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Social comparisons are an important means by which we gain information about the self, but little is known about the neural mechanisms underlying
comparative social judgment, as most prior functional magnetic resonance imaging research on this topic has investigated judgments of self or others in
isolation. Ventromedial prefrontal cortex (vmPFC) has routinely been implicated in social cognitive tasks that rely on such absolute judgments about the
self or others, but it is unclear whether activity in this region is modulated by personal relevance of social stimuli or self-similarity of judgment targets.
Using functional magnetic resonance imaging, we demonstrate that these forces interact to determine vmPFC response during social comparisons, as
well as neural activity in the bilateral anterior insulae. Comparisons between the self and similar others exhibit a unique response in this region when
compared with other judgment contexts, suggesting that the special psychological status afforded to these social comparisons is indexed by activity in
the vmPFC and insula.
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INTRODUCTION

Choosing a seat at a high-school reunion dinner party may require

intricate feats of coordination at the neural level in order to apprehend

and traverse space, but the challenge in deciding where to sit does not

lie solely in locating and walking to an available chair. Successfully

navigating the social environment demands, among many things,

both self-relevant and other-focused, person-specific knowledge. Few

would choose to sit next to the creepy former classmate with whom

one finds little common ground, and most would rather sit next to the

easygoing peer with whom one quickly (re)connects. Such situations

also seem to naturally lend themselves to comparing one’s own attri-

butes and preferences with those of the other partygoers, in ways that

inform one’s own sense of self. Although people can draw on a rich

personal history of social interaction, a lack of absolute standards for

concepts like how ‘attractive’, ‘shy’ or ‘rebellious’ someone is means

that, in order to satisfy the long-hypothesized drive to evaluate our

own opinions and abilities, humans must often rely on social compari-

son processes to shape and refine our conceptualizations of self

(Festinger, 1954).

Effective mapping of the social world further requires that we make

dispositional inferences about others, which are heavily biased by

degree of similarity to or difference from the self (Mussweiler, 2003).

Ventromedial prefrontal cortex (vmPFC) is widely regarded as an im-

portant neural substrate for this sort of social cognition, and

meta-analyses have specifically linked activity in this region to

making judgments about the enduring characteristics of others (van

Overwalle, 2009), to explicit self-reflection (van der Meer et al., 2010)

and to processing social stimuli with a high degree of self-relevance

(Northoff et al., 2010). The vmPFC also exhibits heightened responses

during non-comparative judgments about self-similar (as opposed to

dissimilar), unfamiliar social targets (Mitchell et al., 2006). More

recently, the vmPFC has been linked to degree of personal closeness,

responding preferentially to close others (as opposed to unknown

persons) due to their heightened social relevance, regardless of the

degree of similarity between the self and judgment target (Krienen

et al., 2010).

When explicitly comparing the self to others, people seem to rely on

the self as a relative calibration point or anchor, and then make incre-

mental, serial adjustments to better approximate a true estimate of the

judgment target. It is faster to make an inference that requires only slight

adjustment, as demonstrated by a positive linear relationship between

self-other distance and reaction time (RT) (Tamir and Mitchell, 2012),

and neuroimaging research on this effect has demonstrated that the

self-other difference in response latency also scales in a linear fashion

with social cognition associated with blood oxygen level-dependent

(BOLD) signal in the vmPFC (Tamir and Mitchell, 2010).

Extrapolation of this line of research to the study of social comparison

processes is somewhat complicated by the fact that the majority of neu-

roimaging investigations of social inference to date have relied upon

judgment targets with whom participants were highly unlikely to ever

engage in a true social interaction (e.g. George Bush and Harry Potter),

meaning that spontaneous social comparisons to such targets are prob-

ably quite rare. Another common feature of prior studies is that judgment

targets are almost invariably evaluated in isolation, which is somewhat

artificial and may affect self-referential social cognition in a manner that

is difficult to assess (Goffin and Olson, 2011). Because people appear to

spontaneously evoke the self when evaluating other people in the absence

of a more appropriate comparison target (Mussweiler, 2003), we cannot

rule out that the BOLD signal elicited in vmPFC by self-similar targets

reflects unintentional self-specific cognition as well.

