clusters were used to define functional ROIs.
Average activation levels for individual participants within these ROIs were calculated for
each regressor. These data were analyzed using contrast comparisons to determine the pattern
of activation across conditions. To correct for multiple comparisons, a spatial clustering
operation was performed using AlphaSim with 1000 Monte Carlo simulations taking into
account the entire EPI matrix, with a mapwise false-positive probability of p < .05. The labeling
of anatomical locations was determined by Talairach—Tournoux Daemon.

We measured functional connectivity by examining covariation across the whole brain with
the activation in a specified seed voxel in the VLPFC. We selected the maximally activated
voxel within the right VLPFC cluster that resulted from the main effect of status cues in our
ANOVA. Then individual participants’ time series were converted to common Talairach space
according to their structural dataset. The time series within the seed voxel for each subject was
extracted. Baseline plus linear and quadratic trend were removed from each voxel’s time series.
The average of the resulting time series inside the brain was treated as a global signal and used
as a covariate in the correlation analysis. Then, a voxelwise correlation analysis was conducted
between each individual voxel’s time series and that of the identified seed. The proportion of
the variation in the signal that could be explained by the correlation with the seed was
determined by squaring the resulting correlation coefficient. Correlation coefficients were
converted to a Gaussian variable using a Fisher transformation formula in order to reduce the
skew and normalize the sampling distribution. To identify regions significantly positively or
negatively correlated with the target voxel at group level, a one-sample t test was performed
on the transformed correlation coefficients.

Behavioral Testing
Valence-relevant ratings of stimuli were collected following the completion of fMRI testing,
using a separate set of study participants. Eighteen healthy participants participated in this task
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(10 women and 8 men, mean age = 29.1 ± 9.8 years). Participants were tested individually in
a sound-attenuated private room. The task was presented on a laptop using the experimental
software E-Studio. A representative sampling (including equal numbers of all target individuals
and all poses) of 48 of the stimulus photographs presented in the fMRI study were presented.
Each stimulus photo appeared over a 1-to-7 scale on which participants rated the photograph.
Participants rated all photographs on one scale before moving onto the next scale. The order
in which the scales were presented was randomized across participants, as was the order of the
photographs within each scale. The scales were shown beneath the statements: “This person
grabs my attention,” “I find this person attractive,” and “I find it unpleasant to look at this
person.” Scales were anchored by the terms “Definitely no” (1) and “Definitely yes” (7).
Participants were not subjected to time restrictions in rating the photographs. For each
participant, mean ratings were calculated for each stimulus type (high-status, neutral, or low-
status) for male and female actors separately.

RESULTS
Stimulus Validation

Prior to scanning, we confirmed that apparent status varied as a function of the cues we selected
based on a recent meta-analysis (Hall et al., 2005) (for samples, see Figure 1). The results of
the ANOVA revealed a highly significant main effect of status cues [F(2, 42) = 997.16, p < .
001; Figure 2]. Low-status poses were judged as lower status than neutral poses [t(30) = 19.62,
p < .001], which were judged as lower-status than high-status poses [t(30) = 16.90, p < .001].
Results of the regression analysis indicated that each of the four types of cues independently
predicted status perceptions [F(5, 18) = 203.44, p < .001; brow position: t = 8.465, p < .001,
gaze: t = 5.873, p < .001, posture: t = 4.159, p = .001; gesture: t = 5.486, p < .001]. Whether
the pose was seated or standing did not affect status perceptions (t = 1.73, p > .05).

fMRI Data
To identify brain regions responding to the hierarchy and gender cues, a 3 (hierarchy cue) × 2
(subject gender) × 2 (stimulus gender) random-effects ANOVA was performed on the means
of all fMRI regressors. The effects directly addressing our hypotheses are reported below: the
main effect of hierarchy cues, the interaction of hierarchy cues and stimulus gender, and the
interaction among all three factors (hierarchy cues, stimulus gender, and subject gender). The
results of these main effects and interactions are reported in Table 1.

