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Primates depend for their survival on their ability to understand
their social environment, and their behavior is often shaped by
social circumstances. We report that the orbitofrontal cortex, a brain
region involved in motivation and reward, is tuned to social
information. Macaque monkeys worked to collect rewards for
themselves and two monkey partners. Behaviorally, monkeys
discriminated between cues signaling small and large rewards,
and between cues signaling rewards to self only and reward to
both self and another monkey, with a preference for the former
over the latter in both instances. Single neurons recorded during this
task encoded the meaning of visual cues that predicted the
magnitude of future rewards, as well as the motivational value of
rewards obtained in a social context. Furthermore, neuronal activity
was found to track momentary social preferences and partner’s
identity and social rank. The orbitofrontal cortex thus contains key
neuronal mechanisms for the evaluation of social information.

decision making | social cognition | neurophysiology

COnverging sources of evidence from lesion, electrophysiologi-
cal, and neuroimaging studies show that the orbitofrontal
cortex (OFC) plays a key role in motivated behavior (see, for ex-
ample, refs. 1 and 2). The OFC has been shown to contain a rep-
resentation of various natural reinforcers, both appetitive (3) and
aversive (4), and to be involved in encoding the subjective value of
stimuli (5, 6). This finding has led to the conjecture that a common
neural-reward currency might exist, which the brain could use to
evaluate the cost and benefits of different options during decision
making (7, 8).

Obviously, decision making is a process that must integrate
a large number of parameters and one such parameter lies in the
fact that primates, like many other species, are inherently social
beings. Social cues from the environment and internal drives, such
as concern for others, social comparison, or perceived status, have
a strong impact on our behavior and on the value we assign to
objects or actions. Several studies have contributed to defining the
contours of a “social brain” dedicated to the processing of socially
relevant stimuli and to the regulation of emotional and behavioral
responses in a social context (9). Logically, this cerebral network
shows considerable overlap with brain structures involved in mo-
tivation and value-based decision making, including the OFC. In
monkeys, damage to the OFC causes social-interaction deficits,
such as a decrease in communicative facial expressions, reduced
responses to threatening or affiliative gestures, and impaired de-
velopment of maternal bonding (10). In humans, damage to the
OFC is associated with personality changes and socially in-
appropriate behavior (11-13), and with impairments in the ex-
pression of social emotions, such as attachment, fear, and
aggression (14, 15). Notably, it has been suggested that the OFC is
involved in valuation mechanisms in social context and contributes
to decision making based on social reputation and trust (16), and
in the generation of emotions, such as anticipated regret (17, 18).

Somewhat surprisingly, little information is available on the
fine-scale neuronal processing of social information and its in-
fluence on valuation mechanisms. In the present study we asked
the question whether social variables are represented and can
modulate value encoding by the OFC.
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Results

We recorded single OFC neurons in two monkeys who were
trained on a simple visual discrimination task in which they could
earn rewards for themselves and for two passive monkey partners
physically present in the testing room (Fig. 1). Two main blocks of
trials were run (Fig. 24). In the nonsocial block, only the active
monkey earned reward, in the form of a small, medium, or large
drop of water. A different visual shape was associated with each
reward outcome. These “self-only” trials served to identify reward-
value sensitive neurons. In the social block, medium-sized reward
trials to self-only were intermixed with “joint” reward trials, where
both the monkey and a predesignated partner earned a medium-
sized reward. This block served to test the hypothesis that reward
value is influenced by the social context and to establish whether
this influence is reflected in reward prediction activity by OFC
neurons. Because access to fluid was only allowed when in the
laboratory and for a fixed period, the best way for the monkey to
maximize fluid intake was to respond correctly on all trials for as
long as it was allowed to work. Under such circumstances, per-
formances were not expected to show large variations across re-
ward conditions, but where present, were taken as an indicator of
the incentive value of the different conditions.

