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Humans devote 30–40% of speech output solely to informing others
of their own subjective experiences. What drives this propensity for
disclosure? Here, we test recent theories that individuals place high
subjective value on opportunities to communicate their thoughts
and feelings to others and that doing so engages neural and cognitive mechanisms associated with reward. Five studies provided support for this hypothesis. Self-disclosure was strongly associated
with increased activation in brain regions that form the mesolimbic
dopamine system, including the nucleus accumbens and ventral
tegmental area. Moreover, individuals were willing to forgo money
to disclose about the self. Two additional studies demonstrated that
these effects stemmed from the independent value that individuals
placed on self-referential thought and on simply sharing information with others. Together, these ﬁndings suggest that the human
tendency to convey information about personal experience may
arise from the intrinsic value associated with self-disclosure.
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tudies of human conversation have documented that 30–40%
of everyday speech is used to relay information to others
about one’s private experiences or personal relationships (1–4),
and recent surveys of Internet use indicate that upwards of 80%
of posts to social media sites (such as Twitter) consist simply of
announcements about one’s own immediate experiences (5).
Although other primates do not generally attempt to communicate to others what they know—for example, by pointing out
interesting things or modeling behaviors for others to imitate—
by 9 mo of age, human children begin trying to draw others’
attention to aspects of the environment that they ﬁnd important
(6), and adults in all societies make consistent attempts to impart
their knowledge to others (7). Recently, a number of commentators have argued that such unusually high rates of disclosure
derive from a species-speciﬁc motivation to share one’s beliefs
and knowledge about the world (6, 7), suggesting that our species
may have an intrinsic drive to disclose thoughts to others. This
account suggests the following hypothesis: To the extent that
humans are motivated to propagate the products of their minds,
opportunities to disclose one’s thoughts should be experienced
as a powerful form of subjective reward. Here, across ﬁve studies,
we used a combination of neuroimaging and cognitive methods
to demonstrate empirical support for this possibility.
Over the past two decades, researchers have characterized a
system of neural regions that responds to the anticipation and
receipt of reward (8–11). In both humans and animals, the mesolimbic dopamine system—which includes the nucleus accumbens
(NAcc) and the ventral tegmental area (VTA)—responds robustly
to primary rewards such as food (12–15); secondary rewards such
as money or other tokens that can be exchanged for primary
rewards (16–22); and even social rewards such as learning that
others share one’s opinion, experiencing humor, or catching a brief
glimpse of an attractive member of the opposite sex (23–27).
In the current studies, we capitalized on the consistency of such
ﬁndings to examine whether these same brain regions are engaged by
opportunities to disclose information about one’s self. In these studies, participants underwent functional magnetic resonance imaging
(fMRI) scanning while alternately disclosing their own beliefs and
opinions or speculating about the beliefs and opinions of another
person. To the extent that revealing one’s own thoughts is intrinsi8038–8043 | PNAS | May 22, 2012 | vol. 109 | no. 21

cally rewarding, we expected greater activity in the NAcc and VTA
to accompany trials in which participants answered such questions
about themselves than when they answered questions about others.
In addition, we assessed the value associated with opportunities
for self-disclosure behaviorally. To do so, we developed a modiﬁed
version of the “pay-per-view” task introduced by Deaner, Platt,
and colleagues (28, 29). In this task, participants make a series of
choices between stimuli with ﬁxed value (such as money) and
a second category of stimuli with unknown subjective value. For
example, Deaner et al. (28) had macaques choose between variable amounts of a primary reinforcer (juice) and brief visual displays of a high-status groupmate. Monkeys waived signiﬁcant
amounts of juice for the opportunity to view a dominant male,
suggesting that such displays have high subjective value. In much
the same way, Hayden et al. (29) quantiﬁed the reward associated
with beauty and sexual attraction by measuring the amount of
money that university students would forgo to view brief visual
displays of attractive members of the opposite sex. Here, we used
similar logic to assess the value associated with self-disclosure. To
the extent that revealing one’s own thoughts is intrinsically rewarding, we expected participants to forgo more money to answer
questions about themselves than about others.
