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Abstract

Background: Technology and digital media (TDM) use is integral to modern adolescence; adolescents have been labeled as
“digital natives,” since they have had exposureto digital technology for their entirelives. Previous evidence hasillustrated TDM's
connections with adolescent risk behaviors such asincreased alcohol use and social media exposure, aswell asrelationships with
adolescent well-being such asimproved socioemotional health and social media connections with peers. Although several recent
review articles have described both the benefits and risks of technology use, most individua studies adopt asingular risk-centered
approach. In addition, reviews suggest that little evidence exists on the potential mediating and moderating factors between TDM
use and well-being and health outcomes, which limits our understanding of what influences the outcomes of interest. Therefore,
there is an urgent need to fill these gaps.

Objective: This protocol addresses the need to understand how TDM exposure and use affect multiple developmental domains
and health outcomes. We address the fragmented nature of previous research, the common focus on single behaviors or conditions,
and the typical narrow lens on risks. Our approach further alignswith reviewsthat called for studiesidentifying and investigating
the factors that moderate the relationships between social media and health behaviors and outcomes.

Methods: Wewill address our objective by longitudinally examining over a2-year period acommon set of adolescent participants
(N=400, aged 13-15 years) across 3 studies that adopt a multimethodological approach. Study 1 will use TDM to understand the
mechanisms behind adolescent health and risk behaviors. Study 2 will use functional magnetic resonance imaging to understand
how positive and negative TDM experiences relate to mental and behavioral health in a subsample of 150 adolescents. Study 3
will use amixed methods design to eval uate self- and other-generated TDM content asthe predictors of socioemotiona well-being
in sexual and gender minority and non—sexual and gender minority adolescents.

Results: Recruitment isongoing, and theinitial results from the first wave of recruitment are expected in 2024.

Conclusions: This integrated approach to longitudinal data collection from a shared adolescent participant pool will lead to
novel analyses and findings, allowing for the examination of the health and well-being risks and benefits associated with TDM
use and factors that moderate these relationships. The findings from this study will advance conceptual models and inform new
interventions to improve adolescent health.
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Introduction

Background

Technology and digital media (TDM) useisintegral to modern
adolescence; adolescents have been labeled as“ digital natives,”
since they have had exposure to digital technology for their
entire lives [1-3]. The 2022 Pew Internet and American Life
Project [4] estimated that 95% of US adolescents have their
own persona smartphone. Theserates haveincreased from 2014
to 2015, when 73% of adolescentsreported personal smartphone
access[5]. Moreover, teenagers have begun obtaining their first
phone at a younger age, with most adolescents owning a phone
by the age of 13 years [6,7]. The nearly ubiquitous and thus
dominant form of TDM use among adolescentsis social media
use. Web 2.0 led to what has been called socia media, which
isalso called immersive or interactive media.

Social mediarepresents aset of Web 2.0 toolsthat are centered
on interaction and sharing of content with others, although users
may also consume content passively. In the world of social
media, adol escents have become both creators of self-generated
content and consumers of other-generated content. Messages
and content can flow in all directions, from peersto other users,
among other users, and across platforms through a seemingly
endless array of potential paths. Social media is used for a
variety of activities, including sharing information, interacting
with peers, and developing an identity [8]. Most adolescents
report the ownership of at least 1 social mediaaccount or profile,
and most maintain them on severa platforms[9]. Thus, today’s
adolescents have an increased capacity to interact with each
other and the larger world using media, enhanced opportunities
to explore and experiment viamedia, and an increased likelihood
of being influenced by media experiences. The recent social
isolation and disrupted school schedules experienced by
adolescents during the COVID-19 pandemic have highlighted
the diverse uses and values of TDM for adolescents [10].

Given that adolescents development includes identity
development, peer relationships, and independence, the tools
offered by social mediaseem almost perfectly aligned with this
period [11]. Research supports the idea that youths use TDM
to achieve critical developmental tasks [12], such as seeking a
coherent sense of self via self-presentation and experimenting
with identity. This socia media—based identity development
may be even more important for adolescents who identify as
part of minority groups, such asthelesbian, gay, bisexud, trans,
gueer, or intersex community [13,14], and for adolescents with
chronic illnesses [15]. Further, sociad media can offer the
opportunity to engage in aspirational development, providing
a place to reflect on, complement, and reinforce offline
relationships [16], practices, and behaviors [17]. Social media
combines peer and media effects and thereby represents a
powerful motivator of behavior, whether through self-generated
or other-generated (ie, consumed) content. Socia mediabrings
together the power of interpersonal persuasion with the reach
of mass mediaand led to anew concept of “massinterpersonal
persuasion,” which is “the most significant advance in
persuasion since radio was invented in the 1890s” [18].
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Many studies on adolescent TDM use have focused solely on
risks and negative outcomes. Previous studies have illustrated
that TDM use is associated with negative outcomes such as
impaired sleep [19-21], decreased physical activity [20,22,23],
problematic internet use [24-26], and risk for depression [27].
Although several recent review articles have described both the
benefits and risks of technology use [8,28], most individual
studies adopt a singular risk-centered approach [29,30]. The
benefits of social media include increased socia capital [31],
safeidentity exploration [32], social support, and an opportunity
for self-disclosure [33]. Specifically, in the area of adolescent
health, previous studies have shown that TDM offers
opportunitiesto provide novel interventionsfor pediatric patients
[34], advance reproductive and sexua health [35,36], and
provide new approaches to mental health support [37]. Those
who experienceisolation, stress, and unmet needsin their offline
worlds may find corrective experiences or buffering effects by
going on the web [38,39]. For example, a qualitative interview
study found that young people naturally and organically
developed close-knit communities of close friends, oftenin the
form of private Instagram (Meta Platforms, Inc) accounts, in
which privacy was a priority and emotional disclosure was safe
and commonplace [40].

This Protocol

Overview

In this protocol, we will address the fragmented nature of
previous research, the common focus on single behaviors or
conditions, and the typical narrow lens on risks. Although
scholars have called for comprehensive approaches considering
the benefits and risks of technology use [8,28], most existing
studies focus on risks [29,30]. Our approach is aligned with a
previous review that caled for studies identifying and
investigating the factorsthat moderate the rel ationships between
sociadl media and health behaviors and outcomes [8]. This
approach is further highlighted in the 2023 US Surgeon
General’s Advisory on Social Mediaand Youth Mental Health,
which calls for research examining the benefits and risks
associated with specific social media designs, features, and
content [41]. Studiesin this protocol will incorporate aparticular
emphasison 2 key attributes of adolescent development: identity
development and socia development.

| dentity Devel opment

Social mediaoffersthe opportunity for identity exploration and
devel opment viathe creation of personal profilesand the sharing
of self-generated content. A previous study found that
adolescents who communicated more on the web had greater
self-concept clarity, the ability to understand oneself clearly
and stably [42]. For adolescents using social media to explore
their identity, social media may provide a conducive
environment for receiving positive or negative social feedback
on their identity. Another aspect of web-based identity
development is impression management [43]: adolescents use
social media for impression management by using their
self-representation to control or influence other people's
perceptions of who they are and how they act. In all 3 studies
in this protocol, evaluations will incorporate adolescents
self-generated content on social media.
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Social Connection

Social connectedness and inclusion are essential for well-being
during adolescent devel opment. Social mediaoffers adolescents
the capacity to build peer connections by sharing content,
endorsing each other’s content, and communicating publicly
and privately. By viewing their peers’ content, adolescents may
engage in social comparison [44] and potentially emulate
behaviors or internalize the ideas seen in social media posts.
Other-generated content may thus be persuasive through both
peer and mediaeffects. In all 3 studiesin this protocol, we will
incorporate evaluations of other-generated content consumed
by adolescentsvia TDM.

Methods

Project Overview

Our overall objective for the 3 studies in this protocol is to
understand the aspects of behavior and socioemotional
well-being, alongside neurocognitive correlates, and how
self-generated (ie, created) and other-generated (ie, consumed)
social media content influence and associate with them. This
comprehensive approach to investigation across multiple
dimensions of health and technology use focuses on an
integrated research strategy and interdisciplinary expertise. This
protocol describes a program of research across 3 studies that
leverage ashared participant pool and datato examine the health
risks and benefits associated with social mediause over a2-year
period during adolescence. Our long-term goal is to use the
findings from this synergistic protocol to enhance health
messaging campaigns, improve big data surveillance approaches,
develop innovative interventions, and advance conceptual
models. This program protocol includesthe following 3 studies.

Study 1

Study 1 will focus on TDM use to understand the mechanisms
behind adolescent health and risk behaviors. Health behaviors
will include behaviors that advance adolescent physical and
mental health, including physical activity and sleep. Risk
behaviors will focus on substance use, including the use of 10
categories of substances most often used by adolescents (eg,
alcohal, tobacco, and marijuana). Substance use is connected
with the major causes of morbidity and mortality in adolescents:
accidents (particularly motor vehicle accidents), homicide, and
suicide. Study 1 will include a 2-year data collection process,
wherein social media data created by adolescents will be
triangulated with self-reported health attitudes, social norms,
intentions, and behaviors (aim 1). Study 1 will also include an
assessment of other-generated TDM content reported by
adolescents via an ecological momentary assessment (EMA)
approach to capture real-time exposure to health and risk
behavior content on TDM (aim 2). Thisstudy will also examine
the persuasive elements of self-generated and other-generated
content viafunctional magnetic resonanceimaging (fMRI; aim
3). This project will include technology importance and parent
involvement as moderators.

Study 2

Study 2 will use fMRI to understand how neura correlates
associated with positive and negative TDM experiences relate
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to mental and behavioral health. Drawing on social media use
data on health and risk behaviors and well-being, from studies
1 and 3, study 2 will assess reactivity (ie, neural activity) in
reward-processing regions during social inclusion and reactivity
in social pain regions during social exclusion at 2 time points,
during middle school (time 1; 13 and 14 years of age) and after
the transition to high school (time 2; 15 and 16 years of age).
For study 2, aim 1 will include fMRI data collection at time 1
to examine whether the main effects of reactivity to socia
inclusion and exclusion predict health and risk behaviors and
well-being at times 1 and 2. Aim 2 will include fMRI data
collection at time 1 to examine whether neura reactivity to
social inclusion and exclusion moderates the relationship
between social media use (ie, likes, comments, number of
friends or followers) and health and risk behaviors and
well-being at times 1 and 2. Aim 3 will include fMRI data
collected at times 1 and 2 to examine whether changes in
reactivity to social inclusion and exclusion are associated with
changesin one's social mediaenvironment (ie, positive valence
peer interactions vs negative valence peer interactions) during
thetransition from middle school to high school, health and risk
behaviors, and well-being, including technology importance
and parent involvement as moderators, at time 2.

Study 3

Study 3 will use mixed methods to evauate self- and
other-generated TDM content as predictors of socioemotional
well-being in sexual and gender minority (SGM) and non-SGM
adolescents. Socioemotional well-being will include concepts
of self-esteem, loneliness, stress, emotiona difficulties, and
subjectivewell-being, al of which are contributorsto the overall
mental health and subsequent morbidity and mortality in
adolescents. Study 3 will involve data collection over 2 years
to test a cross-lagged panel model of the relationships among
self-generated social media content (aim 1), other-generated
socia media content (aim 2), and socioemotional well-being.
Socioemotional well-being will be assessed through validated
self-report instruments at baseline, 1 year, and 2 years.
Self-generated social media content will be assessed using
ethnographic observation and coding of participants’ social
media accounts for common patterns to create latent variables
of self-generated content types. Other-generated content will
be assessed through the direct observation of socia media
profiles that are followed by participants, which will be coded
for common patternsand triangul ated with participant interview
datato create latent variables of other-generated content types.
Study 3 will also examine self-generated and other-generated
sociadl media content of SGM participants, which will be
qualitatively compared with the social media content of
non-SGM participants (aim 3). SGM adolescents are at an
increased risk for threats to socioemotional well-being and are
also high-frequency users of TDM, warranting additional
exploration of their social media experiences.

Study Design
Thismultimethodological protocol will recruit 400 adolescents
aged 13 to 15 years to take part in a 2-year study on arolling

basis. Eligible participants will have at least 1 active social
media account (ie, Instagram, Facebook [Meta Platforms, Inc],
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Twitter [Twitter, Inc], or TikTok [ByteDance]). A subsample
of 150 participantswho meet thefMRI criteriawill berecruited
to participate in a 2—time point fMRI study in addition to the
primary study. After gaining written informed assent from
participants and consent from a parent or guardian, researchers
will friend the social media accounts of participants to track
their social media data over the 2-year enrollment period.
Researcherswill conduct acheck-inat 6, 12, 18, and 24 months
to update the research team on the current social mediaplatform
use. In addition, participantswill complete a series of web-based
self-report measures regarding health behaviors, well-being,
and demographic information at the beginning of the study (0

Cascio et a

mo), 12 months, and 24 months. Participantswill a so complete
an EMA about health behaviors and social media content
exposure at 0 and 18 months. Finally, participantswill complete
interviews at 6 and 24 months about their well-being and social
mediause. Participants enrolled inthe fMRI portion of the study
will also be asked to complete neuroimaging appointments at
6 and 24 months to collect neural responses associated with
socia connection (ie, self- vs other-generated social media posts,
peer feedback, social influence, and socia inclusion and
exclusion) and self-reported individual difference measuresand
health behaviors. The study activities and participant experience
timeline are summarized in Figure 1.

Figure 1. Study activities and participant experience timeline. On the basis of the shared participant pool, synergy in measures, and integration of data
collection approaches, participants will have the same study experience even when starting at different time points. EMA: ecologica momentary

assessment; fMRI: functional magnetic resonance imaging.