One notable exception reported that comparative social judgments

(e.g. ‘Which person is taller?’) have been shown to elicit stronger

vmPFC responses than non-comparative judgments about social tar-

gets (e.g. ‘Is this person a rock star?’) (Lindner et al., 2008). It should

be pointed out, however, that the social targets comprised famous

individuals not personally known to subjects, and there was no attempt

made to control for spontaneous self-comparisons. Additionally, a

recent study made the important demonstration that comparative

social judgments between evaluations of stimuli valence made by one-

self and a close other (e.g. who thinks ‘spy’ is more unpleasant?) engage

lateral, rather than medial, prefrontal cortex when contrasted directly

against judgments of the self in isolation (Raposo et al., 2011). Finally,
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two recent experiments endeavored to disentangle explicit social evalu-

ations from spontaneous judgments by alternating between directly

instructing subjects to make a trait inference (based on a verbal

description of the target) or else simply presenting the behavioral

description, prompting spontaneous social judgment; the results of

these studies were interpreted as suggesting that spontaneous judg-

ments elicit a stronger signal in the mPFC (Ma et al., 2011;

Kestemont et al., 2012).

In conceptually related work, social comparison tasks involving dis-

crepant financial payoffs have also demonstrated reward-related activ-

ity in the ventral striatum and vmPFC for relative social gains

compared with absolute gains (Fliessbach et al., 2007), and

reward-related signal during social gambling tasks is known to predict

both subsequent risky decision-making and vmPFC activity for future

social comparison trials (Bault et al., 2011). Finally, large-scale

meta-analysis of the PFC points to a broader role for the vmPFC in

the generation of affective meaning, synthesizing social knowledge with

emotions to create contextually appropriate models of the self (Roy

et al., 2012). Taken together, these findings suggest that social com-

parison processes involve value computation at both cognitive and

affective levels, providing emotional coloring to our relationships

with others as a fuzzy means of quantifying our similarities and dif-

ferences to our peers.

No experiment to date has simultaneously compared the neural

correlates of comparative social judgment for actual peers who vary

in perceived self-similarity, across a variety of psychological traits. The

use of judgment targets with whom participants have a personal his-

tory allows us to test the way that inclusion in a comparison and

similarity of comparators interact in a task that draws upon the sort

of social cognitive faculties people regularly employ in their everyday

lives. If personal relevance of comparison targets were the sole driving

force behind vmPFC activity, then we would expect only a main effect

of self-similarity and no interaction between: (i) direct personal in-

volvement as a comparison target and (ii) self-similarity of compara-

tors. We hypothesize, however, that ‘both’ explicit involvement of the

self ‘and’ perceived self-similarity of (non-self) targets modulate the

neural activity underlying comparative social judgment in vmPFC.

Specifically, we expect that comparisons between the self and a simi-

lar peer will exhibit a distinct neural signature from other social com-

parison conditions. Consistent with this notion, repetition-related

suppression has been demonstrated in vmPFC for judgments about

the self-following judgments about similar, but not dissimilar others

(Jenkins et al., 2008). Half a century of research has explored when,

why and with whom people engage in social comparisons (Mussweiler,

2003), but no study to date has investigated the central importance

Festinger (1954) placed on comparisons between the self and similar

others by looking to the brain. A unique response in vmPFC to com-

parisons between the self and similar peers could identify neural sub-

strates underlying their hypothetically vital psychological status. If

comparisons between others depend on anchoring to the self and

then adjusting to the targets, then we would also expect differences

in response latency across conditions. Trials in which the self is expli-

citly involved should be more quickly resolved than those involving

only others, because comparisons between peers would require more

steps of serial adjustment from the self. However, comparing two simi-

lar peers requires more finely tuned adjustments, and thus should be a

more lengthy process than comparing a similar peer to a different one.

METHODS

Participants

Participants were 19 right-handed individuals (10 women; age,

mean¼ 25.95, s.d.¼ 2.32 years), recruited via flyers. Prior to scanning,

all participants provided the names of three similar and three dissimi-

lar peers, known for at least 1 year and with whom they interact regu-

larly (excluding ‘best’ friends, as this relationship lacks a parallel

dissimilar category for most people).

