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ARTICLE INFO ABSTRACT

Keywords: Social media behaviors increase during adolescence, and quantifiable feedback metrics (e.g., likes, followers)
Ad?les‘fe"f:e may amplify the value of social status for teens. Social media’s impact on adolescents’ daily affect may be
Daily diaries exacerbated given the neurodevelopmental changes that increase youths’ sensitivity to socio-emotional infor-
FMRI . . . . . I . . .

Social media mation. This study examines whether neurobiological sensitivity to popularity moderates daily links between
Emotions social media use and affect. Adolescents (N = 91, M,ge=13.6 years, SDag.=0.6 years) completed an fMRI task in
Popularity which they viewed faces of their high (>1 SD above the mean) and low (<1 SD below the mean) popular peers

based on peer-nominated sociometric ratings from their school social networks. Two years later, adolescents
reported their time spent on social media and affect daily for two weeks. Neural tracking of popularity in the
ventromedial and dorsomedial prefrontal cortex moderated the association between time on social media and
affect. Specifically, adolescents who tracked high popular peers in the vmPFC reported more positive affect on
days when they used social media more. Adolescents who tracked low popular peers in the vmPFC and dmPFC
reported more negative affect on days when they used social media more. Results suggest that links between

social media and affect depend on individual differences in neural sensitivity to popularity.

1. Introduction

Social media behaviors increase during adolescence and are a pri-
mary platform by which youth engage in peer interactions (Rideout
et al., 2022). Unique characteristics of social media may be augmenting
the value of social status, particularly popularity, among adolescents
(Nesi et al., 2018) at a time in which they are hypersensitive to social
and emotional experiences (Blakemore and Mills, 2014; Somerville,
2013). While multiple studies have explored the association between
time spent on social media and adolescents’ emotions, such associations
have been mixed in the literature (for reviews see Best et al., 2014;
Orben, 2020). It may be that individual differences in neurobiological
sensitivity to social cues determine the extent to which social media
impacts adolescents’ positive and negative affect. Thus, the current
study explores the association between time spent on social media and
daily positive and negative affect, and whether individual differences in
adolescents’ neural sensitivity to peer status moderates this link.

Social media platforms have become ubiquitous for adolescents
worldwide, providing them with novel opportunities to explore, express
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themselves, and interact with others (Bhanderi et al., 2021; Rideout
etal., 2022). Here, we define social media as a form of digital media that
is often mobile, immersive, and offers a continuous form of engagement
in social interaction, communication, and selective self-presentation (e.
g., TikTok, Instagram, Youtube; Nesi et al., 2018). Distinct features of
social media platforms have fundamentally transformed the landscape
of adolescents’ peer interactions. Characteristics such as the quantifi-
ability of digital social interactions — the extent to which social media
allows for numerical social metrics (e.g., likes, views, followers) — can
impact adolescents’ digital experiences and subsequent online behav-
iors, and may be altering the meaning of social status among adolescents
(Dhir et al., 2018; Nesi and Prinstein, 2019). Social status is typically
comprised of two distinct components. Popularity describes the extent to
which an individual has prestige and influence in a group and is often
associated with social dominance while social preference (i.e., likability)
describes the extent to which an individual is considered as friendly and
cooperative. Social media contexts have unique affordances such as
quantifiable feedback metrics which emphasize the number of likes,
retweets, comments on users’ posts (i.e., how popular it was) over the
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content of those comments (i.e., how liked it was). As such, feedback
metrics tend to represent the amount of influence an individual has over
a group thus explaining why individuals that have a large number of
followers and elicit high levels of engagement with their posts are often
termed influencers. Thus, social media may be highlighting and aug-
menting the value of social influence in terms of popularity. For
example, when using social media, adolescents can engage in digital
status seeking behaviors to gain online indicators of peer status and
approval (Nesi and Prinstein, 2019).

Greater social media use in adolescence coincides with an increased
risk for the onset of depression and anxiety (Vuorre et al., 2021) which
has sparked growing concerns among the public regarding how social
media may be affecting adolescents’ emotional well-being (Barry, 2023;
Gordon and Brown, 2023). However, despite over 80 systematic reviews
and metanalyses looking at a range of populations (Dickson et al., 2018),
researchers have not reached a consensus on the impact of social media
on the health of youth (for reviews see Best et al., 2014; Frith, 2017;
Sarmiento et al., 2020; Orben, 2020). Indeed, studies have found posi-
tive, negative, and even null associations between social media use and
affective well-being among adolescents (Banjanin et al., 2015; Orben
and Przybylski, 2019; Verduyn et al., 2017). Discrepancies in research
findings highlight complex and nuanced associations between social
media use and adolescent emotional well-being.

It has been argued that the small associations and inconsistencies
within research findings may arise from an attempt to identify overall
trends within large datasets (Orben and Przybylski, 2019). This gener-
alization may be obscuring important individual differences in how
youth respond to digital social contexts. Indeed, past studies have pri-
marily been cross-sectional, assessing variables at a single timepoint,
and examine between-person associations to see if adolescents who use
social media more or less than their peers report higher or lower levels of
well-being (Orben, 2020). While valuable, these studies are unable to
consider whether time spent on social media and mood can vary for an
adolescent on a daily level. Indeed, social media can provide a variable
source of both positive and negative emotions (Anderson and Jiang,
2018; Weinstein, 2018). As a result, researchers have begun exploring
how social media behaviors may impact emotional well-being within
adolescents rather than between them (Orben et al., 2019; Whitlock and
Masur, 2019; Beyens et al., 2020). Measuring fluctuations of these be-
haviors using intensive longitudinal data such as daily diaries can in-
crease the validity of self-report measures by taking into consideration
the potential daily variance that can occur as well as decreasing recall
bias of retrospective self-report (Jensen et al., 2019). However, even
studies focused on within-person associations between social media and
well-being have shown positive, negative, or null associations (Orben
et al., 2019; Boers et al., 2019; Jensen et al., 2019; Coyne et al., 2020).

