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Child Development, January/February 2018, Volume 89, Number 1, Pages 37-47

The title for this Special Section is Contemporary Mobile Technology and Child
and Adolescent Development, edited by Zheng Yan and Lennart Hardell

Peer Influence Via Instagram: Effects on Brain and Behavior in Adolescence
and Young Adulthood

Lauren E. Sherman
Temple University

Patricia M. Greenfield, Leanna M. Hernandez,
and Mirella Dapretto
University of California, Los Angeles

Mobile social media often feature the ability to “Like” content posted by others. This study examined the effect
of Likes on youths’ neural and behavioral responses to photographs. High school and college students (N = 61,
ages 13-21) viewed theirs and others’ Instagram photographs while undergoing functional Magnetic Resonance
Imaging (fMRI). Participants more often Liked photographs that appeared to have received many (vs. few)
Likes. Popular photographs elicited greater activity in multiple brain regions, including the nucleus accumbens
(NAcc), a hub of the brain’s reward circuitry. NAcc responsivity increased with age for high school but not
college students. When viewing images depicting risk-taking (vs. nonrisky photographs), high school students,
but not college students, showed decreased activation of neural regions implicated in cognitive control.

Since the advent of early social networking sites, ado-
lescents and young adults have been among the first
and most enthusiastic users of social media. More
recently, youth have flocked to social media designed
for mobile devices, such as Instagram and Snapchat
(Lenhart, 2015). Despite early concerns that adoles-
cents might use the Internet to meet strangers, they
primarily use social media to interact with existing
friends (Reich, Subrahmanyam, & Espinoza, 2012).
Furthermore, many offline social and emotional
processes typical of adolescence are also enacted
on social media, including peer influence (e.g., Cohen
& Prinstein, 2006). Recently, we (Sherman, Payton,
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Hernandez, Greenfield, & Dapretto, 2016) investi-
gated how the quantifiable nature of certain digital
interactions might play into adolescent peer influence
at the behavioral and neural level. In the current
study, we expand upon these findings by examining
possible developmental differences between adoles-
cents and young adults.

Although peers can influence one another to pos-
itive or negative behaviors, much of the extant liter-
ature has focused on peer influence in the context
of risky behaviors, a pressing public health concern.
The teen years are a time of heightened risktaking
relative to childhood (e.g., Steinberg, 2008). How-
ever, certain risky behaviors such as binge drinking
actually peak during the college years (Esser, 2014),
a period that has been characterized as a continua-
tion of adolescence but also as a developmental
stage of its own: emerging adulthood (Arnett,
2000). This increased risk taking is likely the result
of greater independence, as well as a shift for many
young adults to living with peers and away
from parents (e.g., Willoughby, Good, Adachi,
Hamza, & Tavernier, 2013). Nonetheless, the neural
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38 Sherman, Greenfield, Hernandez, and Dapretto

systems hypothesized to underlie decision making
in adolescence do mature considerably during the
late teens and early 20s. Executive functions
improve throughout this period, likely as a result of
pruning and myelination in the frontal and parietal
lobes (Luciana, 2013; Paus, 2005).

The younger adolescent brain, which has not yet
experienced this maturation, is also characterized by
heightened sensitivity of areas involved in affect and
reward processing. In particular, the extant literature
has demonstrated that the nucleus accumbens
(NAcc) shows greater responsivity to monetary
reward during the second decade of life, peaking in
mid-to-late adolescence (e.g., Braams, van Duijven-
voorde, Peper, & Crone, 2015; Galvan et al., 2006).
The increased sensitivity of the NAcc and other sub-
cortical structures in adolescence is thought to be
triggered by puberty, but the exact mechanisms are
unknown (van Duijvenvoorde, Peters, Braams, &
Crone, 2017). The NAcc can be considered a hub of
the brain’s reward circuitry: it is involved in the sub-
jective experience of reward and pleasure (Berridge
& Kringelbach, 2013), including social rewards (e.g.,
Fareri & Delgado, 2014; Izuma, Saito, & Sadato,
2008), and in motivating goal-directed behavior (Ike-
moto & Panksepp, 1999). The NAcc is also involved
in the implicit learning of culturally specific cues
(Schaefer & Rotte, 2007) and has been implicated in
behaviors common in social media environments
(Meshi, Tamir, & Heekeren, 2015), such as sharing
information (Tamir & Mitchell, 2012) and receiving
positive feedback (e.g., Davey, Allen, Harrison,
Dwyer, & Yiicel, 2010). Further, the level of NAcc
response to positive social feedback has been linked
to intensity of social media use (Meshi, Morawetz, &
Heekeren, 2013).