Enrollment call 6 months 12 months 18 months 24 months
(Age 13-15 years) (Age 14-16 years) (Age 15-17 years)
. l:"l'iclld_11'31'11'0i11_"f113lt Update social media Update social media Update social media Update social media
on social media D and contact and contact D and contact and contact
accounts information information information information

fMRI #1 for n=150
participants

\iq r’j} Interview #1

Ongoing social media data collection

Participants

Inclusion and Exclusion Criteria

Our inclusion criteria will include 400 adolescents living in
Wisconsin who are aged 13 to 15 years at enrollment.
Adolescents must own and maintain at least 1 socia media
profile on any of the social mediaplatforms covered in our study
(Facebook, Instagram, Twitter, and TikTok) at the time of
enrollment. A social media profile will be defined as an
individual (not a group or an organization) profile that the
adolescent logs into and interacts with at least weekly.
Participants must be able to speak, post content, and read in
English.

A total of 150 participants (aged 13 and 14 years) from the 400
participantsin the shared participant pool will beinvited to take
partinfMRI datacollection. All fMRI participantswill beright
handed, not have claustrophobia, not currently be taking any
psychoactive medications, have no history of psychiatric or
neurological disorders, have normal (or corrected to normal)
vision, not have metal in their body that is contraindicated for
fMRI, and not currently be pregnant. Finally, participants should
be in eighth grade at the time of the first scanning appointment
to examine whether the social transition into high school alters
neural function during devel opment.
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E EMA #2

Recruitment and Enrollment

Participants will be recruited using a variety of methods (eg,
on theweb, mailers, recruitment ambassadors, speaking events,
and pediatric clinics) from the state of Wisconsin, with efforts
focused on the regions of and surrounding Madison, Green Bay,
Beloit, and Milwaukee. To achieve our recruitment goal of
including participants who represent communities of interest,
we will use a quota sampling approach [45-47] and prescreen
potential participants before enrollment. Screening will involve
abrief demographic survey assessing age, race, ethnicity, gender
identity, socioeconomic status (SES), and the identified
sexuality. After screening, we will assess whether participants
meet the criteriafor recruitment based on the availability within
each study quota. If aparticipant meetsthe recruitment criteria,
we will proceed with consent and assent and recruitment.

The current protocol aims to recruit a sample reflective of the
demographics of the United States in terms of sex, race,
ethnicity, and SES. These demographics include, as of 2020,
sex (50% female), ethnicity (18.7% Hispanic and Latino), and
race (61.6% White, 12.4% Black, 6% Asian, 1.3% American
Indian and Native Hawaiian or Pacific Ilander, and 10.2% more
than 1 race) [48]. Regarding SES, we will ask at screening
whether an adolescent hasfree or reduced-price lunch at school.
This proxy measure for SESwill be useful for adolescents who
are screened in the absence of a parent and may not know their
household income. From 2019 to 2020, 52.1% of the students
were dligible for free or reduced-price lunch [49]. Regarding
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SGM status, given study 3's focus on SGM socia media
activities (aim 3), we will oversample individuals who identify
as SGM. To reach theoretical saturation for qualitative analyses,
we aim to recruit aminimum of 30 gender minority youths and
50 sexua minority youths. These estimates are based on our
team’s prior experiences with qualitative sampling.

Sample Size Calculations

Separate sample size calculations were performed for each of
the 3 studiesin this protocol based on the primary analysesthat
will beimplemented. The primary hypothesisfor study 1isthat
adolescents' health and risk behavior displays will have ahigh
positive predictive value (PPV) inidentifying behaviors. In our
previouswork, self-generated alcohol displayswere consistently
and significantly positively associated with self-reported al cohol
behaviors[50,51]. In our previous study, self-reported marijuana
usershad 1.7 higher odds of displaying marijuanause on social
media compared with nonusers. For this study, atarget sample
size of 400 participants is proposed. A PPV of <60% for
self-generated risk behavior displays will be considered
unacceptably low. Hence, the null hypothesis that the PPV is
at most 60% will be tested against the alternative hypothesis
that the PPV is greater than 60%. Alcohol use has consistently
been the most common risk behavior displayed on social media
as well as reported by adolescents in our studies and national
surveys. On the basis of the results of our previous study, it is
estimated that at least 15% of participants will display alcohol
use on socia mediaover the period assessed. With the proposed
sample size of 400 participants and an alcohol display rate of
approximately 15%, the null hypothesisthat the PPV isat most
60% will be rejected with 93% power at the 1-sided .05
significance level, assuming that the true PPV for alcohol
display is 80% and an attrition rate of up to 15%. Furthermore,
the proposed sample size will provide 55% to 78% power for
detecting PPV's for less prevalent risk behavior displays (eg,
marijuanause), assuming risk behavior display prevalencerates
ranging from 5% to 10%, which isthe lower end of prevalence
we have seen in studies of older adolescents[52].

The primary goal of study 2 (fMRI) isto examine how the neural
correlates of socid TDM behavior relate to health and
well-being outcomes in a within-participant design. A power
analysis was conducted using G* Power based on a prior study
that examined whether neural activity in the negative affect
network during negative social feedback wasrelated to behavior
change (effect size=0.30; P=.05; power=0.95). The results
indicated that a sample of approximately 110 participantswould
be large enough to detect arelationship between neural activity
and behaviors outside the scanner within participants. In
addition, apower analysisaimed at detecting neural differences
between 2 time points was conducted based on a study
examining reward activity differences within participants
between 2-time points (mean of the paired difference 0.09, SD
of the paired difference 0.26; P=.05; power=0.95). The results
indicated that a sample size of 92 would be large enough to
detect neurd differenceswithin participants. Therefore, asample
of 150 participants should be appropriate for the current design
and will compensate for attrition and missing data.
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Study 3 will incorporate ethnography and content analysiswith
data collected monthly. Research staff will immerse themselves
in the self-generated content of the participant and take field
notes on the participant’s self-generated content using atemplate
comprising the descriptions of the participant’s postsaswell as
responses to their posts (eg, comments and the participant’s
responses to those comments). In addition, notes will be taken
on the participant’s overall profile, which may include the
content they have been tagged in by others and personal
information they use to self-describe. Profile and postswill also
be coded for the type and themes of media content presented.
Participant content will be assigned to the same research staff
each month so that field notes can reflect the context of
observable trends and changes within participants over time.

Social Media Data Collection

Platform Selection

We have sel ected social media platforms based on an affordance
approach. Affordances are described as properties of artifacts
that can be recognized by users and contribute to their functions
or items that present an action possibility [53-55]. The goal of
this framework isto increase the likelihood that an assessment
or future intervention will hinge on replicable technological
qualities as opposed to a platform’s current popularity. This
protocol design will focus on platforms with high identity
affordances. Identity affordancesinclude key attributes such as
the use of individuals names and personal photos and support
sharing personal content, such as health behaviors [56]. Thus,
higher identity affordances are an ideal approach to identify
personal disclosures and behaviors. Of the platforms used by
adolescents, Instagram, Twitter, and Facebook have been
identified in previous studies as high—identity affordance
platforms[57,58] and will bethefocus of this protocol. TikTok,
anewer platform, iswidely used by adolescents and hasidentity
affordances that are used to different degrees by adolescents
based on whether they post content as an alter ego (eg, cosplay)
or themselves. Thus, we will also include this platform for the
evaluation of identity-focused content in this protocol.

Study Approachesto Social Media Data Collection

Social media data collection will occur over the 2-year
enrollment period. Thiswill be data collection through passive
observation that requires no ongoing input from participants.
With each 6-month check-in, participants will update the study
team on their current social media platform use. Given that
adol escentstypically maintain several platformsand can change
them over time, this will allow usto follow these patterns and
observe dataover the 2-year period. Social mediaobservational
datawill beintegrated into the 3 studies.

In study 1, we will perform a criterion-based content analysis
using monthly profile assessments for health behaviors and
risks. The main outcomes will be the frequency, prevalence,
and content of health and risk behavior displayson socia media,
and the secondary outcome will be PPV for these displays
associated with self-report.

Study 2 will examine social connectedness on social media by
examining the number of friends or followers, conversion rates
(number of comments/post), applause rate (number of
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likes/post), and amplification rate (number of shares/post) [59].
In addition, a content analysis will be conducted on peer
comments to determine how supportive (ie, positive valence)
versus unsupportive (ie, negative valence) peer connections are
on social media and the types of support provided, emotional
support (eg, expressions of empathy and love), instrumental
support (eg, aid and service), informational support (eg, advice
and suggestions), and appraisal (eg, information for
self-evaluation). The content and network interaction data can
be combined to examine the sentiment and support provision,
which can even dlow for distinctions between message
expression and reception [60,61].

Study 3 will incorporate ethnographic field notes collected
monthly during the 2-year data collection period. During the
monthly observation periods, the research staff will immerse
themselves in the self-generated content of the participant for
the previous week. The staff will take field notes on the
participant’s sel f-generated content using atempl ate devel oped
for web-based ethnography in our laboratory. The field note
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template comprises descriptions of the participant’s posts as
well as responses to their posts (eg, comments and the
participant’s responses to those comments). In addition, notes
will be taken on the participant’s overall profile, which may
include the content they have been tagged in by others and
personal information they use to self-describe. Participant
content will be assigned to the same research staff each month
so that field notes can reflect observable trends and changes
within participants over time. In the field notes template,
research staff will reflect on their own interpretations of the
participant’s self-generated content as well as any outstanding
guestions they have about the participant.

Sdlf-Report Data Collection

The web-based self-report survey measures will be collected at
0, 12, and 24 months. This survey includes measures of
demographics, health and risk behaviors, well-being, TDM
exposure and use, and parental involvement. These measures
will be used across al 3 studies included in this protocol. Full
details are reported in Table 1.
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Table 1. Self-report data collection.

Cascio et a

Category

Measure

WEell-being measures

Mental health measures

Risk behavior measures®

Health behavior measures

Parent involvement measures

Learning disability measures

TDM?Y use and experience measures

Demographic measures

*  RSES?[62,63]

*  UCLAP Loneliness Scale [64]

o  Perceived Stress Scale [65]

«  Warwick Edinburgh Wellbeing Scale [66]

*  PHQ-9°[67,68]
*  GAD-7[69]

Substance use attitudes [70]

Substance use social norms [71]

Substance use behavioral intentions [72]
Substance use current and lifetime [73]
Substance use quantity and frequency [74,75]

«  Physical activity [76]

o Household mediarules[77]
«  Parent-adolescent relationship [78]

« Diagnosed learning disabilities
=

«  Emotional responses to social media experiences
«  Preferencesfor web-based social interactions

«  ADTIN[13,79]
« Rosen Mediaand Technology Usage and Attitudes Scale (subscales:
Usage and Attitudes) [80]

Age

Race

Ethnicity

School (grade, public vs private, and web-based vs in person)
Birth sex

Gender identity

Sexual orientation

3RSES: Rosenberg Self-Esteem Scale.

bUCLA: University of California, Los Angeles.
®PHQ-9: Patient Heath Questionnaire-9.
4GAD-7: Generdl Anxiety Disorder-7.

S\Web-based self-report measures were collected at 0, 12, and 24 months. Risk behaviors will examine the use of cigarettes, chewing tobacco, vaping
tobacco, cannabis, vaping cannabis, acohol, cocaine, hallucinogen, opiate, anphetamine, club drugs (methylenedioxy-methamphetamine, ecstasy, and
molly), inhalants (nitrous oxide and whippets), and prescription drugs (for nonmedical reasons).

fIEP: Individualized Education Program.
9TDM: technology and digital media.
PADTI: Adolescents Technol ogy Importance and Interactions Scale.

EMA Data Collection

EMA data will be collected at 0 and 18 months to measure
exposure to content about health and risk behaviors. EMA, also
called the experience sampling method, is characterized by a
collection of datain real-world environments. These assessments
focus on an individua’s current or very recent behaviors and
are particularly effective for behaviorsthat occur intermittently
[81,82]. EMA avoidsthereliance on retrospective reports, which
may be subject to biases that challenge their reliability and
validity [83]. To measure daily time spent using TDM and
content exposure using EMA, surveys will be designed to be
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brief (<3 min) and allow responses via an SM'S text message.
Each brief SMS text message survey will begin with the
following question: “When you got this text, were you using a
digital device?’ If participants respond “Y” for yes, these
questions will follow: (1) “How long were you on the device
in minutes?’ (2) “Were you looking at a post or video? (Y or
N)” (3) “Please list every topic that was in the post or video
(this message is sent with an image that illustrates 9 topics of
interest)” To describe their current content exposure,
participants can enter all applicable options from the following
predetermined content list: E=exercise, A=alcohol, F=food and
cuisine, C=cannabis, L=lifestyle and self-improvement,
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T=tobacco and nicotine, D=drugs, S=shows and entertainment,
and O=ather. If participants respond “N” to the first prompt,
these questionsfollow: (1) “Haveyou seen apost or video since
we messaged last? (Y or N)” and (2) “Please list every topic
from the last post or video you remember” (this message is
paired with the topic list image). After completing the survey,
participants will receive this message: “ Thanks for completing
this prompt! Your answers are a contribution to science!”

