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Abstract

In the current study, we combined sociometric nominations and neuroimaging techniques to examine adolescents’ neural track-
ing of peers from their real-world social network that varied in social preferences and popularity. Adolescent participants from an
entire school district (N =873) completed peer sociometric nominations of their grade at school, and a subset of participants (N=117,
M,q. = 13.59 years) completed a neuroimaging task in which they viewed peer faces from their social networks. We revealed two neural
processes by which adolescents track social preference: (1) the fusiform face area, an important region for early visual perception and
social categorization, simultaneously represented both peers high in social preference and low in social preference; (2) the dorsolateral
prefrontal cortex (DLPFC), which was differentially engaged in tracking peers high and low in social preference. No regions specifically
tracked peers high in popularity and only the inferior parietal lobe, temporoparietal junction, midcingulate cortex and insula were
involved in tracking unpopular peers. This is the first study to examine the neural circuits that support adolescents’ perception of
peer-based social networks. These findings identify the neural processes that allow youths to spontaneously keep track of peers’ social
value within their social network.
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Introduction 2015; Parkinson et al., 2017; Morelli et al., 2018), but no research to
date has examined how adolescents neurally represent the social
value of peers in their real-world social networks. Many brain sys-

tems undergo significant reorganization during adolescence (for

Most social species use knowledge about others to construct hier-
archical social networks in which some individuals are highly
accepted within the network (i.e. liked) and others are highly

rejected (i.e. disliked; Dwortz et al., 2022). For instance, animals
often judge who is more attractive, preferred as a mate or cooper-
ative. In turn, this self-organized social structure has significant
effects on animals’ social behaviors, well-being and survival by
dictating who to approach and who to avoid (for review, Qu et al.,
2017). Indeed, individuals who are better at understanding social
hierarchies and can adapt their social behaviors accordingly are
more likely to survive and thrive (Li et al., 2021). Humans, like
other social species, represent others’ social value within their
social hierarchies, and this ability may develop as early as infancy
(Cummins, 2005; Thomsen, 2020). Nonetheless, the importance
of social value may peak in adolescence, when peer-based social
rank becomes especially salient and has profound impacts on
adolescents’ social behaviors (McFarland et al.,, 2014; Prinstein,
2017). Prior research has examined the neural representation of
others’ social value in adults (e.g. Chiao, 2010; Zerubavel et al,,

review, Sisk and Foster, 2004), which may subserve the emergence
of a social orientation towards peers and sensitivity to peer-
based social hierarchies within networks. In the present study,
we examine how the brains of adolescents represent their peers
who vary in peer-nominated social preference (i.e. whether peers
are the most or least liked in their social network) and popularity
(i.e. whether peers are rated as the most or least popular in their
social network), which are two important forms of peer status
(Prinstein, 2017).

Social hierarchies in adolescence

Adolescence is marked by an increased orientation towards peers
(Nelson et al., 2005). This is manifested in multifarious social net-
works such as friendships, cliques and romantic relationships
(Moody et al., 2011). By early adolescence, peer groups start to
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become differentiated by peer status (Coie et al., 1990; LaFontana
and Cillessen, 2010). Peer status in a network refers to an indi-
vidual’s socially ascribed value within a social network and can
be predictive of a variety of important social attributes such as
popularity and likability (Prinstein, 2017). Adolescents tend to be
more concerned with their social status among peers than are
children and adults (Eder, 1985; LaFontana and Cillessen, 2010).
Adolescents are also more motivated than children and adults to
gain social status among their peers (Prinstein, 2017) and to priori-
tize peers’ status when selecting friends (LaFontana and Cillessen,
2010). Adolescents’ social milieu provides a critical developmental
context for adolescents to practice social behavior (e.g. coopera-
tion and competition) and to engage in self-exploration through
social comparison (Laninga-Wijnen and Veenstra, 2021). Adoles-
cents’ representation of peers’ social status also has implications
for their own health behavior: adolescents are more likely to
engage in risky behaviors when endorsed by high-status peers
than low-status peers (Cohen and Prinstein, 2006; Do et al.,
2020). Therefore, it is essential to understand the basic pro-
cesses by which adolescents represent and assess peer status in
order to understand how those processes may contribute to social
behavior.

Neurobiological sensitivity to social
hierarchies

Despite the significance of peer status to adolescents’ social life
(Prinstein and Giletta, 2016), relatively little is known about how
the brains of adolescents spontaneously represent their peers’
social status in a dynamic and ecological context. It is under-
stood that adolescents are hyper-attuned to the peer-based social
networks in their environments (Jonkmann et al., 2009; McFar-
land et al., 2014; Lunn et al., 2021), which is reflected in greater
visual attention towards high social status peers (Lansu et al.,
2014). These findings suggest that the visuoperceptual system
becomes particularly sensitive to peer-based social hierarchies
during adolescence, but no research to date has examined the
neural processes that allow youths to represent varying levels of
peer statuses in social networks.

Keeping track of others’ peer status within a network requires
efficiently extracting, processing and integrating social informa-
tion about peers (Koski et al., 2015). Humans can make these
important, yet computationally demanding, evaluations within
milliseconds (Todorov et al., 2007, 2015; Koski et al., 2015). In
adults, this ability is largely supported by neural systems involved
in face processing, social evaluation, mentalizing and executive
function (Koski et al., 2015, 2017; Zerubavel et al., 2015; Curley
and Ochsner, 2017; Morelli et al., 2018). Structural neuroimaging
work in primates shows that the volume of these brain regions,
including the amygdala, orbitofrontal cortex, prefrontal cortex
(PFC) and superior temporal sulcus, are positively associated with
the sizes of an individual's social networks (e.g. Bickart et al,
2012; Kanai et al., 2012; Powell et al., 2012). Importantly, the func-
tion of these systems undergoes significant reorganization during
adolescence (for review, Sisk and Foster, 2004; Foulkes and Blake-
more, 2018), which corresponds to the timeframe during which
youths become highly sensitive to peer contexts (for review, Casey
et al., 2008; Blakemore and Robbins, 2012; Foulkes and Blake-
more, 2018). Therefore, brain development during this period may
underlie the emergence of sensitivity to social hierarchies during
adolescence.

Although no prior research to date has investigated the neural
tracking of social status in human adolescents, neural systems
involved in face processing, social evaluation, mentalizing and
executive function may also represent this social attribute of
peers in adolescents. The first system includes regions involved
in face processing. This spatially distributed set of regions includes
core visual regions such as the fusiform face area (FFA) and occip-
ital gyrus, and extended regions such as the anterior temporal
lobe (ATL; e.g. Haxby et al., 2000; Duchaine and Yovel, 2015). The
FFA can be further subdivided into the FFA1 and FFA2 (e.g. Elbich
and Scherf, 2017), which play a critical role in facial feature anal-
ysis and identity perception, respectively (e.g. Grill-Spector et al.,
2004; Kanwisher and Yovel, 2006; Weiner and Grill-Spector, 2011).
In addition, the FFA is also involved in the social categorization
of emotions, gender, and race (e.g. Stolier and Freeman, 2016;
Brooks and Freeman, 2018; Brooks et al., 2019). The occipital gyrus,
which is critical for visual perception, elicits significantly greater
activation when viewing high-status faces relative to low-status
faces (e.g. Zink et al., 2008). Finally, the ATL is broadly involved in
semantic storage and retrieval and has been shown to represent
social category knowledge (Olson et al., 2013) and biographical
information about targets (e.g. Brambati et al., 2010; Wang et al.,
2014).