Functional magnetic resonance imaging paradigm

In the task at hand participants were shown a series of trait adjectives,

each accompanied by the names of two individuals and presented for

3.5 s and asked to decide via button press ‘Who is more _____?’

A blank screen was presented for 0.5 s between trials, and fixation

trials ranging from 0.75 to 7.0 s were inserted into the design sequence

at optimal junctures, both to introduce jitter and serve as a baseline

condition with comparable visual complexity to stimuli of interest. An

optimized presentation sequence was determined through use of a

genetic algorithm designed to obtain maximal contrast detection be-

tween the conditions of interest (Kao et al., 2009). Each of 40 trait

adjectives was presented once per condition (160 total trials; see

Figure 1). Participants completed two functional runs, each of which

lasted 6 min 42 s.

Functional magnetic resonance imaging acquisition and
analysis

All data were acquired on a 3T Siemens Allegra MRI scanner at the

Robert and Beverly Lewis Center for Neuroimaging at the University of

Oregon, including pre-subtracted phase and magnitude maps, both

T1-weighted (MP-RAGE) and T2-weighted (coplanar high resolution)

anatomical images and two functional runs of BOLD, echo-planar

images (BOLD-EPI) with the following scanning parameters:

TR¼ 2000 ms, TE¼ 30 ms, field of view¼ 200 mm, matrix

size¼ 64� 64, 32 oblique slices, slice thickness¼ 4 mm, 200 images.

The BOLD-EPI sequence used also prospectively corrected for motion

during acquisition (Thesen et al., 2000). DICOM images were con-

verted to NIfTI format via MRIConvert (http://lcni.uoregon.edu/

�jolinda/MRIConvert/) and non-brain tissue was removed using

FSL’s Brain Extraction Tool (Smith, 2002). Voxel displacement maps

were generated to correct for field inhomogeneities using the FieldMap

toolkit and then used to unwarp and realign functional images in

SPM8. Anatomical images were co-registered to the mean functional

image and then segmented into six tissue types using the unified seg-

mentation approach (Ashburner and Friston, 2005). DARTEL was

used to create a group anatomical template, transformations from

which were applied to warp functional data to the ICBM-152 template

supplied with SPM8 (Ashburner, 2007).

For each participant, condition effects were estimated according to

the general linear model in using a canonical hemodynamic response

function, high-pass filtering (90 s), correction for serial autocorrelation

(AR1) and an optimally thresholded explicit mask (Ridgway et al.,

2009). RT was entered into the model as a parametric modulator in

order to control for potential discrepancies in BOLD signal due to

differences in RT across conditions. In order to assess population

level effects, voxelwise statistical parametric maps summarizing differ-

ences between conditions were calculated for each participant and then

entered into a random effects (group level) repeated measures analysis

of variance (ANOVA) with personal involvement and similarity of

comparators as factors (thresholded at P < 0.05 FWE, corrected for

multiple comparisons across the whole brain; see Table 1 for results).

This correction was determined via a Monte Carlo Simulation imple-

mented in NeuroElf (http://www.neuroelf.net) and based on AlphaSim

with a height threshold of P < 0.005 and an extent threshold of 24

voxels. Whole-brain contrast images from the repeated measures

ANOVA for (YS-YD), (YS-SS) and (YS-SD) were combined and

tested against the conjunction null (Nichols et al., 2005) at the
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FWE-corrected height and extent thresholds. All reported coordinates

were converted into the Talairach coordinate system via icbm2tal.

Mean parameter estimates from significant clusters were extracted in

NeuroElf, converted to percent signal change and subjected to further

statistical assessment in MATLAB 2011a (http://www.mathworks.

com).