Interview Data Collection

We will use a qudlitative phenomenological approach to
interviews, enabling usto capture individual lived experiences
[84]. Our open-ended, semistructured interview method
encourages the exploration of concepts important to the
participant and provides the researcher with the ability to ask
follow-up questions based on the participant’s experience and
let their narrative guide the interview process. This creates an
opportunity for concepts that might not be detected through
other, more structured methodsto beintroduced [85]. Research
staff will conduct in-person or video interviewswith participants
6 months after study enrollment and at study conclusion. During
these interviews, the research staff will question participants
about the social media accounts that they follow, reasons for
following the accounts, and how the content from the accounts’
feeds makes them feel. Participants will be encouraged to take
out their device and use specific examples from their feed in
real time to elicit the nature of each account from their
perspective. Our laboratory has piloted similar interviews with
adolescents in which study staff reviewed participants own
social media content in rea time, and we have found that
adol escents are open with interviewers and eager to teach them
about the social media content they see. The data from these
interviews (key quotes, observations, and insights) will be
analyzed using aconstant comparative approach. Thesefindings
will be collected and grouped by themes, culminating in a
summary that captureskey insights, frameworks, and principles
to be triangulated with the study team codebook and applied to
each participant’s larger list of accounts they are following.

Neuroimaging Data Collection

fMRI Data Acquisition

Brain imaging data will be collected using the 3T magnetic
resonanceimaging scanner (GE Healthcare MR750) and include
longitudinal relaxation time (T1) and transverse relaxation time
relaxometry using steady-state sequences (multicomponent
Driven Equilibrium Single Pulse Observation of T1 and
transverse relaxation time) [86,87]. Structural imaging of
anatomical detail for morphometric analyseswill be performed
using a custom magnetization-prepared rapid acquisition
gradient echo sequence, which removestheintensity variations
from inhomogeneities in the coil sensitivities. Functional
blood-oxygen-level-dependent images may be recorded using
a reverse spiral sequence (repetition time=1000 ms, time to
echo=32ms, flip angle=60°, 56 sagittal dices, field-of-view=208
mm, slicethickness=2.5 mm, and voxel size=2.5x2.5x2.5 mm).
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Each sequence will take 1 to 10 minutes, and the total scantime
will be 60 minutes.

Collecting Self-Generated TDM Content

Aim 3 of study 1 is to examine whether self-generated versus
other-generated TDM content is processed differently and
whether neural activity is associated with self-reported health
behaviors. To collect self-generated posts, participants will be
asked to complete a self-report survey during EMA data
collection, which will ask participants to create self-posts that
they have or would upload to social media. Participants will
upload a picture and create a text post for 25 posts (20 posts
will be used in the associated fMRI task). In addition,
participants will be asked whether they have already posted the
content on social media.

Scanning Session

Participantstaking part in the fMRI portion of the protocol will
complete neuroimaging appointmentsat 6 and 24 months. Both
neuroimaging appointments will consist of 4 neuroimaging
tasks aimed at examining the neural processes associated with
social connections. Before the scan, participants will be asked
to complete a fMRI safety screening form and a series of
self-report measures, including measures of well-being and
health and risk behaviors. Next, participants will be trained on
the fMRI tasks they will be asked to complete during the
scanning session. Details regarding the 2 primary functional
tasks (ie, self and other messages and Cyberball) are provided
in the subsequent paragraphs. Detailsregarding the 2 secondary
functional tasks (ie, peer feedback and socia influence) and
secondary self-report measures are provided in Multimedia
Appendix 1 [70-75,88-107].

The Self and Other Message Task

Participants will first complete the self and other message task
aspart of study 1 aim 3. Participantswill be exposed to 65 social
media posts targeting health or risk behaviors. Messages (5
s/message) will be either self-generated using participants’ own
data provided in the survey detailed earlier (20 messages) or
peer generated (45 messages, categories: vaping tobacco [5],
alcohol [5], cannabis[5], exercise[5], nutrition[ie, high-caloric
foods; 5], self-image [ie, idealized bodies wearing provocative
clothing; 5], civic engagement [5], and generic or neutrd [ie,
everyday events, such as studying and hanging out with friends;
10]). The other-generated messageswill be created by the study
team and will be the same stimuli set for each participant.
Following each message, participants will answer the question
“how would you rate this post on social media’ by pressing
their pointer finger for 1 star (strongly dislike), middle finger
for 2 stars (dislike), ring finger for 3 stars (like), or pinky for 4
stars (strongly like; 3 s). Next, they will rate their preference
certainty (on a4-point scale from 1="very uncertain” to 4="very
certain;” 3 s). Ratings will be followed by a jittered fixation
period (mean 3 s; range 1-5 s), which will serve as an implicit
baseline (Figure 2).
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Figure2. Sdlf and other messagetask. The self and other message task will measure neural activity during exposureto self-generated and other-generated

social media posts.
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The Cyberball Task

In addition, participants will complete a social inclusion and
exclusion task (Cyberball). Cyberball isagamethat allowsthe
simulation of both inclusion and exclusion in an fMRI
environment [108,109]. In this task, during the first fMRI
session, participants will be told that they are engaging in a
web-based ball-tossing game with 3 confederate participants
playing the game on the web at aremote location. In readlity, a
preset computer programwill control the other 3 players. Before
the scan, participants will be shown screenshots of the
web-based ball-tossing game and given instructions on how to
throw the ball. In addition, they will be told that the only rule
for the game is that you can throw the ball to any player;
however, you cannot just hold the ball and do nothing. During
the first part of the game, the other players will throw to one
another and to the participant equally (socia inclusion). In the
second round, the other players will stop throwing the ball to
the participant and only throw to one another (socia exclusion).

very

certain |
certain

. uncertain
uncertain

~—

T~

Rating (3 seconds)

The 2 rounds of Cyberball will each last 178 seconds. The socid
inclusion round will aways be played first, in which all
participants will receive the ball equally often. This will be
followed inthe social exclusion version of the game. Theround
of social inclusion will always be the first to preserve the
psychological experience across participants. These roundswill
be preceded by a period in which participants visually track a
star as it moves on the screen (105 s). Each round will be
separated by a 16-second dot-fixation rest period. Thistask will
always bethefinal task during thefMRI session. Following the
scanning session, participants will complete the Needs Threat
Scale to measure self-reported distress following social
exclusion in Cyberball [110] and will take part in an interview
regarding the study to aleviate any stress experienced from
Cyberball. Participants will not be debriefed on the true nature
of the Cyberball task after the first scanning session to avoid
contaminating the results during the second scanning session
(Figure 3).

Figure 3. Cyberball task. The Cyberball task is a web-based ball-tossing game that measures neural activity during exposure to social inclusion and

socia exclusion.
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Data Analysis

Study 1

Aim1

Aim 1 is to determine the frequency and content of
self-generated displays of health and risk behaviors on social
media profiles. Aim 1a is to test the predictive value of
self-generated health and risk behavior content on adolescents’
social media profiles to represent attitudes, social norms,
intentions, and behaviors. Hypothesis 1a is that adolescents
self-generated health and risk behavior content will have ahigh
PPV inidentifying behaviors. Aim 1b isto test the moderators
of the relationship between self-generated health and risk
behavior content and self-reported health and risk behaviors,
including parenting involvement and the perceived importance
of technology. Hypothesis 1b is that parenting and the
importance of technology will serve as moderators such that
the associations between self-generated health and risk behavior
content on TDM and self-reported health and risk behaviors
will be stronger for those with lower parenting involvement and
greater technology importance.

In these analyses, the outcome measures will be self-reported
behaviors, and predictor variables will be self-generated
displays. Measures will be dichotomized based on established
threshold values. Wewill use ageneralized linear mixed-effects
model with participant-specific random effects and an
autoregressive correlation structure to account for repeated
measures over time to identify and examine the factors of
self-generated displays that predict the corresponding
self-reported outcomes. Both univariate and multivariate
analyses will be conducted. Study participants baseline
characteristics, including demographic variables and health and
risk behavior variables, will be included as covariates in the
multivariate analyses. Theleast absol ute shrinkage and selection
operator method for the variabl e selection of generalized linear
mixed-effects models will be used to identify parsimonious
models with independent predictors. To test the moderators of
the relationship between social mediadisplays and self-reported
cognitions (eg, attitudes, socia norms, and intentions) and
behaviors, wewill test interaction effects between social media
displays and the moderators of parent involvement and
technology importance and include significant moderators in
these models. In exploratory anayses, wewill examine possible
differencesin PPV by platform across health and risk behaviors.
Aim 2

Aim 2 isto determine adolescents' real-time TDM exposure to
self-generated and other-generated health and risk behavior
content using EMA and to test the association between TDM
exposure to health and risk behavior content and self-reported
health attitudes, social norms, intentions, and behaviors.
Hypothesis 2 is that adolescents’ exposure to other-generated
health and risk behavior content will have positive associations
with attitudes, social norms, and intentions, moderated by
technology importance.

The association between TDM content exposure and
self-reported intentions and behaviors will be evaluated using
ageneralized linear mixed-effects model with subject-specific
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random effects. The moderation effects will be evaluated by
conducting a series of univariate and multivariate analyseswith
the corresponding predictor and median variables, and the Sobel
test will be used to formally test for moderation effects [111].
As an additional exploratory analysis, we will determine an
accurate measure of adolescents' daily TDM use. We will not
ask participants to attempt to recall afull day or “typical time
spent” on TDM because of strong evidence that these measures
areinaccurate owing to response and recall bias. Instead, EMA
datawill be used to calculate daily TDM time as a measure of
the quantity of use, which will be reported as descriptive data
or incorporated into model s across projects as appropriate. First,
raw datafor the duration of TDM usewill be summarized using
mean, SD, median, and range from the self-reported data
Second, wewill calculate the proportion of timethat participants
mention that they were using TDM across each participant’s
responsesof “Y” toindicate that they were actively using TDM.
We will use a similar approach to investigate the frequency of
content types they are exposed to via TDM. These proportions
will be estimated using ageneralized linear mixed-effects model
with alogit link function and subject-specific random effects.
To account for the correlations between time points, an
autoregressive correlation structure of order one will be used.
Third, we then will use a multilevel modeling approach that
captures both within-participant and between-participant
variations of the EMA data[112]. Thisincludes subject-specific
random effects and an autoregressive correlation structure to
account for the correlations within each participant among the
repeated measures over time in addition to the covariate of the
percentage of time the participant mentions that they were on
the web. If the distribution of the time spent is skewed, the data
will belog-transformed before conducting the analysisto satisfy
the normality assumption.

Aim 3

Aim 3isto use fMRI to examine whether self-generated TDM
content versus other-generated TDM content are processed
differently and whether neura activity is associated with
self-reported health behaviors. Hypothesis 3aisthat the ventral
medial prefrontal cortex (VMPFC) will show greater activation
for self-generated messages compared with other-generated
messages. Hypothesis 3b is that sharing more self-generated
content on TDM will be associated with increased VMPFC
activity compared with sharing more other-generated content.
Hypothesis 3c is that VMPFC activity at time 1 will be
associated with increased health and risk behaviors reported at
time 2.

Datawill be modeled at the participant-subject level using the
genera linear model, asimplemented in Statistical Parametric
Mapping version 12 (SPM12; Wellcome Department of
Cognitive Neurology, Institute of Neurology). Detailsregarding
fMRI dataanalysiscan befound in study 2. The persuasion task
will consist of 2 phases. message exposure (5 s), where
participants will be exposed to self- versus other-generated
messages, and then they will rate the effectiveness of each
message (3 s) and provide confidence ratings (3 s), which will
be used asbaselineratings for the social influence task. Wewill
model the 5-second period during which participants will be
exposed to the persuasive messages as a boxcar. Specifically,
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we will cross the message source using 2 regressors, self and
other, with whether the participant rated the messages as
effective. In other words, we will have 2 regressors for each
persuasive message condition noted earlier, depending on
whether the participant rated the message as effective for that
trial, resulting in 4 focal regressors crossing message condition
and message effectiveness. Region of interest (ROI) analyses
will be performed using independent sample 2-tailed t testsand
linear regression. The primary ROIswill be regions associated
with positive valuations[113], including the VMPFC. TheROIs
will be constructed using the association test map in Neurosynth
using the search term “valuation.” Individual difference scores
will be calculated for the positive valuation network based on
a percent signa change score. This score will be created by
dividing the average time-series signal (activation) across all
voxels within the ROIs during the condition of interest by the
baseline condition. The persuasion task will consist of examining
differencesin neural activity between the following conditions
(self-generated>other-generated;
self-generated+persuasive>other-generated+persuasive;
self-generated+persuasive>sel f-generated+unpersuasive;
other-generated+persuasive>other-generated+unpersuasive).
Parallel whole-brain analyses will be performed to determine
whether neural regions outside of our a priori ROIs are
associated with self-generated versus other-generated content
and health behaviors.

Study 2

Quality Checking

Quiality checking of the brain datawill be done before and after
the preprocessing step to ensure that the results are not driven
by abnormalities related to data acquisition or preprocessing
(eg, scanner artifacts). All the brain images will be visually
inspected for signal dropout or other abnormal data. In addition,
motion parameters from SPM 12 will be examined, and no runs

displaying greater than 3 mm (translation) or 2 degrees (rotation)
of head movement during atask run will be used.

Preprocessing

Functional datawill be preprocessed and analyzed using SPM 12.
To dlow for the stabilization of the blood oxygen
level—dependent signal, the first 4 volumes (8 s) of each run
will be discarded before analysis. Functional images will be
despiked using the 3dDespike program as implemented in the
Analysis of Functional Neurolmages toolbox. Next, data will
be corrected for differencesin the time of slice acquisition using
sincinterpolation; thefirst dicewill serve asthereferencedice.
Data will then be spatially realigned with the first functional
image. We then will coregister the functional and structural
images using a 2-stage procedure. First, in-plane T1 images
will be registered to the mean functional image. Next,
high-resolution T1 images will be registered to the in-plane
image. After coregistration, high-resolution structural images
will be skull stripped using the Computational Anatomy Toolbox
12 for SPM12 and then normalized to the skull-stripped
Montreal Neurological Institute template provided by the Oxford
Centrefor Functional Magnetic Resonance I maging of the Brain
Software Library (“MNI152_T1 Imm_ brain.nii”). Finaly,
functional images will be smoothed using a Gaussian kernel
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(8mm full width a half maximum). Following the
preprocessing steps, motion parameters from SPM12 will be
examined, and no participants who display greater than 3 mm
(translation) or 2 degrees (rotation) of head movement during
atask run will be included.