Not surprisingly, in the nonsocial block the monkeys worked
significantly better for large than for small rewards (P < 0.01 for
monkeys Mo2 and Mo4) (Fig. 2B), thus exhibiting a straightfor-
ward relation between reward size and motivational value. In the
social block, monkeys were on average more willing to work when
they were the sole reward recipient than when rewards were
granted jointly to the monkey and a partner (P < 0.01 for both
monkeys). Note that the amount of water earned by the working
monkey was constant across the different conditions of the social
block (i.e., the reward was not divided between the monkey and
her partner). This finding suggests that the active monkey’s per-
ception of its own reward was somehow devalued by the con-
comitant reward given to the partner (further information on
behavioral performance in the social block is presented in SI Ex-
perimental Procedures, Behavior and Fig. S1).

To check that, in the social block, the lower performance on
joint-reward trials was related to the social context and not merely
to the perceived loss of a potential reward, a control experiment
was run on one of the monkeys. Self-only and joint-reward trial
blocks were conducted with the monkey facing partner 1 on one
side and an empty monkey chair equipped with a reward dispenser
on the other side. On joint trials with the empty chair as “partner,”
after the monkey responded to the dimming of the cue, a drop of
water came out of the sipper tube but no one was there to collect it
and it simply dripped to the floor. In this task configuration, the
proportion of correct responses was significantly reduced on true
joint trials, but not on empty-chair trials (Fig. S2), indicating that
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Fig. 1. Task description and localization of recording sites in the OFC. (A)
Typical joint-reward trial sequence in which a monkey responds to a visual
instruction by releasing a manual lever to obtain a reward for itself and for
a predesignated partner. The shape of the reward cue specifies the trial’s
reward contingency. The arrow above the panels indicates the steps that are
omitted on self-only reward trials. (B, Left) Drawing of a coronal section
through the left frontal lobe of monkey Mo2 at the level indicated on the
lateral view. Marks left by two electrode tracks are visible on the enlarged
Nissl-stained picture. (Scale bar, 1 mm.) At the level shown in this drawing,
area 13 is roughly bounded laterally by the fundus of the lateral orbital
sulcus (LOS) and medially by the fundus of the medial orbital sulcus (MOS).
(Right) Coronal view of anatomical MRI scans of monkey Mo4 showing the
recording chamber position. A special grid with five holes in the central row
filled with omega 3 and spaced 3-mm apart was inserted in the chamber,
serving as reference to identify the position and angle of electrode tracks
with respect to the underlying cortical tissue.

reward devaluation in the context of this task is specifically induced
by the social context through a process of social comparison.

Neural Encoding of Value for Rewards Obtained in a Social Context.
Single-unit recordings were carried out in the OFC. The main
criterion that was applied to select a neuron for recording was
that it exhibited a clear visual responsiveness. Task-related
responses were found in 163 of 213 recorded neurons, mostly
located within area 13 of the OFC (see Fig. 1B for verification of
recording locations). These cells exhibited statistically significant
discharge activity related to at least one task event: partner des-
ignation, reward-cue presentation, manual response to cue dim-
ming, reward delivery (Table 1). The present report focuses on
cue-related activity. Sixty neurons showed such activity in both
nonsocial and social trial blocks and thus allowed us to analyze
reward-value signals in both contexts.

Let us first consider the nonsocial block: the majority of cue-
responsive neurons were modulated by reward size and fell in
one of two main categories: (i) up-modulated cells, showing
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Fig. 2. Behavioral performance. (A) Reward configurations on nonsocial
and social trial blocks. (B) Mean percent correct responses of monkeys Mo2
(n = 47 sessions) and Mo4 (n = 45 sessions) as a function of reward size in the
nonsocial block, and for joint and self-only reward conditions in the social
block (asterisks and horizontal lines indicate significant pair-wise compar-
isons, P < 0.01). (C) Distribution of eye fixations over the workspace for
different task epochs (combined data from Mo2 and Mo4). On joint-reward
trials, monkeys briefly looked at the designated partner’s face before fixing
their eyes on the visual cue. Right after responding to dimming of the cue,
they shifted their gaze back to the partner’s face, thereby anticipating the
delivery of the partner’s reward. On self-only reward trials, the monkeys
kept looking at the screen until their own reward was delivered.