Indeed, social media easily afford the learning
of social norms, as they involve simple, fast, quan-
tifiable measures of peer endorsement (e.g., Likes).
Likes provide an opportunity for social proof
(Cialdini, 2009), or the use of social comparison
with peers to determine appropriate social behav-
ior, but they are unique in that interactions that
were previously qualitative are now primarily or
exclusively quantitative. Previously, we dubbed
Likes and similar features “Quantifiable Social
Endorsement (QSE)” (Sherman et al, 2016) and
demonstrated that the level of QSE on Instagram
photos—that is, the popularity of photographs
posted online—affected both behavioral and neural
responses to those images. Adolescents were more
likely to Like photographs they believed to be
popular, and neural responses differed as a func-
tion of popularity. When adolescents received

many Likes (vs. few) on their own photographs,
they showed significantly greater activation of the
NAcc, lending confidence to the hypothesis that
Likes motivate online behavior and continued use
of social media. Is this motivation particularly high
during adolescence? Given the trajectory of NAcc
sensitivity through late adolescence, and given that
resistance to peer influence is found to be higher
in the college years than in the earlier teen years
(e.g., Steinberg & Monahan, 2007), we tested if
neural responses to social media increased
throughout adolescence before tapering off or per-
haps decreasing in a cohort of young adults. We
also investigated how responses to images of risk-
taking behavior (e.g., alcohol and drug use) posted
online might be different in older, more indepen-
dent college students. Finally, we were eager to
test if our original findings replicated in a new
sample. As with our original study, we investi-
gated the role of Likes at both the behavioral and
neural level. This approach reflected our desire to
understand (a) measurable behavioral outcomes of
peer influence on social media and (b) neural pro-
cesses potentially underlying these effects. We,
thus, had several overarching goals for this study:

1. Replicate prior behavioral and neural findings in an
older population that is nonetheless still experienc-
ing social and brain development (i.e., college
students). We hypothesized that, similar to high
school students, college students would be
more likely to Like popular than unpopular
Instagram photos. We also hypothesized that
college students’ neural responses would differ
as a function of photo popularity and, in par-
ticular, that receiving many (vs. few) Likes on
one’s own photographs would elicit significant
activation in the NAcc.

2. Examine between-group differences and age-related
effects in the high school and college cohorts in
neural regions implicated in reward and executive
functions. First, we hypothesized that NAcc
activation in response to social reward (i.e.,
receiving many Likes on one’s own pho-
tographs) would increase with age in our high
school sample, just as NAcc response to mone-
tary reward increases in adolescence (Braams
et al., 2015) but that NAcc response would not
continue to increase in a college cohort. Sec-
ond, we previously reported that high school
students showed significantly less activation
of neural regions considered hubs of the cen-
tral executive network (CEN) when viewing
risky images compared with neutral images
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(Sherman et al., 2016), including parts of the
dorsomedial prefrontal cortex (dmPFC), lateral
prefrontal cortex, and posterior parietal cortex.
Given the maturation of executive function in
early adulthood, we did not expect that this
decreased activation to risky photographs
would occur in our college sample; in other
words, we expected high school students to
show significantly less activation in regions
implicated in executive function than college
students.