Results
In study 1a, participants (n = 78) alternately disclosed their own
opinions or judged the opinions of others (30, 31). In study 1b,
participants (n = 117) alternately disclosed their beliefs about their
own personality traits or judged the traits of another person (Fig.
S1). For both sets of data, we conducted two parallel analyses to
examine whether neural regions associated with reward—speciﬁcally, the NAcc and the VTA—were engaged by the opportunity to
disclose one’s own beliefs or opinions more than by considering
those of another person. First, we conducted a whole-brain randomeffects contrast to identify regions that were more active for self >
other trials (P < 0.05, corrected; see Tables S1 and S2 for full results).
Replicating earlier work, this contrast revealed an extensive region
of medial prefrontal cortex (MPFC), a region that has consistently
been associated with self-referential thought (32–34). More importantly for the current hypothesis, this analysis also revealed robust activity in those neural regions implicated in reward processing.
In study 1a, signiﬁcantly greater response was observed in the NAcc
bilaterally when disclosing one’s own opinions and attitudes than
when judging those of another person (Fig. 1A). In study 1b, both
the NAcc bilaterally and the VTA (cluster extent = 22 voxels)
responded more strongly when disclosing beliefs about one’s own
personality traits than when judging the traits of others (Fig. 1B).
To conﬁrm that these regions overlapped with those responsive
to rewarding stimuli, we independently deﬁned neural regions from
a task in which a separate sample of participants (n = 14) received
monetary rewards [the Monetary Incentive Delay (MID) task] (18).
Replicating earlier research, we observed greater activity in bilateral

Author contributions: D.I.T. and J.P.M. designed research, D.I.T. and J.P.M. performed
research; D.I.T. analyzed data; and D.I.T. and J.P.M. wrote the paper.
The authors declare no conﬂict of interest.
This article is a PNAS Direct Submission.
1

To whom correspondence should be addressed. E-mail: dtamir@fas.harvard.edu.

This article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
1073/pnas.1202129109/-/DCSupplemental.

www.pnas.org/cgi/doi/10.1073/pnas.1202129109

Downloaded by guest on May 8, 2021

Fig. 1. Neural response during
self-disclosure. In addition to robust
activity in the MPFC, a whole-brain
random-effects contrast comparing
self > other trials reveals activity in
bilateral NAcc (P < 0.05, corrected)
in both (A) study 1a (peak MNI
coordinates: −10, 6, −12) and (B)
study 1b (peak MNI coordinates:
−6, 6, −8; indicated by arrows). (C)
A region of interest in bilateral
NAcc was independently deﬁned
using the Monetary Incentive Delay
task (MNI coordinates: 10, 6, −4; −8,
4, −6). (D) Analysis of parameter
estimates in this independently deﬁned region conﬁrmed that bilateral NAcc showed signiﬁcantly
greater response during self than
during other trials in both studies
1a and 1b. Error bars depict SE calculated for within-subject designs.
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value at which a participant effectively chooses arbitrarily between two question types (28). Thus, the PSE represents the relative monetary value of one question type over another.
Consistent with the hypothesis that self-disclosure is inherently
valuable, participants showed a signiﬁcant preference for answering questions about the self over both of the nonself question
types. When payoff amounts were equal between question types,
participants chose to answer self questions 69 and 66% of the time
over other questions and fact questions, respectively. Moreover,
calculations of the PSE showed that answering questions about the
self was worth signiﬁcantly more than either of the other two types
of questions. Participants gave up an average of 0.63¢ per trial to
perform the self task instead of judging another person [t(36) =
3.32, P = . 002, d = 1.11] and were willing to forgo an average of
0.54¢ per trial to perform the self task instead of answering a fact
question [t(36) = 2.12, P = 0.04, d = 0.71; Fig. 2B]. This translated
into an average loss of 17% of potential earnings, owing to participants’ choices to receive the lower payoff amount to answer
questions about the self. Just as monkeys are willing to forgo juice
rewards to view dominant groupmates and college students are
willing to give up money to view attractive members of the opposite sex, our participants were willing to forgo money to think
and talk about themselves.