Second, visually tracking social status may also engage regions
involved in social valuation and salience such as the ventral striatum
(VS) and amygdala. Past work suggests that the VS is implicated
in assessing the motivational significance of visual stimuli (e.g.
Lacey et al., 2011; Lindquist et al., 2016; Graf et al.,, 2018) and
the affective value of peer-based group members (e.g. Zerubavel
et al., 2015; Morelli et al., 2018; Do et al., 2020). The amygdala is
more generally involved in detecting salient stimuli in the envi-
ronment such as emotionally evocative stimuli or in-group faces
(e.g. Adolphs, 2002, 2009; Kubota et al., 2012; Amodio, 2014; Guassi
Moreira et al., 2017). The amygdala also plays an essential role in
detecting the social status of group members and representing
knowledge about social hierarchies (e.g. Zink et al., 2008; Fernald
and Maruska, 2012; Kumaran et al., 2012).

Finally, tracking peers’ social status might engage brain regions
associated with social cognition such as the temporoparietal junc-
tion (TPJ) and PFC. The TPJ is involved in judging group members’
characteristics and inferring social members’ mental states and
intentions, as well as peer status (e.g. Parkinson et al., 2017,
Schmaélzle et al, 2017). Moreover, the TPJ exhibits increased
activity while viewing images of influential individuals com-
pared to less essential individuals in adult networks (e.g. Morelli
et al., 2018). Research has indicated that several subregions of
the PFC may be involved in the recognition of group mem-
bers’ social values and regulation of social behaviors towards
socially valued group members (for review, Wang et al., 2014).
For instance, the medial PFC (mPFC) is involved in social rank
encoding (e.g. Padilla-Coreano et al.,, 2022) and flexibly guides
behaviors on the basis of hierarchical status in rodents (e.g.
Li et al., 2021). In humans, the mPFC underlies the construc-
tion and representation of others’ relative social value (Park
et al., 2021), as well as reinforcement learning of human social
hierarchies (Ligneul et al., 2016). In addition, the mPFC is acti-
vated while adults perceive or make judgments about high
peer status members (e.g. Zink et al., 2008; Koski et al.,, 2015).
Another important subregion of the PFC is the dorsolateral PFC
(DLPFC), which underlies the perception of higher social hier-
archies (Koski et al, 2015; Watanabe and Yamamoto, 2015),



and supports the regulation of behaviors towards individuals with
high social status (for review, Qu et al., 2017).

The present study

In the present study, we examined the neural tracking of social
status in adolescents’ real-world social networks using a combi-
nation of sociometric nominations and neuroimaging techniques.
One important form of peer status is Social Preference, or the
extent to which an individual is on average liked vs disliked across
other members of a social network (Coie et al., 1982). Although
social hierarchies can take many forms in humans, social pref-
erence (i.e. likability) is one of the most widely used metrics to
understand peer status in adolescents’ social world (LaFontana
and Cillessen, 2010; Prinstein, 2017). A second form of peer sta-
tus is Perceived Popularity, or the extent to which an individual
is viewed as popular across other members of a social network,
regardless of whether they are well-liked. Social preference (i.e.
likeability) and perceived popularity are two different sociometric
constructs and are only moderately correlated in adolescent sam-
ples (Cillessen and Mayeux, 2004; Prinstein et al., 2011b). Indeed,
not all popular adolescents are liked and not all unpopular ado-
lescents are disliked (Mayeux et al.,, 2008; Prinstein and Giletta,
2016).

Sociometric nominations are one of the most ecologically valid
tools for investigating the structures of human social networks
(Prinstein and Cillessen, 2003; Fournier, 2009). While social hierar-
chies can be only observed behaviorally in the context of social
interaction in children (Strayer and Strayer, 1976), adolescents
can perceive status hierarchies in their social ecology and char-
acterize their social networks using multiple attributes, including
which peers are most liked and least liked and most popular and
least popular (Koski et al., 2015). Social Preference is computed by
assessing every person in a network for their preference scores
for who they like the most and like the least. Social preference
scores for each individual in a network are then calculated as
the standardized difference between ‘liked most” and ‘liked least’
nomination tallies, with positive scores (i.e. above the mean) indi-
cating high social preference and negative scores (i.e. below the
mean) indicating low social preference (Coie and Dodge, 1983). Per-
ceived Popularity is similarly computed by assessing every person in
a network for who they think is the most and least popular. Impor-
tantly, adolescents exhibit an extremely high level of consistency
in their assessment of peer status within a network (Anderson
etal., 2006; Koskiet al., 2015), suggesting that there is a fair amount
of consensus about peers’ social value within social networks. We
thus measured social preference and perceived popularity using
sociometric peer nominations in which 6th and 7th graders in
three public middle schools reported on which of their classmates
they liked the most and least and which of their classmates were
the most and least popular (Conway et al., 2011; Lansford et al,,
2014).

Using the peer nominations, we created a novel fMRI paradigm,
in which adolescents viewed their real-life peers’ images, which
were selected based on having sociometric ratings that were the
highest and lowest on social preference and perceived popular-
ity. We predicted that a peer’s social status (e.g. social preference)
would be spontaneously represented during the viewing of peer
faces. We hypothesized two potential visuoperceptual strategies
which allow adolescents to perceive their peer-based social hier-
archies. First, adolescents may represent peers’ social status via a
single psychological dimension, which simultaneously represents
both group members high in social status and group members
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low in social status (e.g. most liked and least liked peers). This
may be critical for individuals to quickly decide their next move
when navigating their social worlds (e.g. approach or avoidance;
cooperation or competition). Second, individuals may represent
peers high in social status in a unique fashion in which salience
detection is preferentially engaged, allowing them to detect indi-
viduals who are central in a network and most likely to influence
future behavior while allocating less attention to less socially val-
ued group members (e.g. Lansu et al., 2014; Morelli et al., 2018). To
investigate these possibilities, we first examined the brain regions
that similarly track peers high in social status (e.g. most liked) and
low in social preference (e.g. least liked). Next, we examined the
brain regions that differentially track peers high and low in social
status by contrasting representations of high-status and low-
status peers. We conducted these analyses for social preference
and popularity separately as these two are distinct sociometric
constructs.

Methods
Participants

This report consists of data collection across two waves when par-
ticipants were in the 6th and 7th grade (wave 1, 2016-2017 school
year) and 7th and 8th grade (wave 2, 2017-2018 school year) in
three public middle schools in the rural southeast United States.
Sociometric nominations were obtained in school-based testing
sessions at each wave. A total of 873 consented and assented
adolescents participated in school-based assessments (including
sociometric nominations) at wave 1. At wave 1, 148 adolescents
were enrolled in fMRI data collection (see supplementary mate-
rial for recruitment details). To account for attrition, an additional
30 participants were recruited at wave 2, during which the Class-
mates fMRI task was collected from January to September 2018.
The resulting sample included 178 participants.