a monotonic increase in firing rate with predicted reward size (n =
29/60, 48%) and (ii) down-modulated cells, showing a monotonic
decrease in firing rate with predicted reward size (n = 23/60, 38%).
Such neurons have been reported consistently in the OFC and are
generally interpreted as describing the motivational value of an-
ticipated rewards (5, 19-21). The remaining neurons (n = 8/60,
13%) showed complex, nonlinear firing patterns to the three
reward sizes.

Because these OFC neurons also responded to the reward in-
struction cues in the social block, it was possible to test the hy-
pothesis that cue-related activity encodes the motivational value of
expected rewards when motivation is conditioned by the social
context. Following the behavioral results, we predicted that if one’s
own reward is devalued by a partner’s concomitant reward, then
this diminished value should be reflected in the firing pattern of
motivation-coding neurons. This result is indeed what we found.
Up-modulated cells responded more strongly to the cue an-
nouncing a self-only reward than to cues indicating that rewards
would be jointly obtained, in close correspondence to the behav-
ioral pattern (Fig. 34). Down-modulated cells responded with
a weaker discharge for self-only than for joint rewards (Fig. 3C).
Population activity for the cells that responded to the reward cue
in both the nonsocial and the social blocks are shown in Fig. 3B
(up-modulated n = 29, nonsocial block P < 0.04, social block P <
0.002) and Fig. 3D (down-modulated n = 23, social block P < 0.05,
nonsocial block P < 0.03). It can be observed that precue activity
level is higher in the social block, in particular, in Fig. 3D. This
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Table 1. Neuronal response counts

Partner designation ~ Cue onset  Bar release  Partner reward  Actor reward  Total
Mo 2 19 53 Y 25 15 153
Mo 4 12 34 15 19 10 90
Total 31 87 56 44 25 243

Of 213 total recorded neurons, 163 OFC cells (89 and 74 neurons recorded in Mo2 and Mo4, respectively) had
complete datasets and activity associated to at least one task event. A given cell could respond to more than one
event. Column totals represent the number of cells that responded to a given event. Row totals correspond to

the number of significant responses.

difference is in part because some of these neurons had a visual
response to faces at the time of partner designation (see below).
However, baseline firing rate of the neurons between trials was
also higher in the social than in the nonsocial block both at the
single unit (compare e.g., in Fig. 3C, the medium-blue rasters in
the nonsocial and in the social blocks) and population levels (Fig.
S3). This global activity change might signal a heightened state of
arousal in the social block reflecting the monkey’s knowledge that
the partners would be receiving water, and perhaps also, the per-
ception of some subtle change in the behavior of the partners
themselves. To test whether activity levels before the cue
accounted for the differences between reward conditions in the
social block, we ran separate analyses of covariance on the up-
modulated and down-modulated populations, using mean activity
during the 500-ms period before cue onset as a covariate. The
effect of joint-reward cues remained significant when the variance
associated with the precue activity, was accounted for in both
neuronal subpopulations [up-modulated: F(2,81) = 4.48, P < 0.02;
down-modulated: F(2,63) = 3.80, P < 0.03].
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To quantify the relation between cell discharge activity in the
two blocks, we computed for each neuron a modulation index for
the reward size effect in the nonsocial block and for the reward-
sharing effect in the social block (SI Experimental Procedures, Data
Analysis). The two indices were significantly correlated (r = 0.57,
P <0.02) (Fig. 4). Therefore, neuronal populations that respond to
predicted reward size, through excitatory or inhibitory modulation,
do not merely report the expected quantity of reward but the moti-
vational value assigned to it. In keeping with the notion that mo-
tivation is a complex multivariate construct (22), the present re-
sults suggest that its neural representation in the OFC integrates
the influence of socially based factors—in addition to intrinsic
properties—on the motivational value of rewards.