A potential explanation for the discrepancies in both between and
within person associations of time spent on social media and emotional
well-being may be explained by differences in neurobiological suscep-
tibility to the social context (Schriber and Guyer, 2016). Adolescents
experience significant restructuring of neural networks associated with
social and affective processing (Blakemore and Mills, 2014; Crone and
Dahl, 2012; Somerville et al., 2013), which heightens their sensitivity to
social information within their environments. Indeed, such changes in
the brain’s neural circuity may explain why adolescents become
increasingly motivated to connect with peers, acquire social status, and
seek high-intensity affective experiences with the hope of gaining peer
admiration (Crone and Dahl, 2012; Nelson et al., 2005, 2016). As such,
heightened neurobiological sensitivity — particularly in regions that
encode peer status — may determine the extent to which social media
impacts adolescents’ positive and negative affect.

The current preregistered (https://osf.io/skxvp) study offers insight
into how adolescents’ social media use and affective well-being vary
daily and may be moderated by neural sensitivity to peer status. Using
an intensive 14-day daily diary approach, we explored the association
between youths’ daily time spent on social media and their positive and
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negative affect. Based on mixed prior literature showing discrepant links
between social media and affect, we hypothesized that associations
between time on social media and positive and negative affect would be
small or null. Capitalizing on neuroimaging methods, and a novel,
ecologically valid fMRI task designed to measure the neural correlates of
viewing high popular and low popular peers within their own social
networks, we examined whether adolescents’ neural sensitivity to
popularity moderates links between social media use and daily affect.
We separately defined high popularity and low popularity for a couple of
reasons. First, to date, most studies in the extant literature have focused
on the effect of high social status peer on others’ social behaviors,
relatively less attention has been paid to low social status peers. Second,
literature suggests that these two types of peers constitute two important
social signals in adolescents’ social worlds — such that high social status
peers provide avenue for teenagers to maintain or further improve their
social status (Dijkstra et al., 2013), and low social status peers is often
associated with social isolation and relational aggression that teenagers
want to avoid (e.g., Prinstein and Cillessen, 2003). Therefore, investi-
gating the specific neural activation in response to high and low social
status peers may be important for understanding adolescents’ social
development.

We explored brain regions that are involved in valuation (i.e.,
ventromedial prefrontal cortex; vmPFC) and social cognition (i.e., dor-
somedial prefrontal cortex; dmPFC and temporoparietal junction; TPJ)
systems given the potential importance of these systems in navigating
social context such as social media. The vmPFC has been consistently
associated with processing the affective value and motivational signifi-
cance of social stimuli (Doré et al., 2015; Giiroglu et al., 2008) and has
been found to track group members’ sociometric popularity among
adults (Zerubavel et al., 2015). Exploring the activation of
valuation-related brain regions may be particularly important among
adolescents using social media given that digital quantitative feedback
metrics may augment the value of peers. The dmPFC and the TPJ are
both activated when making judgments about others’ mental states and
intentions (Adolphs, 2003; Doré et al., 2015) and have shown neural
tracking of social status among adults (Zerubavel et al., 2015). Social
media allows for near-constant access to social interactions which
require understanding others’ mental states and thus the recruitment of
social cognition brain regions is important for understanding others’
intentions and identifying status in peers’ online behaviors. Since social
media platforms highlight and amplify popularity, we preregistered our
hypothesis that individuals who showed greater neural sensitivity to
their highest- or lowest- popular peers in these regions of interest (ROI)
would show a stronger association between their daily time spent on
social media and their daily affect. In contrast, adolescents with low
neural sensitivity to popularity would show a weaker or null association
between social media and affect. Additionally, we preregistered an
exploratory whole-brain analysis to determine if other brain regions
may be involved in moderating the association between social media use
and daily affect.

2. Material and methods
2.1. Participants

Data for the current study were collected across 3 waves when par-
ticipants were in the 6th and 7th grade (wave 1, 2016-2017 academic
year), 7th and 8th grade (wave 2, 2017-2018 academic year), and 9th
and 10th grade (wave 4, 2019-2020 academic year). Note that data
were also collected during wave 3 but are not included in the current
study. For the purposes of this study, demographic information and
sociometric nominations were obtained during school-based testing at
waves 1 and 2, fMRI data were collected at wave 2, and daily diaries
were completed at wave 4. All study procedures were approved by the
University’s Institutional Review Board and adolescents and their par-
ents provided written assent and consent.
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Participants were recruited from three rural middle schools in the
southeast United States as part of a 5-year longitudinal study. A total of
873 adolescents participated in school-based data collection at wave 1.
Letters of consent were mailed to the caregivers and students who
returned a signed parental permission consent form, regardless of
whether consent was granted or denied by the caregiver, were
compensated $5. Adolescent assent was obtained using a computer by
trained research staff in school. School-based assessments were collected
annually. At each wave, adolescents used computer-assisted self-in-
terviews to report sociometric peer nominations among other self-report
measures and were compensated $5 for their participation.

A subset of participants who met eligibility criteria (i.e., no MRI
contraindications, head trauma, history of seizures, or learning dis-
abilities) participated in a longitudinal fMRI study. Adolescent partici-
pants completed an fMRI scan annually. A sample of 148 adolescents
were recruited for the first wave of data collection. To account for
attrition, an additional 30 participants were recruited for the neuro-
imaging sample at wave 2. At wave 2 of data collection, adolescents
completed a 1.5-hour fMRI scan, which included the Classmates task, as
well as behavioral tasks and self-report questionnaires which were not
the focus of this manuscript. Participants were compensated $90, a $20
gift card for performing well in the scanner (e.g., minimum motion), an
extra $25 as a bonus for returning to our study for wave 2, snacks during
the visit, and a meal. The participating caregiver was compensated $50
as well as a meal and reimbursed for parking and gas. Of the original 178
participants, 26 did not participate in the second wave, eight were un-
able to complete the scan due to braces, six were excluded due to
technical errors during scanning, 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 (> 2 mm in any direction on more than 20% of TRs). Of
these 132 participants, 15 participants were excluded due to sociometric
data calculation errors (see “fMRI Task” subsection).