Of the original 178 participants, 26 did not participate in the
second wave, eight were unable to complete the scan due to
braces, six were excluded due to technical errors during scan-
ning, one quit the scanning session early, two were not from
the school district and so did not have social network data and
three participants were excluded from analyses for excessive
head motion (> 2mm in any direction). Of these 132 participants,
15 7th grade participants from one school were excluded due to
sociometric data calculation errors, which resulted in them see-
ing invalid stimuli. The final sample of participants included 117
adolescents ages 12-15years (M,g =13.59, SD=0.58). Sixty-one
of the participants identified as female (52.6%) and participants
endorsed diverse racial/ethnic identities (see Table 1 for detailed
demographic information).

Peer sociometric nominations

Sociometric procedures were used to measure peer status dur-
ing the school-based assessment (see supplementary material for
school-based consent and assent procedures). During the school-
based assessment, participants were given a full list of peers
within their school and grade level and were asked to identify 1)
whom they like the most, 2) whom they like the least, 3) whois the
most popular and 4) who is the least popular. There was no limit
to the number of peers they could nominate. Prior research sug-
gests that the size of a social network may impact group members’
social cognition (for review, Smith et al., 2020); we thus provide
basic demographic information about the school and network
sizes to contextualize the current findings with previous findings
in adult social network literature (e.g. Morelli et al., 2018). In our
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Table 1. Demographic information of adolescent participants

N = (117 in analysis)

Demographic variables n %

Biological sex

Female 61 52.6%
Male 56 47.4%
Age (year)
12~13 14 11.9%
13~14 74 63.2%
14~15 27 23.1%
>15 2 1.7%
Race/ethnicity
White 41 35.0%
Black/African American 28 23.9%
Asian 2 1.7%
Native American 6 5.9%
Multi-racial 14 11.9%
Other 26 22.2%
Hispanic
Yes 40 34.2%
No 76 65.7%
Prescription medication
Yes 24 20.5%
No 93 79.5%
Language
Native English speaker 117 100%
Spanish family 28 24.1%
SES (family total annual income)
$0—$14999 11 9.4%
$15000—$29 999 29 24.8%
$30000—$44 999 23 19.7%
$45 000—$59 999 23 19.7%
$60000—$74 999 10 8.5%
$75000—$89 999 2 1.7%
$90000—$99 999 6 5.1%
$100000—$119999 4 3.4%
$120000—$150000 4 3.4%
>$150000 1 0.8%
N/A 4 3.4%
Parent education
< 8th grade 12 10.3%
8th grade completed 7 5.9%
Some high school 8 6.8%
High school completed 13 11.1%
Some college 44 37.6%
Associate’s degree 14 11.9%
Bachelor’s degree 12 10.2%
Some graduate school 2 1.7%
Graduate or professional degree 4 3.4%

Note: demographic information was reported by adolescent participants or
parents. Medication, family total annual income and parent education were
reported by adolescents’ parents or legal guardians during scanning visits.
Biological sex, age and race/ethnicity were reported by adolescents during
scanning visits. All adolescent participants were native English speakers;
parents of 28 participants spoke Spanish. We missed some demographic data
from one participant; therefore, only 116 participants’ demographic
information was fully reported.

study, peer nominations were completed by 78.7% of students at
School 1, 77.0% at School 2 and 89.2% at School 3. The numbers
of students in each grade from each school who participated in
this session ranged from 104 to 193 (School 1, 6th grade = 164, 7th
grade =109; School 2, 6th grade =124, 7th grade =104; School 3,
6th grade =193 and 7th grade =179).

Based on adolescents’ peer sociometric nominations, we calcu-
lated social preference and popularity scores for each individual.
In line with past research (Coie et al., 1982), the social preference

and popularity scores were computed for each adolescent as the
standardized differences score between nomination tallies (i.e. z-
score of ‘like the most’ minus the z-score of ‘like the least’ and
z-score of ‘most popular’ minus the z-score of ‘least popular’).
This z-score is thus based on ratings relative to all other students
within their school and grade. High z-scores (e.g.>1) represent
high social status (e.g. liked) peers and low z-scores (e.g. < -1)
represent low social status (e.g. disliked) peers within the same
school (Coie et al., 1982). This sociometric procedure is considered
the most ecologically valid and robust approach for assessing peer
status among adolescents (Crick and Bigbee, 1998).

Classmates’ fMRI task

Adolescents who participated in the fMRI session completed a
task-based fMRI face recognition task adapted from Parkinson
et al. (2017), in which they viewed yearbook photos of their peers
from their school and grade (See supplementary material for
all fMRI visit procedures and scan acquisition parameters). The
peer nominations collected during wave 1 were used to select
the images of adolescents presented in the fMRI task, which was
administered at wave 2. The associations between likability and
popularity ratings across waves 1 and 2 are high (see Supplemen-
tary Figure S3), suggesting peer statusis highly stable. Face stimuli
were scanned and digitized (e.g. JPEG images) from school year-
books from wave 1. Luminance and image size were standardized
across images. Unlike some face recognition studies, we did not
grayscale the picture, mask blemish or scars in the faces or crop
out hair and clothing. Thus, images were as naturalistic as possi-
ble. Peer images were selected for the fMRI task based on their
sociometric rating. To be selected as a face stimulus target for
the task, the peer needed to have a sociometric z-score between
1 and S (representing 1-5 SD above the mean on social prefer-
ence/popularity in their school and grade) or between -1 and -5
(representing 1-5 SD below the mean on social preference/pop-
ularity in their school and grade). The task was created using
E-prime 2.0, and one version was made for each grade level within
each school (six versions total for all subjects, see Supplementary
Table S1). Figure 1 shows an example trial of the Classmates task.

The task had four conditions: high social preference (i.e. z-
score between 1 and 5 on social preference), low social preference
(i.e. z-score between -1 and -5 on social preference), high popular-
ity (e.g. z-score between 1 and 5 on popularity) and low popularity
(i.e. z-score between -1 and -5 on popularity). Within each con-
dition, there were 10 targets (i.e. 40 targets for each participant),
and we aimed for an equal number of boys and girls within each
condition. Due to a data management error, z-scores for the tar-
gets in two of the six task versions were incorrect and did not fall
within the criteria (i.e. z-score between + 1 and 5). Popularity and
social preference (i.e. likability) scores were recalculated for the
target images in these task versions. For one group of participants
(n=20), there were a sufficient number of target images that fit
the criteria for each condition (High Popularity=9, Low Popu-
larity =8, High Social Preference =8, Low Social Preference = 10),
so these participants were included, resulting in five groups
of participants and study stimuli. For the other groups, there
were an insufficient number of target images (e.g. as little as 5)
in the conditions, so these participants (n=15) were excluded.
The faces in each condition were equally divided by female and
male adolescents. We also attempted to build a racially/ethni-
cally diverse paradigm such that each condition contains some
faces representing individuals from minoritized groups. Research
suggests that social preference (i.e. likability) and popularity are
two distinct but correlated sociometric constructs in adolescents
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No response

Press button

jittered

Fig. 1. Example trial of the classmates’ fMRI task during scan. Each trial consists of a jittered fixation and a picture of the peer from the same school
with participants. We did not obtain permission to display adolescent peers’ faces; therefore, facial pictures from the developmental emotional face

stimulus set (Meuwissen et al., 2017) are shown here.