Construction of ROI

In both primary fMRI tasks (ie, self and other messages and
Cyberball), the primary ROIswill be neural regions associated
with social pain [108] and reward processing [114]. ROIs will
be constructed using the association test maps in Neurosynth
using the search terms “negative affect” and “reward.”
Individual difference scores will be calculated for the social
pain and reward networks based on a percent signal change
score. This score will be created by dividing the average
time-seriessignal (activation) acrossall voxelswithin each ROI
during the condition of interest by the baseline condition.

Primary Task (Cyberball)

Statistical Modeling

Datawill be modeled at the single-subject level using the general
linear model, asimplemented in SPM12. The Cyberball (version
5) task consists of 3 phases: socia inclusion (178 s), social
exclusion (178 s), and visual tracking (105 s), and all 3 phases
will be modeled as blocks and convolved with the synthetic
hemodynamic response as provided by SPM12. For all tasks,
the 6 rigid-body tranglation and rotation parameters derived
from gpatial realignment will also be included as nuisance
regressors. Data will be high-pass filtered with a cutoff of 128
seconds. Volumes will be weighted according to the inverse of
their noise variance using the robust weighted least squares
toolbox [115]. The Cyberball task will involve examining neural
activity in the contrast (social exclusion>social inclusion).

ROI Analyses

To examine neural reactivity to social inclusion and exclusion
and itsrelationship with social mediause, well-being, and health
behaviors, we will conduct a series of linear regressions and
moderation analyses. The specific hypotheses and analyses for
each aim are outlined in the following paragraphs.

Aim 1

To test whether participants who show greater reactivity in
socia pain regions during social exclusion will be associated
with poorer well-being and risk behaviors at time 1 (hypothesis
1a) and at time 2 (hypothesis 1b), we will test whether social
pain activity during social exclusion compared with social
inclusion is associated with subjective measures of well-being
and risk behaviors at times 1 and 2. Next, to test whether
participants who show greater reactivity in reward regions
during socia inclusion will be associated with better well-being
and health behaviors at time 1 (hypothesis 1c) and at time 2
(hypothesis 1d), we will test whether reward activity during
socia inclusion compared with exclusion is associated with
subjective measures of well-being and health behaviors at times
land 2.

Aim 2

To test whether the relationship between social media use and
well-being and health behaviors will depend on the reactivity
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of participants’ brainsto social pain during social exclusion at
time 1, we will examine whether social pain activity during
socia exclusion compared with social inclusion moderates the
relationship between social mediause (ie, socia connectedness
measures) and subjective measures of well-being and health
and risk behaviors at time 1 (hypothesis 2a) and time 2
(hypothesis 2b). In addition, we will examine whether reward
activity during social inclusion compared with social exclusion
moderates the rel ationship between social media use (ie, social
connectedness measures) and subjective measures of well-being
and health and risk behaviors at time 1 (hypothesis 2c) and time
2 (hypothesis 2d).

Aim 3

To test whether changes (time 2-time 1) in reactivity to social
inclusion and exclusion will be associated with increased risk
behaviors and worse well-being for those who have unsupportive
social media experiences over time (hypothesis 3a) and
associated with better health behaviors and well-being for those
who have amore supportive social media experience over time
(hypothesis 3b), we will examine whether changes in social
pain activity during social exclusion compared with social
inclusion and reward activity during social inclusion compared
with social exclusion from time 1 to time 2 moderate the
relationship between the social media environment (ie, support
measures) and subjective measures of well-being and health
and risk behaviors at time 2.

Study 3

Overview

Wewill run descriptive statistics and transform skewed outcome
variables as necessary to ensure normality. We will address
missing data by applying advanced statistical techniques, such
as multipleimputations, using the multipleimputation procedure
inthe Statistical Analysis Servicesand Imputation and Variance
Estimation Software Statistical Analysis Services macro.
Bivariate analyses will be performed to examine potential
covariates and covariates significantly associated with the
predictor, and our outcomes will be included in the model.

We will begin by conducting an exploratory factor analysis
using principal axis factoring with Promax rotation to examine
how socia media activities identified through the web-based
ethnography load onto latent factors. We will then run a
confirmatory factor analysis to establish whether the emerging
latent factors are nested into our hypothesized higher-level factor
structure, specifically self-generated content and other-generated
content. Finally, wewill conduct factorial invariancetestsusing
the approach suggested by Kiihne [116] to establish whether
the samefactor structure emergesat all measurement time points
and between SGM and non-SGM adol escents.

Aim1

Aim 1 is to test bidirectiona relationships between
self-generated TDM content and socioemotional well-being.
Hypothesis lais that TDM engagement with peers (higher vs
lower) will be predictive of socioemotional well-being (higher

and lower, respectively) at times 1 and 2. Hypothesis 1b isthat
socioemotional well-being (higher vs lower) will be predictive
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of TDM engagement with peers (higher and lower, respectively)
at times 1 and 2.

Aim 2

Aim 2 is to test the bidirectional relationships between
other-generated TDM content and socioemotional well-being.
Hypothesis 1a is that the consumption of TDM content
connected with offline life (higher vs lower) will be predictive
of socioemotional well-being (higher and lower, respectively)
at times1and 2. Hypothesis 1b isthat socioemotional well-being
at baseline (higher vs lower) will be predictive of the
consumption of TDM content connected with offlinelife (higher
and lower, respectively) at times 1 and 2.

To test the direct and indirect associations of self-generated
content and other-generated content with socioemotional
well-being (aims 1 and 2), wewill conduct across-lagged panel
analysis (ie, a type of structural equation model), with
unweighted data and a full information maximum likelihood
estimator, using Mplus 8.4 [117]. As illustrated in Figure 1,
self-generated  content, other-generated content, and
socioemotional well-being at time 0 (baseline) will be allowed
to simultaneoudly predict these same variables at time 1 and
then again predict these same variables at time 2. In cross-lagged
models, each person servesastheir own control, and results can
beinterpreted as pertaining to within-person changes; therefore,
it is not necessary to include control variables [118]. This
analysis will alow us first to investigate the cross-sectional
relationships between the variables of interest at time 0, time 1,
andtime2 (ie, to what extent self-generated and other-generated
content are related to well-being), thus adding to prior
cross-sectional research. More importantly, it will allow us to
examine lagged relationships or relationships between our
variables of interest over time (ie, to what extent self-generated
and other-generated content at onetime point predictswell-being
at the next time point, controlling for well-being at the initial
time point). These lagged relationships make it possible to
longitudinally test whether well-being is (1) an outcome of
self-generated or other-generated content (eg, if self-generated
and other-generated content at time O predictswell-being at time
landtime2), (2) apredictor of self-generated or other-generated
content (eg, if well-being at time 0 predicts self-generated and
other-generated content at time 1 and time 2), (3) both (eg, if
well-being at time 0 predicts self-generated and other-generated
content at time 1 and self-generated and other-generated content
at time 1 predict well-being at time 2), or (4) neither (ie, no
relationships are statistically significant).

In other words, the lagged analyses will enable us to ascertain
thedirection of causality between well-being and self-generated
and other-generated content on social media. An additional
benefit of this statistical approach is the ability to tease out
between-person effects (ie, group-level differences) from
within-person effects (ie, individua-level differences). Of
primary interest to us are within-person effects, which refer to
how changesin anindividual’s activities affect their well-being
over time (and vice versa). Thus, we will be able to investigate
whether an adolescent’s social media activities affect their
well-being over time and whether an adolescent’s well-being
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affects the type of social media activities they engage in over
time.

In cross-lagged designs, all variables are correlated with each
other, resulting in just-identified models. Thus, model fit indices
are not informative and do not need to be reported [118]. In
addition, further tests of scalar invariance (ie, mean differences
across groupsin the latent construct) are not appropriate, given
that the latent factors at the 3 time points are not independent
of each other [119].

From the cross-lagged panel models, all mediated effects of
interest will be estimated and tested using bootstrapping. Both
the magnitude and statistical significancewill be reported, with
the significance level set at 2-sided a=.05.

Aim 3
Aim 3 is to compare the self- and other-generated TDM
experiences of SGM adolescents with those of non-SGM

adolescents. This exploratory aim will involve the use of
qualitative comparison groups for future hypothesis generation.

Ethics Approval

This protocol is approved by the University of
Wisconsin-Madison ingtitutional review board (2022-1280).

Data M anagement

For eligible individuals who decide to participate in the study,
all identifying information will be removed from the brainimage
files, survey, EMA, and interview data, and they will belabeled
with astudy code beforethey aretransferred for storage or used
in data analyses. Only trained research staff will analyze the
data. Any forms that contain identifying information will be
locked in file drawers or stored in password-protected filesand
accessible only to this study’s research staff. There may be
publications as a result of this study, but no identifying
information will be included. Survey data will be collected
through the use of REDCap (Research Electronic Data Capture;
Vanderbilt University), and fMRI brainimageswill be collected
on the Wai sman Center server during the scanning session. Data
will be permanently stored on a secure server run by the
Department of Pediatrics. Only the study staff, who al have
human participants certification, will have accessto the dataon
these servers.

Reviewer Feedback

Reviewer feedback on the grant and author responses have been
provided in Multimedia Appendix 2 [120-122].

Results

Data collection began in March of 2023 and is ongoing. Our
long-term goal is to use the findings from this synergistic
protocol program to enhance health messaging campaigns,
improve big data surveillance approaches, develop innovative
interventions, and advance conceptual models. This protocol
will (1) include interdisciplinary studies of TDM use across
adol escence using multilevel assessments of neurodevel opment
to examineinterrelated developmental changesin brain structure
and function and complex behavior, (2) examine real-time
measures of TDM exposure and use and how this use regul ates

https://www.researchprotocol s.org/2023/1/e50984

Cascio et a

adolescents behavior, and (3) conduct research using
converging methodologies to assess the relationship between
TDM exposure and sensitive periods in brain devel opment.

Discussion

Overview

This protocol will establish afully integrated interdisciplinary
program of research studies that are essential for developing a
fundamental understanding of the complex interplay between
adol escent health and devel opment and TDM. Previous evidence
has illustrated TDM'’s connections with adolescent risk
behaviors such asincreased a cohol behavior and social media
exposure, as well as relationships with adolescent well-being
such as improved socioemotional health and peer social media
connections. The goal of the studies described in this protocol
isto address the urgent need to understand how TDM exposure
and use affect multiple developmental domains and health
outcomes. Study 1 will use TDM to understand the mechanisms
behind adolescent health and risk behaviors. Study 2 usesfMRI
to understand how positive and negative TDM experiences
relate to mental and behavioral health. Study 3 will useamixed
methods design to evaluate self- and other-generated TDM
content as predictors of socioemotional well-beingin SGM and
non-SGM adolescents. Each study uses a 2-year longitudinal
design and drawsfrom a shared participant pool. Across studies,
observed and measured data will be collected, including
observed social media content and fMRI data, self-reported
participant experiences and perceptions from surveys and
interviews, and EMA for capturing real-time TDM exposure.
This protocol prioritizes the dissemination of findings, both to
scientific audiences and to the communities across Wisconsin
to reach those who participated in this research. Thus, the
protocol will enhance the ideas and outcomes obtained through
the interactions of the 3 studies. This protocol will provide the
scientific approach necessary to advance data-informed theories
and conceptual models addressing how TDM exposure and use
impact the developmental trgjectories and health outcomes of
adolescents. Because of the broad potential for advancing
research and possible clinical trandation of the results, these
connected studies portend an opportunity to improve prevention
and intervention approaches for adolescent health and TDM.

This project’s data hold exciting potential in four areas:

1. Messaging campaigns. an understanding of key messages
regarding health and risk behaviors or socioemotional
well-being may inform prevention messaging campaigns.
Using data from this protocol, targeted messages (such as
tailored advertisements) could be made to automatically
pop up
on social mediawhen a specific type of risk-related post is
present, providing alink to health education or aweb-based
intervention.

2. Survelllance: by identifying keywords or phrases associated
with heath and risk behaviors or well-being, big data
approaches could be used to identify or track social media
posts focusing on health and risk behaviors or well-being
across a larger population or different socia media
platforms.
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3. Intervention approaches: health behavior intention posts
may represent an individual’s consideration of behavior
change or openness to intervention. Studies support that
adults who are considering behavior change have more
motivation and willingness to engage in alcohol
interventions [123]. Identifying the markers of adolescents
intention to improve health may allow for novel intervention
approaches tailored to this particular stage of development
and intentionality.

4. Conceptual models: the findings from this study have the
potential to enhance or update conceptual models focused
on adolescent technology use, such as the Media Practice
Model [124], which supports the idea that adolescents
chooseto interact with mediabased on who they are or who
they aspire to be. The data from this protocol may also
contribute to the development of new models.