During wave 4, participants completed a two-week daily diary sur-
vey via the ExpiWell application (https://app.expiwell.com). Partici-
pants were sent a notification via an app downloaded on their
smartphone with the daily survey. The survey was sent at 8 p.m. and
participants had until 12 a.m. to complete it. Each daily survey took
approximately 10 min to complete. The application recorded the date
and time of completion for each questionnaire. Concurrently, partici-
pants completed an ecological momentary assessment (EMA) three
times per day and were jointly compensated for the EMA and daily di-
aries, $25 for completing fewer than 50% of the surveys, $35 for
completing between 50-70% of the surveys, and $50 for completing
70% or more of the surveys. The EMA data were not used in the current
study. Participants (n = 115) completed the daily diary at wave 4 and
reported their affect and amount of time they spent on social media
(56% female, M,ge = 15.88 years, SD,ge = 0.59, Age Range = 14.64 —
17.68 years; 38% Hispanic, 25% White, 24% Black, 11% multi-racial,
1% Native American). On average, participants completed 77% of the
daily diaries over the two-week period. No minimum percentage of
surveys were needed to be included in the analysis. Our final sample,
which included adolescents with both daily diary and fMRI data, was
comprised of 91 participants (54% female, Mag.=15.80 years, SDage =
0.60; Age Range = 14.64 — 17.68 years; 38% Hispanic, 24% Black, 24%
White, 11% multi-racial, 1% Native American).

2.2. Measures

The current study included sociometric ratings of peer status
collected at waves 1 and 2, the Classmates fMRI task data collected at
wave 2, and daily diary data of time spent on social media and affect
collected at wave 4.

2.2.1. Sociometric peer ratings
As part of the larger study, participants completed a sociometric

Developmental Cognitive Neuroscience 65 (2024) 101335

survey to assess peer social status within their own school networks.
Participants were provided a full list of their peers within their school
and grade level and were asked to report 1) who they liked the most, 2)
who they liked the least, 3) who they thought was the most popular, and
4) who they thought was the least popular. Students were not given a
limit to the number of peers they could nominate for each. For each
student in the school, we used these peer nominations to calculate social
preference (z-score of “liked the most” minus their z-score of “liked the
least”) and reputation-based popularity (z-score of “most popular” minus
their z-score of “least popular™). Z-scores for each sociometric index
were based on participants’ rating relative to other students within their
same school and grade. Peer nominations collected during wave 1 were
used to create the stimuli in the fMRI task, which was administered at
wave 2. Peer nominations were also collected during wave 2, which
were used to control for participants’ own popularity in the analyses.
Social preference and popularity were highly stable across wave 1 and
wave 2 (see Supplementary material).

2.2.2. Classmates fMRI task

During wave 2, participants completed the Classmates fMRI task
adapted from the social network position task (Parkinson et al., 2017).
Participants viewed yearbook photos of peers from their school. Year-
book photos (i.e., targets) used in the task were selected based on the
sociometric data from the previous year (wave 1). Peers selected as
target images for the task had to have a sociometric z-score between 1
and 5 (representing 1-5 SD above the mean on popularity/social pref-
erence in their school and grade) or between — 1 and — 5 (representing
1-5 SD below the mean on popularity/social preference in their school
and grade). Given the school- and grade- specific target images, a
version of the task was created for each grade level within each school
for a total of six versions. The task had four conditions: High social
preference (i.e., z-score between 1 and 5 on social preference), low so-
cial preference (i.e., z-score between —1 and —5 on social preference),
high popularity (i.e., z-score between 1 and 5 on popularity), and low
popularity (i.e., z-score between —1 and —5 on popularity). In each
condition, participants saw 10 target images, with roughly an equal
number of boys and girls. Due to an error in data management, z-scores
for the target images in two of the six task versions were miscalculated.
We recalculated popularity and social preference scores for the target
images for both task versions. For one group of participants (n = 20),
there were enough target images that still fit the criteria for each con-
dition (high popularity = 9, low popularity = 8, high likability = 8, low
likability = 10) so we included them in the analyses. The other group of
participants (n = 15) did not have enough number of target images in
each condition (e.g., as few as 5) so these participants were excluded in
the analyses. The absolute value of the average z-score within each
condition was approximately 2 across all versions of the task. Each
target image was assigned to only one sociometric category and
appeared in one condition to avoid any overlap between conditions. The
study participants were excluded as stimuli so they would not see their
own image. Target images were collected from the previous year’s
school yearbook picture, which was the same year sociometric ratings
were collected. All yearbook photos were digitized into JPEG images.

The task was programmed in E-Prime and presented across two runs.
Each run consisted of eight blocks, two blocks per condition, each with
10 faces. The eight blocks were presented in a randomized order in each
run. The order in which the target images were shown was fixed within
each block and pre-selected based on a randomization algorithm. To
ensure participants were paying attention, the task had a built-in N-back
design such that each block contained one stimulus that appeared twice
in a row (Parkinson et al., 2017). Participants were asked to press with
their right pointer finger when they saw the target image repeated to
ensure they were paying attention. Button presses were monitored, and
on average participants accurately pressed on 95% of the trials (range:
63-100%). Thus, no participants were excluded based on noncompli-
ance with the attention checks during the task. Repeated targets were
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fixed in the task and balanced so that no target was shown more than
another (i.e., if a target was seen twice in one block, it would be absent
from the next block). Participants saw each face 4 times total (twice in
each run), with each condition having 40 trials each. Stimuli were
presented for 1750 ms and separated by a jittered inter-trial interval (M
= 2300 ms).