(Cillessen and Mayeux, 2004). For our stimuli, the correlation
between social preference and popularity scores ranged from 0.36
to 0.68 (Group 1: r=0.36, P<0.05; Group 2: r=0.68, P<0.001;
Group 3: r=0.56, P<0.001; Group 4: r=0.42, P<0.01, Group 5:
r=0.46, P<0.005). The correlation between social preference and
popularity scores in the larger dataset from which study stim-
uli were drawn was 0.46, P<0.001. Each target belonged in only
one sociometric category and there was no overlap between tar-
gets in the social preference and popularity conditions. We did
so to maximize the difference between neural responses to socio-
metric likability and popularity and increase the statistical power
in our analyses. No adolescent participants in this neuroimaging
study were included as face stimuli. The average z-score within
each condition was approximately 2 (absolute value; see Supple-
mentary Table S1). We ensured equal distributions of sociometric
scores across schools and conditions for the stimuli.

The Classmates task consisted of 16 blocks, four blocks per
condition, presented across two runs. The blocks were presented
in a randomized order. Within each block, there were 10 targets
chosen to comprise that condition. Peer faces within each block
were shown in a fixed order using a randomization algorithm. Par-
ticipants saw each face 4 times total (2 in each run), with each
condition having 40 total trials each. To achieve the power for neu-
roimaging analysis on visual stimuli, we repeated each peer face
across the conditions, in line with previous studies (e.g. Zerubavel
et al., 2015; Parkinson et al., 2017). We used a 1-back task to ensure
that adolescent participants were paying attention to these visual
stimuli during scanning, such that each block contained one tar-
get that appeared twice in a row. In addition, implicit inferences
of social attributes from faces often require face identity recog-
nition processes (Todorov et al., 2008, 2015). A large body of work
has shown that 1-back paradigms successfully elicit face iden-
tity recognition processes in which participants invoke a mental
representation of face identity in the absence of percept (Kan-
wisher et al., 1998; Gauthier et al., 2000; Dai and Scherf, 2023).
Participants were instructed to press a button with their right
pointer finger when a face repeated. Adolescents were not explic-
itly told to track peer status, which allows us to investigate how
the brain spontaneously supports adolescents’ awareness of peer-
based social hierarchies in real-world networks. Each face was
shown for 1750ms, and a fixation cross was jittered around an

average of 2301 ms (range: 565.8-4936.8 ms; see Figure 1). We did
not include a control condition (e.g. teenagers with equal social
attributes from other social networks) to account for other social
attributes as it may regress out the phenomenon of our research
interest, given that other social attributes (e.g. facial attractive-
ness, trustworthiness) are inherently correlated with social status
in humans (Qu et al., 2017).

Neuroimaging analysis

In line with the analysis protocol in our previous studies
(McCormick and Telzer, 2018; Kwon et al., 2022), different anal-
ysis packages were employed to take advantage of its own merits
(e.g. SPM (Statistical Parametric Mapping) is proficient in paramet-
ric modulation). Preprocessing was conducted using FSL (FMRIB’s
Software Library, version 6.0; www.fmrib.ox.ac.uk/fsl). See supple-
mentary material for detailed preprocessing steps.

Individual level, fixed-effects analyses were estimated using
the general linear model (GLM) convolved with a canonical hemo-
dynamic response function in SPM12 . Parametric modulation
analysis was conducted to detect the linear relationship between
the BOLD response and peer status. The task was modeled as
event-related with four conditions: high popularity, low popular-
ity, high social preference and low social preference. The absolute
value of the sociometric rating for each target in each condition
(i.e. social preference score for the high and low social preference
conditions; popularity score for the high and low popular condi-
tions) was added as a parametric modulator (PM) at the trial level.
Importantly, the sociometric ratings ranged from relatively lower
to high scores within each condition, which allows us to exam-
ine whether adolescents’ brains track variation in peer status.
Original low social preference (i.e. least liked) and low popularity
scores were negative (i.e. -1 SD below the mean on likeability), and
high social preference (i.e. most liked) and high popularity scores
were positive (i.e. +1 SD above the mean). In order to compare
activation across the conditions, we took the absolute values and
used these absolute values as PMs at the trial level. For instance,
for the low social preference peer condition, this identifies brain
regions that linearly increase in BOLD as the absolute value of
low-likability scores increase (i.e. more dislikable); for the high
social preference peer condition, this identifies brain regions that
linearly increase in BOLD as the absolute value of high-likability
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scores increase (i.e. more likable). Each condition was modeled
at the onset of the face stimulus and the duration equal to zero.
Six motion parameters were modeled as regressors of no interest.
The repeated faces in this 1-back Classmates task were treated
as a separate condition and modeled as a contrast of no interest.
TRs with motion greater than 0.5 frame-wise displacement were
modeled as a nuisance regressor. Using the parameter estimates
from the GLM, linear contrast images comparing each of the face
conditions of interest were calculated for each subject for the con-
trasts including high social preference, low social preference, high
social preference vs low social preference and low social pref-
erence us high social preference. Similar contrasts were created
for the high and low popularity conditions. All conditions were
performed in one GLM. Individual subject contrasts were then
submitted to random effects, group-level analyses using GLM-
Flex (McLaren et al., 2011), which corrects for variance-covariance
inequality, removes outliers and sudden activation change in the
brain, partitions error terms and analyzes all voxels containing
data (http://mrtools.mgh.harvard.edu/ index.php/GLM_Flex).

First, to investigate which brain areas show similar neural
tracking of high social status (e.g. most liked) and low social sta-
tus (e.g. least liked) peers, we conducted whole-brain analyses
separately for high and low social preference conditions, with
social preference scores (absolute values for high social prefer-
ence and low social preference peers) as PMs for each condition.
This allowed us to identify the brain regions that track (i.e. lin-
early increase in activation) peers of increasing likability and
decreasing likability. In a subsequent analysis, we performed a
conjunction analysis to formally evaluate which regions from the
maps generated for the high social preference and low social
preference peer conditions had similar areas (i.e. voxels) of acti-
vation using AFNI 3dcalc program (t-value as 3.14 and corrected).
Regions that were identified across both conditions were then
masked for overlap and plotted for descriptive purposes. This con-
junction analysis allowed us to identify the brain regions that
track the representation of high social preference and low social
preference via a single psychological dimension. Second, to inves-
tigate which brain regions show unique neural tracking of high
social preference and low social preference peers, we contrasted
the high social preference condition with the low social prefer-
ence condition with social preference scores as PMs (i.e. High
social preference with PM >Low social preference with PM). This
allowed us to identify brain regions that differentially tracked
highly likable peers relative to dislikable peers (and vice versa).