3. Explore individual differences in neural activity as
a function of health-related risky behavior.
Previous research has linked neural responses
during a variety of fMRI paradigms to adoles-
cents’ tendency to engage in real-world risky
behaviors like drinking and smoking. We
tested whether neural responses would simi-
larly vary in response to photographs depict-
ing risky behavior. Previous research on
adolescent risk-taking has implicated a variety
of regions including the NAcc (Galvan, Hare,
Voss, Glover, & Casey, 2007), ventromedial
prefrontal cortex (Van Leijenhorst et al., 2010)
and posterior cingulate cortex (PCC; Saxbe, Del
Piero, Immordino-Yang, Kaplan, & Margolin,
2015). Given the distributed nature of previous
findings, we used a bottom-up approach for
this analysis.

Method
Participants

An adolescent sample of 34 high school students
(Mage = 16.8, SD,ge = 1.4, 18 female) was recruited
from the Los Angeles community through flyers
and message board postings. A young adult sample
of 27 university students (Mage = 19.9, SDpge = 1.1,
17 female) was recruited through flyers posted on
campus. Of these participants, two high school and
one college participant were excluded from fMRI
data analysis due to scanner malfunction or exces-
sive movement. Participants had not been diag-
nosed with any developmental, psychiatric, or
neurological disorder. College participants were all
enrolled in the same 4-year university, where over
90% of students live on campus in their first year.
Thus, our college sample was not only older on
average than our high school sample but also had
entered a qualitatively different developmental
stage. Given the unique experiences of emerging
adulthood (Arnett, 2000), as well as evidence sug-
gesting that some neural changes may be
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attributable specifically to higher education (e.g.,
Bennett & Baird, 2006; Noble, Korgaonkar, Grieve,
& Brickman, 2013), we performed all fMRI analy-
ses, including examining age-related trends, sepa-
rately in our high school and college samples. All
participants gave written consent (or, for individu-
als under 18, written assent and parental consent)
and were fully debriefed and compensated mone-
tarily following study procedures. All procedures
were approved by the Institutional Review Board
of the University of California, Los Angeles.

Procedure

Data were collected between July 2013 and
December 2014. Before the MRI scan, participants
were asked to submit photographs from their own
accounts on the popular photo-sharing app Insta-
gram. They were told that these photographs would
be used to create an “internal social network” and
that each participant would see a feed of these
images in the scanner, appearing as they would on
Instagram. High school participants were told that
other participants were fellow high school students
from the same city. College participants were told
that other participants were also students at their
university. In order to establish the size of the “audi-
ence,” participants were instructed that approxi-
mately 50 other individuals had already participated
in the study. In reality, participants did not see one
another’s photographs in the scanner. Rather, they
saw their own photographs, as well as a standard-
ized set of photographs selected by the study team
from publicly available images on Instagram. They
were told that they could see how many “Likes” each
photograph had received from other participants. In
reality, the number of Likes was manipulated by the
study team, as described below.

In the scanner, participants viewed each pho-
tograph for 3 s, with the number of Likes ostensibly
provided by peers displayed underneath (Figure 1).
Participants saw three categories of images. “Risky”
photographs depicted alcohol and partying behav-
iors, smoking paraphernalia, rude gestures, or other
adolescents (male and female) wearing provocative
or “skimpy” clothing. “Neutral” photographs
depicted typical images found on adolescent social
media profiles (e.g., pictures of people, food, and
possessions; Hu, Manikonda, & Kambhampati,
2014). Neutral and risky images did not differ in
the overall proportion featuring people versus
objects only (x*> = 0.002, p = .999). Each participant
also saw a selection of images he or she had sub-
mitted from his/her own Instagram account. These
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40 Sherman, Greenfield, Hernandez, and Dapretto

images were selected to minimize risky content;
therefore, they were comparable to the neutral
photographs ostensibly submitted by peers. Across
participants, all neutral and risky images were
assigned both a “popular” value and an “unpopu-
lar” value. Two versions of the imaging paradigm
were created: In Version 1, half of the photographs
in each category (Risky, Neutral) were displayed
with a “popular” value of 23-45 Likes and half
were displayed with an “unpopular” value of 0-22
Likes. In Version 2, the values were reversed. Simi-
larly, half of each participant’s own photographs
were assigned many Likes (23-45), and the other
half assigned few Likes (0-22). Participants were
asked to view the photographs and decide whether
to Like each image. Participants could select either
Like or Next by pressing buttons on a handheld
button box.