In studies of choice behavior, OFC neurons are found to show
range adaptation and encode rewards in relative terms, their firing
rate scaling to the preference between food items (5) and to the
range of offered reward values (23, 21). A similar phenomenon is
observed here when comparing the response to the identical out-
come in the nonsocial and social blocks. The cue response to the
medium self-only reward in the social block for the up-modulated

A A+P1 A+P2
l

C

cell T145

Fig. 3. Single-unit and population activity of OFC
neurons in the nonsocial and social blocks. (Left three
panels in A and C) Examples of single units with, re-
spectively, up-modulated and down-modulated re-
sponses as a function of reward size; (Right three
panels) Activity of the same two neurons in the social
block. (B and D) Normalized spike density curves and
mean discharge rate for the neuron population from
which the corresponding single-unit examples are
drawn. The thick horizontal bar below the spike den-
sity curves in B indicates the time window used for
computing all statistical tests on mean population ac-
tivity (Right). The asterisks and thin black or blue hor-
izontal lines indicate significant pair-wise comparisons
(P < 0.01).
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Fig. 4. Relationship between reward size and social context modulation.
Modulation indices of general form (a — b)/(a + b) were computed for all cells
exhibiting cue-related response in the nonsocial and social block (S/ Experi-
mental Procedures, Data Analysis). For indicative purposes, indices of 0.11,
0.20, and 0.33 correspond to activity differentials of 25%, 50%, and 100%,
respectively (regression r? =0.329, P < 0.02).

cell population is higher (or lower for the down-modulated cell
subset) than the response to the same medium reward in the
nonsocial block. Thus, the motivational value of a given reward
offer is influenced by the social context and this socially adjusted
value is reflected in the level of OFC activity, as it is in the mon-
keys’ behavior (Fig. 1B, middle bars, Left and left bars, Right).

Evidence for Social Preference? Performance on joint-reward trials
did not, on average, depend on who the partner was, whether it was
the dominant member of the social group (partner 1, Mo1) or the
partner who could procure rewards on the monkey’s “day off”
(partner 2: Mo2 for Mo4 and Mo4 for Mo2). This finding could
suggest that the monkey did not clearly associate the joint-reward
cue to a specific partner, but this is clearly not the case. Eye-
movement records (Fig. 2C) show that although the monkeys
looked exclusively at the center of the screen until the dimming of
the cue, following lever response their gaze anticipated the reward
outcome. On self-only trials, the monkey kept looking at the screen
center until the delivery of its own reward. On joint-reward trials,
the monkey gazed at the future reward recipient, well before
delivery, and never looked at the other partner. The absence, on
average, of a clear social preference, might thus suggest that
monkeys were aware of which of the two partners would be
rewarded but had no particular incentive to favor one over the
other. Another possibility is that social preferences existed but
were fluctuating and masked by session-to-session variability. We
therefore examined behavioral data from the social block and
reassessed the corresponding single-unit activity to test whether
neuronal modulations associated with reward prediction tracked
the monkeys’ social biases. We identified sessions in which there
was a significant difference in the proportion of rewards procured
to partner 1 and partner 2 (y* test, a-level set at P < 0.05). A
social-preference effect was present in one-fourth of the sessions
(23 of 92), and in the majority of cases (18 of 23, 78%) we found
that the monkeys were selectively biased against partner 1 and in
favor of partner 2. The reason for this finding is unclear. It could
indicate a greater reluctance to procure rewards to a dominant
monkey than to a lower ranking one. Another possibility is that
monkeys Mo2 and Mo4, who acted as each other’s partner 2,
might have been displaying a form of differed reciprocity but were
somewhat disinclined to share with the monkey who could never
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reciprocate. Whichever is the correct explanation, the fact that
a systematic behavioral preference was present in some of the
sessions allowed us to search for its neural correlates in the OFC.