Similar analyses were run for the popularity contrasts. Specifi-
cally, we conducted whole-brain analyses separately for high and
low popularity conditions, with popularity scores (absolute values
for high popular and low popular peers) as PMs for each con-
dition. This allowed us to identify the brain regions that track
(l.e. linearly increase in activation) peers of increasing popu-
larity and decreasing popularity. We also included exploratory
analyses in our GLM for contrasting social preference and pop-
ularity with respective sociometric scores as PMs (i.e. High social
preference with PM > High popularity with PM, Low social pref-
erence with PM>Low popularity with PM, social preference with
PM > popularity with PM and popularity with PM>social prefer-
ence with PM). See Supplementary Table S2 for detailed results of
analyses with the popularity conditions.

To correct for multiple comparisons, we employed Monte
Carlo simulations using 3dClustSim in the AFNI software pack-
age (updated version Oct 2020; Ward, 2000). Specifically, we
first submitted the residuals generated from the random-effects,

individual-level analysis to the 3dFWHMx program to calcu-
late the spatial group smoothness, assuming an auto-correlation
function (i.e. -acf). Based on these simulations, we determined a
corrected threshold of two-sided P<0.001, with a minimum clus-
ter extent of 84 voxels, corresponding to P < 0.05, family-wise error
(FWE) corrected. Whole-brain analyses for each contrast are avail-
able on NeuroVault (Gorgolewski et al., 2015): https://identifiers.
org/neurovault.collection:12781.

Results

Neural correlates of social preference
Similarity in neural tracking of peers high in social prefer-
ence and low in social preference

To investigate neural tracking of social hierarchies in adolescents,
we ran whole-brain analyses for the high social preference and
low social preference conditions separately, each with social pref-
erence scores as a PM. Neural tracking of peers with high social
preference scores (i.e. most liked peers) elicited significant activa-
tion in the occipital gyrus and bilateral FFAs (including FFA1 and
FFA2). Neural tracking of peers with low social preference score
(i.e. least liked peers) elicited activation in the bilateral occipital
gyrus and FFA (including FFA1 and FFA2). All main effect results
are reported in Table 2.

Notably, the FFAs (FFA1 and FFA2) were both activated while
adolescents tracked high social preference and low social prefer-
ence peers (see Figure 2A), suggesting the FFA might be a critical
region that represents both high and low peer status among ado-
lescents. Our subsequent conjunction analysis confirmed that the
regions that were simultaneously tracking high social preference
and low social preference were bilateral FFA and occipital lobes
(see Figure 2B and Table 2). For descriptive purposes, we extracted
parameter estimates (8) from the FFA from the clusters that over-
lapped across both conditions and plotted the beta weights as
a function of sociometric likability scores. Figure 2C shows that
adolescents exhibited linear increases in FFA activity as likability
scores increased in the high social preference peer condition, and
linear increases in FFA activity as likability scores decreased in
the low social preference peer condition, indicating that both the
highest and lowest likable peers elicited the greatest FFA activa-
tion. See Supplementary Figure S1 for the distribution of 8 values
in each FFA as a function of peer status across participants.

Differential neural tracking of peers high in social preference
and low in social preference

To investigate which brain regions differentially track peers high
in social preference and low in social preference during adoles-
cence, whole-brain t-tests were conducted to examine the main
effects of high >low social preference peers with absolute social
preference scores added as PMs. This analysis detects the brain
regions that exhibit relatively greater BOLD activation as absolute
values in high status peers increase relative to absolute values in
low status peers (i.e. increasing dislikability—low in social pref-
erence). Analyses at the whole-brain level showed that neural
tracking of peers high in social preference (i.e. most liked peers)
differentially engaged the DLPFC, as well as the middle occipital
lobe (see Table 2). For descriptive purposes, we extracted parame-
ter estimates (g) from the DLPFC in the high social preference and
low social preference peer conditions and plotted the beta weights
as a function of sociometric likability scores. Figure 3 shows that
participants exhibited linear increases in the DLPFC as likability
scores increased to peers high in social preference, whereas brain
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Table 2. Brain regions that exhibited activation for tracking social preference (likability) of peers

MNI coordinates

Contrasts Regions X y z t-values k
High social preference with PM L fusiform face area’ -32 -78 -10 6.95 1918
L middle occipital gyrus’ -32 -96 10 6.14 1918
L calcarine gyrus -8 -104 4 4.63 1918
R fusiform face area’ 30 -76 -10 5.48 1671
R middle occipital gyrus’ 28 -84 10 5.20 1671
R fusiform face area’ 28 -56 -10 5.14 1671
Low social preference with PM R calcarine gyrus 12 -100 10 5.21 281
L middle occipital gyrus -12 -102 6 5.06 216
L fusiform face area’ -32 -38 -16 4.97 203
L fusiform face area’ -32 -78 -10 4.24 102
R fusiform face area’ 22 -86 -10 451 478
R cerebellum 34 -46 -18 3.98 537
L postcentral gyrus —-64 -24 32 -3.87 104
High >low social preference with PM L middle occipital gyrus -34 -94 12 4.92 136
L dorsolateral prefrontal cortex -30 60 4 3.92 176

Note: L—left, R—right, PM—PM, ACC—anterior cingulate cortex, MCC—midcingulate cortex.

*represents the brain regions that were significant in conjunction analysis (multiple comparison corrected). Fusiform face areas (FFA1 and FFA2) were activated in
both high social preference and low social preference conditions with PM (e.g. FFA1 [x=-32, y=-78,z=-10], FFA2 [x=-32, y=-38, z=-16]). The t-values stand
for the t-score at peak activation level and k values refer to the number of activated voxels in activation clusters. Brain regions were based on whole-brain
analyses using multiple comparison threshold of a minimum cluster size of 84 voxels (voxel-wise threshold of P<0.001; 2-sided), corresponding to P<0.05,
family-wise error corrected. No activated brain regions survived this threshold in low us high social preference with PMs.

activation in this region decreased with decreasing likeability for
peers low in social preference. No brain regions survived the pre-
defined threshold for the low status>high status contrast. See
Supplementary Figure S2 for the distribution of 3 values in the
DLPFC across participants.

Neural correlates of popularity

Similarity in neural tracking of peers high in popularity and
low in popularity

To investigate neural tracking of social hierarchies in adoles-
cents, we ran whole-brain analyses for the high popularity and
low popularity conditions separately, each with popularity scores
as a PM. No brain regions survived the predefined threshold
for tracking of high popularity. Neural tracking of peers low in
popularity (i.e. unpopular peers) elicited increasing activation as
unpopularity increased in the bilateral inferior parietal lobe (IPL;
see Figure 4A, B). However, there were decreases in activation
as unpopularity increased in the bilateral insula, superior tem-
poral lobes (i.e. TPJ) and midcingulate cortex (MCC) (see Table 3
& Figure 5). Figure 4 shows that participants exhibited linear
increases in the IPL as unpopularity scores increased (i.e. peers
became more unpopular), whereas brain activation in this region
remained consistently low as popularity scores increased to peers
high in popularity, suggesting the IPL tracks peers low in popular-
ity. Figure 5 shows that participants exhibited linear decreases in
the bilateral insula, right MCC and right TPJ as popularity scores
increased to peers low in popularity, whereas brain activation to
peers high in popularity within this region remained consistent.
Supplementary Figures S4 and S5 for the distribution of 3 values
in the bilateral IPL, insula, right MCC, and right TPJ across partic-
ipants. Conjunction analysis was not performed given there was
no overlapping activation across the two conditions.