Together, studies 1 and 2 provided both behavioral and neural
evidence that self-disclosure is intrinsically rewarding. However,
the results from answering questions about the self in studies 1
and 2 confound two possible sources of reward from self-disclosure. One possibility is that participants may simply place a high
value on introspecting about the self. Indeed, a good deal of research supports the idea that the self is a fundamentally positive
stimulus: people implicitly associate positive affect with the self
(45–47), overvalue their personal possessions (48, 49), and even
tend to adopt professions and live in cities that resemble the
sound of their name (47). Thus, perhaps just the act of thinking
about the self is sufﬁciently rewarding to account for the results of
studies 1 and 2. However, a more interesting possibility is that selfreferential thought might be even more valuable if those introspections are communicated to another person. If humans are
indeed motivated by the opportunity to propagate knowledge, we
should expect individuals to place especially high value on those
situations during which they not only have occasion to reﬂect on
their thoughts and opinions, but also are allowed to share their
insights (both self-referential and otherwise) with another person.
To examine these possibilities, in study 3 we measured responses
of the mesolimbic dopamine system while participants considered
their own opinions and then either shared them with another
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NAcc in trials during which participants anticipated and received
a small monetary reward ($2) than in those on which no reward was
available. These regions-of-interest (ROIs) were then interrogated
for responses during self-disclosure. In both study 1a and study 1b,
both left and right aspects of this independently deﬁned NAcc
cluster revealed signiﬁcantly greater activity during trials in which
participants disclosed their own beliefs or opinions than when they
judged those of others [study 1a: t(77) = 3.59, P = 0.0006, Cohen’s
d = 0.41; study 1b: t(116) = 3.73 P = 0.0003, d = 0.35; Fig. 1D].
Interestingly, a number of other fMRI studies have reported—but
not discussed—similar striatal activation associated with the contrast of self > nonself (35–39), supporting the hypothesis that disclosing about the self is experienced as intrinsically rewarding.
Although activation of the NAcc and VTA often reﬂects the
presence of rewarding stimuli or positive prediction errors (40),
these regions have also been shown to respond to nonreward
signals (cf. 41, 42–44). To obviate this potential ambiguity in the
interpretation of neural activation, study 2 deployed a completely different measure of the value associated with opportunities for self-disclosure. This behavioral assay examined the
amount of money that participants were willing to forgo to disclose information about themselves.
Participants (n = 37) in study 2 made a series of choices to
perform one of three tasks: (i) a self trial on which they reported
their own opinions and attitudes (e.g., “how much do you enjoy
winter sports such as skiing?”); (ii) an other trial on which they
judged the attitudes of another person (e.g., “how much does
Barack Obama enjoy winter sports such as skiing?”); or (iii) a fact
trial on which they answered “true” or “false” to a trivia item (e.g.,
“Leonardo Da Vinci painted the Mona Lisa”). On each of 195
trials, participants chose between two question types: that is,
between self and other, other and fact, or self and fact. Each choice
was associated with a small monetary payoff ($0.01–$0.04) that
the participants received at the completion of the experiment.