RESULTS

Behavioral results

Mean RT per condition for each participant was entered into a 2� 2

repeated measures ANOVA with two factors: (i) direct personal in-

volvement as a comparison target (ipseity) and (ii) self-similarity of

comparators as within-subjects factors, revealing significant main ef-

fects of both ipseity [F(1,18)¼ 50.97, P < 0.001, d¼ 3.37] and similar-

ity [F(1,18)¼ 7.29, P < 0.05, d¼ 1.27], but no significant interaction

[F(1,18)¼ 2.05, P¼ 0.17, d¼ 0.67; Figure 1C]. Pairwise comparisons

demonstrated that participants responded more quickly to YD judg-

ments compared with YS [F(1,18)¼ 9.80, P < 0.01, d¼ 1.48], but more

slowly to both SS [F(1,18)¼ 19.62, P < 0.001, d¼ 2.09] and SD

[F(1,18)¼ 5.31, P < 0.05, d¼ 1.09] judgments than YS judgments. SS

and SD did not differ from each other [F(1,18)¼ 2.52, P¼ 0.13,

d¼ 0.75]. In other words, participants were fastest when comparing

themselves to someone different and slowest when comparing only

others, with judgments between the self and a similar other falling in

between.

Functional magnetic resonance imaging results

Linear contrast images from each condition (controlling for RT) for

each participant were entered into a 2� 2, repeated measures ANOVA

with personal relevance and similarity as factors. No main effects of

either personal relevance or similarity were detected at our statistical

thresholds. As predicted, the group-level repeated measures ANOVA

revealed a significant interaction in the vmPFC, specifically, the peri-

genual anterior cingulate cortex (pACC; k¼ 78, P < 0.05, FWE cor-

rected; see ‘hot’ colors in Figure 2 and Table 1). This interaction effect

demonstrates that neither degree of personal involvement nor

self-similarity of comparators alone can explain the role of vmPFC

in comparative social judgment.

Mean parameter estimates for each condition were extracted from

the vmPFC cluster, converted to percent-signal change and interro-

gated using pair-wise t-tests in order to decompose the interaction (see

Figure 3A). Note that, consistent with our data, when neurotypical

adults make trait judgments involving the self, there is typically a

mild reduction in the high rate of vmPFC baseline metabolic activity,

but thinking about others elicits considerably stronger ‘deactivations’

(Kelley et al., 2002; Heatherton et al., 2006). Results indicated that

similarity had a significant effect when making comparisons involving

the self [YS vs YD: t(18)¼ 2.99, P < 0.01, d¼ 0.68], but not during

comparisons between others [SS vs SD: t(18)¼ 1.77, P¼ 0.09,

d¼ 0.77]. Likewise, personal relevance had a significant effect for com-

parisons with similar others [YS vs SS: t(18)¼ 6.26, P < 0.00001,

d¼ 1.44], but not when targets included dissimilar others [YD vs

SD: t(18)¼ 0.95, P¼ 0.36, d¼ 0.22]. Meanwhile, a reciprocal pattern

was observed bilaterally in the anterior insula (see Figures 2 and 3B;

Table 1), such that comparisons between two similar peers or between

oneself and a different peer elicited more activity than comparisons

between similar and dissimilar others or between oneself and a similar

other.

Finally, to substantiate the uniqueness of the vmPFC response for

comparisons between the self and a similar other, whole-brain contrast

images for (YS > YD), (YS > SS) and (YS > SD) were combined and

tested against the conjunction null, revealing a solitary cluster in

vmPFC (specifically, pACC, Talairach coordinates, [�3 36 3],

k¼ 40, t(18)¼ 4.05) situated almost entirely within the ventral

aspect of the interaction cluster(see ‘cool’ colors in Figure 2).

Fig. 1 Diagram illustrating (A) experimental paradigm, (B) experimental design and (C) mean reaction time for each comparison condition.

Table 1 BOLD activity associated with interaction between personal relevance and
self-similarity

Neural region (Talairach coordinates) x y z No. of voxels Peak F

Left anterior insula �28 28 8 127 29.453
Right anterior insula 31 31 6 81 18.778
vmPFC (pACC) 4 33 6 78 14.968

Correction for multiple comparisons (FWE P < 0.05) applied via height threshold of P < 0.005 and
extent threshold of k¼ 24. vmPFC, ventromedial prefrontal cortex; pACC, perigenual anterior
cingulate cortex.
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Whole-brain contrast images for pairwise comparisons revealed no

additional clusters beyond those described by the repeated measures

or conjunction analyses, and significant patterns of activity observed in

the whole-brain pairwise comparison analyses were consistent with the

aforementioned clusters.