The neuronal population illustrated in Fig. 3 was therefore
sorted according to performance on individual recording sessions,
distinguishing between sessions in which partner 2 was preferred
over partner 1 and sessions in which no preference or the opposite
preference was found. The results are presented in Fig. S4 and
show selectively enhanced responses to the partner 2 cues on
sessions in which it is the preferred partner, but no such en-
hancement on sessions in which no behavioral bias is present.
Thus, cue-related activity on joint-reward trials reflected the cur-
rent social preference of the monkeys performing the task.

Neural Activity in the OFC Unrelated to Motivational Value. In ad-
dition to neurons that directly encode motivational value of joint
rewards, we found other cells in the OFC that showed cue ac-
tivity related to the social context of the task. These cells enco-
ded the identity of the rewarded individuals in the social block,
and responded selectively or maximally to one of the three
conditions: self-only reward (n = 8), joint reward with partner 1
(n = 8), joint reward with partner 2 (n = 10). The remaining cells
responded indiscriminately to the three conditions (n = 2) (Fig.
S5). However, because these cells showed no reward size-related
modulation in the nonsocial block, they cannot be considered as
carrying a motivational value signal. It is probably more accurate
to interpret the significance of these responses as encoding the
identity of the reward recipient specified by the cue. Thus, al-
though one subpopulation of cue-responsive neurons conveys the
motivational value of rewards (“what this reward is worth to
me”), extending this role to socially influenced value, another
subpopulation carries the social context information (“who is
getting a reward”), which is needed for value computation.

A social dimension was also represented by a class of OFC
neurons that discharged when the monkeys gazed at their partner’s
face at the onset of joint-reward trials. These cells were modulated
by facial identity (Fig. 54). Surprisingly, the distribution of these
face-sensitive neurons was strongly biased, with a large majority of
cells responding preferentially to the face of partner 1 (partner 17 =
22, partner 2 n = 4, no difference n = 5, X2 = 19.9, P < 0.0001),
a phenomenon that accounts for the large difference visible in the
population responses (Fig. 5B). It is highly unlikely that such
a difference could result from a sampling bias. One possible ex-
planation is that the monkeys attended more and directed their
gaze longer to partner 1, the dominant monkey, than to partner 2.
We therefore computed the amount of time the monkeys spent
looking at each face in the 500-ms interval between partner des-
ignation and fixation of the central target. Monkey Mo2 showed no
gazing bias (respectively 122 and 110 ms for partner 1 and partner
2, t test P = 0.60) but monkey Mo4 showed a nonsignificant
preference for looking at partner 2 (respectively 120 and 154 ms
for partner 1 and partner 2, ¢ test P = 0.06).

An alternative explanation for the stronger representation of
partner 1 is that face neurons in the OFC encode social status. We
approached this issue using our limited dataset by quantifying the
hierarchical position of each monkey in the colony using obser-
vations of their natural social interactions (SI Experimental Pro-
cedures, Animals). We then examined cell-population activity
separately for each of the recorded monkeys and related it to the
social rank of their respective partners (Fig. 5B). Monkey Mo2’s
partners were Mol, the highest-ranked member of the minicolony,
and Mo4, the lowest-ranked member. Population activity for cells
recorded from monkey Mo2 showed a large difference between
the high- and low-status partners (P < 0.001). In contrast, monkey
Mo4’s partners were Mol, the highest-status monkey, and Mo2,
who was ranked lower but close to Mol. In this monkey, pop-
ulation activity showed only a small difference between the two
partners (P < 0.04). Pooling the mean population responses from
the two monkeys and plotting these against measured social rank
suggests that the activity of OFC face-selective neurons encode the
perceived social rank of an individual relative to the observer (Fig.
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Fig. 5. Face-selective responses of OFC neurons. (A) Single unit from mon-
keys Mo4 (Left) and Mo2 (Right). Both cells respond more strongly to P1 than
P2 (Left: P1=62.4 sp/s and P2=52.5 sp/s; Right: P1= 24.8 sp/s and P2= 9.5 sp/s).
(B) Respective normalized population spike density curves and mean dis-
charge rate. (C) Social status score of the four members of the colony (S/
Experimental Procedures, Animals). (D) Relationship between face-selective
mean population activity and social status score (regression r? = 0.937, P <
0.002). Color codes correspond to the same individuals in the different
panels. (Conventions as in Fig. 3, asterisk and horizontal lines indicate sig-
nificant pair-wise comparisons, P < 0.05 or better).