2.2.3. Ddily social media use.

During wave 4, participants completed daily diaries in the evenings
in which they were asked if they had used social media (e.g., Instagram,
TikTok, Twitter, Facebook, YouTube, Reddit, or other sites) that day. If
they answered yes, they were asked to report how much total time they
had spent on social media that day, with answers grouped into 14 cat-
egories (none, <1h,1h,2h,3h,4h,5h,6h,7h,8h,9h,10h,11h, 12
+ hours). These values were recoded into total minutes spent on social
media to create an interval scale. As such “none” was recoded to 0 min,
“less than 1 h” was recoded to 30 min, answers between “1 h” and “11 h”
were recoded to the equivalent value in minutes (i.e., “1 h” became 60
min), and “12 + hours” was recoded to 720 min.

2.2.4. Daily affect

Daily affect was assessed every evening via daily diaries. Participants
used a 5-point scale (1 = very little or not at all, 2 = a little, 3 = some, 4
= quite a bit, 5 = very strongly) to rate to what extent they felt 12
different emotions that day. We took the average of all negatively
valanced emotions (anxious, fearful, embarrassed, awkward, stressed,
tense, irritated, mad, sad, lonely) and all positively valanced emotions
(happy and calm) to create one index of daily negative affect and daily
positive affect, respectively. Note, there were two deviations from the
preregistered study associated with the daily affect variable. First, we
chose to average all negatively-valenced emotions rather than focusing
solely on sadness, loneliness, anxiety, and fearfulness. Second, we
explored associations between time spent on social media and both
positive and negative affect instead of just examining negative affect.
Deviations and justifications for these are described in detail in the
supplementary materials.

2.3. MRI data acquisition and preprocessing

Imaging data were collected using a 3 Tesla Siemens Prisma MRI
scanner. The Classmates Task was presented on a computer screen and
projected through a mirror. A high-resolution structural T2 * -weighted
echo-planar imaging (EPI) volume (TR = 2000 ms; TE = 25 ms; matrix =
92 x92; FOV = 230 mm; 37 slices; slice thickness = 3 mm; voxel size 2.5
x2.5 x3 mm3) was acquired coplanar with a T2 * -weighted structural
matched-bandwidth (MBW), high-resolution, anatomical scan (TR =
5700 ms; TE = 65 ms; matrix = 192 x192; FOV = 230 mm; 38 slices;
slice thickness = 3 mm). In addition, a T1 * magnetization-prepared
rapid-acquisition gradient echo (MPRAGE; TR = 2400 ms; TE = 2.22 ms;
matrix = 256 x256; FOV = 256 mm; sagittal plane; slice thickness = 0.8
mm; 208 slices) was acquired. The orientation for the EPI and MBW
scans was oblique axial to maximize brain coverage and to reduce signal
dropout.

Preprocessing was conducted using FSL (FMRIB’s Software Library,
version 6.0; www.fmrib.ox.ac.uk/fsl) and included the following steps:
Skull stripping using BET (Smith, 2002); motion correction with
MCFLIRT (Jenkinson et al., 2002); spatial smoothing with Gaussian
kernel of full width at half maximum (FWHM) 6 mm; high-pass temporal
filtering with a filter width of 128 s (Gaussian-weighted least-squares
straight line fitting, with sigma=64.0 s); grand-mean intensity normal-
ization of the entire 4D dataset by a single multiplicative factor; and
individual level ICA denoising for motion and physiological noise using
MELODIC (version 3.15; Beckmann and Smith, 2004), combined with an
automated signal classifier (Tohka et al., 2008; Neyman-Pearson
threshold =.3). For the spatial normalization, the EPI data were regis-
tered to the T1 image with a linear transformation, followed by a
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white-matter boundary-based transformation (BBR; Greve and Fischl,
2009) using FLIRT, linear and non-linear transformations to standard
Montreal Neurological Institute (MNI) 2-mm brain were performed
using Advanced Neuroimaging Tools (ANTs; Avants et al., 2011), and
then spatial normalization of the EPI image to the MNI. Quality check
during preprocessing and analyses ensured adequate signal coverage.

2.4. fMRI data analysis

For the Classmates Task, individual level, fixed-effects analyses were
estimated using the general linear model convolved with a canonical
hemodynamic response function using SPM12. The data were modeled
as event-related using four separate conditions: high popularity, low
popularity, high social preference, and low social preference. Low
popularity and social preference scores were originally negative (i.e.,
—1 SD below the mean) and high popularity and social preference scores
were positive (i.e., +1 SD above the mean). We took the absolute value
of the sociometric rating for the target (i.e., the social preference score
for the high and low social preference conditions and the popularity
score for the high and low popularity conditions) and used it as a
parametric modulator at the trial level. Within each condition, the so-
ciometric ratings therefore ranged from low to high scores so we could
examine how adolescents track high popularity and low popularity at
the neural level. For example, within the high popular condition, the
parametric modulator allows us to examine if brain regions show linear
increases in BOLD signal as the absolute value of popularity increases.
Within the low popular condition, the parametric modulator allows us to
examine if brain regions show linear increases in BOLD signal as the
absolute value of ‘unpopularity’ increases. The repeated target within
each block that served as an attention check was treated as a separate
condition and modeled as a condition of no interest. TRs with motion
greater than 0.5 FD were modeled as a nuisance regressor. Given the
primary aim of this study was to examine neural sensitivity to popularity
specifically, analyses focused solely on the high popularity and low
popularity conditions.