Payoff amounts for each choice varied across trials (and were
occasionally equal), as did the type of question for which participants received the larger amount. If participants experience selfdisclosure to be intrinsically rewarding, they should be willing to
forgo money to answer questions about themselves. On the other
hand, participants were free to maximize their ﬁnancial payoff by
consistently choosing whichever task paid the greater amount,
irrespective of the opportunity for self-disclosure. The relative
value of each task was modeled by calculating the point of subjective equivalence (PSE) between the question types. This value
was derived by ﬁtting a cumulative normal distribution curve to
each participant’s choices (Fig. 2A) and ﬁnding the monetary
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Fig. 2. Monetary value of self-disclosure. (A) Representative data from
one participant in study 2. The x axis
represents the difference between
the monetary values associated with
the two options presented in each
trial. Each dot indicates the percentage of times that the participant
chose to answer a self question over
a fact question (orange), a self question over an other question (red), or
an other question over a fact question (blue) at each of the monetary
differences between those two options. Negative values indicate that
participants incurred a relative monetary loss for answering a self question. The PSE was calculated as the
point at which a cumulative normal
distribution function, ﬁt to these responses, passes 50%. This point represents the relative monetary value
associated with one question type
over the other. (B) Across all participants in study 2, answering a question about the self was worth signiﬁcantly more than answering both
a question about another person or
a question about a fact. There was no
signiﬁcant difference in the relative
monetary value of an other and a fact question. (C) Data from one participant in study 4. This participant showed the most negative PSE for self shared trials (solid
red), forgoing 1 cent for each opportunity to share information about the self. (D) Across all participants in study 4, answering questions about the self was worth
signiﬁcantly more than answering questions about another person, and sharing answers with a friend was worth signiﬁcantly more than answering questions
privately. Each factor—self and sharing—contributed independently to the monetary worth of self-disclosure.

person or kept their answer private (Fig. S2). As in study 1, participants (n = 17) underwent fMRI while alternately disclosing
their own opinions and attitudes (self trials) or speculating about
the opinions of another person, Barack Obama (other trials). Importantly, participants arrived at the laboratory in the company of
a friend or relative, and their answers to half the questions were
displayed to this person via computer (shared trials), whereas
answers to the other half remained private (private trials). Thus, in
total, there were four possible trial types: self shared, self private,
other shared, and other private. Participants were informed that no
one, including the experimenters, would ever see their responses to
the private trials. As such, these instructions rendered the private
condition in this study even more private than in studies 1 and 2,
where participants may reasonably have assumed that the experimenters would view their responses.
We conducted three parallel analyses to test the separate contributions of introspecting about the self and disclosing those introspections to another person to the reward of self-disclosure. First, we
conducted two whole-brain random-effects contrasts (P < 0.05,
corrected) to examine the main effects of self > other trials (Fig. 3A)
and shared > private trials (Fig. 3B). The contrast of self > other
revealed robust response in the MPFC, replicating both study 1 as
well as a large extant literature linking this region with self-referential
tasks (32–34). However, this same region was not revealed by the
share > private contrast, suggesting that the MPFC response to the
self > other contrast does not reﬂect a response to self-disclosure per
se, but rather to the self-referential nature of self-disclosure more
speciﬁcally. In contrast, both the NAcc and the VTA responded
consistently to both the self and disclosure aspects of self-disclosure:
both contrasts of self > other and share > private revealed signiﬁcantly
greater activity in the bilateral NAcc and VTA, suggesting that
merely introspecting about the self is sufﬁcient to engage the mesolimbic reward system but that the opportunity to share such introspections is likewise rewarding (see Tables S1 and S2 for full results).
In a second analysis, we functionally localized the NAcc in the
same set of participants by examining neural responses to the anticipation and receipt of monetary rewards during the MID task (18)
8040 | www.pnas.org/cgi/doi/10.1073/pnas.1202129109

(Fig. 3C). Consistent with the results of the whole-brain analysis, a
2 × 2 repeated-measures ANOVA over activity in bilateral NAcc
revealed two main effects. First, we observed a signiﬁcant main effect of self > other [F(1,16) = 7.73, P = 0.013, d = 0.70], again
suggesting that introspecting about the self is more rewarding than
considering the opinions of others. Second, we observed a signiﬁcant main effect of sharing > private [F(1,16) = 17.02, P = 0.001, d =
1.03], suggesting that disclosing information to other people is more
rewarding than merely introspecting about one’s opinions privately.
No interaction was observed between the self and shared factors [F
(1,16) = 0.56, P = 0.47, d = 0.19], suggesting that the value of
disclosing information with others is not contingent upon that information being speciﬁcally about the self, nor is the value of introspection contingent upon having an audience for those thoughts
(Fig. 3D). Rather, both self-referential thought and sharing with
others provide two independent motivators for self-disclosure.