DISCUSSION

In this study, social comparisons between the self and similar

peers elicited relatively more activity in vmPFC than social compari-

sons between the self and dissimilar peers, between two similar peers,

or between one similar peer and one dissimilar peer. Meanwhile,

bilateral anterior insula was more engaged when making social

comparisons between two similar peers, or between the self and

dissimilar peers, than during social comparisons between the self and

similar peers, or between one similar peer and one dissimilar peer.

These results represent the only significant clusters of activity that

distinguished between these highly similar and relevant comparative

social judgments, which notably included peers known to participants,

selected on the basis of their general similarity or dissimilarity to

the self.

The sort of person-specific cognition underlying social comparison

processes has been repeatedly linked to activity in the vmPFC

(Northoff et al., 2006; van Overwalle, 2009; van der Meer et al.,

2010), and neural responses to tasks involving self-relevant stimuli

appear much like those associated with judgments of similar others

(Mitchell et al., 2006; Ames et al., 2008). Comparative judgments

between personally unknown others are likewise known to elicit activ-

ity in the vmPFC, especially for psychological rather than physical

traits (Lindner et al., 2008), although comparative judgments between

evaluations of stimuli valence made by the self and a close other elicit

responses in lateral PFC (Raposo et al., 2011). The neural mechanisms

for engaging in comparisons between the self and persons with whom

participants have active and meaningful relationships have received

considerably less attention, although one recent exception suggests

that pACC is implicated in positivity bias exhibited during

self-perception, which may extend to romantic partners as compared

with non-close others (Beer, 2012).

One limitation of the current experiment is that the decision to

regard peers as similar or different was entirely determined by partici-

pants in a generalized fashion. Closeness was controlled by requesting

that participants chose peers with whom they had roughly equivalent

degrees of personal history and excluding ‘best friends’, but as a friend

who is generally regarded as different may be quite similar with respect

to a particular trait adjective, the category into which such comparative

judgments were placed may have been less than ideally defined. Future

studies could account for this by obtaining ratings for all trait adjec-

tives employed for the participants and all selected peers, as well as

obtaining more detailed information about relationship histories that

may contribute additional variance. However, such a limitation only

served to make our test of the neural mechanisms supporting social

comparison processes more conservative.

Fig. 3 Parameter estimates extracted from ventromedial prefrontal cortex (vmPFC; A) and anterior insula (aIns; B) from clusters in Figure 2 for each comparison condition. Parameter estimates for (B) are from
the right anterior insula cluster, but an identical pattern was reflected by parameter estimates extracted from left anterior insula as well. *P < 0.01, **P < 0.005, ***P < 0.00001. YS¼ You vs Similar, YD¼ You
vs Different, SS¼ Similar vs Similar, SD¼ Similar vs Different.

Fig. 2 BOLD activity associated with comparative social judgment in the ventromedial prefrontal cortex (vmPFC; specifically, perigenual anterior cingulate cortex) and anterior insula, displayed on composite
image of participants’ T1-weighted anatomical scans. Warm: interaction between personal involvement and similarity of comparator (Talairach coordinates, [4 33 6], k¼ 78, P < 0.05, FWE), F(1,72)¼ 14.97.
Cool: Conjunction of (YS > YD), (YS > SS) and (YS > SD) demonstrating activity unique to comparisons between the self and a similar peer (Talairach coordinates, [�3 36 3], k¼ 40, t(18)¼ 4.05).
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Despite this potential limitation, our findings demonstrate that