Following the MRI scan, participants completed
the Revised Cognitive Appraisal of Risky Events
(CARE-R; Katz, Fromme, & D’Amico, 2000). This
questionnaire consists of two sections. “Risks and
Benefits” assesses participants’” appraisal of the risks
and benefits associated with risky drinking, drug
use, and sexual behavior. “Past Experiences”
assesses the frequency with which participants
engaged in these behaviors in the past 6 months.

¥ 37 Likes

‘ ®Like » Next '

Figure 1. Example of a photograph presented during the Insta-
gram experiment. Participants viewed a series of photographs
while in the MRI scanner, depicted in a simplified version of the
Instagram user interface (as of 2014). Under each photograph
was a blue heart, as well as the number of “Likes” ostensibly
provided by peers. The Instagram menu bar appeared below the
Likes. Beneath the Instagram display, participants saw two but-
tons, prompting them to choose “Like” to Like an image or
“Next” to move on without Liking the image.

Data Analysis

Behavioral data were analyzed in Stata version
14.1 (StatCorp. 2015. College Station, TX: StatCorp
LP.) using a mixed-effects logistic regression (Stata’s
“melogit” function). Button-press choice for each
trial (i.e., selecting Like or Next on each image) was
modeled as the binary outcome variable and partic-
ipant was modeled as a random effect, to determine
if participants’ likelihood to Like images was pre-
dicted by three categorical variables—the popular-
ity of the image (popular, unpopular), the image
content (neutral, risky, participant’s own), the sam-
ple (high school, college)}—and all possible interac-
tions.

To test our a priori hypothesis that viewing pop-
ular photographs would elicit greater activation in
the bilateral NAcc than unpopular photographs,
and to compare NAcc findings between samples
and across conditions, we used a region of interest
(ROI) approach (see Method S1 for more details
about the analytic pipeline, including the ROI anal-
ysis). We also tested whether NAcc response to
receiving social approval (popular > unpopular for
participant’s own photographs) was correlated with
age in our two samples and compared these corre-
lation coefficients using a Fischer’s r-to-z transfor-
mation. In addition to our ROI analyses, we used a
bottom-up approach to investigate effects in other
brain regions exhibiting significant task-related
activity. Specifically, we modeled contrasts examin-
ing the effect of popularity (popular > unpopular
and the reverse) for the three types of photograph,
and contrasts comparing all neutral photographs to
all risky photographs (Method S1).

To examine the relation between task-related
neural activity and CARE-R scores, we performed
a second bottom-up fMRI analysis with composite
scores on the CARE-R modeled at the group level.
This analysis involved 57 participants, because one
high school participant did not complete the
CARE-R. Because age and scores on the CARE-R
were correlated (r = .32, p = .02), we included age
as a control variable. More details about participant
demographics, the fMRI paradigm, data acquisition,
and data analysis are available in Method S1.

Results
Goal 1a: Replication of Behavioral Findings

We previously reported that high school partici-
pants were more likely to select Like for popular
images and Next for unpopular images than
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expected by chance, as determined by a binomial
test. This finding was significant for all three cate-
gories of photographs (Sherman et al., 2016). For
the present inquiry, we utilized a statistical model
that additionally allowed us to (a) model within-
subject variability for each participant and (b)
report the likelihood of a participant Liking an
image given its popularity and type. The full model
was significant (x* = 1,437.20, p < .0001). High-
school and college students did not differ in their
overall tendency to Like images (z = 1.34, p = .18),
and the interaction between popularity and cohort
was not significant (z = 1.04, p = .30), which sug-
gests that our cohorts did not significantly differ in
their tendency to Like popular versus unpopular
images; we therefore report behavioral results for
the two cohorts combined. Participants were signifi-
cantly more likely to Like popular images than
unpopular images (z = 7.28, p < .001). Although the
effect of popularity was significantly larger for par-
ticipants” own images than for either neutral images
(z=-5.03, p<.001) or risky images (z= —3.86,
p < .001), the effect of popularity was significant for
all three types of photograph (all ps < .01). In other
words, for each photograph type, participants more
frequently “Liked” popular than unpopular pho-
tographs. Table 1 presents the probability of partici-
pants Liking a photograph, given its popularity
and type; Table S1 presents all main and interactive
effects, including effects not related to our hypothe-
ses (e.g., main effect of photo type).