Main Effect of Hierarchy Cues—In line with predictions, the main effect of hierarchy
revealed significant changes in BOLD responses within the VLPFC (right inferior frontal
gyrus, BA 47/11; centered at MNI coordinates x, y, z = 45, 39, −16) (Figure 3A). In addition,
significant BOLD responses emerged in regions that included the DLPFC (left middle frontal
gyrus, BA 46) (Figure 3B), the bilateral occipito-temporal cortex (including a region of the
posterior superior temporal gyri, as well as the middle temporal and middle occipital gyri,
extending bilaterally into the fusiform gyrus (BA 37/19), and the bilateral posterior cingulate
gyri (BA 30).

Planned t tests indicated that BOLD activation was significantly greater in the VLPFC, the
DLPFC, and occipito-temporal clusters for high-status poses relative to neutral poses (ps < .
001), but not for low-status poses relative to neutral poses (ps > .05).

Hierarchy Cues × Stimulus Gender—The interaction of hierarchy cues with stimulus
gender revealed significant BOLD responses in regions including the right amygdala/
parahippocampal gyrus and the VMPFC (right orbital gyrus, BA 11). In both regions, a linear
contrast revealed significantly greater BOLD responses as apparent status increased for female
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actors [t(28) = 5.19 and 2.23, p < .001 and p < .05 for the right amygdala and the VMPFC,
respectively]. These contrasts were not significant in either case for male actors.

Hierarchy Cues × Stimulus Gender × Subject Gender—In line with predictions, the
interaction among hierarchy cues, stimulus gender, and subject gender revealed significant
increases in BOLD activation in bilateral regions of the VLPFC (inferior frontal gyrus, BA 47)
and the STC (superior temporal gyrus, BA 41/21). There was also significant interaction within
bilateral regions of the occipito-temporal cortex (BA 37).

Across these six regions, consistency emerged in the patterns of BOLD activation. Planned
contrast tests (λ = +3 −1 −1 −1) were performed on difference scores calculated by subtracting
BOLD activation for neutral poses from those for high-status and low-status poses,
respectively. The results of these contrasts indicated that BOLD responses were significantly
higher for high-status cues displayed by actors of the opposite gender to the perceiver (i.e.,
men showed the highest activation when viewing high-status women, and vice-versa; Figure
4) (ps < .05 one-tailed, except the right VLPFC for female participants, p < .10).

Table 2 presents the other main effects (subject gender; stimulus gender) and interactions
(Subject gender × Hierarchy cue; Subject gender × Stimulus gender) resulting from our
ANOVA.

Connectivity—We hypothesized that the VLPFC may recruit information from the STC and
the VMPFC when responding to status cues (Blair, 2004; Karafin et al., 2004). In line with
this prediction, we found significant positive connectivity between our VLPFC seed voxel (x,
y, z = 45, 39, −16) and the right STC (BA 22/38) and the left VMPFC (BA 11) (t = 3.643, p
< .001, r = .56). This seed was the maximally activated voxel in the VLPFC cluster found for
the main effect for status cue (see Table 3 for additional connectivity information).

Behavioral Data
Our fMRI data indicated that activity in brain regions involved in response modulation was
most influenced by opposite-gender relative to same-gender high-status cues. To assess
whether task performance responses were consistent with this pattern (i.e., that opposite-gender
high-status cues influenced responding more than same-gender high-status cues), we analyzed
participants’ behavioral responses during the scanning task. Near-ceiling accuracy levels (M
= 98.3%, SD = 2.3%) precluded viable analyses of response accuracy. However, analysis of
RT data revealed a 3 (hierarchy cue) × 2 (subject gender) × 2 (same-gender/opposite-gender
stimulus) interaction among these three variables [F(2, 56) = 7.06, p < .005]. An examination
of the means indicated a response pattern similar to that revealed by fMRI data (Figure 5).
Subjects responded more slowly to opposite-gender high-status cues than to same-gender high-
status cues, but both genders responded similarly to male and female low-status cues.