Potential Limitations

A central benchmark of success for our protocol will be our
capacity to recruit and retain a shared participant pool of 400
participants for the 3 studies. There are several reasons that
support the planning and success of this study. First, authors
MAM and ES bring experiences that span projects 1 to 3 in
recruiting and retaining adolescent populations. Second, we
will pursue recruitment and retention via recruitment
ambassadors, who will provide us with a warm and familiar
connection with adolescents and families during recruitment.
We will leverage both intrinsic motivation, such as promoting
emotional connection with the study by providing participants
with appealing branded materials, and extrinsic motivation via
escalating incentives to retain adolescents. Our investigator
team collaboratively designed participant recruitment to occur
on arolling basis over the first 2 years of the protocol period.
If recruitment is an issue, we will use alternative approaches,
such as targeted social media advertisements and Qualtrics
(QualtricsInternational Inc) panel—based recruitment, to achieve
recruitment goals. If we have retention issues, we will engage
our recruitment ambassadors to obtain insights into continued
engagement with the participant population. Given that our
rolling recruitment effortswill extend over 2 years, wewill al'so
have the flexibility to recruit additional participants if early
dropouts occur.

A second critical aspect of our study will be to build trust in
participantsto support their willingnessto provide ongoing data

Cascio et a

inthislongitudinal study. Our investigator team will use several
evidence-based approaches to optimize adolescents’ trust and
comfort in thislongitudinal study, including conducting frequent
touch points via check-ins every 6 months and providing
incentives with every touch point. We will work with trained
staff who have centered their research career work on the
adolescent population and have training in working with this
study population.

Critical Considerationsfor Social M edia Data
Collection

Although adolescents may use other social media platforms,
we focus on the selected 4 social media platforms based on
several factors. First, authors MAM and ES selected these
platforms based on the conceptual approach of affordances, and
given this study’sfocus on the process of identity devel opment,
these 4 platforms represent venues that have strong identity
affordances [125,126]. Further, these 4 platforms are popular
and used across diverse adol escent demographic groups. Given
the length of our planned protocol, there could be arise of a
new popular social media platform or a decline of a planned
study platform. If anew platform alignswith promoting identity
affordances, we would consider adding it to our study protocol.
Content analysis (study 1) and digital ethnography (study 3)
procedures require staff training and attention to the coding
quality, both tasks that MAM and ES are familiar with owing
to past projects. Although big data techniques all ow text-based
scraping from large data sets, they are limited in that they cannot
assess hashtags or all types of photos. Further, big data
approaches cannot aways ascertain whether content is
self-generated or other generated, which are central concepts
in this proposal. For this study, we will rely on establishing a
friend link between our research team profiles and our
participants' profiles. We have severa points of evidence to
suggest that this approach will work. First, social media users
desire to accumulate more friends provides an incentive for
them to friend our research team, as this number is associated
with increased social capital [31]. Second, we have used this
approach before in several studies to inform friending
approaches[127] and collect data[120,128,129]. If aparticipant
wanted to defriend us at some point in the study, we would
consider this a voluntary withdrawal. On the basis of our
previouslongitudinal studies, we anticipate that thislosswould
be <5% of participants.

Acknowledgments

This protocol is funded by the Eunice Kennedy Shriver Nationa Institute of Child Health and Human Devel opment
(PO1HD109850-01) and the University of Wisconsin-Madison Vice Chancellor for Research and Graduate Education Matching
Grant. In addition, functional magnetic resonance imaging data collection is supported in part by a core grant to the Waisman
Center from the Eunice Kennedy Shriver National Institute of Child Health and Human Development (PSO0HD105353). The
authors would also like to thank their coinvestigators Emily Falk, Dana Litt, Julie Lumeng, Megan Ranney, Dhavan Shah, Eva
Telzer, and Catalina Tomafor their help with devel oping this protocol. In addition, the authors would like to thank the study team
members for their work on this protocol and help with data collection, particularly the staff leads for each project: Matt Minich,
Bradley Kerr, and Victoria Adkins; their recruitment ambassadors and community partnersfor help with recruitment; their external
advisory board for feedback on the protocol; and Caitlin M Carlson, Christine Richards, and Christine Pientok for help with the
protocol and grant submission.

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 14

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

Data Availability

Data from this protocol will be deposited into the Eunice Kennedy Shriver Nationa Institute of Child Health and Human
Development Data and Specimen Hub repository.

Conflictsof I nterest

ES is on the scientific board for Google/YouTube Kids. YouTube is not one of the platforms being examined in this study and
no funding was received from Google for this study.

Multimedia Appendix 1

Secondary functional magnetic resonance imaging data collection.
[DOCX File, 239 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Peer-review report by the Nationa Institute of Child Health and Human Devel opment Special Emphasis Panel Impact of Technology
and Digital Media (TDM) Exposure/Usage on Child and Adolescent Development (P01 Clinical Trial Optional).
[PDE File (Adobe PDF File), 240 KB-Multimedia A ppendix 2]

References

1.  Romo DL, Garnett C, Younger AP, Stockwell MS, Soren K, Catallozzi M, et a. Social media use and its association with
sexual risk and parental monitoring among a primarily Hispanic adolescent population. J Pediatr Adolesc Gynecol 2017
Aug;30(4):466-473 [doi: 10.1016/j.jpag.2017.02.004] [Medline: 28216129]

2. Myrick JG, Noar SM, Kelley D, Zeitany AE. The relationships between femal e adolescents' media use, indoor tanning
outcome expectations, and behavioral intentions. Health Educ Behav 2017 Jun 02;44(3):403-410 [doi:
10.1177/1090198116667251] [Medline: 27590838]

3. Gritton J, Rushing SC, Stephens D, Ghost Dog T, Kerr B, Moreno MA. Responding to concerning posts on social media:
insights and solutions from American Indian and Alaska native youth. Am Indian Alsk Native Ment Health Res
2017;24(3):63-87 [doi: 10.5820/aian.2403.2017.63] [Medline: 29161455]

4.  VogelsEA, Gelles-Watnick R, Massarat N. Teens, social media and technology 2022. Pew Research Center. 2022. URL :

https://www.pewresearch.org/internet/2022/08/10/teens-soci al -media-and-technol ogy-2022/ [accessed 2022-09-12]
5. Duggan M, Ellison NB, Lampe C, Lenhart A, Madden M. Social media update 2014. Pew Research Center. 2015 Jan 09.

URL.: https://www.pewresearch.org/internet/2015/01/09/soci al-media-update-2014/ [accessed 2022-09-12]
6.  Slater TA. Learn more about the ‘'wait until 8th' movement, parents and smartphones. Today. 2017 Aug. URL: https.//www.

today.com/parents/wait-until-8th-asks-parents-del ay-smartphones-kids-t115141 [accessed 2022-09-13]

7.  Rideout V. The common sense census. media use by tweens and teensin America, a common sense media research study,
United States, 2015 (ICPSR 38018). Inter-university Consortium for Political and Social Research. 2021 Jan 21. URL.:
https://www.icpsr.umich.edu/web/| CPSR/studies/38018 [accessed 2022-09-14]

8.  UhIsYT, Ellison NB, Subrahmanyam K. Benefits and costs of social mediain adolescence. Pediatrics 2017 Nov;140(Suppl
2):367-S70 [doi: 10.1542/peds.2016-1758E] [Medline: 29093035]

9. Rideout V, Robb MB, Peebles A, Mann S. The common sense census: media use by tweens and teens. Common Sense
Media. 2019. URL: https.//www.commonsensemedia.org/sites/defaul t/fil es/research/report/

8-18-census-integrated-report-final-web _0.pdf [accessed 2022-09-14]
10. Fadiran B, Lee J, Lemminger J, Jolliff A. How our technology use changed in 2020: perspectives from three youths. IMIR

Ment Health 2021 Sep 15;8(9):€26154 [FREE Full text] [doi: 10.2196/26154] [Medline: 34524108]

11. Subrahmanyam K, Smahel D. Digital Youth: The Role of Mediain Development. New York, NY: Springer; 2011.

12.  Subrahmanyam K, Smahel D, Greenfield P. Connecting developmental constructions to the internet: identity presentation
and sexual exploration in onlineteen chat rooms. Dev Psychol 2006 May;42(3):395-406 [doi: 10.1037/0012-1649.42.3.395]
[Medline: 16756432]

13. Allen BJ, Stratman ZE, Kerr BR, Zhao Q, Moreno MA. Associations between psychosocial measures and digital media
use among transgender youth: cross-sectional study. IMIR Pediatr Parent 2021 Aug 13;4(3):€25801 [FREE Full text] [doi:
10.2196/25801] [Medline: 34398792]

14. EvansYN, Gridley SJ, Crouch J, Wang A, Moreno MA, AhrensK, et al. Understanding online resource use by transgender
youth and caregivers: a qualitative study. Transgend Health 2017 Aug 01;2(1):129-139 [FREE Full text] [doi:
10.1089/trgh.2017.0011] [Medline: 29082333]

15. ChamersK, Smith M, Moreno M, Malik F. "It got likes, but | don't think people understood": a qualitative study of
adolescent experiences discussing type 1 diabetes on social media. J Diabetes Sci Technol 2022 Jul;16(4):858-865 [FREE
Full text] [doi: 10.1177/1932296820965588] [Medline: 33106051]

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 15
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v12i1e50984_app1.docx&filename=2ed82f7c805203a244b76f0863e65298.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e50984_app1.docx&filename=2ed82f7c805203a244b76f0863e65298.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e50984_app2.pdf&filename=7f7e2d67bde460de26f98645a7e6de48.pdf
https://jmir.org/api/download?alt_name=resprot_v12i1e50984_app2.pdf&filename=7f7e2d67bde460de26f98645a7e6de48.pdf
http://dx.doi.org/10.1016/j.jpag.2017.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28216129&dopt=Abstract
http://dx.doi.org/10.1177/1090198116667251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27590838&dopt=Abstract
http://dx.doi.org/10.5820/aian.2403.2017.63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29161455&dopt=Abstract
https://www.pewresearch.org/internet/2022/08/10/teens-social-media-and-technology-2022/
https://www.pewresearch.org/internet/2015/01/09/social-media-update-2014/
https://www.today.com/parents/wait-until-8th-asks-parents-delay-smartphones-kids-t115141
https://www.today.com/parents/wait-until-8th-asks-parents-delay-smartphones-kids-t115141
https://www.icpsr.umich.edu/web/ICPSR/studies/38018
http://dx.doi.org/10.1542/peds.2016-1758E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29093035&dopt=Abstract
https://www.commonsensemedia.org/sites/default/files/research/report/8-18-census-integrated-report-final-web_0.pdf
https://www.commonsensemedia.org/sites/default/files/research/report/8-18-census-integrated-report-final-web_0.pdf
https://mental.jmir.org/2021/9/e26154/
http://dx.doi.org/10.2196/26154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34524108&dopt=Abstract
http://dx.doi.org/10.1037/0012-1649.42.3.395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16756432&dopt=Abstract
https://pediatrics.jmir.org/2021/3/e25801/
http://dx.doi.org/10.2196/25801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34398792&dopt=Abstract
https://europepmc.org/abstract/MED/29082333
http://dx.doi.org/10.1089/trgh.2017.0011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29082333&dopt=Abstract
https://europepmc.org/abstract/MED/33106051
https://europepmc.org/abstract/MED/33106051
http://dx.doi.org/10.1177/1932296820965588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33106051&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Reich SM, Subrahmanyam K, Espinoza G. Friending, IMing, and hanging out face-to-face: overlap in adolescents online
and offline social networks. Dev Psychol 2012 Mar;48(2):356-368 [doi: 10.1037/a0026980] [Medline: 22369341]
Schwartz HA, Eichstaedt JC, Kern ML, Dziurzynski L, Ramones SM, Agrawal M, et al. Personality, gender, and age in
the language of socia media: the open-vocabulary approach. PLoS One 2013 Sep 25;8(9):€73791 [FREE Full text] [doi:
10.1371/journal .pone.0073791] [Medline: 24086296]

Fogg BJ. Mass interpersonal persuasion: an early view of a new phenomenon. In: Proceedings of the 3rd International
Conference on Persuasive Technology. 2008 Presented at: PERSUASIVE '18; June 4-6, 2008; Oulu, Finland p. 23-34 URL.:
https.//link.springer.com/chapter/10.1007/978-3-540-68504-3_3

Levenson JC, Shensa A, Sidani JE, Colditz JB, Primack BA. The association between social media use and sleep disturbance
among young adults. Prev Med 2016 Apr;85:36-41 [FREE Full text] [doi: 10.1016/j.ypmed.2016.01.001] [Medline:
26791323]

Blass EM, Anderson DR, Kirkorian HL, Pempek TA, Price |, Koleini MF. On the road to obesity: television viewing
increases intake of high-density foods. Physiol Behav 2006 Jul 30;88(4-5):597-604 [doi: 10.1016/j.physbeh.2006.05.035]
[Medline: 16822530]

Wahnschaffe A, Haedel S, Rodenbeck A, Stoll C, Rudolph H, Kozakov R, et a. Out of the lab and into the bathroom:
evening short-term exposure to conventional light suppresses melatonin and increases alertness perception. Int J Mol Sci
2013 Jan 28;14(2):2573-2589 [FREE Full text] [doi: 10.3390/ijms14022573] [Medline: 23358248]

Goris JM, Petersen S, Stamatakis E, Veerman JL. Television food advertising and the prevalence of childhood overweight
and obesity: amulticountry comparison. Public Health Nutr 2010 Jul;13(7):1003-1012 [doi: 10.1017/S1368980009992850]
[Medline: 20018123]

deJong E, Visscher TL, HiraSing RA, Heymans MW, Seidell JC, Renders CM. Association between TV viewing, computer
use and overweight, determinants and competing activities of screen timein 4- to 13-year-old children. Int J Obes (Lond)
2013 Jan;37(1):47-53 [doi: 10.1038/ij0.2011.244] [Medline: 22158265]