From each individual’s first level models, we extracted parameter
estimates of signal intensity from each of the ROIs (bilateral vmPFC,
dmPFC, and TPJ) for each condition of interest: high popular peers with
the absolute value of high popularity as a parametric modulator at the
trial level and low popular peers with the absolute value of low popu-
larity as a parametric modulator at the trial level. Because of the para-
metric modulator, these parameter estimates of signal intensity in each
ROI represent BOLD signal that increases linearly with increases in high
popularity and low popularity, respectively. We defined each ROI using
a distinct atlas built to highlight unique functional networks, a common
analytical approach (McCormick et al., 2018). We defined the vmPFC
using the Harvard-Oxford atlas. We defined the TPJ using the Saxe Lab
social brain ROIs (Dufour et al., 2013) and the dmPFC was defined using
the union of Brodman’s areas 8 and 9, between and including the sagittal
plane at MNI = 12 and — 12, superior to and including the axial plane at
MNI z = 24, and anterior to and including the coronal plane at MNI y =
30 (Telzer et al., 2011). Additionally, we conducted a preregistered,
exploratory whole-brain analysis to determine whether other brain re-
gions that tracked peer popularity, not accounted for in the ROI analysis,
moderated the association social media use and daily affect (See
supplement).

2.5. Analysis plan

We conducted an unconditional multilevel model to examine links
between daily reported time spent on social media and daily positive
and negative affect. Models were estimated in R. Full information
maximum likelihood was used to account for missing data due to non-
normality in the negative affect variable (similarly used in the positive
affect models for consistency). Time spent on social media in minutes
was included as a predictor and daily positive and negative affect
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indexes were included as outcome variables, each modeled separately.
For the predictor, we person-centered time spent on social media, in
which the aggregated person-level variable was subtracted from the raw
variables, and we included on the intercept group-mean values for each
of our daily predictors (Curran and Bauer, 2011). This approach helps to
parse out within-subject (i.e., SMT w/in) vs between-subject (i.e., SMT
b/w) effects. The models included 1075 observations across 115 par-
ticipants. We included sex (dummy coded 0 = female, 1 = male),
race/ethnicity (with dummy codes representing Hispanic, Black,
Multiracial, and Native American; White race was the reference group),
participants’ own sociometric popularity, and age at time of scan (mean
centered) as between-person covariates in the model and day of the
week (dummy coded 0 = weekday, 1 = weekend) as a within-person
covariate given prior literature showing differences in social media
use in these categories (Rideout et al., 2022). We estimated the
following equation (for simplicity, covariates are not shown in the
equation):

Level 1:

Affect; = o+ BySMT  w/ing+r;
Level 2:

Boj = Yoo Yo SMT  b/wo; + ug;

B ="

Reduced-Form:
Affect; = (J’oo +roSMT  b/wy; +1,0SMT W/i"ij) + (uoj + 1)

At Level 1, affect for day j, and person k was modeled as a function of
the intercept term (Bo;), daily social media time, and the residual. Level 2
included person-average social media time as a predictor of the
intercept.

Subsequently, we explored whether neural sensitivity to popularity
moderated the association between daily time spent on social media and
daily affect. To this end, we used conditional multilevel models to see if
neural tracking of popularity in the vmPFC, dmPFC, and TPJ moderated
the daily association between time on social media and affect (nlme::lme
package in R; Pinheiro et al., 2023). For each of the 3 ROIs, we ran
separate models for neural tracking of high- and low- popular peers.
Models were run separately for positive and negative affect, for a total of
4 models for each ROL. We employed a Benjamini Hochberg False Dis-
covery Rate procedure to correct for the number of tests within each
ROI Each model included 830 observations across 91 participants. In
the same level 2 equation above, cross-level interactions between neural
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tracking and daily time spent on social media were included. To explore
significant interactions between time spent on social media and affect,
we categorized neural sensitivity into those 0.25 SD above and below
the mean and conducted post hoc models of each group to plot the
interaction. We used a Benjamini Hochberg False Discovery Rate pro-
cedure to correct for the number of post hoc tests within each ROL

3. Results

Descriptive statistics and correlations between continuous variables
of interest are shown in Table 1. Daily measures were averaged across
the 14 days for descriptive purposes. Significant differences by sex in
variables of interest are shown in Table 2. There were no significant
differences by racial or ethnic groups.

3.1. Daily level associations between social media use and affect

To examine the association between time spent on social media and
affect, we first conducted an unconditional multilevel model including
sex as a covariate in the model (Table 3). Results show that on days
where adolescents spent more time on social media than their average,
they reported more negative affect. We did not find significant between-

Table 2
Descriptive Statistics for Continuous Study Variables by Sex.
Female Male Sex
M SD M SD t DoF p

1. SMT 256.61 169.53 263.09 166.73 0.65 113 0.518

2. PA 3.46 0.85 3.64 1.06 -0.99 113 0.326

3.NA 1.55 0.53 1.28 0.46 292 113 0.004

4. H Pop -0.07 0.36 0.01 0.45 -0.98 89 0.328
vmPFC

5. L Pop -0.09 0.43 0.10 0.52  -1.99 89  0.049
vmPFC

6. H Pop -0.02 0.42 -0.01 0.61 -0.09 89 0.927
dmPFC

7. L Pop -0.15 0.51 0.04 0.42 -1.92 89 0.058
dmPFC

8. H Pop -0.01 0.40 0.00 0.65 -0.04 89 0.970
TPJ

9. L Pop TPJ -0.07 0.39 0.14 0.45 -2.42 89 0.018

10. Pop W2 -0.12 1.22 -0.31 1.51 0.70 103 0.488

11. Age at 13.67 0.59 13.69 0.59 0.19 112 0.853

scan

Note. SMT = social media time. PA = positive affect. NA = negative affect. H
Pop = neural tracking of high popular peers. L Pop = neural tracking of low
popular peers.