The design of study 3 was highly similar to studies 1a and 1b,
with one important exception. Because participants in study 1a
and 1b were never informed about who, if anyone, would see their
responses, it is unclear whether participants in these studies
regarded the situation as one in which their answers were being
shared (i.e., with the research staff) or remained private. In contrast, the presence or absence of an audience was made highly
salient in study 3, thus raising the possibility that participants
would more consistently regard the private trials as conﬁdential. To
examine the potential effect of these differences, we calculated the
effect sizes of the simple effect of self >other within both the shared
condition (d = 0.56) and the private condition (d = 0.35) from the
functionally localized ROI in study 3. These effect sizes were very
similar to the self > other effects from both study 1a (d = 0.41) and
study 1b (d = 0.35). In other words, although the private condition
of study 3 appears numerically smaller than the effects observed in
studies 1a and 1b, we observed nearly identical effects across
studies, suggesting that individuals value self-referential thought
even in the absence of either a real or an implied audience.
In a third analysis, we anatomically localized both the NAcc and
the VTA in each participant in native space, using a high-resolution
Tamir and Mitchell

Downloaded by guest on May 8, 2021

Tamir and Mitchell

question type by calculating the PSE between that question type
and the delay option by ﬁtting a cumulative normal distribution
curve to each participant’s choices and ﬁnding the monetary value
at which the participant was indifferent to the two options (Fig. 2C).
Consistent with the results of study 3, participants showed
a consistent preference for answering questions about the self, and
this preference was augmented when participants knew they were
communicating their answers to another person. When payoff
amounts were equal, participants chose to answer a self shared
question 69% of the time, an other shared question 67% of the time,
and a self private question 62% of the time. Only on other private
questions did participant choice behavior not differ signiﬁcantly
from chance (57%). Analysis of PSE scores revealed both a main
effect of self over other [F(1,40) = 5.08, P = 0.03, d = 0.36] and
a main effect of sharing over private [F(1,40) = 8.71, P = 0.005, d =
0.47] but no interaction between the two factors [F(1,40) = 0.37,
P = 0.55, d = 0.10]. As displayed in Fig. 2D, this pattern of results
was strikingly similar to that obtained using neural data in study 3:
participants were willing to forgo money to introspect about the
self, and even more money when they were able to disclose the
results of such introspection to another person. Indeed, this drive
for self-disclosure led to an average loss of ∼25% of potential
earnings on self shared trials. As it happened, participants valued
sharing a response about the self at just under one cent (0.97¢),
putting a new twist on the old phrase “a penny for your thoughts.”
Discussion
Despite the frequency with which humans disclose the contents of
their own thoughts, little has been known about the proximate
mechanisms that motivate this behavior. Here, we suggest that
humans so willingly self-disclose because doing so represents an
event with intrinsic value, in the same way as with primary rewards
such as food and sex. Intriguingly, ﬁndings also suggested that both
parts of “self-disclosure” have reward value. Although participants
were willing to forgo money merely to introspect about the self and
doing so was sufﬁcient to engage brain regions associated with the
rewarding outcomes, these effects were magniﬁed by knowledge
that one’s thoughts would be communicated to another person,
suggesting that individuals ﬁnd opportunities to disclose their own
thoughts to others to be especially rewarding.
The present research follows from a rich history of investigations
into self-disclosure and serves to both validate and extend these
previous ﬁndings. For example, cognitive research into self-disclosure has identiﬁed factors that affect the likelihood that individuals will self-disclose, such as one’s feeling toward the audience
(50) or the intimate nature of the disclosure (2). Other studies have
suggested a number of instrumental reasons that people might
choose to self-disclose, including expectations for reciprocation
PNAS | May 22, 2012 | vol. 109 | no. 21 | 8041
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proton-density-weighted anatomical image. In addition to providing
an independent way of localizing reward regions of interest, such an
analysis also allows for interrogation of activity in the VTA, the small
size of which (∼60 mm3) makes it difﬁcult to localize functionally.