vmPFC concurrently tracks both personal relevance and self-similarity

during social comparisons. As evidenced by the interaction and con-

junction analyses, vmPFC activity is modulated by social judgment con-

text. Moreover, the unique BOLD response to relative judgments

between the self and a close, similar other points to the inclusion of

those who are ‘like me’ in self-representation at the neural level

(Mussweiler, 2003). Rather than simply distinguishing between friends

and strangers or evaluating the degree of similarity between the self and

others, we suggest that the pACC aspect of vmPFC encodes the dynamic

interplay between such judgments, providing emotive clues about as-

pects of person perception that are difficult to quantify explicitly. The

vmPFC is central to supplying this sort of ‘affective meaning’ (Roy et al.,

2012), a property that emerges from the integration of conceptual in-

formation from long-term memory with the sort of emotion-laden,

subjective evaluations known to be tightly linked with stimuli involving

the self (Northoff et al., 2006). Higher levels of activity in this region

when considering the self in relation to similar peers speak to the special

significance long ascribed to this particular social comparison process

(Festinger, 1954), and an enhanced vmPFC signal during such judg-

ments aligns well with the notion that the sort of information derived

from such comparisons is critically involved in updating representations

of the self in a given decision-making context.

It is somewhat surprising that comparisons between one similar peer

and one different peer (SD) elicit profiles of activity in vmPFC that

appear more closely related to comparisons between the self and

similar peers (YS), than to judgments associated with the other

social comparison contexts assessed. One possibility is that compari-

sons between similar and dissimilar peers are most conducive to

simulation-oriented types of person perception (Benoit et al., 2010),

in which the self is readily projected into the role of similar other. The

patterns of activity in bilateral anterior insula also exhibit a tight reci-

procity with those observed in vmPFC, such that comparisons between

the self and a similar peer (YS) as well as those between one similar and

one different peer (SD) elicit less-severe shifts away from baseline

activity than do comparisons between the self and a different peer

(YD) or between two similar peers (SS). Although the anterior

insula is frequently implicated in a host of social, affective and cogni-

tive functions (Chang et al., 2012), prohibiting a clear inference about

its precise contribution in this task, we believe it is relevant that an-

terior insula is engaged during the perception of non-self-relevant

(as compared with personally relevant) stimuli (Enzi et al., 2009), as

well as in the inhibition of one’s own perspective, a necessary compo-

nent of simulation (van der Meer et al., 2011). As such, the apparent

parallel between responses during YS and SD comparisons in both the

anterior insula and vmPFC may suggest that comparisons that readily

lend themselves to simulation, such as those between similar and dis-

similar peers, are also particularly useful for updating both perceptions

of the self and social judgment contexts.

Future behavioral and neuroimaging research should follow up on

this unique pairing elucidated at the neural level, to ascertain in what

ways social comparisons between the self and a similar peer are more

similar to social comparisons between one similar and one different

peer, vs other comparative social judgments. It may also be useful to

interrogate the utility of this kind of social comparison, relative to

those between the self and a similar peer�perhaps by investigating

the frequency with which these naturally occur, or the ability of certain

groups who may have difficulty with simulation processes (like indi-

viduals with autism spectrum disorders; Oberman and Ramachandran,

2007) to engage in these and other kinds of social comparisons.

In conclusion, this study provides further empirical support for the

hypothesized functions ascribed to vmPFC with respect to person per-

ception, specifically in the paralimbic pACC region. More importantly,

it emphasizes and elucidates in greater detail the contextual specificity

of the vmPFC response for different sorts of comparative social judg-

ment. It also suggests a potential neural marker for the special signifi-

cance long attributed to comparisons between the self and similar

others (Festinger, 1954; Mussweiler, 2003), highlighting their inform-

ative nature both for self-perception and social cognition, while also

drawing attention to the potential importance of comparisons between

similar and dissimilar peers. Coupled with these results is evidence

suggesting that the anterior insula plays a role in determining appro-

priate contextual responses for social judgments, pointing to a

simulation-oriented account of person perception that involves both

enhancement of another person’s perspective (vmPFC) and inhibition

of one’s own point of view (insula). Taken together, the current find-

ings highlight the importance of vmPFC and anterior insula in deter-

mining the affective meaning ascribed to different kinds of social

comparisons, highlighting their supporting role in contrasting the

self against personally known others. The mutual activity of these

brain regions may very well produce the barely perceptible gut feeling

of squeamishness about sitting next to a creepy former classmate,

placating implicit concerns about social identity by distinguishing our-

selves from them and instead identifying with the easygoing peer, a

person readily regarded as more similar to the self.
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