Goal 1b: Replication of fMRI Results for Popularity
Effect

We previously reported that high school students
showed significantly greater activation in the left
and right NAcc when viewing their own pho-
tographs that had received many likes compared
with few (Sherman et al, 2016). Using the same
ROI, we replicated this finding in our college sam-
ple, in the left NAcc, #(25) =295, p =.007, and
right NAcc, #(25) = 3.43 p = .002. Furthermore, high
school and college students did not significantly
differ in activation in left or right NAcc for this
comparison: left, #56) =0.39, p=.70; right,
t(56) = 0.251, p = .80. Similarly, the cohorts did not
differ in NAcc response when viewing popular
(compared with unpopular) risky images, left,
t(56) = 1.91, p = .06; right, t(56) = 0.96, p = .34, or
neutral images, left, #(56) =097, p = .34; right,
t(56) = 0.14, p = .89. In the college cohort, viewing
popular risky images was associated with signifi-
cantly greater activation than unpopular risky

Instagram Effects on Brain and Behavior 41

Table 1
Likelihood to Like Photographs Based on Popularity and Type

Popular Unpopular
Image type likelihood (SE) likelihood (SE)
Participant’s own .88 (.01) .74 (.02)
Neutral 49 (.02) 43 (.02)
Risky .26 (.02) .21 (.02)

images in the left NAcc, #(25) =2.78, p = .01, but
this same comparison in the right NAcc did not
reach significance, #(25) =1.50, p = .146. Viewing
popular neutral images (compared with unpopular
neutral images) was not associated with significant
activation in the NAcc in either hemisphere, LH:
£(25) = 0.54, p = .596; RH: +(25) = 1.27, p = .216.

Figure S1 depicts results of the bottom-up analy-
sis comparing popular with unpopular photographs
for the three photo categories (neutral, risky, partic-
ipant’s own) in our college sample. When viewing
photographs with many likes (popular) compared
with few likes (unpopular), college students demon-
strated significantly greater activation in several
brain regions. The regions differed by photo type
but included areas implicated in social cognition
(e.g., precuneus, medial prefrontal cortex), reward
(NAcc, caudate, orbitofrontal cortex), and visual
attention (occipital cortex). College students showed
no areas of significant activation when viewing
photographs of any type for the opposite contrast
(unpopular > popular). When directly comparing
our college and high school samples in our bottom-
up analysis, we only found a single contrast in
which the two cohorts differed significantly in brain
responses to the effects of popularity. Specifically,
when viewing neutral images with many likes
(popular) > few likes (unpopular), high school stu-
dents showed significantly greater activation than
college students in one region of visual cortex
(Montreal Neurological Institute coordinates of max
voxel, x =6, y = -72, z=16; Max Z =340, 526
voxels).

Goal 2a: Age Differences in NAcc Responsivity to Social
Media

Figure 2 presents the results of the correlational
analysis relating age to NAcc response when view-
ing one’s own photographs with many likes com-
pared with few likes. As hypothesized, bilateral
NAcc responsivity to the many likes (popu-
lar) > few likes (unpopular) contrast increased with
age in our high school sample (left NAcc: r = 47,
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42 Sherman, Greenfield, Hernandez, and Dapretto

p = .006; right NAcc: : r = .38, p =.03) but not in
our college sample (left NAcc: r = —.07, p =.72;
right NAcc: r = .05, p = .82). The correlation coeffi-
cients for college and high school students were sig-
nificantly different in the left NAcc (Z =21,
p = .04) though not the right NAcc (Z =127,
p = .20).