Results of this analysis were consistent with the previous two analyses: A 2 × 2 repeated-measures ANOVA of activity in the NAcc
revealed greater activity during self than during other trials [F(1,16) =
4.05, P = 0.061, d = 0.50], signiﬁcantly greater activity during shared
than during private trials [F(1,16) = 21.74, P = 0.0003, d = 1.17], but
no interaction between the two factors [F(1,16) = 0.21, P = 0.65, d =
0.11]. Likewise, a 2 × 2 repeated-measures ANOVA of activity in the
VTA revealed signiﬁcantly greater response during self trials than
other trials [F(1,16) = 7.38, P = 0.015, d = 0.68] and during shared
than during private trials [F(1,16) = 5.94, P = 0.027, d = 0.61], but no
interaction between the two factors [F(1,16) = 0.40, P = 0.53, d =
0.16]. Together, these results suggest that the value of self-disclosure
may derive from two independent sources: both introspecting about
the self and communicating information to other people. Because
both factors robustly activate neural regions associated with reward
and do not interact, each of these factors appears to contribute independently to the motivation for self-disclosure.
In study 4, we replicated the ﬁndings from study 3 using the same
behavioral assay used in study 2. On each of the 240 trials, participants (n = 41) chose between a passive 5-s delay and answering one
of four types of question: (i) a self shared trial in which participants
disclosed their opinions to another person; (ii) a self private trial in
which participants privately introspected about their opinions; (iii)
an other shared trial in which participants judged the attitudes of
another person and disclosed their answer to another person; or (iv)
an other private trial in which participants judged another person’s
attitudes privately. This design diverged slightly from the previous
studies in that comparisons were made to a passive delay rather
than an active task (i.e., questions about others or facts). We were
concerned about the possibility that participants might have valued
self-referential thought simply because thinking about the self is
relatively easier or entails more certainty than answering questions
about other people or about trivia facts (although this concern does
not likely apply to the share > private effects of study 3). To examine
this possibility, we included a maximally easy condition: passive
delay. If participants were choosing to answer questions merely on
the basis of relative ease, then they should place the greatest value
on the opportunity to simply rest passively for several seconds.
However, if the act of self-disclosure itself represents an intrinsically
rewarding option, participants should still be willing to forgo money
to self-disclose, despite it being the more difﬁcult of two options.
Payoff amounts varied (between $0.01 and $0.04) across trials, as
did the option for which participants received the larger payoff. As
in study 2, we quantiﬁed the relative monetary value of each
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Fig. 3. Introspecting about the self
and disclosing that information to
others serve as independent sources
of reward. Whole-brain random-effects contrasts comparing (A) self >
other and (B) shared > private from
study 3 reveal signiﬁcant reward activity in bilateral NAcc (P < 0.05, corrected; indicated by arrows). (C) A
region of interest in bilateral NAcc,
deﬁned using the Monetary Incentive
Delay task in the same set of subjects.
(D) Parameter estimates from this
independently deﬁned region are
graphically depicted for all four trial
types: self shared (solid red), self private (dashed red), other shared (solid
blue), and other private (dashed blue).
Analyses of these parameter estimates conﬁrmed that bilateral NAcc
showed responses consistent with
two independent sources of reward from self-disclosure: introspection about the self and sharing with others. Error bars depict SE calculated for within-subject designs.

(51, 52), beneﬁts to personal well-being (53, 54), and increased
liking between relationship partners (50). Interestingly, a number
of earlier researchers have put forward the hypothesis explicitly
tested here—that self-disclosure will act as an intrinsic reward (51,
55, 56); however, despite calls to do so (56), this notion has not
previously been tested empirically. As such, the current study
validates a long-standing hypothesis that self-disclosure arises—at
least in part—from the subjective value associated with it.
In an ultimate sense, the tendency to broadcast one’s thoughts and
beliefs may confer an adaptive advantage in individuals in a number
of ways: by engendering social bonds and social alliances between
people (50, 57, 58); by eliciting feedback from others to attain selfknowledge (59); by taking advantage of performance advantages
that result from sharing one’s sensory experience (60); or by obviating the need to discover ﬁrsthand what others already know, thus
expanding the amount of know-how any single person can acquire in
a lifetime. As such, the proximate motivation to disclose our internal
thoughts and knowledge to others around us may serve to sustain the
behaviors that underlie the extreme sociality of our species.