Table 1
Correlations and Descriptive Statistics for Continuous Study Variables.
1 2 3 4 5 6 7 8 9 10 11
1. SMT - - - - - - - - - - -
2. PA 0.04 - - - - - - - - - -
3.NA 0.12 -0.42 * * - - - - - - - - -
4. H Pop vimPFC -0.03 0.11 -0.15 - - - - - - - -
5. L Pop vinPFC 0.13 0.09 -0.04 -0.23 * - - - - - - -
6. H Pop dmPFC -0.02 0.13 -0.1 0.41 * * 0.00 - - - - - -
7. L Pop dmPFC 0.03 0.03 -0.08 -0.08 0.62 * * 0.17 - - - - -
8. H Pop TPJ 0.01 0.08 * * -0.03 0.45 * * 0.01 0.84 * * 0.12 * * - - - -
9. L Pop TPJ 0.01 0.14 * * -0.11 * * 0.01 0.41 * * 0.05 0.54 * * 0.09 * * - - -
10. Popularity W2 0.00 0.02 -0.09 0.00 -0.05 -0.13 0.1 -0.08 * 0.02 * * - -
11. Age at scan 0.1 -0.03 -0.09 0.09 -0.04 -0.02 0.18 0.00 0.00 0.16 -
M 247.52 3.54 1.43 -0.03 -0.003 -0.02 -0.06 -0.006 0.03 -0.21 13.68
SD 167.15 0.95 0.52 0.40 0.48 0.51 0.48 0.53 0.43 1.35 0.58
Min 30 1 1 -1.15 -1.27 -1.89 -2.67 -1.83 -0.94 -6.02 12.42
Max 720 5 3.79 1.56 1.28 2.13 1.06 2.96 1.57 3.50 15.40

Note. SMT = social media time. PA = positive affect. NA = negative affect. H Pop = neural tracking of high popular peers. L Pop = neural tracking of low popular peers.
Computed correlations of all continuous variables of interest using the Person-method. * p < 0.05, * * p < 0.01. Means and standard deviations are presented for all

variables.
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Table 3

Developmental Cognitive Neuroscience 65 (2024) 101335

Multilevel model with social media time predicting daily negative and positive affect.

Negative Affect

Positive Affect

b [95% CI] SE p b [95% CI] SE D
Intercept 1.55 [1.42, 1.67] .06 .000 3.47 [3.25, 3.68] 11 .000
SMT w/in 0.0003 [.00003,.0005] .0001 .028 0.0003 [ .0002,.0008] .0003 .323
SMT b/w 0.0003 [ .0003,.0008] .0003 .370 0.0002 [ .0008,.001] .0005 .637
Male -0.26 [— .46, — .07] .09 .007 0.22 [ .11,.55] 17 .199

Note. SMT w/in = social media time within-person. SMT b/w = social media time between-people.

person or within-person associations between time spent on social media
and positive affect. We also ran the model including adolescents’ own
popularity, race, school day, and age as covariates and found the find-
ings remained and there were no significant differences in fit between
the models, so we continued with the simpler model for parsimony.

3.2. Moderating role of neural tracking of popularity

To examine whether adolescents’ neural sensitivity to popularity
moderated links between social media use and daily affect we conducted
a conditional multilevel model and included neural tracking in each ROI
for the high popularity condition (i.e., when viewing peers whose
popularity was > 1 SD above the mean) as a moderator. In separate
models, we included neural tracking in each ROI for the low popularity
condition (i.e., when viewing peers whose popularity was < 1 SD below
the mean) as a moderator. Results are shown in Table 4. Results from the
secondary, exploratory whole-brain analysis are describe in the sup-
plement and are publicly available at https://identifiers.org/neurovault
.collection:15670. Notably, no regions were identified at the whole
brain level.

3.2.1. Positive affect

We found that neural tracking of high- but not low- popular peers
within the vimPFC significantly moderated the association between daily
time spent on social media and positive affect. Sensitivity to high or low
popularity in the dmPFC and TPJ did not moderate associations between
social media use and positive affect.

We decomposed the significant interaction between time spent on
social media and positive affect by running post hoc models to compare
individuals with vimPFC activation 0.25 SD above and below the mean.
Those with vmPFC activation 0.25 SD above the mean were positively
tracking highly popular peers (i.e., neural sensitivity increased as peers
became more popular) and those with vmPFC activation 0.25 SD below
the mean were negatively tracking highly popular peers (i.e., neural
sensitivity decreased as peers became more popular). We controlled for
sex in all the post hoc analyses. As shown in Fig. 1, adolescents who were
positively tracking high popularity in the vmPFC reported greater pos-
itive affect on days when they spent more time on social media (b =
0.002, 95% CI [0.0009, 0.003], p < 0.001). However, adolescents who
were negatively tracking popularity in the vimPFC showed no significant

Table 4
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Fig. 1. Neural tracking of high popularity in the vmPFC. Negative tracking (i.
e.,.25 SD below the mean, representing neural sensitivity that decreases as
peers become more popular) shown in blue. Positive tracking (i.e.,.25 SD above
the mean, representing neural sensitivity that increases as peers become more
popular) shown in orange. Neural Sensitivity of High Popularity in the vmPFC
Moderating Associations Between Time on Social Media and Positive Affect.

association at the daily level between time spent on social media and
positive affect (b = 0.0002, 95% CI [—0.001, 0.002], p = 0.723).

3.2.2. Negative affect

We found that neural tracking of low popular peers within the
vmPFC and dmPFC, but not TPJ, significantly moderated the association
between daily time spent on social media and negative affect. Neural
sensitivity to high popular peers in the vmPFC, dmPFC, or TPJ did not
moderate the association between time spent on social media and
negative affect.