Goal 2b: Cohort Differences in Neural Responses to
Risky Versus Neutral Photographs

High school and college participants differed sig-
nificantly in their neural responses to risky (com-
pared with neutral) photographs. We previously
reported that when high school students viewed
risky images (vs. neutral images), they demon-
strated significantly less activation in the dmPFC,
lateral parietal cortices, and bilateral prefrontal cor-
tices, as well as a portion of the visual cortex (Sher-
man et al., 2016). Notably, although the college
student sample showed a similar decrease in activa-
tion in visual and right parietal cortices, we found

High School Sample
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Figure 2. NAcc response to social reward and its relation to age.
For participants in the high school cohort, NAcc response to the
popular (many likes) > unpopular (few likes) contrast increased
linearly with age (left NAcc: r = .47, p = .006). However, for par-
ticipants in the college cohort, NAcc response was not associated
with age (left NAcc: » = —.07, p = .72). Responses differed signifi-
cantly for the high school and college samples in the left NAcc,
depicted in the figure. Parameter estimates are reported in per-
cent signal change, determined using an isolated 3-s event with a
double-gamma HRF. The NAcc region of interest was selected
from an independent sample of young adults completing a
Monetary Incentive Delay task (Tamir & Mitchell, 2012).

no significant decreases in frontal areas (Figure 3).
Indeed, significant differences between high school
and college students were observed in dmPFC
(MNI coordinates of max voxel, x =14, y = 54,
z = 24; Max Z = 3.60, 706 voxels) and left dorsolat-
eral prefrontal cortex (MNI coordinates of maxi-
mum voxel, x = —44, y = 20, z = 38; Max Z = 3.77,
393 voxels.

Goal 3: Correlation Between fMRI Results and Risky
Decision Making

Composite scores on the CARE-R ranged from
1.1 to 3.2 (M = 1.8) in our high school sample and
09 to 3.7 (M =21) in our college sample, with
higher scores indicating more past experiences with
alcohol, drugs, and sexual risk taking, as well as
ratings of these activities as more beneficial and less
risky. Frequency and appraisal scores were highly
correlated, 7(55) =.73, p <.001. Frequency scores
for college students were higher than those of high
school students, #(55) = 2.1, p = .04, but appraisal
scores were not significantly different, #(55) = 1.2,
p=.24. In our bottom-up correlational analyses
with the CARE-R measures, no significant differ-
ences were observed between the college and high
school groups; however, some significant correla-
tions emerged for only one cohort. Composite
CARE-R scores were not significantly related to
brain activity when participants viewed their own
photographs with many versus few likes or others’
neutral photographs with many versus few likes.
However, when viewing risky images with
many > few likes, high school students with higher
composite CARE-R scores showed greater activa-
tion in a region of the occipital cortex (MNI coordi-
nates of max voxel, x = =20, y = 74, z = 4; Max
Z =345, 467 voxels; Figure S2, top row). When
comparing all risky photographs to all neutral pho-
tographs for all participants, those with higher
CARE-R scores again showed significantly greater
activation in visual areas (MNI coordinates of max
voxel, x = —6, y = =96, z = 0; Max Z = 3.78, 598
voxels), as well as the precuneus/PCC (MNI coordi-
nates of max voxel, x =8, y = =54, z = 12; Max
Z = 3.14, 321 voxels; Figure S2, middle row). For
college students only, higher CARE-R scores were
additionally associated with greater activation in
the mPFC (MNI coordinates of max voxel, x = —8,
y =66, z = 4; Max Z = 3.70, 672 voxels) and supe-
rior lateral occipital cortex (MNI coordinates of max
voxel, x = =28, y = -76, z = 50; Max Z = 3.45, 304
voxels; Figure S2, bottom row). We extracted
parameter estimates for each of these regions and
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All Photographs: Risky < Neutral