Differential neural tracking of peers high in popularity and
low in popularity

To investigate whether brain regions uniquely track peers high
in popularity and low in popularity, whole-brain t-tests were

conducted to examine the main effects of high-popular>low-
popular peers with absolute popularity scores added as a PM.
Our results showed greater activation to high-popular relative to
low-popular peers in the bilateral superior temporal gyrus and
left MCC (see Table 3). Given that the main effect for the low
popular peers elicited decreases in activation as low popularity
increased, this result suggests that low popular peers uniquely
elicit decreases in activation. Moreover, we see greater activation
to low-popular relative to high popular peers in the IPL.

Discussion

Adolescence is a period marked by an increased focus on the
salience of peer-based social hierarchies (Cillessen et al., 2011).
In this study, adolescent participants viewed images of peers
from their social networks without being explicitly told to track
their peers’ social statuses (i.e. social preference and popularity).
Social preference (i.e. likability) and popularity scores of adoles-
cents’ peers were used as PMs in our neuroimaging analysis to
examine whether and how neural activation tracks levels of peer
status. We aimed to investigate which neural regions similarly
track high and low social status peers and which neural regions
uniquely track high and low social status peers. For social pref-
erence, we found that the FFA subregions (i.e. FFA1 and FFA2)
tracked both peers high in social preference and low in social
preference. In contrast, the DLPFC differentially tracked peers
high in social preference relative to peers low in social prefer-
ence, such that the DLPFC exhibited increased activation to peers
high in social preference as social preference scores increased
(i.e. more likeable), whereas decreased activation to peers low in
social preference (i.e. more dislikeable). For popularity, no regions
similarly tracked peers high and low in popularity, whereas the
TPJ, MCC, insula, and angular gyrus (i.e. IPL) specifically tracked
the degree of unpopularity amongst lowly popular peers. Taken
together, these neural findings indicate that adolescents sponta-
neously track social hierarchies amongst their peers and suggest
that different brain regions may jointly represent and assess peer
status.
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Fig. 2. Brain activation when tracking high and low social preference peers. (A) The high and low social preference peers (i.e. most liked and least liked
peers) are simultaneously represented in the fusiform face area (i.e. FFA). Data are thresholded at the voxel level P<0.001 (2 sided) with a cluster
threshold k=84, N=117. To visualize, group-level activation to high social preference peers (orange cluster) and low social preference peers (blue
cluster) are overlaid onto an MNI anatomical image using FSL. (B) Conjunction analysis with the same multiple comparison correction criteria shows
that both high and low social preference peers are represented in the FFA. (C) To visualize how the FFA tracks peer social preference, we plotted the
parameter estimates (3) from the activated FFA in each condition. The x-axis represents the absolute value of social preference score, such that high
z-scores represent the sociometric statuses of the most liked peers and the least liked peers, and the y-axis represents mean brain activation in the
FFA. IFFA =left FFA, rFFA =right FFA. See Supplementary Figure S1 for the distribution of 3 values in FFA across participants.
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Fig. 3. Brain activation when tracking high vs low social preference peers. (A) Whole-brain results for high >low social preference peers (with PMs). (B)
For descriptive purposes to visualize how these brain regions track high social preference peers relative to low social preference peers (i.e. most liked
us least liked peers), we plotted the parameter estimates (3) from the activated regions. The x-axis represents the absolute value of social preference
score, such that high z-scores represent the sociometric statuses for most liked peers and the least liked peers, and the y-axis represents mean
activation in each brain region. See Supplementary Figure S2 for the distribution of 3 values in DLPFC across participants.

Neural correlates of tracking social preference in
adolescents

The FFA simultaneously tracks peers high and low in social
preference

Our first goal was to examine which neural regions similarly track
peers high and low in social status. We found that the FFA was
activated while adolescents tracked both peers high and low in
social preference. Our results, along with previous evidence, bol-
sters the emerging perspective that high-order social knowledge
may have a downstream regulation on visuoperceptual processes
by showing that both highly likable and unlikable peers are rep-
resented by the FFA. A substantial body of neuroimaging studies
reveals that the FFA is highly specialized in object- and face-
perception expertise (Haxby et al., 2000; Kanwisher, 2017) and in
the perception of social categories, particularly in distinguishing
salient faces from non-salient faces (Freeman et al., 2019). Most
neuroimaging studies to date have treated the FFA as a single area;
however, there is a growing recognition that the FFA contains two
functionally distinct regions—FFA1 and FFA2 (Weiner and Grill-
Spector, 2012; Elbich and Scherf, 2017). The FFA1, which is the
posterior part of the fusiform gyrus, is linked to featural analy-
sis of faces (e.g. Rossion et al., 2000; Yovel et al., 2008) and early
perceptual learning about faces (e.g. Bi et al., 2014). In contrast,
FFA2, the anterior part of the FFA, is associated with recogni-
tion accuracy of face identity and detecting the social salience
of percepts (e.g. Elfgren et al., 2006; McGugin et al., 2014; Axel-
rod and Yovel, 2015). We found that activation in the FFA1 and
FFA2 were both sensitive to social rank, which may suggest that
information about social rank is relevant to both the early percep-
tion of faces as well as the social evaluation of those faces, more
generally. Together, these findings may explain why inferring the
social attributes of faces is an early (within hundreds of millisec-
onds) and primary feature of face perception (Todorov et al., 2005,
2008).

To date, most studies in the extant literature have focused on
how and why individuals with more social value receive more
selective attention compared to individuals with less social value
(e.g.Lansu et al., 2014; Morelli et al., 2018). Relatively less attention

has been paid to how individuals perceive and process low-status
peers and how high- and low-status peers may be represented
in the brain. Indeed, significant activation in the early visuoper-
ceptual system in response to both high- and low-status peers
might be developmentally adaptive. Our findings suggest that
the visuoperceptual regions of adolescents’ brains may repre-
sent socially salient input along a single psychological dimension,
which may in turn allow youths to allocate attentional resources
to rapidly evaluate and identify socially desirable and undesirable
members within their social networks. This information about
group members, in turn, potentially guides adolescents’ sub-
sequent social behaviors and interactions with their peers. For
example, peers high in social preference may be rewarding to
adolescents because these peers receive more collective attention
from others; approaching and bonding with this socially valued
group may provide avenues to maintain or further improve one’s
status in a network (Dijkstra et al., 2013). In contrast, low social
preference (i.e. being disliked) is often associated with social iso-
lation and relational aggression (Prinstein and Cillessen, 2003;
Neal, 2010; Lansu and Cillessen, 2012). Adolescents may actively
seek to avoid these individuals, as bonding with this group may
lower one’s own peer status or result in peer victimization. Thus,
it may be optimal in adolescence to allocate attentional resources
to identifying both socially rewarding and threatening members
of one’s peer group. Our finding suggests that the FFA, a crit-
ical region for face perception and social categorization, plays
a substantial role in representing adolescents’ peer-based social
hierarchies which may subserve their navigation in their real
social world.