We unpacked the significant interactions between time spent on
social media and negative affect by running post hoc models to compare
individuals with vmPFC and dmPFC activation 0.25 SD above and below
the mean. Adolescents who were negatively tracking highly unpopular
peers (i.e., neural sensitivity decreased as peers became more unpopu-
lar) in the vimPFC (Fig. 2) and dmPFC (Fig. 3) reported greater negative
affect on days when they spent more time on social media (vmPFC: b =
0.0007, 95% CI [0.0002, 0.001], p = 0.003; dmPFC: b = 0.0008, 95% CI
[0.0003, 0.001], p = 0.002). However, adolescents who were positively

Neural Sensitivity to Popularity Moderates Associations Between Time on Social Media and Affect.

Negative Affect

Positive Affect

b [95% CI] SE P b [95% CI] SE p

vmPFC

High Popularity*SM 0.0003 [ .0007,.001] .0005 .579 0.003 [.001,.005] .0009 .001

Low Popularity*SM -0.001 [— .002, — .0001] .0004 .022 0.0002 [— .002,.002] .0009 .844
dmPFC

High Popularity*SM -0.0004 [ .001,.00071] .0005 494 0.002 [ .0003,.003] .001 .107

Low Popularity*SM -0.001 [—.002, — .0004] .0005 .008 -0.0004 [— .002,.002] .001 723
TPJ

High Popularity*SM 0.00004 [ .001,.001] .0005 .945 0.001 [ .0004,.003] .001 .140

Low Popularity*SM -0.0009 [— .002,.0002] .0005 .094 0.0004 [ .002,.003] .001 .707

Note. Participants’ sex was controlled for in the models. p-values were corrected using the Benjamini Hochberg FDR procedure for multiple comparisons within each

ROIL. Significant values are bolded.
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Fig. 2. Neural tracking of low popularity in the vmPFC. Negative tracking (i.
e.,.25 SD below the mean, representing neural sensitivity that decreases as
peers become more unpopular) shown in blue. Positive tracking (i.e.,.25 above
the mean, representing neural sensitivity that increases as peers become more
unpopular) shown in orange. Neural Sensitivity of Low Popularity in the vimnPFC
Moderating Associations Between Time on Social Media and Negative Affect.
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Fig. 3. Neural tracking of low popularity in the dmPFC. Negative tracking (i.
e.,.25 SD below the mean, representing neural sensitivity that decreases as
peers become more unpopular) shown in blue. Positive tracking (i.e.,.25 SD
above the mean, representing neural sensitivity that increases as peers become
more unpopular) shown in orange. Neural Sensitivity of Low Popularity in the
dmPFC Moderating Associations Between Time on Social Media and Nega-
tive Affect.

tracking highly unpopular peers (i.e., neural sensitivity increased as
peers became more unpopular) showed no significant association at the
daily level between time spent on social media and negative affect
(vmPFC: b = —0.0003, 95% CI [-0.0007, 0.00006], p = 0.107; dmPFC:
b = —0.0003, 95% CI [-0.0009, 0.0004], p = 0.392).

4. Discussion

Social media contexts that magnify social status are omnipresent in
modern adolescents’ everyday lives. Indeed, we found that on average,
adolescents reported spending 4.1 h a day on social media. Furthermore,
we found that individual differences in neural sensitivity to popularity
within the vimPFC and dmPFC moderated associations between time
spent on social media and affect at the daily level. Results suggest that
differences in neural sensitivity to popularity may serve as both a risk
and protective factor in the association between social media use and
adolescents’ daily emotional wellbeing.

Our primary analyses examined whether individuals who were more
neurally sensitive to their popular and unpopular peers in the vimPFC,
dmPFC, and TPJ would show a stronger association between time spent
on social media and positive affect, whereas those who were less
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sensitive would be buffered. Indeed, we found that adolescents who
positively tracked high popular peers in the vmPFC (i.e., neural sensi-
tivity increased as peers became more popular) reported more positive
affect on days when they spent more time on social media than their own
average, and adolescents who negatively tracked low popular peers in
the vmPFC and dmPFC (i.e., neural sensitivity decreased as peers
became more unpopular) reported more negative affect on days where
they spent more time on social media than their own average.

While the vmPFC is implicated in various psychological proceses, it is
well known for its role in the processing of affective value and motiva-
tional significance of stimuli, including social stimuli (Giiroglu et al.,
2008), and its recruitment scales with perceived value (Hare et al., 2009;
Kable and Glimcher, 2007; Zerubavel et al., 2015). One potential
explanation for our results is that adolescents who positively track
highly popular peers in the vinPFC are perceiving greater value in these
more popular peers. For adolescents with this greater vmPFC activation
to popularity, more time on social media is linked to greater positive
affect. Importantly, we do not know the direction of the association. On
the one hand, since social media platforms highlight and amplify the
popularity of individuals via visible quantifiable cues (e.g., likes,
retweets, followers; Nesi et al., 2018), adolescents who are more sensi-
tive to high popularity may find social media platforms more rewarding
and thus may feel more positive affect on days they spend more time
online. In other words, these adolescents are more sensitized to the
positive, rewarding features of social media. Indeed, studies have found
that greater sensitivity to social rewards may increase the intensity and
duration of positive emotional experiences (Heller et al., 2013) and
thereby enhance positive affect and well-being (Morelli et al., 2018).
Alternatively, on days where adolescents experience more positive
affect, adolescents who are highly sensitive to popular peers may seek
out positive rewards by spending more time on social media. Indeed,
researchers have posited that adolescent mental health and affect may
both impact and be impacted by social media use and have called for
future work to examine the bidirectional relationship (Flannery et al.,
2023; Luo and Hancock, 2020).

For neural tracking of low popular peers, we found the opposite ef-
fect in the vmPFC, such that adolescents whose vmPFC activity
decreased as peers became more unpopular experienced more negative
affect on days where they spent more time on social media. In line with
the argument that vmPFC activation scales with perceived value, ado-
lescents who are negatively tracking low popularity may especially
devalue unpopular peers. As a result, they may experience social media -
which highlights both high and low popularity — as less rewarding. As
such, on days where they use social media more than their average,
adolescents who show dampened vmPFC activation to unpopular peers
may experience more negative affect. It is also possible that adolescents
who are experiencing more negative affect may also be using social
media as a coping mechanism (Maftei et al., 2023) and thus spend more
time on social media. It is critical to note that while we focused on the
role of the vimPFC for reward representation, this brain region has also
been associated with other functions such as the generation and regu-
lation of negative emotions and facial emotion recognition (Hiser and
Koenigs, 2018). Future work is needed to narrow down the specific
psychological process moderating the association between daily social
media use and affect.