Jelenchick LA, Hawk ST, Moreno MA. Problematic internet use and social networking site use among Dutch adol escents.
Int JAdolesc Med Health 2016 Feb;28(1):119-121 [doi: 10.1515/ijamh-2014-0068] [Medline: 25720115]

Jelenchick L, Christakis D, Moreno M. A longitudinal evaluation of problematic internet use (PIU) symptomsin older
adolescents. In: Proceedings of the 2014 Pediatric Academic Societies Annual Meeting. 2014 Presented at: PAS '14; May
3-6, 2014, Vancouver, BC

Kuss DJ, van Rooij AJ, Shorter GW, Griffiths MD, van de Mheen D. Internet addiction in adolescents: prevalence and risk
factors. Comput Human Behav 2013 Sep;29(5):1987-1996 [FREE Full text] [doi: 10.1016/j.chb.2013.04.002]

Kross E, Verduyn P, Demiralp E, Park J, Lee DS, Lin N, et al. Facebook use predicts declines in subjective well-being in
young adults. PLoS One 2013 Aug 14,;8(8):€69841 [ FREE Full text] [doi: 10.1371/journal.pone.0069841] [Medline:
23967061]

Rajamohan S, Bennett E, Tedone D. The hazards and benefits of social media use in adolescents. Nursing 2019
Nov;49(11):52-56 [doi: 10.1097/01.NURSE.0000585908.13109.24] [Medline: 31651777]

Boyle SC, LaBrie JW, Froidevaux NM, Witkovic YD. Different digital paths to the keg? How exposure to peers
alcohol-related social media content influences drinking among male and femal e first-year college students. Addict Behav
2016 Jun;57:21-29 [FREE Full text] [doi: 10.1016/j.addbeh.2016.01.011] [Medline: 26835604]

YbarraML, Mitchell KJ, Wolak J, Finkelhor D. Examining characteristics and associated distress related to internet
harassment: findings from the second youth internet safety survey. Pediatrics 2006 Oct;118(4):€1169-e1177 [doi:
10.1542/peds.2006-0815] [Medline: 17015505]

Ellison NB, Steinfield C, Lampe C. The benefits of Facebook “friends:” social capital and college students' use of online
socia network sites. JComput Mediat Commun 2007 Aug 23;12(4):1143-1168 [FREE Full text] [doi:
10.1111/j.1083-6101.2007.00367.X]

Craig SL, Mclnroy L. You can form a part of yourself online: the influence of new media on identity development and
coming out for LGBTQ youth. J Gay Leshian Ment Health 2014;18(1):95-109 [FREE Full text] [doi:
10.1080/19359705.2013.777007]

Best B, Manktelow R, Taylor B. Online communication, social media and adolescent wellbeing: a systematic narrative
review. Child Youth Serv Rev 2014 Jun;41:27-36 [FREE Full text] [doi: 10.1016/j.childyouth.2014.03.001]

NickelsA, Dimov V. Innovationsin technology: social mediaand mobiletechnology in the care of adolescentswith asthma.
Curr Allergy Asthma Rep 2012 Dec;12(6):607-612 [doi: 10.1007/s11882-012-0299-7] [Medline: 22976493]

Bull SS, Levine DK, Black SR, Schmiege SJ, Santelli J. Social media-delivered sexua health intervention: a cluster
randomized controlled trial. Am JPrev Med 2012 Nov;43(5):467-474 [ FREE Full text] [doi: 10.1016/j.amepre.2012.07.022]
[Medline: 23079168]

Byron P, Albury K, Pym T. Hooking up with friends: LGBTQ+ young people, dating apps, friendship and safety. Media
Cult Soc 2021 Apr;43(3):497-514 [FREE Full text] [doi: 10.1177/0163443720972312]

Naslund JA, Aschbrenner KA, Marsch LA, Bartels SJ. The future of mental health care: peer-to-peer support and social
media. Epidemiol Psychiatr Sci 2016 Apr;25(2):113-122 [EREE Full text] [doi: 10.1017/S2045796015001067] [Medline:
26744309]

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1037/a0026980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22369341&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0073791
http://dx.doi.org/10.1371/journal.pone.0073791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24086296&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-540-68504-3_3
https://europepmc.org/abstract/MED/26791323
http://dx.doi.org/10.1016/j.ypmed.2016.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26791323&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2006.05.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16822530&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijms14022573
http://dx.doi.org/10.3390/ijms14022573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23358248&dopt=Abstract
http://dx.doi.org/10.1017/S1368980009992850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20018123&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2011.244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22158265&dopt=Abstract
http://dx.doi.org/10.1515/ijamh-2014-0068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25720115&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0747563213001052
http://dx.doi.org/10.1016/j.chb.2013.04.002
https://dx.plos.org/10.1371/journal.pone.0069841
http://dx.doi.org/10.1371/journal.pone.0069841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23967061&dopt=Abstract
http://dx.doi.org/10.1097/01.NURSE.0000585908.13109.24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31651777&dopt=Abstract
https://europepmc.org/abstract/MED/26835604
http://dx.doi.org/10.1016/j.addbeh.2016.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26835604&dopt=Abstract
http://dx.doi.org/10.1542/peds.2006-0815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17015505&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1083-6101.2007.00367.x
http://dx.doi.org/10.1111/j.1083-6101.2007.00367.x
https://www.tandfonline.com/doi/abs/10.1080/19359705.2013.777007?journalCode=wglm20
http://dx.doi.org/10.1080/19359705.2013.777007
https://www.sciencedirect.com/science/article/abs/pii/S0190740914000693
http://dx.doi.org/10.1016/j.childyouth.2014.03.001
http://dx.doi.org/10.1007/s11882-012-0299-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22976493&dopt=Abstract
https://europepmc.org/abstract/MED/23079168
http://dx.doi.org/10.1016/j.amepre.2012.07.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23079168&dopt=Abstract
https://journals.sagepub.com/doi/full/10.1177/0163443720972312
http://dx.doi.org/10.1177/0163443720972312
https://europepmc.org/abstract/MED/26744309
http://dx.doi.org/10.1017/S2045796015001067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26744309&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

Prochnow T, Patterson MS, Hartnell L. Social support, depressive symptoms, and online gaming network communication.
Ment Health Soc Incl 2020;24(1):49-58 [FREE Full text] [doi: 10.1108/mhsi-11-2019-0033]

Nick EA, Cole DA, Cho SJ, Smith DK, Carter TG, Zelkowitz RL. The online social support scale: measure development
and validation. Psychol Assess2018 Sep;30(9):1127-1143 [FREE Full text] [doi: 10.1037/pas0000558] [Medline: 29781664]
Gibson K, Trnka S. Young people's priorities for support on social media: “it takestrust to talk about these issues’. Comput
Human Behav 2020 Jan;102:238-247 [FREE Full text] [doi: 10.1016/j.chb.2019.08.030]

Murthy V. Social media and youth mental health. The U.S. Surgeon General’s Advisory. 2023. URL : https.//www.hhs.gov/
sites/defaul t/fil es/sg-youth-mental -heal th-social -media-advisory.pdf [accessed 2023-07-16]

Hillier L, Harrison L. Building realities less limited than their own: young people practising same-sex attraction on the
internet. Sexualities 2007 Feb;10(1):82-100 [FREE Full text] [doi: 10.1177/1363460707072956]

Bartsch M, Subrahmanyam K. Technology and self-presentation: impression management online. In: Rosen LD, Cheever
NA, Carrier LM, editors. The Wiley Handbook of Psychology, Technology, and Society. Hoboken, NJ: John Wiley &
Sons; Mar 13, 2015:339-357

Lup K, Trub L, Rosenthal L. Instagram #instasad?: Exploring associations among I nstagram use, depressive symptoms,
negative social comparison, and strangers followed. Cyberpsychol Behav Soc Netw 2015 May;18(5):247-252 [doi:
10.1089/cyber.2014.0560] [Medline: 25965859]

Peterson JA, Reisinger HS, Schwartz RP, Mitchell SG, Kelly SM, Brown BS, et a. Targeted sampling in drug abuse
research: areview and case study. Field Methods 2008 Mar 10;20(2):155-170 [FREE Full text] [doi:
10.1089/cyber.2014.0560]

Feild L, Pruchno RA, Bewley J, Lemay EPJ, Levinsky NG. Using probability vs. nonprobability sampling to identify
hard-to-access participants for health-related research: costs and contrasts. J Aging Health 2006 Aug;18(4):565-583 [doi:
10.1177/0898264306291420] [Medline: 16835390]

Sudman S, Blair E. Sampling in the twenty-first century. JAcad Mark Sci 1999 Mar;27(2):269-277 [FREE Full text] [doi:
10.1177/0092070399272010]

Race and ethnicity in the United States: 2010 census and 2020 census. United States Census Bureau. 2020. URL: https:/
Iwww.census.gov/library/visualizations/interactive/race-and-ethnicity-in-the-united-state-2010-and-2020-census.html
[accessed 2023-08-07]

National School Lunch-Participation and Meals Served. Service UFaN. 2020. URL : https://nces.ed.gov/programs/digest/
d21/tables/dt2]_204.10.asp [accessed 2022-09-15]

Moreno MA, Christakis DA, Egan KG, Brockman LN, Becker T. Associations between displayed alcohol references on
Facebook and problem drinking among college students. Arch Pediatr Adolesc Med 2012 Feb;166(2):157-163 [FREE Full
text] [doi: 10.1001/archpediatrics.2011.180] [Medline: 21969360]

Moreno MA, Kacvinsky L, Pumper M, Wachowski L, Whitehill JM. Associations between social media displays and
event-specific acohol consumption by college students. WM J 2013 Dec;112(6):251-256 [FREE Full text] [Medline:
24511865]

Moreno MA, Kerr B, Lowry SJ. A longitudinal investigation of associations between marijuana displays on Facebook and
self-reported behaviors among college students. J Adolesc Health 2018 Sep;63(3):313-319 [FREE Full text] [doi:
10.1016/j.jadoheal th.2018.03.017] [Medline: 30238892]

Evans SK, Pearce KE, Vitak J, Treem JW. Explicating affordances: a conceptual framework for understanding affordances
in communication research. JComput Mediat Commun 2016 Dec 26;22(1):35-52 [FREE Full text] [doi: 10.1111/jcc4.12180]
Hartson R. Cognitive, physical, sensory, and functional affordancesin interaction design. Behav Inf Technol
2003;22(5):315-338 [FREE Full text] [doi: 10.1080/01449290310001592587]

Kannengiesser U, Gero JS. A process framework of affordancesin design. Des Issues 2012 Jan 01;28(1):50-62 [ EREE Full
text] [doi: 10.1162/desi_a 00123]

Majchrzak A, Farg] S, Kane GC, Azad B. The contradictory influence of social media affordances on online communal
knowledge sharing. J Comput Mediat Commun 2013 Oct 18;19(1):38-55 [FREE Full text] [doi: 10.1111/jcc4.12030]
Moreno MA, D'Angelo J. Social mediaintervention design: applying an affordances framework. J Med Internet Res 2019
Mar 26;21(3):€11014 [FREE Full text] [doi: 10.2196/11014] [Medline: 30912754]

Moreno MA, Uhls YT. Applying an affordances approach and a developmental lens to approach adolescent social media
use. Digit Health 2019 Jan 31;5:2055207619826678 [ FREE Full text] [doi: 10.1177/2055207619826678] [Medline:
30746154]

Pan B, You Y. Conceptualizing and measuring online behavior through social media metrics. In: Xiang Z, Fesenmaier DR,
editors. Analytics in Smart Tourism Design: Concepts and Methods. Cham, Switzerland: Springer; 2017:203-211
Namkoong K, Shah DV, McLaughlin B, Chih MY, Moon TJ, Hull S et a. Expression and reception: an analytic method
for assessing message production and consumption in CMC. Commun Methods Meas 2017;11(3):153-172 [EREE Full
text] [doi: 10.1080/19312458.2017.1313396] [Medline: 30123400]

Kang GJ, Ewing-Nelson SR, Mackey L, Schlitt JT, Marathe A, Abbas KM, et al. Semantic network analysis of vaccine
sentiment in online social media. Vaccine 2017 Jun 22;35(29):3621-3638 [FREE Full text] [doi:
10.1016/j.vaccine.2017.05.052] [Medline: 28554500]

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 17

(page number not for citation purposes)


https://www.emerald.com/insight/content/doi/10.1108/MHSI-11-2019-0033/full/html
http://dx.doi.org/10.1108/mhsi-11-2019-0033
https://europepmc.org/abstract/MED/29781664
http://dx.doi.org/10.1037/pas0000558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29781664&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0747563219303176
http://dx.doi.org/10.1016/j.chb.2019.08.030
https://www.hhs.gov/sites/default/files/sg-youth-mental-health-social-media-advisory.pdf
https://www.hhs.gov/sites/default/files/sg-youth-mental-health-social-media-advisory.pdf
https://journals.sagepub.com/doi/10.1177/1363460707072956
http://dx.doi.org/10.1177/1363460707072956
http://dx.doi.org/10.1089/cyber.2014.0560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25965859&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1525822X08314988
http://dx.doi.org/10.1089/cyber.2014.0560
http://dx.doi.org/10.1177/0898264306291420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16835390&dopt=Abstract
https://link.springer.com/article/10.1177/0092070399272010
http://dx.doi.org/10.1177/0092070399272010
https://www.census.gov/library/visualizations/interactive/race-and-ethnicity-in-the-united-state-2010-and-2020-census.html
https://www.census.gov/library/visualizations/interactive/race-and-ethnicity-in-the-united-state-2010-and-2020-census.html
https://nces.ed.gov/programs/digest/d21/tables/dt21_204.10.asp
https://nces.ed.gov/programs/digest/d21/tables/dt21_204.10.asp
https://europepmc.org/abstract/MED/21969360
https://europepmc.org/abstract/MED/21969360
http://dx.doi.org/10.1001/archpediatrics.2011.180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21969360&dopt=Abstract
https://europepmc.org/abstract/MED/24511865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24511865&dopt=Abstract
https://europepmc.org/abstract/MED/30238892
http://dx.doi.org/10.1016/j.jadohealth.2018.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30238892&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1111/jcc4.12180
http://dx.doi.org/10.1111/jcc4.12180
https://www.tandfonline.com/doi/abs/10.1080/01449290310001592587
http://dx.doi.org/10.1080/01449290310001592587
https://direct.mit.edu/desi/article-abstract/28/1/50/69413/A-Process-Framework-of-Affordances-in-Design?redirectedFrom=fulltext
https://direct.mit.edu/desi/article-abstract/28/1/50/69413/A-Process-Framework-of-Affordances-in-Design?redirectedFrom=fulltext
http://dx.doi.org/10.1162/desi_a_00123
https://onlinelibrary.wiley.com/doi/full/10.1111/jcc4.12030
http://dx.doi.org/10.1111/jcc4.12030
https://www.jmir.org/2019/3/e11014/
http://dx.doi.org/10.2196/11014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30912754&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2055207619826678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619826678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30746154&dopt=Abstract
https://europepmc.org/abstract/MED/30123400
https://europepmc.org/abstract/MED/30123400
http://dx.doi.org/10.1080/19312458.2017.1313396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30123400&dopt=Abstract
https://europepmc.org/abstract/MED/28554500
http://dx.doi.org/10.1016/j.vaccine.2017.05.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554500&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

Rosenberg M. Conceiving the Self. New York, NY: Krieger Publishing; 1986.

