E.3. Overview of Aim 2: Evaluate the causal effects of using existing social media use-management tools vs. novel tools on sleep duration and attention among adolescents. We will use experimental methods to examine the causal relationship between adolescents’ use of teen-targeted use-management tools and sleep duration and attention among 350 participants ages 13-17 years. Our pre-screening eligibility survey will help us recruit adolescents who self-report that they are not currently using the teen-targeted provided by TikTok and/or Instagram.

E.3.1. Participants: Adolescents ages 13-17 years recruited from anywhere in the United States. They must complete an eligibility screener stating 1) that they use Instagram and/or TikTok; 2) that their account indicates their age is 18+ years; and 3) that they are not currently using the teen-targeted use-management tools provided by TikTok and/or Instagram.
	
E.3.2. Recruitment: We will recruit 350 adolescents through Galloway Research Service using the same methods as in Aim 1 (Section E.2.2.6.). 
                  
E.3.3. Study Procedures: Baseline Survey Measures and App Usage Data: After obtaining parental consent and adolescent assent, Galloway will mail participants a wearable device (e.g., Fitbit Inspire 3) to monitor sleep duration, quality, and sleep onset and wake times. We will then invite participants to join a remote startup session with trained research staff to install and set up our secure SMR app to monitor all actions a participant takes on a smartphone. The research team will ask all adolescents to 1) begin using the wearable sleep tracker every night for 3 days (baseline period). Using the Fitbit companion app (downloaded on participants’ smartphones) and linked securely to the Google Research Platform, we will collect nightly summaries of total sleep time (TST), sleep stage estimates (light, deep, REM), time in bed, sleep efficiency (TST ÷ TIB × 100), bedtime and wake time, and midsleep timing. Data will be transmitted via encrypted channels and de-identified by linking each Fitbit to a participant ID, ensuring that no personally identifiable information (PII) or protected health information (PHI) is stored with raw device data. Fitbit files will be processed using established algorithms for non-wear detection (e.g., > 60 min of zero activity), and nightly metrics will be aggregated across the 14-day monitoring period, with variability indices (e.g., standard deviations of TST and midsleep) calculated for each participant.; 2) complete the following baseline validated measures: GAD-7101 (anxiety); MOXO-CPT102  (attention regulation); CASES98 (13 items); PROMIS Pediatric SD scale;99,100 and PROMIS SRI scale (sleep health)99,100 (Table 1). 

	Table 1.  Survey Measures

	Aim
	Domain
	Measure

	1-4
	Access to Technology
	1 item adapted from the 2022 Pew Research Center Teen Survey103 (i.e., “At home, which of these devices, if any, do you have access to and are allowed to use?”)

	1-4
	Media Use
	5 items adapted from 2021 Common Sense Media Use by Tweens and Teens Survey4 (e.g., “Which of the following social media platforms, if any, do you use?”)

	
	
	2 items adapted from the 2022 Pew Research Center Teen Survey103 (e.g., “Overall, would you say the amount of time you spend on social media is…”) [3-point scale, “Too much” to “Too little”]

	
	
	“Do you use any of the following apps?”:  [apps that would block social media use (e.g., Opal). This list will be updated at the time of the study launch]

	1-4
	Media Use Rules
	2 items adapted from Rodriguez-de-Dios et al. 2016 assessing parent/caregiver rules around media use (e.g., “What rules have your parents/caregivers used to control your social media use?; ”Do your parents have rules about whether you can sleep with your phone in your room?”)104 

	1-4
	Information Seeking
	1 item from the Pew Internet and American Life Project Parents & Teens 2004 Survey105 (i.e., “Do you ever use social media to look for information about a health topic that’s hard to talk about, like drug use, sexual health, or depression?”) [“Yes, do this” vs. “No, do not”]103

	1-4
	Anxiety
 
	7 item General Anxiety Disorder Child (GAD-7)101 assessing diagnostic symptoms of generalized anxiety disorder (e.g., “In the past 7 days I’ve felt anxious, worried, or nervous.”) [5-point scale “Never” to “All of the time”]

	1-4
	Attention
	MOXO-CPT102 for attention regulation is a computer task that introduces auditory and visual distractions to measure adolescents’ attentional focus.

	1-4
	Sleep
	13 item Children’s and Adolescents’ Sleep Environment Scale (CASES)98, which yields factors on environmental hazards, bedding availability, and presence of electronics.

	
	
	PROMIS Pediatric Sleep Disturbance (SD) scale,99,100 which assesses sleep onset, continuity, and overall quality over the past seven days. This measure demonstrates excellent psychometric properties in adolescents (α > 0.90; strong construct validity) and are scored as IRT-based T-scores (mean = 50, SD = 10), with higher scores indicating greater disturbance or impairment.

	
	
	PROMIS Pediatric Sleep-Related Impairment (SRI) scale,99,100 which measures the extent to which sleep problems or daytime sleepiness impair daily functioning, mood, and cognition. This measure demonstrates excellent psychometric properties in adolescents (α > 0.90; strong construct validity) and are scored as IRT-based T-scores (mean = 50, SD = 10), with higher scores indicating greater disturbance or impairment.