Additional behavioral testing examined participants’ ratings of the degree to which the stimuli
were attention-eliciting, attractive, and unpleasant (Table 4). In line with prior work (Deaner
et al., 2005;Gangestad, Simpson, Cousins, Garver-Apgar, & Christensen, 2004;Hawley,
1999), repeated measures ANOVAs showed that high-status cues were rated as the most
attention-eliciting cues, and as more attractive than low-status cues (although not, in this
sample, neutral cues). High-status cues were not rated as more unpleasant than low-status cues
(although they were relative to neutral cues), which is important to note given the role of the
VLPFC in this study and previous suggestions that the VLPFC responds to aversive cues
(Kringelbach, 2005;O’Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001).
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DISCUSSION
This is the first fMRI study, to our knowledge, to identify the important role that the VLPFC
(BA 47/11) plays in the response to hierarchy information. The VLPFC showed greater activity
to high-status cues than neutral or low-status cues. Moreover, our connectivity analysis
indicated that the VLPFC may orchestrate the response to high-status cues through interaction
with the VMPFC (BA 11) and the right STC. Previous neuropsychological (Karafin et al.,
2004; Mah et al., 2004; Allison et al., 2000) and animal work (Hasselmo et al., 1989) has
implicated these two regions in processing socioemotional cues such as status. We also
determined that activity in the VLPFC was particularly enhanced to opposite-gender high-
status cues. This occurred despite status cues being identical across male and female targets.

Previous work has suggested that the VLPFC is involved in the representation of punishment
information (Kringelbach, 2005; O’Doherty et al., 2001). On this basis, the increased VLPFC
response could be interpreted as a response to the aversiveness of high-status cues. Social
dominance cues carry implications of aggressive behavior (Hawley, 1999). In the current study,
participants rated individuals showing high-status cues as more unpleasant than individuals
showing neutral cues. However, activity in the VLPFC can also increase to reward-related
stimuli (Budhani, Richell, & Blair, 2006; Zald, Curtis, Chernitsky, & Pardo, 2005). Moreover,
participants rated low-status cues as unpleasant and unattractive, but the VLPFC did not show
a differential response to these stimuli. A slightly superior region of the VLPFC to the one
identified here has been consistently implicated in studies examining reappraisal (Goldin,
McRae, Ramel, & Gross, 2008; Phan et al., 2005; Ray et al., 2005; Ochsner, Bunge, Gross, &
Gabrieli, 2002). Reappraisal has been conceptualized as a “cognitive—linguistic strategy that
alters the trajectory of emotional responses by reformulating the meaning of a
situation” (Goldin et al., 2008). It is possible that participants in our study were engaging in
reappraisal in response to individuals displaying high status [anonymous reviewer’s
suggestion]. However, it is not clear why reappraisal would particularly occur in response to
high-status cues of opposite-gender individuals.

An aversive-response interpretation is also incompatible with increased VLPFC responses to
high-status opposite-gender cues. Socially dominant individuals are considered attractive
social partners and are liked more than lower-status individuals (Hawley, 1999), and
dominance is correlated with health, fertility, and reproductive success in humans and other
species (Sapolsky, 2005; Gangestad et al., 2004; Pusey et al., 1997; Fedigan, 1983). Taken
together, the evidence suggests the VLPFC response in the current study to individuals
displaying high-status cues is unlikely to reflect perception of these cues as aversive.

Patterns of VLPFC activation may instead reflect a role in modifying behavioral responding
(Budhani et al., 2006; Zald et al., 2005). It has been suggested that the VLPFC modifies
behavior through behavioral inhibition (Aron, Robbins, & Poldrack, 2004; Cools, Clark, Owen,
& Robbins, 2002; Elliott, Friston, & Dolan, 2000). Compatible with this suggestion, high-status
cues are thought to inhibit unwanted behavior in subordinates (Anderson & Berdahl, 2002;
Drea & Wallen, 1999). However, recent work assessing the VLPFC’s role in behavior
modification suggests that the VLPFC facilitates the activation of alternative motor responses
(Budhani et al., 2006; Zald et al., 2005). Following this, and given the present findings, we
suggest that the VLPFC orchestrates a change in behavior proportional to the social context,
such as the social dominance of other individuals. This may include, but is not limited to,
behavioral inhibition.