High School Sample

Group Difference

-4 Z -2.3

Figure 3. Differences in decreased activation for comparison of
risky and neutral photographs. When viewing Instagram pho-
tographs depicting risk-taking activities, compared with pho-
tographs depicting nonrisky, neutral activities, only high school
students showed a significant decrease in activity in frontal
regions including the dorsomedial prefrontal cortex (dmPFC)
and the dorsolateral prefrontal cortex (dIPFC). The high school
and college samples differed significantly in the dmPFC and left
dIPFC. All images thresholded at Z > 2.3, with cluster correction
to maintain p < .05.

correlated them to appraisal scores and frequency
scores separately on the CARE-R. In all cases, cor-
relations with parameter estimates were higher for
appraisal scores than frequency scores, but the cor-
relation coefficients were not significantly different
(p > .05 for all).

Discussion

The first goal of this study was to extend our prior
findings from our sample of high school social

Instagram Effects on Brain and Behavior 43

media users (Sherman et al.,, 2016) in a new, col-
lege-aged sample. As hypothesized, participants in
both cohorts were more likely to Like photographs
when they were popular; this effect was especially
strong for participants’ own photographs. College
students, like adolescents, showed significantly
greater activation in the NAcc when viewing their
own photographs that had received many likes, as
compared with few, and showed significantly
greater activity in multiple brain regions when
viewing popular photographs; however, they
showed no areas of greater activity when viewing
unpopular photographs compared with popular
photographs. Indeed, when comparing popular and
unpopular photographs, high school and college
participants differed significantly in only one brain
region, for a single comparison: When viewing neu-
tral images that were popular (vs. unpopular), high
school students demonstrated significantly greater
activity than college students in visual areas.

In addition to corroborating to our original find-
ings, the observed agreement across the two sam-
ples for both behavioral results and NAcc
activation suggests that QSE plays a significant role
in influencing how young adults perceive and
respond to information on social media; in other
words, QSE is a mechanism of peer influence, and
a potential means by which individuals learn about
their social environment, in a wider age range than
previously shown. These findings make intuitive
sense given the continuing importance of the peer
context in emerging adulthood (Arnett, 2000) and
the popularity of mobile social media among col-
lege students. Although the present inquiry used an
Instagram-like interface, Likes are a feature of many
social media, including Facebook and Twitter; thus,
we expect that our findings would generalize to
other digital platforms. QSE is not unique to mobile
media use; indeed, Likes existed before smart-
phones were widely used by adolescents. However,
all major social media tools are widely used on
mobile phones, and Likes play an especially promi-
nent role on Instagram, an tool initially designed
for and primarily used on smartphones.

Although this study focused specifically on peer
influence, it is possible that nonpeers (e.g., older
adults and parents) might have a similar effect, in
line with work suggesting overlapping mecha-
nisms between peer and parental influence (Wel-
born et al., 2016, though see also Telzer, Ichien, &
Qu, 2015, for an discussion of differential
responses to parents and peers). Of note, we artifi-
cially assigned Likes in order to implement our
experimental manipulation and to avoid possible
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image-specific confounds; however, this meant that
participants saw the same average number of
Likes on their photographs regardless of their own
popularity. Given that visual attention is moder-
ated by adolescents’ status (e.g., Lansu, Cillessen,
& Karremans, 2014), future research should con-
sider how users’ own popularity influences their
behavioral and neural responses to popular and
unpopular images.

Our second and third study goals aimed to char-
acterize age differences as well as individual differ-
ences in brain responses to social media. As
hypothesized, we found that increased age was
associated with greater NAcc response to having
one’s own content Liked by peers in the high
school but not college sample. This finding is con-
sistent with recent longitudinal work in adolescents
demonstrating that NAcc sensitivity to rewarding
stimuli increases in adolescence and peaks around
age 16-17 (Braams et al., 2015). Our results indicate
that social reward may progress along a similar tra-
jectory as monetary reward. They are also consis-
tent with trends concerning the early adoption of
social media tools. Throughout the history of social
media, older adolescents have been among the first
to flock to new media, and they tend to use the
tools most frequently, compared with older adults
and younger teens (Lenhart, Madden, Smith, &
Macgill, 2007; Madden, Lenhart, Duggan, Cortesi,
& Gasser, 2013). Although adolescents generally are
early adopters of new media, the tendency for older
teens to be even more voracious users than younger
teens may reflect not only greater independence
from parents but also increased motivation to seek
approval online.