5 C and D). Obviously, a more rigorous test of this hypothesis
would necessitate a broader set of exemplars of faces of monkeys
with different social ranks.

Discussion

Several brain areas contain neurons that carry reward information,
including the midbrain dopaminergic nuclei, basal ganglia, and
several cortical areas (24, 25). It has been proposed that one
characteristic of the OFC is its capacity to encode reward value in
a common neural currency (23). This capacity is a useful mechanism
in decision making when one needs to choose between disparate
alternatives, like different kinds of food, and between alternatives
that are complex and require combining several positively and
negatively weighted attributes, as in most real-life situations. Social
information is one such attribute and it can possess a finite value, as
shown in a behavioral study in which monkey observers could “pay”
for access to social information by renouncing to a certain amount
of juice reward (26). In the present study, we show that social in-
formation weighs on the valuation process that takes place in the
OFC, and that it is expressed in neurons describing the value
assigned to joint and self-only rewards.

Social comparison provided the monkey with a means to eval-
uate its own reward. When it expected to acquire a given reward
size for itself but also that a monkey partner would receive an
identical reward, the monkeys’ motivation, as measured through
its correct response rate, was reduced to a level corresponding to
a smaller reward size in the nonsocial block. This finding suggests
that the knowledge that the partner would obtain a reward had
a value that was in a sense “subtracted” from the intrinsic value of
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the monkey’s reward. One possible explanation for such behavior
is an adversity to the inequity inherent in the temporal order of
rewards. The delay between lever release and delivery of reward to
the active monkey was the same for all reward conditions; hence,
the temporal discounting of the rewards was objectively constant.
However, the fact that the partner received its reward first might
have generated a perceived inequity. Our results are nevertheless
consistent with other studies, where this explanation may not ap-
ply. A behavioral experiment related to our own, but using a direct
preference response, also found that monkeys more often choose
a reward to self-only than a reward to both self and another
monkey (27). Furthermore, observations made on a large animal
colony showed that when a macaque can choose, by pulling on one
of two slides, between granting food access to itself only or to both
itself and a partner sitting in an adjacent compartment, altruistic
behavior is not exhibited systematically (28). Prosocial choices are
generally directed by high-ranking individuals toward low ranking
ones, and almost exclusively in favor of kin partners. The lower in
the social hierarchy and the more distant the kinship, the more
egoistical monkeys behave toward others (see SI Experimental
Procedures, Working for No Reward? for further evidence of lack of
altruism in this type of experimental paradigm).

The monkeys’ lower motivation to work for joint rewards is
encoded through reduced activity in one class of neurons, the firing
rate of which is a direct function of reward value, and through
enhanced activity in another class of neurons, the firing rate of
which is an inverse function of reward value. A further analysis
indicates that OFC neurons may also track social preference by
showing enhanced activity when joint rewards are obtained with
the session’s preferred partner. This finding argues for a motiva-
tional-value representation in the OFC that integrates the in-
fluence of social context on goal-directed actions. Such mecha-
nisms would be well suited to play a role in evaluation processes
taking place during social comparison (29, 30), and in emotions
such as regret, envy, or gloating, which influence our decision
making (31, 32).