The region of the VLPFC responding to high-status cues in the current study (x, y, z = 45, 39,
−16) is proximal to that shown previously to respond to facial expressions, particularly angry
expressions: x, y, z = 42, 42, −16 (LaBar, Crupain, Voyvodic, & McCarthy, 2003; Blair, Morris,
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Frith, Perrett, & Dolan, 1999); x, y, z = 38, 26, −11 (LaBar et al., 2003); x, y, z = −48, 24, −14
(Sprengelmeyer, Rausch, Eysel, & Przuntek, 1998). This is consistent with suggestions that
the VLPFC may use both social hierarchy and emotional cue information to influence
appropriate selection of behavioral responses in social contexts (Blair, 2004). For example,
anger cues shown by lower-status individuals may prompt antagonistic responding, whereas
anger cues shown by higher-status individuals may prompt submissive responding (Blanchard
& Blanchard, 2003).

Prior neuropsychological work has suggested a role for the VMPFC in responding to status
cues (Karafin et al., 2004). Karafin et al. (2004) found that patients with VMPFC lesions made
less use of gender and age information in their dominance judgments although they showed
no overall impairment in dominance judgments. Our connectivity analysis indicated that the
VLPFC orchestrates the response to high-status individuals through interaction with the
VMPFC (BA 11) and the right STC (BA 22). Thus, the VMPFC may be involved in responding
to status cues and may interact with the VLPFC, but may not play a primary role. A significant
BOLD response within the VMPFC was only seen for the Hierarchy cue × Stimulus gender
interaction and not the main effect of status. The VMPFC, like the amygdala, showed a linear
increase in BOLD response as status increased for female, but not male, stimuli. A main effect
of status in the VMPFC would have been predicted on the basis of prior data. The main effect
may simply not have been significant in this study. Future studies may find that the VMPFC
responds similarly to male and female stimuli; preliminary data we have collected for a follow-
up study show consistent effects of status (high > low) across both genders in the VMPFC.

Prior animal work suggests that the VLPFC retrieves information from the temporal lobes,
particularly the STC (Miyashita & Hayashi, 2000; Petrides, 1996). This region is involved in
the perception of biological motion (Puce, Allison, Bentin, Gore, & McCarthy, 1998; Oram,
Perrett, & Hietanen, 1993), particularly when socially relevant objects are observed (Martin
& Weisberg, 2003). Previous work has suggested the involvement of the STC in processing
information regarding status cues (Allison et al., 2000; Adolphs, 1999; Hasselmo et al.,
1989). The current data support this contention. The main effect of hierarchy cues revealed
large bilateral regions of activation that, although centered in BA 19, extended into the posterior
STC. Moreover, the connectivity results suggest that the VLPFC may make use of information
represented by the STC to orchestrate an appropriate response to status-relevant cues.

The left middle frontal gyrus (DLPFC), in which we observed a main effect of status cues, has
frequently been implicated in top—down attentional control (Miller & Cohen, 2001; Desimone
& Duncan, 1995). Greater attention is generally directed toward high-status than low-status
individuals in a social group, a finding seen across primate species, including humans
(Shepherd, Deaner, & Platt, 2006; Kleinke, 1986). Individuals across the social hierarchy will
forfeit food in order to view high-status group members (Deaner et al., 2005). Participants in
our study also rated high-status cues as more attention grabbing than low-status or neutral cues.
Activation in the DLPFC in response to high-status cues may reflect the recruitment of top—
down control to increase attention to individuals displaying these cues.