Materials and Methods
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Studies 1a and 1b. Seventy-eight individuals participated in study 1a and 117
individuals participated in study 1b. Informed consent was obtained from all
participants in a manner approved by the Human Studies Committee of the
Massachusetts General Hospital or by the Committee on the Use of Human
Subjects at Harvard University. Studies 1a and 1b collectively comprise 14 separate
data collections, including 4 published previously (Table S3). In study 1a, participants alternately disclosed their own opinions or judged the opinions of
others (30, 31). On each trial, participants ﬁrst saw a cue for 500 ms that indicated
the target of the judgment: either a chalk outline of a head used to indicate self
or a photograph of another person. The identity of the other varied across data
collections, but was always a ﬁctional, unfamiliar target. The visual cue was
presented above a brief phrase that interrogated opinions and dispositions (e.g.,
“prefer coffee over tea” or “get frustrated sitting in trafﬁc”). Participants used
a 4- or 5-point Likert scale to indicate how well the statement described their
own opinion or that of the other person within a response window of 3,500 ms.
In study 1b, participants alternately disclosed their beliefs about their own
personality traits or judged the traits of another person. The other person was
the President of the United States at the time of data collection (George W.
Bush or Barack Obama), a choice guided by earlier behavioral (61, 62) and
neuroimaging (63) studies of self-referential thought (for review, see ref.
34). On each trial, participants saw a cue for 500 ms that indicated the target
of the judgment (“self,” “Bush,” “Obama”) above a personality trait (e.g.,
“curious” or “ambitious”), and used a Likert scale to indicate how well the
trait described the target within a response window of 3,500 ms.
In both studies, trials were separated by a variable intertrial interval (ITI) of 0–10
s (64). Functional data were acquired using a gradient-echo echo-planar pulse
sequence [repetition time (TR) = 2,000 ms; echo time (TE) = 35 ms; 1.5T Siemens
Sonata or 3T Siemens Trio scanners; 26 or 31 axial, interleaved slices, 5 mm thick;
3.75 × 3.75 or 3 × 3 in-plane resolution; see Table S3 for design features of all data
acquisitions]. Functional images were preprocessed and analyzed using Statistical
Parametric Mapping (SPM) (Wellcome Department of Cognitive Neurology). Data
were preprocessed to correct for slice time acquisition differences in each wholebrain volume and spatially realigned to correct for head movement. Images were
normalized to a standard anatomical space (2-mm isotropic voxels) on the basis of
the ICBM 152 brain template (Montreal Neurological Institute) and then spatially
smoothed using an 8-mm FWHM Gaussian kernel. Preprocessed images were analyzed using a general linear model in which trials were modeled as an event with
no duration that onset at the presentation of the cue. Trials were conditionalized
on the basis of the target: self or other. Events were modeled using a canonical
hemodynamic response function and its temporal derivative. Analyses included
covariates of no interest (session mean and linear trend, no response trials, and
their temporal derivative). Analyses were performed individually for each participant, and contrast images were subsequently entered into a second-level analysis treating participants as a random effect. At the group level, analyses were
conducted using a statistical criterion of 57 or more contiguous voxels at a voxelwise threshold of P < 0.001, providing an experiment-wise threshold of P < 0.05,
corrected for multiple comparisons per Slotnick and Schacter’s (65) speciﬁcations.
Study 3. Seventeen individuals participated in study 3. Informed consent was
obtained from all participants in a manner approved by the Committee on
the Use of Human Subjects at Harvard University. Participants in this study
alternately disclosed their own opinions and attitudes (self trials) or judged
the opinions of another person, Barack Obama (other trials). Participants
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arrived at the laboratory in the company of a friend or relative, and their
answers to half the questions were shared with that other person (shared
trials), whereas answers to the other half remained private (private trials).