In addition to age differences in the strength of
NAcc responsivity to social reward, we found that
high school and college students demonstrated sig-
nificantly different brain responses to risky versus
neutral images. Unlike high school students, college
students did not show a decrease in activity in
regions of the dmPFC and IPFC that overlap with
the CEN (Sherman et al., 2014). The CEN is fre-
quently activated during tasks involving executive
function, including response inhibition and cogni-
tive control, and metrics of CEN connectivity have
been found to relate executive function and IQ in
youth and adults (e.g., Li & Tian, 2014; Seeley
et al., 2007). In other words, high school but not
college students showed decreased activity in fron-
tal cognitive control regions when viewing images
of risky behaviors. This difference could reflect con-
tinued maturation of the frontal cortex into early
adulthood (Luciana, 2013; Paus, 2005). Our findings

are consistent with the dual systems theory of ado-
lescent risk taking (Shulman et al., 2016), which
posits that in adolescence, frontal control regions
are insufficient to inhibit responses to affective, and
often risky stimuli.

It should be noted that even though college stu-
dents did not demonstrate decreased activation of
regions implicated in cognitive control while view-
ing risky photographs, they did report higher over-
all risk taking. This heightened risk taking is not
surprising: It is reasonable to assume that factors in
their social environment (e.g., living away from
home, prevalence of friends’ risky behaviors) can
largely explain the difference in our high school
and college students’ risk-taking behaviors (for fur-
ther discussion of these factors, see Willoughby
et al., 2013). However, our findings highlight the
importance of considering the relation between neu-
ral and behavioral responses within the larger con-
text of the sociocultural environment, particularly
in instances where two distinct developmental
cohorts are being compared.

We found that individual differences in neural
activation in response to risky photographs were
related to differences in participants’ risky behav-
iors and risk appraisal. Specifically, increased scores
on our risk-taking measure were related to
increased activity in the precuneus/PCC and (for
college students) mPFC. Our results are in concert
with Saxbe and colleagues' (2015) findings that,
during a task in which adolescents rated peers’
emotions from video, activity in the precuneus,
PCC, and mPFC was correlated with adolescents’
reported risk taking and their affiliation with risky
peers. The precuneus/PCC and mPFC have been
associated with social-cognition (e.g.,, Mars et al,
2012; Zaki & Ochsner, 2009) and self-reference
(Northoff et al., 2006). Perhaps for individuals who
engage in greater risk taking in real life, or who
tend to appraise dangerous behaviors more posi-
tively, photographs depicting those behaviors feel
more relevant to their own selves and social activi-
ties (though this is only one of many possible inter-
pretations; for example, the mPFC is also
implicated in valuation and memory; e.g., Euston,
Gruber, & McNaughton, 2012). These reported find-
ings of individual differences are only a first step; it
will be important for future research to further
examine the relation between neural responses in
the social brain and real-world risk-taking behavior,
in the health domain and more generally. Further-
more, longitudinal research will be necessary to
determine whether neural responses to risky images
posted online have predictive power. For
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researchers broadly interested in neural predictors
of health-risk behaviors, we suggest that a social
media paradigm be considered in addition to more
classic risk-taking paradigms because of the high
ecological validity.

Although risky behaviors like smoking and
drinking do not occur on social media, social media
tools offer an opportunity for adolescents and
young adults to socialize one another to norms
relating to these activities. With the increasing pop-
ularity and availability of mobile social media,
youth are more able to document and post risky
behaviors in the moment. Youth not only see
images depicting risk-taking behavior online; they
also learn how their peers feel about these behav-
iors. As we have shown, peer endorsement signifi-
cantly affects their perception of these photographs
and subsequent behavior on social media.
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