In the present study, the animal’s choice was between accepting
and declining a reward offer. Declining an offer had a cost in terms
of access to fluid and should happen only if the expected benefit
does not justify the expenditure of attentional and motor resources
needed to generate the operant response. The relationship be-
tween the behavior and the neuronal responses that we measured
in the OFC thus reflect the motivational value of individual reward
outcomes. Subjective preferences were inferred indirectly by
comparing the proportion of accepted offers for each individual
option. This aspect is a limitation of our study, compared with
experiments that use forced-choice paradigms, and thus allow
computations of neural functions of decision value (5, 23, 27).
Nevertheless, the fact that the reward-size effects that we found in
the OFC are qualitatively similar to those reported in decision-
making studies suggests that the present results do capture some
aspect of subjective value. In fact, there is good evidence that
identical conclusions about the effects of reward value on behavior
can be drawn from a single cue or a choice task (21).

Although value-encoding is a salient feature of OFC function
(3), this is by no means its only function and we found other classes
of neurons that were intermingled with reward-value sensitive
neurons. Macaque monkeys have a cognitive representation of
identity and spontaneously associate corresponding faces and
voices of familiar conspecifics (33). Visual responses to faces have
been reported in the macaque OFC (19) and a prefrontal face-
specific zone has been identified in macaques at a location con-
sistent with our recording sites using functional MRI (34). Here we
report that neurons responding when monkeys look at the face of
other group members are not merely selective to facial features,
but describe the identity of individual faces. The fact that an en-
hanced response to the high-status partner’s face was found in
both of the recorded monkeys is consistent with a possible neu-
ronal representation of social rank. Although this conclusion must
await further evidence, because the social group we studied was
quite small, it is quite plausible given that one well-known
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characteristic of social organization in macaque societies is the
matrilineal hierarchy that exists between families and is inherited
from mothers to daughters (35). Awareness of one’s social rank
and of the rank of other members of the group has important
adaptive value (access to shared resources, protection against
competitors), and it is not surprising that female monkeys in
captivity also exhibit strict dominance relationships. Computation
of social status by the OFC might be a prerequisite for strategic
adaptation of behavior to the social context, a process in which the
more lateral portion of the prefrontal cortex has been implicated
(36).

In conclusion, we show that the activity of area 13 neurons is
modulated in a manner that could mediate social comparison and
decision-making in a social context. How pervasive such properties
are within the network of areas that have been linked to the pro-
cessing of reward, motivation, and emotions is unclear. Neuro-
imaging data suggest a possible topography related to the degree
of abstractness and to the valence of reinforcers within in the
human OFC (37). Although social modulations of neuronal ac-
tivity were observed throughout the portion of area 13 that was
explored in the present study, it would be interesting in the future
to explore possible functional homologies between the two species.
Other regions that are functionally related to the OFC, particularly
the insula (38) and the anterior cingulate cortex (39, 40), have also
been implicated in these functions. Further work is needed to
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characterize more precisely the nature of social information pro-
cessing in these different brain structures.

Experimental Procedures

The monkeys who participated in the experiments were all females, housed in
a hierarchically organized colony of four animals. Monkey Mo1, the dominant
member of the group, served as one of the passive partners. Monkeys Mo2 and
Mo4 performed the task and also served as each other’s passive partner (des-
ignated as partner 2) on alternate sessions. Briefly, rewards could be earned by
fixating a visual cue appearing on a horizontal screen placed in full view of the
three monkeys, and releasing a hand-held lever within 400 ms of cue-dimming.
No reward was distributed if the monkey broke fixation or released the lever too
early or too late. The cue’s shape specified the reward condition. In the nonsocial
block, only the active monkey was rewarded and the cue predicted the size of
the upcoming reward. In the social block, the cue specifies whether the current
trial was a “self-only” trial, in which the active monkey earned a medium-sized
reward (33%), or a “joint” trial, in which both the active monkey and either
partner 1 (33%) or partner 2 (33%) earned a medium-sized reward.

Further details on the behavioral and electrophysiological methods are
presented in S/ Experimental Procedures.
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