Gray-Little B, Williams VS, Hancock TD. An item response theory analysis of the Rosenberg self-esteem scale. Pers Soc
Psychol Bull 2016 Jul 02;23(5):443-451 [FREE Full text] [doi: 10.1177/0146167297235001]

Mahon NE, Yarcheski TJ, Yarcheski A. Validation of the revised UCLA loneliness scale for adolescents. Res Nurs Health
1995 Jun;18(3):263-270 [doi: 10.1002/nur.4770180309] [Medline: 7754096]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav 1983 Dec;24(4):385-396
[FREE Full text] [doi: 10.2307/2136404]

Tennant R, Hiller L, Fishwick R, Platt S, Joseph S, Weich S, et a. The Warwick-Edinburgh Mental Well-being Scale
(WEMWBS): development and UK validation. Health Qual Life Outcomes 2007 Nov 27;5(1):63 [FREE Full text] [doi:
10.1186/1477-7525-5-63] [Medline: 18042300]

Cannon DS, Tiffany ST, Coon H, Scholand MB, McMahon WM, Leppert MF. The PHQ-9 as a brief assessment of lifetime
major depression. Psychol Assess 2007 Jun;19(2):247-251 [doi: 10.1037/1040-3590.19.2.247] [Medline: 17563207]
Martin A, Rief W, Klaiberg A, Braehler E. Validity of the brief patient health questionnaire mood scale (PHQ-9) in the
general population. Gen Hosp Psychiatry 2006 Jan;28(1):71-77 [doi: 10.1016/j.genhosppsych.2005.07.003] [Medline:
16377369]

Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097 [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

Stewart MW, Moreno MA. Changes in attitudes, intentions, and behaviors toward tobacco and marijuana during U.S.
students first year of college. Tob Use Insights 2013 Apr 16;6:7-16 [FREE Full text] [doi: 10.4137/TU1.S11325] [Medline:
24761133]

Borsari B, Carey KB. Descriptive and injunctive normsin college drinking: a meta-analytic integration. J Stud Alcohol
2003 May;64(3):331-341 [FREE Full text] [doi: 10.15288/jsa.2003.64.331] [Medline: 12817821]

Barker AK, Moreno MA. Effects of recreational marijuanalegalization on college students: alongitudinal study of attitudes,
intentions, and use behaviors. J Adolesc Health 2021 Jan;68(1):110-115 [FREE Full text] [doi:

10.1016/j.jadoheal th.2020.03.039] [Medline: 32402801]

Abuse S. Results from the 2007 national survey on drug use and health: national findings. Substance Abuse and Mental
Health Services Administration Office of Applied Studies. 2007. URL: https.//www.dpft.org/resources/N SDUHresults2007.
pdf [accessed 2022-09-16]

Robinson SM, Sobell LC, Sobell MB, Leo Gl. Reliahility of the timeline Followback for cocaine, cannabis, and cigarette
use. Psychol Addict Behav 2014 Mar;28(1):154-162 [doi: 10.1037/a0030992] [Medline: 23276315]

Sobell LC, Sobell MB. Timeinefollow-back. In: Litten RZ, Allen JP, editors. Measuring Alcohol Consumption: Psychosocial
and Biochemical Methods. Totowa, NJ: Springer; 1992:41-72

Jakobsen R, Rise J, Aas H, Anderssen N. Noncoital sexual interactions and problem behaviour among young adol escents:
the Norwegian longitudinal health behaviour study. JAdolesc 1997 Feb;20(1):71-83 [doi: 10.1006/jado.1996.0065] [Medline:
9063776]

Collier KM, Coyne SM, Rasmussen EE, Hawkins AJ, Padilla-Walker LM, Erickson SE, et al. Does parental mediation of
mediainfluence child outcomes? A meta-analysis on mediatime, aggression, substance use, and sexual behavior. Dev
Psychol 2016 May;52(5):798-812 [doi: 10.1037/dev0000108] [Medline: 26914217)

Moreno MA, Binger KS, Zhao Q, Eickhoff JC. Effect of afamily media use plan on media rule engagement among
adolescents: arandomized clinical trial. JAMA Pediatr 2021 Apr 01;175(4):351-358 [FREE Full text] [doi:
10.1001/jamapediatrics.2020.5629] [Medline: 33492346]

Moreno MA, Binger K, Zhao Q, Eickhoff J. Adolescents digital technology interactions and importance: associations with
demographics and social media frequency. J Pediatr 2021 Sep;236:312-5.€1 [doi: 10.1016/].jpeds.2021.06.005] [Medline:
34119527]

Rosen LD, Whaling K, Carrier LM, Cheever NA, Rokkum J. The media and technology usage and attitudes scale: an
empirical investigation. Comput Human Behav 2013 Nov 01;29(6):2501-2511 [FREE Full text] [doi:
10.1016/j.chb.2013.06.006] [Medline: 25722534]

Shiffman S, Kirchner TR, Ferguson SG, Scharf DM. Patterns of intermittent smoking: an analysisusing ecological momentary
assessment. Addict Behav 2009 Jun;34(6-7):514-519 [FREE Full text] [doi: 10.1016/j.addbeh.2009.01.004] [Medline:
19232834]

Trull TJ, Ebner-Priemer UW. Using experience sampling methods/ecological momentary assessment (ESM/EMA) in
clinical assessment and clinical research: introduction to the special section. Psychol Assess 2009 Dec;21(4):457-462 [FREE
Full text] [doi: 10.1037/a0017653] [Medline: 19947780]

Jones M, Johnston D. Understanding phenomenain the real world: the case for real time data collection in health services
research. JHealth Serv Res Policy 2011 Jul 01;16(3):172-176 [doi: 10.1258/jhsrp.2010.010016] [Medline: 21543380]
Giorgi A. The theory, practice, and evaluation of the phenomenological method as a qualitative research procedure. J
Phenomenol Psychol 1997;28(2):235-260 [FREE Full text] [doi: 10.1163/156916297x00103]

Creswell JW, Poth CN. Qualitative Inquiry and Research Design: Choosing Among Five Approaches. Thousand Oaks,
CA: SAGE Publications; 2016.

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 18

(page number not for citation purposes)


https://journals.sagepub.com/doi/abs/10.1177/0146167297235001
http://dx.doi.org/10.1177/0146167297235001
http://dx.doi.org/10.1002/nur.4770180309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7754096&dopt=Abstract
https://www.jstor.org/stable/2136404
http://dx.doi.org/10.2307/2136404
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-5-63
http://dx.doi.org/10.1186/1477-7525-5-63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18042300&dopt=Abstract
http://dx.doi.org/10.1037/1040-3590.19.2.247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563207&dopt=Abstract
http://dx.doi.org/10.1016/j.genhosppsych.2005.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16377369&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.4137/TUI.S11325?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.4137/TUI.S11325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24761133&dopt=Abstract
https://europepmc.org/abstract/MED/12817821
http://dx.doi.org/10.15288/jsa.2003.64.331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12817821&dopt=Abstract
https://europepmc.org/abstract/MED/32402801
http://dx.doi.org/10.1016/j.jadohealth.2020.03.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32402801&dopt=Abstract
https://www.dpft.org/resources/NSDUHresults2007.pdf
https://www.dpft.org/resources/NSDUHresults2007.pdf
http://dx.doi.org/10.1037/a0030992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23276315&dopt=Abstract
http://dx.doi.org/10.1006/jado.1996.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9063776&dopt=Abstract
http://dx.doi.org/10.1037/dev0000108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26914217&dopt=Abstract
https://europepmc.org/abstract/MED/33492346
http://dx.doi.org/10.1001/jamapediatrics.2020.5629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33492346&dopt=Abstract
http://dx.doi.org/10.1016/j.jpeds.2021.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34119527&dopt=Abstract
https://europepmc.org/abstract/MED/25722534
http://dx.doi.org/10.1016/j.chb.2013.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25722534&dopt=Abstract
https://europepmc.org/abstract/MED/19232834
http://dx.doi.org/10.1016/j.addbeh.2009.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19232834&dopt=Abstract
https://europepmc.org/abstract/MED/19947780
https://europepmc.org/abstract/MED/19947780
http://dx.doi.org/10.1037/a0017653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19947780&dopt=Abstract
http://dx.doi.org/10.1258/jhsrp.2010.010016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21543380&dopt=Abstract
https://psycnet.apa.org/record/1997-38567-003
http://dx.doi.org/10.1163/156916297x00103
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

86.

87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Deoni SC, Rutt BK, Arun T, Pierpaoli C, Jones DK. Gleaning multicomponent T1 and T2 information from steady-state
imaging data. Magn Reson Med 2008 Dec;60(6):1372-1387 [ FREE Full text] [doi: 10.1002/mrm.21704] [Medline: 19025904]
Alexander AL, Hurley SA, Samsonov AA, Adluru N, Hosseinbor AP, Mossahebi P, et al. Characterization of cerebral
white matter properties using quantitative magnetic resonance imaging stains. Brain Connect 2011;1(6):423-446 [FREE
Full text] [doi: 10.1089/brain.2011.0071] [Medline: 22432902]

Ajzen|. Thetheory of planned behavior. Organ Behav Hum Decis Process 1991 Dec;50(2):179-211 [FREE Full text] [doi:
10.1016/0749-5978(91)90020-t]

Fairburn C. Cognitive Behavior Therapy and Eating Disorders. New York, NY: Guilford Press; 2008.

Steptoe A, Pollard TM, Wardle J. Development of a measure of the motives underlying the selection of food: the food
choice questionnaire. Appetite 1995 Dec;25(3):267-284 [doi: 10.1006/appe.1995.0061] [Medline: 8746966]

Bodel, VragaE, Yang J. Political engagement within parent-child dyads: rethinking the transmission model of socialization
in digital media environments. In: Klofstad CA, Brady HE, Schlozman KL, Verba S, editors. New Advancesin the Study
of Civic Voluntarism: Resources, Engagement, and Recruitment. Philadelphia, PA: Temple University Press; 2016:127-144
Schou Andreassen C, Billieux J, GriffithsMD, Kuss DJ, Demetrovics Z, Mazzoni E, et al. Therelationship between addictive
use of social media and video games and symptoms of psychiatric disorders: alarge-scale cross-sectional study. Psychol
Addict Behav 2016 Mar;30(2):252-262 [FREE Full text] [doi: 10.1037/adb0000160] [Medline: 26999354]

Siciliano V, Bastiani L, Mezzasalma L, Thanki D, Curzio O, Maolinaro S. Validation of a new short problematic internet
usetest in anationally representative sample of adolescents. Comput Human Behav 2015 Apr;45:177-184 [FREE Full text]
[doi: 10.1016/j.chb.2014.11.097]

Fox J, McEwan B. Distinguishing technologies for social interaction: the perceived socia affordances of communication
channels scale. Commun Monogr 2017;84(3):298-318 [FREE Full text] [doi: 10.1080/03637751.2017.1332418]

Konrath S, Meier BR, Bushman BJ. Development and validation of the Single Item Narcissism Scale (SINS). PLoS One
2014 Aug 5;9(8):€103469 [FREE Full text] [doi: 10.1371/journal.pone.0103469] [Medline: 25093508]

Steinberg L, Sharp C, Stanford MS, Tharp AT. New tricksfor an old measure: the development of the Barratt |mpulsiveness
Scale-Brief (BIS-Brief). Psychol Assess 2013 Mar;25(1):216-226 [doi: 10.1037/a0030550] [Medline: 23148649]
Stephenson MT, Velez LF, Chalela P, Ramirez A, Hoyle RH. The reliability and validity of the Brief Sensation Seeking
Scale (BSSS-8) with young adult L atino workers: implications for tobacco and a cohol disparity research. Addiction 2007
Oct;102 Suppl 2(Suppl 2):79-91 [FREE Full text] [doi: 10.1111/].1360-0443.2007.01958.x] [Medline: 17850617]
Veenhoven R. The study of life-satisfaction. In: Veenhoven WE, Scherpenzed R, Bunting AC, editors. A Comparative
Study of Satisfaction with Life in Europe. Budapest, Hungary: E6tvis University Press; 1996:11-48