The DLPFC differentially tracks high and low social prefer-
ence peers

Our second goal was to examine neural regions which uniquely
track peers high in social preference and low in social prefer-
ence. We found that the DLPFC was differentially involved in
tracking peers who were high and low in social preferences,
such that brain activation increased for high social preference
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Fig. 4. Brain activation when tracking high and low popular peers. (A) The bilateral inferior parietal lobe (IPL) significantly tracks adolescents low in
perceived popularity, such that neural activation increased as unpopularity increased in low-popular peers. Data are thresholded at the voxel level
P<0.001 (2 sided) with a cluster threshold k=84, N=117. To visualize how the IPL tracks peer low in popularity, we plotted the parameter estimates
(8) from the activated IPL in each condition (see Supplementary Figure S4. The x-axis represents the absolute value of perceived popularity score, such
that high z-scores represent the sociometric statuses of the most popular peers and the most unpopular peers, and the y-axis represents mean brain

activation in the IPL.

peers but decreased for low social preference peers. The DLPFC
is involved in goal-directed attentional control in humans (Miller
and Cohen, 2001), and a substantial body of neuroimaging work
links the DLPFC to the representation of social hierarchies and
social-hierarchy-dependent behaviors in non-human primates
and humans. For example, in rhesus macaques, the DLPFC
underlies increased attention to hierarchically superior vs infe-
rior conspecifics (for review, Watanabe and Yamamoto, 2015). In
humans, the DLPFC is broadly implicated in interpersonal judg-
ment (Mah et al.,, 2004), social moral judgment (Spitzer et al,
2007) and perceiving socially valued members (Qu et al., 2017).
For instance, neuroimaging studies found increased DLPFC acti-
vation during passive observation of socially valued individuals
relative to socially unvalued individuals (Zink et al., 2008; Ligneul
et al., 2017), suggesting its essential role in the representation of
social hierarchy. Recent neuroimaging work has proposed that the

DLPFC may also serve as a central mediator in behavioral reg-
ulation and social hierarchy processing (for review, Chiao, 2010;
Wang et al., 2014). Indeed, empirical evidence shows that DLPFC
activation is positively associated with one’s subjective levels of
social norm compliance (Ruff et al., 2013), and related to one’s
behaviors and attitudes associated with the affirmation of social
hierarchies among group members (Ligneul et al., 2017). Our find-
ing shows that the DLPFC differentially tracks high and low social
preference peers, suggesting that the DLPFC may be specialized
in tracking self-relevant social hierarchy information from visual
inputs and may underlie the psychological responses to peers
with higher and lower social rank. Given that social behaviors
often occur in tandem with peer status inferences (Li et al., 2022)
and adolescents are more susceptible to the influence of high-
status peers than the influence of low-status peers (e.g. Crone and
Dahl, 2012; Maheux et al., 2020), differential neural tracking in
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Table 3. Brain regions that exhibited activation for tracking popularity of peers
MNI coordinates
Contrasts Regions X y z t-values k
Low-popular peers with PM L inferior parietal lobe -46 -70 42 4.81 119
R inferior parietal lobe 42 -74 40 4.40 175
R insula lobe 44 8 2 -5.32 344
R MCC 8 12 38 -5.26 960
L ACC 0 32 18 -4.08 960
R posterior-medial frontal 8 8 60 -3.63 960
R temporoparietal junction 66 42 26 -5.04 883
R postcentral gyrus 66 -20 28 -4.29 883
L insula lobe -36 12 8 -4.92 112
R rectal gyrus 22 10 -10 -4.74 152
R linual gyrus 24 -60 2 -4.33 142
R MCC 10 -24 40 -4.31 123
L superior temporal gyrus -64 —-42 16 -4.26 574
L superior temporal gyrus -48 -28 14 -4.00 574
L postcentral gyrus -58 -26 32 -3.48 574
L olfactory cortex -16 6 -12 -4.01 199
High- >low-popular with PM L superior temporal gyrus -54 —-24 12 4.55 327
L superior temporal gyrus -62 —-42 16 4.08 327
R superior temporal gyrus 66 —42 26 4.53 151
R supramarginal gyrus 66 -22 30 3.44 151
L MCC 0 2 38 3.87 134
Low- > high-popular with PM R inferior parietal lobe 42 -72 44 4.34 101

Note: L—left, R—right, PM—parametric modulator, MCC—midcingulate cortex, ACC—anterior cingulate. The t-values stand for the t-score at the peak activation
level and k values refer to the number of activated voxels in activation clusters. Brain regions were based on whole-brain analyses using multiple comparison
threshold of a minimum cluster size of 84 voxels (voxel-wise threshold of P<0.001; 2-sided), corresponding to P <0.05, family-wise error corrected.
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Fig. 5. Decreasing neural tracking of peers in low popular peers. The temporoparietal junction (TPJ), insula and midcingulate cortex (MCC) significantly
decreased as unpopularity increased in the low-popular peer condition. Data are thresholded at the voxel level P<0.001 (2 sided) with a cluster

threshold k=84, N=117. To visualize how the brain regions track peer low in popularity, we plotted the parameter estimates (5) from the activated
regions in each condition (see Supplementary Figure S5 for distribution). The x-axis represents the absolute value of perceived popularity score, such
that high z-scores represent the sociometric statuses of the most popular peers and the most unpopular peers, and the y-axis represents mean brain

activation in the IPL.



12 | Social Cognitive and Affective Neuroscience, 2023, Vol. 18, No. 1

the DLPFC to high peer status and low peer status may serve as a
susceptibility marker to peer influence.

Two neuropsychological processes for tracking social prefer-
ence in adolescents

The current results suggest that two parallel processes may help
adolescents track their peer-based social hierarchies in terms of
social preference: (i) neural sensitivity that tracks both high and
low social preference peers within the core face processing sys-
tem (i.e. the FFA) may allow youth to represent their emerging
peer-based social hierarchies; (ii) neural sensitivity that differen-
tially tracks peers high and low in social preference within regions
involved in goal-directed attention and behavioral regulation (i.e.
DLPFC) may allow youth to represent high- and low-status peers
differently. This differential neural tracking of peers high and low
in social preference may help adolescents identify those peers
who they deem behaviorally relevant. These neural processes
may present important pathways via which adolescents navi-
gate their social networks across peer contexts. First, insofar
as peer-based social hierarchies provide a developmental con-
text for adolescents to understand social relationships and prac-
tice cooperation, compromise and competition with peers who
vary in peer status (Laursen and Veenstra, 2021); accurate rep-
resentation of social hierarchies via the FFA may set a critical
stage for adolescents’ social behaviors towards both socially val-
ued and unvalued peers. Second, since social hierarchies have a
profound impact on organizing social groups, differential neuro-
biological sensitivity to high and low social preference peers in
the DLPFC may help explain teenagers’ social behaviors, particu-
larly in peer influence contexts. In humans, high-status members
facilitate low-status members’ social learning processes and max-
imize low-status members’ motivation (Henrich and McElreath,
2003; Magee and Galinsky, 2008). Moreover, studies suggest that
adolescents more strongly conform to high-status peers’ than
low-status peers’ behaviors, regardless of whether those behav-
iors are prosocial (Choukas-Bradley et al., 2015) or risky (Cohen
and Prinstein, 2006; Koski et al., 2015). These behavioral changes
in peer contexts often occur in tandem with peer status infer-
ence and social comparison. Our finding here may thus shed
light on the neurobiological mechanisms underlying peer influ-
ence in adolescents—differential neural sensitivity in the DLPFC
to high- and low-status peers. Together, we identify two potential
neuropsychological processes that allow youths to represent their
emerging social hierarchies and keep track of peer status, which
provide insight into how teens flexibly and sufficiently navigate
their real-world social networks.