We found a similar pattern in the dmPFC, a brain region involved in
making judgements about others’ characteristics, mental states, and
intentions (Blakemore, 2008; Blakemore and Mills, 2014) and process-
ing information about the self with respect to others, among other
functions. Mentalizing is often used by adolescents to navigate complex
social contexts such as social hierarchies among peers (Brown and Lar-
son, 2009). This is particularly important in digital contexts where fewer
interpersonal cues (i.e., facial expression, tone of voice, or gestures) are
available during social interactions (Nesi et al., 2018). While specula-
tive, one possible explanation for the current results may be that ado-
lescents who are negatively tracking low popularity in the dmPFC
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engage in less mentalizing when viewing unpopular peers. This, in turn,
may complicate adolescents’ ability to navigate social media contexts,
such that on days where they spend more time on social media, they
experience more negative affect. On the other hand, mentalizing has also
been shown to impact adolescent well-being (Guazzelli Williamson and
Mills, 2023) such that lower mentalizing is associated with higher
self-reported symptoms of depression (Poznyak et al., 2019) and anxiety
(Pile et al., 2017). In this case, when experiencing more negative affect,
adolescents may be using social media more to avoid navigating com-
plex in-person social contexts. Again, it is vital to acknowledge that the
dmPFC is also involved in a variety of functions beyond mentalizing
such as modulating and regulating emotional responses thus more work
is necessitated to ascertain how this may be impacting daily associations
between social media use and affective states.

Interestingly, neural sensitivity for high or low popular peers in the
TPJ did not moderate the association between time spent on social
media and negative or positive affect. Several studies have found that
functional connectivity between both valuation and social cognition
regions in the brain, particularly between the vmPFC and TPJ, can
predict individual differences in social valuation (for review see Li et al.,
2014; Smith et al., 2014). Moreover, prior work has found that when
tracking popularity, activation of the social cognition system is mediated
by the extent that valuation brain regions signal their motivational
significance (Zerubavel et al., 2015). This suggests that exploring the
interaction between the TPJ, vimPFC, and dmPFC, rather than the acti-
vation within each brain region, will be important in future work.

4.1. Contributions, limitations, and future directions

The current study contributes to the growing literature on adolescent
social media use and emotional well-being by assessing daily-level as-
sociations between time spent on social media and positive and negative
affect and showing that these may be moderated by neural sensitivity to
popularity. Using two-week daily dairies and an ecologically valid fMRI
task that used adolescents’ real-world peers as stimuli allowed us to
capture individual differences in how adolescents use social media and
how this may impact their affective well-being. Results from the current
study reiterate that social media can present both risks and opportu-
nities thereby serving as a ‘double-edged sword’ for adolescent devel-
opment. This parallels research showing that social media use may be
associated with both positive and negative subjective well-being (for
reviews see ; Choukas-Bradley et al., 2023; Verduyn et al., 2017).
Additionally, our study shows that some adolescents do not experience
significant associations between social media use and affect, under-
scoring that adolescents may be differentially impacted by social media
contexts, and some adolescents are impervious to these effects. This
finding is supported by prior literature showing that the association
between social media use and affective well-being differs strongly across
adolescents (Beyens et al., 2020).

Despite the novelty and strengths of the current study, several limi-
tations should be acknowledged. The study relied on adolescents’ self-
reported estimates of time spent on social media which researchers
have criticized for not being a reliable and accurate measure of social
media use (Sewall et al., 2020; Parry et al., 2021). However, by using a
repeated longitudinal design and centering participants’ daily time
spent on social media on their own average, this study overcomes the
between-person factors that may differentially affect individuals’ ability
to accurately estimate social media use. To build on the current findings,
future work should not only examine how much time is spent on social
media but also on how and why adolescents are using social media to
better understand how it may be differentially impacting individuals.
Additionally, daily diary data were collected during the COVID-19
pandemic when social distancing restrictions significantly disrupted
youth’s typical social media use patterns and general affect (for
meta-analysis see Marciano et al., 2022; Zhang et al., 2021). While
modeling within-person differences may control for how the pandemic
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differentially impacted teens, findings should be replicated among a
non-socially isolated sample of adolescents in future work. Finally, the
fMRI task involved the passive viewing of their own peers and while this
was designed to elicit responses when viewing highly popular or un-
popular peers, activation may have been impacted by other factors that
were not accounted for including familiarity, trustworthiness, or
attractiveness of the peer. Indeed, popularity is strongly correlated with
attractiveness (Gordon et al., 2013) and trustworthiness (Rotenberg
et al., 2004) among adolescents. Furthermore, the vmPFC is sensitive to
positive ratings of facial attractiveness (Mende-Siedlecki et al., 2013)
and has been associated with decisions involving trustworthiness (Zheng
et al., 2016). Moreover, the task was completed two years prior to EMA
data collection and sensitivity to popularity may have changed in that
time. Future studies could use longitudinal fMRI studies to examine how
stable neural responsivity to popularity among adolescents.

5. Conclusion

The nearly ubiquitous presence of social media in adolescents’ daily
lives may have important consequences for their emotional well-being.
Findings suggest that individual differences in adolescents’ neural
sensitivity to popularity may be a risk or protective factor in the daily
association between time spent on social media and affective well-being.
The current study contributes important insights that may further our
understanding of how social media is impacting adolescents differently
and what this could mean for their subsequent development.
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