Leary MR, Kelly KM, Cottrell CA, Schreindorfer LS. Construct validity of the need to bel ong scale: mapping the nomol ogical
network. J Pers Assess 2013;95(6):610-624 [doi: 10.1080/00223891.2013.819511] [Medline: 23905716]
Gavrilov-Jerkovi¢ V, Jovanovi¢ V, Zuljevi¢ D, Brdari¢ D. When less is more: a short version of the personal optimism
scale and the self-efficacy optimism scale. J Happiness Stud 2013 Apr 3;15(2):455-474 [EREE Full text] [doi:
10.1007/s10902-013-9432-0]

Snyder CR, Sympson SC, Y basco FC, Borders TF, Babyak MA, Higgins RL. Devel opment and validation of the state hope
scale. J Pers Soc Psychol 1996 Feb;70(2):321-335 [doi: 10.1037//0022-3514.70.2.321] [Medline: 8636885]

McCroskey J. Self-report measurement. In: Daly JA, McCroskey JC, editors. Avoid Commun Shyness Reticence Commun
Apprehension. Thousand Oaks, CA: SAGE Publications; 1984:81-94

Chen LH, Baker SP, Braver ER, Li G. Carrying passengers as arisk factor for crashesfatal to 16- and 17-year-old drivers.
JAMA 2000 Mar;283(12):1578-1582 [doi: 10.1001/jama.283.12.1578] [Medline: 10735394]

Lai JS, Nowinski C, Victorson D, Bode R, Podrabsky T, McKinney N, et al. Quality-of-life measures in children with
neurological conditions: pediatric Neuro-QOL. Neurorehabil Neural Repair 2012 Jan;26(1):36-47 [FREE Full text] [doi:
10.1177/1545968311412054] [Medline: 21788436]

Scheier MF, Carver CS, Bridges MW. Distinguishing optimism from neuroticism (and trait anxiety, self-mastery, and
self-esteem): areevaluation of the Life Orientation Test. J Pers Soc Psychol 1994 Dec;67(6):1063-1078 [doi:
10.1037//0022-3514.67.6.1063] [Medline: 7815302]

Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J. The brief resilience scale: assessing the ability to
bounce back. Int J Behav Med 2008;15(3):194-200 [doi: 10.1080/10705500802222972] [Medline: 18696313]

Cascio CN, Lauharatanahirun N, Lawson GM, Farah MJ, Falk EB. Parental education is associated with differential
engagement of neural pathways during inhibitory control. Sci Rep 2022 Jan 07;12(1):260 [EREE Full text] [doi:
10.1038/s41598-021-04152-4] [Medline: 34997113]

Eisenberger NI, Lieberman MD, Williams KD. Does regjection hurt? An FMRI study of socia exclusion. Science 2003 Oct
10;302(5643):290-292 [doi: 10.1126/science.1089134] [Medline: 14551436]

Williams KD, Cheung CK, Choi W. Cyberostracism: effects of being ignored over the Internet. J Pers Soc Psychol 2000
Nov;79(5):748-762 [doi: 10.1037//0022-3514.79.5.748] [Medline: 11079239]

van Beest |, Williams KD. When inclusion costs and ostracism pays, ostracism still hurts. J Pers Soc Psychol 2006
Nov;91(5):918-928 [doi: 10.1037/0022-3514.91.5.918] [Medline: 17059310]

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 19

(page number not for citation purposes)


https://onlinelibrary.wiley.com/doi/10.1002/mrm.21704
http://dx.doi.org/10.1002/mrm.21704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19025904&dopt=Abstract
https://europepmc.org/abstract/MED/22432902
https://europepmc.org/abstract/MED/22432902
http://dx.doi.org/10.1089/brain.2011.0071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22432902&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/074959789190020T
http://dx.doi.org/10.1016/0749-5978(91)90020-t
http://dx.doi.org/10.1006/appe.1995.0061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8746966&dopt=Abstract
https://core.ac.uk/reader/192368235?utm_source=linkout
http://dx.doi.org/10.1037/adb0000160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26999354&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0747563214007316
http://dx.doi.org/10.1016/j.chb.2014.11.097
https://www.tandfonline.com/doi/abs/10.1080/03637751.2017.1332418
http://dx.doi.org/10.1080/03637751.2017.1332418
https://dx.plos.org/10.1371/journal.pone.0103469
http://dx.doi.org/10.1371/journal.pone.0103469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25093508&dopt=Abstract
http://dx.doi.org/10.1037/a0030550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23148649&dopt=Abstract
https://europepmc.org/abstract/MED/17850617
http://dx.doi.org/10.1111/j.1360-0443.2007.01958.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17850617&dopt=Abstract
http://dx.doi.org/10.1080/00223891.2013.819511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23905716&dopt=Abstract
https://link.springer.com/article/10.1007/s10902-013-9432-0
http://dx.doi.org/10.1007/s10902-013-9432-0
http://dx.doi.org/10.1037//0022-3514.70.2.321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8636885&dopt=Abstract
http://dx.doi.org/10.1001/jama.283.12.1578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10735394&dopt=Abstract
https://europepmc.org/abstract/MED/21788436
http://dx.doi.org/10.1177/1545968311412054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21788436&dopt=Abstract
http://dx.doi.org/10.1037//0022-3514.67.6.1063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7815302&dopt=Abstract
http://dx.doi.org/10.1080/10705500802222972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18696313&dopt=Abstract
https://doi.org/10.1038/s41598-021-04152-4
http://dx.doi.org/10.1038/s41598-021-04152-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34997113&dopt=Abstract
http://dx.doi.org/10.1126/science.1089134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14551436&dopt=Abstract
http://dx.doi.org/10.1037//0022-3514.79.5.748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11079239&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.91.5.918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17059310&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Bolger N, Gilbert D, Fiske S, Lindzey G. Dataanaysisin social psychology. In: Gilbert DT, Fiske ST, Lindzey G, editors.
The handbook of social psychology. New York, NY: McGraw-Hill; 1998:233-265

Hedeker D, Gibbons R. Longitudinal Data Analysis. Hoboken, NJ: John Wiley & Sons; 2006.

Bartra O, McGuire JT, Kable JW. The valuation system: a coordinate-based meta-analysis of BOLD fMRI experiments
examining neural correlates of subjective value. Neuroimage 2013 Aug 01;76:412-427 [FREE Full text] [doi:
10.1016/j.neurcimage.2013.02.063] [Medline: 23507394]

McClure SM, York MK, Montague PR. The neural substrates of reward processing in humans: the modern role of FMRI.
Neuroscientist 2004 Jun;10(3):260-268 [doi: 10.1177/1073858404263526] [Medline: 15155064]

Diedrichsen J, Hashambhoy Y, Rane T, Shadmehr R. Neural correlates of reach errors. JNeurosci 2005 Oct
26;25(43):9919-9931 [FREE Full text] [doi: 10.1523/INEUROSCI.1874-05.2005] [Medline: 16251440]

Kihne R. Testing measurement invariance in media psychological research. JMedia Psychol 2013 Jan 01;25(4):153-159
[FREE Full text] [doi: 10.1027/1864-1105/a000096]

Mplus version 8.10. Mplus. URL: https://www.statmodel.com/ [accessed 2023-08-10]

Newsom JT. Longitudinal Structural Equation Modeling: A Comprehensive Introduction. London, UK: Routledge; 2015.
Kaplan DW. Structural Equation Modeling: Foundations and Extensions - Volume 10. Thousand Oaks, CA: SAGE
publications; 2008.

Moreno MA, Arseniev-Koehler A, Litt D, Christakis D. Evaluating college students' displayed alcohol references on
Facebook and Twitter. JAdolesc Health 2016 May;58(5):527-532 [ FREE Full text] [doi: 10.1016/j.jadohealth.2016.01.005]
[Medline: 26995291]

Moreno MA, Cox ED, Young HN, Haaland W. Underage college students' alcohol displays on Facebook and real-time
alcohol behaviors. J Adolesc Health 2015 Jun;56(6):646-651 [FREE Full text] [doi: 10.1016/j.jadohealth.2015.02.020]
[Medline: 26003580]

Moreno MA, D'Angelo J, Hendriks H, Zhao Q, Kerr B, Eickhoff J. A prospective longitudinal cohort study of college
students’ alcohol and abstinence displays on social media. J Adolesc Health 2021 Sep;69(3):440-446 [doi:
10.1016/j.jadohealth.2021.01.027] [Medline: 34053813]

DiClemente C, Scott C. Stages of change: interactions with treatment compliance and involvement. NIDA Res Monogr
1997;165:131-156 [Medline: 9243549]

Brown JD. Adolescents sexual mediadiets. J Adolesc Health 2000 Aug;27(2 Suppl):35-40 [doi:
10.1016/s1054-139x(00)00141-5] [Medline: 10904204]

Widrich L. Social mediain 2013: user demographics for Twitter, Facebook, Pinterest and Instagram. Buffer. 2013 May.
URL: http://blog.bufferapp.com/social-media-in-2013-user-demographi cs-for-twitter-facebook-pinterest-and-instagram
[accessed 2023-12-20]

Smith A, Brenner J. Twitter use 2012. Pew Research Center. 2012. URL: http://www.pewinternet.org/2012/05/31/
twitter-use-2012/ [accessed 2014-03-05]

Moreno MA, Grant A, Kacvinsky L, Moreno P, Fleming M. Older adolescents' views regarding participation in Facebook
research. J Adolesc Health 2012 Nov;51(5):439-444 [EREE Full text] [doi: 10.1016/].jadohealth.2012.02.001] [Medline:
23084164]

Moreno MA, Eickhoff J, Zhao Q, Suris JC. College students and problematic internet use: apilot study ng self-appraisa
and independent behavior change. J Adolesc Health 2019 Jan;64(1):131-133 [FREE Full text] [doi:

10.1016/j.jadoheal th.2018.06.029] [Medline: 30254007]

Westgate EC, Neighbors C, Heppner H, Jahn S, Lindgren KP. "I will take a shot for every 'like' | get on this status': posting
alcohol-related Facebook content is linked to drinking outcomes. J Stud Alcohol Drugs 2014 May; 75(3):390-398 [FREE
Full text] [doi: 10.15288/jsad.2014.75.390] [Medline: 24766750]

Abbreviations

EMA: ecological momentary assessment
fMRI: functional magnetic resonance imaging
PPV: positive predictive value

REDCap: Research Electronic Data Capture
ROI: region of interest

SES: socioeconomic status

SGM: sexual and gender minority

SPM12: Statistical Parametric Mapping version 12
T1: longitudinal relaxation time

TDM: technology and digital media
VMPFC: ventral medial prefrontal cortex

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 20

(page number not for citation purposes)


https://europepmc.org/abstract/MED/23507394
http://dx.doi.org/10.1016/j.neuroimage.2013.02.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23507394&dopt=Abstract
http://dx.doi.org/10.1177/1073858404263526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15155064&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=16251440
http://dx.doi.org/10.1523/JNEUROSCI.1874-05.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16251440&dopt=Abstract
https://econtent.hogrefe.com/doi/10.1027/1864-1105/a000096
http://dx.doi.org/10.1027/1864-1105/a000096
https://www.statmodel.com/
https://europepmc.org/abstract/MED/26995291
http://dx.doi.org/10.1016/j.jadohealth.2016.01.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26995291&dopt=Abstract
https://europepmc.org/abstract/MED/26003580
http://dx.doi.org/10.1016/j.jadohealth.2015.02.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26003580&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2021.01.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34053813&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9243549&dopt=Abstract
http://dx.doi.org/10.1016/s1054-139x(00)00141-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10904204&dopt=Abstract
http://blog.bufferapp.com/social-media-in-2013-user-demographics-for-twitter-facebook-pinterest-and-instagram
http://www.pewinternet.org/2012/05/31/twitter-use-2012/
http://www.pewinternet.org/2012/05/31/twitter-use-2012/
https://europepmc.org/abstract/MED/23084164
http://dx.doi.org/10.1016/j.jadohealth.2012.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23084164&dopt=Abstract
https://europepmc.org/abstract/MED/30254007
http://dx.doi.org/10.1016/j.jadohealth.2018.06.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30254007&dopt=Abstract
https://europepmc.org/abstract/MED/24766750
https://europepmc.org/abstract/MED/24766750
http://dx.doi.org/10.15288/jsad.2014.75.390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24766750&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Cascio et d

Edited by A Mavragani; The proposal for this study was peer reviewed by the National Institute of Child Health and Human Devel opment
Soecial Emphasis Panel Impact of Technology and Digital Media (TDM) Exposure/Usage on Child and Adolescent Devel opment
(PO1 Clinical Trial Optional). See the Multimedia Appendix for the peer-review report; Submitted 24.07.23; accepted 25.07.23;
published 13.09.23.

Please cite as.

Cascio CN, Sdkie E, Moreno MA

Effect of Technology and Digital Media Use on Adolescent Health and Devel opment: Protocol for a Multimethod Longitudinal Study
JMIR Res Protoc 2023;12: 50984

URL.: https://www.researchprotocols.org/2023/1/€50984

doi: 10.2196/50984

PMID: 37703071

©Christopher N Cascio, Ellen Selkie, Megan A Moreno. Origindly published in JMIR Research Protocols
(https://lwww.researchprotocols.org), 13.09.2023. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2023/1/e50984 JMIR Res Protoc 2023 | vol. 12 | €50984 | p. 21
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2023/1/e50984
http://dx.doi.org/10.2196/50984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37703071&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