Neural correlates of tracking popularity in
adolescents

In the current study, we also examined how adolescents’ brains
track another significant sociometric dimension—popularity.
Interestingly, we did not find any overlap in regions that track
both high and low popularity. Moreover, no regions significantly
tracked adolescents high in perceived popularity. In contrast, we
found that peers who were rated as low in popularity (i.e. unpop-
ular) were uniquely represented at the neural level. In particular,
we found that the IPL was involved in tracking more unpopu-
lar peers in adolescents’ social networks. The IPL is a key neural
substrate for a variety of psychological processes, including fun-
damental visuospatial attention, language processing and social
cognition that governs human social interactions (for review,
Numssen et al., 2021). Importantly, empirical work suggests that

the IPL hierarchically represents social information within a con-
tinuum. For instance, neuroimaging studies have demonstrated
a graded response in IPL to emotion recognition behaviors rep-
resenting intense fear vs mild fear vs neutral facial recognition
behaviors (Radua et al., 2010). IPL also responds while human sub-
jects represent the hierarchical rank of group members during
passively viewing of facial or body images (Zink et al., 2008; Free-
man et al.,, 2009; Chiao et al., 2009; Chiao, 2010; Qu et al., 2017).
Along with these neuroimaging findings, our study suggests that
the IPL may also hierarchically represent peer status in adoles-
cents. Nevertheless, the IPL only appears to track the hierarchical
status information amongst unpopular peers in adolescence; no
significant results were found in the popular peer condition.

Interestingly, we found that the TPJ, insula and MCC were
more significantly active as unpopularity decreased in the low-
popular peer condition. In other words, neural responses within
these regions were stronger to those mildly unpopular peers than
extremely unpopular peers in adolescents. A substantial body of
work links TPJ to the understanding of others’ thoughts and feel-
ings in social contexts (Saxe and Kanwisher, 2003) and inferring
social member’s status within a network (Parkinson et al., 2017),
while the insula and MCC are involved in representing salient and
affectively potent stimuli (Seeley, 2019) and are activated during
the observation of and empathy for others’ experiences (e.g. social
exclusion; Zaki and Ochsner, 2012). Indeed, recent neuroimaging
work shows that the co-activation between these regions involved
in mentalizing and empathy predicts adolescents’ behavioral
change in peer contexts (Wasylyshyn et al., 2018), consistent with
these brain regions’ vital role in navigating the social world. It
is intriguing that these brain regions become less engaged the
more unpopular the target is. Future studies including measures
assessing additional peer characteristics and adolescents’ subjec-
tive feelings are needed to detect the psychological meanings of
this neural process in adolescents.

Surprisingly, we did not find any brain region that linearly
tracks increases in popularity amongst the most popular peers
in adolescence. These null findings reflect two possibilities. One
potential explanation is that highly popular peers may not be
socially salient and valued by adolescents. However, this is
unlikely to be true, as a substantial body of empirical work has
suggested that popular peers play a significant role in behavioral
conformity among teens (for review, Prinstein, 2017). Further-
more, adolescents are visuoperceptually sensitive to highly pop-
ular peers (Lansu et al., 2014). Alternatively, our null finding may
suggest that past a certain threshold of popularity, adolescents
do not distinguish neurally amongst highly popular peers within
their social networks. That is, all popular peers may elicit simi-
lar activation, regardless of within-group variation in popularity
levels.

Limitations and future directions

The current study uses novel methods to investigate how neural
processes during adolescence allow youths to keep track of the
peer status in their social networks. Using sociometric nomina-
tion techniques in which all teens in a school nominated their
high and low social preference and popularity peers, paired with
neuroimaging allowed us to delineate how the adolescent brain is
functionally organized to map their emerging social hierarchies.
Nonetheless, this study has limitations. First, we used images
of peers who were most liked and least liked, as well as most
popular and least popular, but did not include images of aver-
age social status peers in our study. We did so because faces of



high and low social status peers are important social cues that
humans preferentially pay more attention to and because they
are important social agents that have profound impacts on ado-
lescent behaviors (Prinstein et al., 2011a,b; Teunissen et al., 2012).
Nonetheless, future investigations including a broader range of
peer status will help us better understand how the developing
brain fully represents social hierarchies during adolescence. For
instance, it would be interesting to understand whether peer sta-
tus is represented in a graded fashion in the adolescent brain
or whether it is represented in a more categorical fashion (e.g.
whereby average teens are more similar to low status teens than
high status teens).

A second limitation of the present study is that sociometric
nominations and yearbook images were necessarily from the prior
year of data collection. We did so because of the time it took
to process the massive sociometric data and the availability of
photo images before the scan session. Thus, it is possible that
the peer statuses of nominated teens might have changed across
the year leading up to our neuroimaging session. However, both
prior research and our study show that peer status is highly sta-
ble across years (i.e. correlation range from 0.7 to 0.9) during
adolescence (Dijkstra et al., 2013; see Supplementary Figure S3),
suggesting this likely is not a major confound. Nonetheless, it
would be interesting to examine the neural representation of
social hierarchy in a longitudinal fashion to examine how it might
shift with shifts in social hierarchies.

Conclusions

Peers gain increased salience during adolescence and youths
become hyper-attuned to their emerging social hierarchies in peer
contexts during this time (Prinstein and Giletta, 2020), yet no
work to date has examined how youths keep track of peer status
and represent their emerging peer-based social hierarchies. This
work, to our knowledge, is the first study to investigate adoles-
cents’ neural tracking of peer status by integrating neuroimaging
with sociometric nomination techniques. We revealed different
neuropsychological processes which may be involved in encod-
ing the complex social hierarchy among adolescents: (i) the early
visual system for face perception and social categorization—the
fusiform face area—similarly represents both high and low social
preference peers (i.e. most liked and least liked peers), which may
be socially and developmentally adaptive for teens’ social naviga-
tion; (ii) the DLPFC is differentially engaged in tracking high and
low social preference peers in adolescents, such that adolescents
exhibited increased activation to peers high in social preference
while decreased activation to peers low in social preference in the
DLPFC; (iii) the IPL, TPJ, MCC and insula automatically tracks the
popularity of peers, but only to those lowest in popularity, with
no regions tracking high popular peers. These findings make a
novel and significant contribution to the study of adolescent brain
development, social development, peer relationship and research
on peer influences.
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