Limitations
One limitation of this study is the absence of explicit behavioral data aimed at paralleling the
effects observed in the analyses of neural activation. The fMRI task was designed to minimize
explicit task demands, limiting available information about explicit behavioral responses to
status cues. Reaction time data for the fMRI did reveal a three-way interaction among stimulus
gender, subject gender, and pose, such that both male and female responses were slowed by
opposite-gender but not same-gender high-status cues, but no differences were found between
male and female subjects looking at low-status cues. This interaction is consistent with VLPFC
activation patterns and our hypotheses. However, explicit behavioral data measuring response
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modification to status cues would be informative. The explicit behavioral data we collected
assessed the relationship between status cues and affective valence rather than behavioral
response modifications relevant to VLPFC activation. Future studies assessing the relation
between explicit behavioral and neural responses would provide valuable information on the
nature of the neural responses to status cues.

Another limitation of this study is that the combinations of cues used to create status-related
poses limited our ability to determine independent effects of each separate cue on neural
activation. However, no data from prior studies indicate that the cues we used (gaze, gesture,
posture, or brow position) independently generate VLPFC activation patterns like those we
observed. Gaze direction affects activity in the intraparietal sulcus, the fusiform gyrus, the
STC, and the VMPFC (Schilbach et al., 2006; Garrett, Menon, MacKenzie, & Reiss, 2004;
Kingstone, Tipper, Ristic, & Ngan, 2004; George, Driver, & Dolan, 2001; Hoffman & Haxby,
2000) but not the VLPFC. Nonverbal gestures and postures activate the STC and the primary
motor cortex as well as neurons in the “mirror” systems of the ventral premotor and inferior
parietal cortex (Blake & Shiffrar, 2007). Changes in object size (relevant to posture changes)
activate primarily occipital and parietal regions (Cavina-Pratesi, Goodale, & Culham, 2007).
No fMRI studies have examined responses to brow cues in isolation. We conclude that the
patterns of VLPFC activation observed in the present study were in response to changes in
apparent status created by a combination of cues rather than to any one of the cues in isolation.

Conclusion
The organization of human social groups depends heavily on hierarchical structures.
Monitoring the status of other group members and effectively modulating behavior in response
to status cues is crucial for an individual’s adaptive functioning. Neurological or psychiatric
disorders that impair these processes generally result in serious social deficits (Karafin et al.,
2004; Mah et al., 2004; Blair & Cipolotti, 2000). Little prior information exists regarding the
neural structures that subserve the processing of status cues. The present data indicate that the
VLPFC, in interaction with the STC and the VMPFC, plays a crucial role in monitoring such
cues. We suggest that the VLPFC recruits information from these regions during the processing
of status cues to facilitate modulation of socially adaptive behavior.
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Figure 1.
Sample stimuli showing high (left), neutral (center), and low (right) status poses.
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Figure 2.
Ratings of status across male and female stimuli and judges (1 = subordinate; 7 = dominant).
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Figure 3.
Prefrontal regions obtained from random-effects analysis of the main effect of hierarchy cue
(high status, neutral, low status). (A) A region of the right VLPFC showed greater activation
during presentation of high-status poses than neutral or low-status poses. (B) A region of the
left DLPFC also showed greater activation during presentation of high-status poses than neutral
or low-status poses.
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Figure 4.
Cortical regions obtained from random-effects analysis of the interaction of Subject gender ×
Stimulus gender × Hierarchy cue (high status, neutral, low status). (A) Bilateral regions of the
VLPFC showed greater activation during presentation of opposite-gender high-status poses
than during same-gender poses or opposite-gender low-status poses. This pattern was observed
for both female (black lines) and male (red lines) participants. (B) A region of the left STC
also showed greater activation during presentation of opposite-gender high-status poses than
during same-gender poses or opposite-gender low-status poses.
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Figure 5.
Response times (RTs) to high-status, neutral-status, and low-status cues across male and female
stimuli and participants.
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