On each trial, participants ﬁrst saw a two-word cue for 1,500 ms that indicated both the target of the judgment (self or other) and whether the
answer would be shared or would remain private (share or private), followed by a 3,500-ms response window. Participants answered 48 of each of
the four possible trial types: self shared, self private, other shared, and other
private. Questions generally asked about fairly mundane opinions, such as
those involving food preferences or everyday activities, and avoided issues
that were controversial or potentially embarrassing to participants.
Functional data were acquired using a gradient-echo echo-planar pulse
sequence (TR = 2,500 ms; TE = 30 ms; 3T Siemens Trio scanners; 42 axial, interleaved slices, 0 skip; 2-mm isotropic voxels). Data acquisition was optimized
for signal extraction from the brain regions of interest: the NAcc and the VTA.
These acquisition parameters allowed for partial brain coverage; the volumes
acquired excluded only the most dorsal/posterior extent of the occipital and
parietal cortex. Trials were separated by a variable ITI of 0–12.5 s. Functional
images were preprocessed and analyzed using SPM (Wellcome Department
of Cognitive Neurology) as for studies 1a and 1b. At the group level, an experiment-wise threshold of P < 0.05 corrected for multiple comparisons per
Slotnick and Schacter’s (65) speciﬁcations; because of the limited ﬁeld of view
and smaller voxel size, Monte Carlo simulations indicated use of a statistical
criterion of 15 or more contiguous voxels at a voxel-wise threshold of P < 0.01.
To enable an analysis of native space anatomical regions of interest, a protondensity-weighted image (TR 6,000 ms, TE 8.6 ms, ﬂip angle 180°, echo spacing
8.62 ms) was acquired with the same orientation and slice thickness as the
functional images (42 slices, 2 mm thick, 0.9 mm in-plane spatial resolution)
immediately following acquisition of functional data. These images were used
to localize the VTA and bilateral NAcc individually for each subject using the
manual segmentation tool in the ITK-SNAP segmentation software. Anatomical
regions of interest were then aligned with the functional data by applying
parameters from the coregistration of the anatomical image to the ﬁrst image
of the functional task. To functionally localize brain regions associated with the
processing of rewarding simuli, participants completed a MID task (66). We
deﬁned ROIs by comparing trials on which participants won money to trials in
which participants could not earn any reward (See SI Materials and Methods for
further details). We extracted parameter estimates (βs) from the anatomically
deﬁned reward regions for the self shared, self private, other shared, and other
private trials in study 3, and from the functionally deﬁned NAcc regions for the
self and other trials in studies 1a and 1b, and for the self shared, self private,
other shared, and other private trials in study 3.
Studies 2 and 4. Thirty-seven individuals participated in study 2 and 41 individuals
participated in study 4. Informed consent was obtained from all participants in
a manner approved by the Committee on the Use of Human Subjects at Harvard
University. The PSE for each question type was calculated individually for each
participant by ﬁtting a cumulative normal distribution to the participant’s choice
behavior. In study 2, at each value for the relative payoff between two question
types, we ﬁrst calculated the percentage of trials in which participants chose (i)
to answer a question about the self over a question about a fact, (ii) to answer
a question about the self over a question about another person, and (iii) to
answer a question about another person over a question about a fact. The other
person in studies 2 and 4 was always the current head of state at the time of
data collection, Barack Obama. In study 4, at each value for the relative payoff
between waiting and answering one of the four question types (self share, self
private, other share, and other private), we calculated the percentage of trials in
which a participant chose to answer that question type over waiting. This
resulted in a total of 7 data points per subject, one at each of the relative payoffs
between the two options, as relative payoffs ranged between −$0.03 and
+$0.03. Cumulative normal curves were ﬁt to these values by implementing
a Nelder-Mead simplex search algorithm in Matlab. Cumulative normal distributions are deﬁned on the basis of the following probability density function:
ðx − μÞ2
1
pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ e − 2σ2
2πσ2

Starting values for this estimation were set at a mean of 0 and an SD of 1, and
the search continued for 10,000 iterations, or until a solution was achieved.
Final solutions of PSE were limited to a range of −$0.03 and +$0.03.
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