	3
	Depression
	10-item validated Adolescent Depression Rating Scale (ADRS),106 which measures depressive symptoms.

	4
	Body Image Satisfaction 
	23-item validated measure of body image satisfaction (The Body-Esteem Scale for Adolescents and Adults (BESAA),107 which includes 10 body appearance-related items, 8 weight-related items, 5 attribution-related items.

	4
	Beauty Product Purchasing
	In Aim 4, we will ask participants which types of products they would like to purchase, including top-selling facial creams described as “skin-firming” or “contour-defining” make-up. As part of two other NIH grants, we ask teens to select products for purchase. 

	 4
	Eating Disorder Screening
	5 item The Sick, Control, One, Fat, Food (SCOFF) Questionnaire,108,109 a validated eating disorder screening tool [One point for every “yes”; a score of > 2 indicates a likely case of anorexia nervosa or bulimia]

	1-4
	Policy Support & Awareness
	4 items adapted from Elbel et al.110,111 assessing awareness and support for social media policies (e.g., “Does your city or state have laws that affect social media users under the age of 18 years old?”) [“Yes”, “No”, “Don’t know”]

	1-4
	Demographic
Characteristics
	7 items assessing demographic characteristics of participating youth including age, grade, state of residency, height, weight, language use at home, and parent/caregiver educational attainment.

	1-4
	Data Integrity
	Please type the name of the current month of the year into the box: ______ Participants who do not answer the question correctly will be excluded.



E.3.4. Randomization and experimental period: After we complete 3-day baseline data collection, participants will be randomized 1:1:1 to the following three groups using permuted random block sizes of 4 and 6, stratified by social media platform use.: Condition 1) adolescents will turn on Instagram and/or TikTok go-to-sleep tools (i.e.; TikTok’s “Sleep Hours” and Instagram’s “Sleep Mode” tools) which trigger in-app notifications at bedtime that can be dismissed  (N = 117); Condition 2) adolescents will install the Opal app that blocks access to a social media app during hours specified by the user (N = 117); Condition 3) (Control) adolescents will not use any go-to-sleep tools or apps that block social media apps ( N = 116). Randomization will be stratified by platform use (Instagram only, TikTok only, or both) will ensure balanced allocation across  intervention groups such that similar numbers of Instagram and TikTok users are assigned to each condition. Permuted block randomization ensures balance in intervention assignments after each block, removing the potential for time-cohort effects and reducing the likelihood of imbalances by intervention conditions. Due to the nature of the study, participants are not blinded to the intervention. For 12 additional days, adolescents will continue to use the wearable sleep tracker. 

E.3.5. Follow-up Survey Measures and App Usage Data: After tracking their sleep for the remaining 12 days of the 15-day data collection period, the research team will ask all adolescents to complete the GAD-7101 (anxiety); MOXO-CPT102 (attention regulation); CASES98 (13 items); PROMIS Pediatric SD scale;99,100 and PROMIS SRI scale99,100 (sleep health).

E.3.6. Outcomes: The primary outcomes will be Total Sleep Time (TST) and the MOXO-CPT102 attention regulation score (co-primary outcome). Secondary outcomes will capture other Fitbit-derived sleep outcomes including:  sleep stage estimates (light, deep, REM); time in bed, sleep efficiency (TST ÷ TIB × 100); bedtime and wake time; midsleep timing; self-reported measures of quality of sleep (CASES98 (13 items); PROMIS Pediatric SD scale;99,100 and PROMIS SRI scale99,100), and anxiety (GAD-7101); device level monitoring to assess compliance. 

Retention Plan: To retain participants in the study, we intend to send adolescents brief reminders to complete all parts of the study through email and text/SMS. Compliance will be monitored in real time using Fitbit sync logs and automated reminders; participants and families will receive periodic text/email notifications if data are not syncing, and a $150 incentive will be provided for timely survey completion and device wear. 

Study discontinuation criteria: Participants may be removed if they request to withdraw informed consent or other circumstances. For all subjects withdrawn, the reason for discontinuation will be documented and analyzed. 

E.3.7. Statistical considerations: Power and sample size: We estimate that enrolling 350 participants (N = 116-117 per condition) will provide >80% power to detect an increase in  TST of 17.8 minutes at 12 days (primary outcome), and/or a reduction in mean MOXO-CPT102 scores (co-primary outcome) of 0.37SD between intervention (Conditions 1 and 2) and control groups. Calculation is based on a two-sample t-test with equal variance, adolescent mean (SD) TST of 7.7(0.8) hours, and alpha = 0.025 to account for the multiplicity in type I error of two co-primary outcomes.112 While we will aim to minimize participant dropout, our power analyses include adjustment for up to 10% dropout in each condition, with a likely smaller dropout rate (<5%) based on our prior studies. 

Analytic Plans. All primary analyses comparing between three conditions in this experiment will be performed in an “intention-to-treat (ITT)” population. Sensitivity analyses will be conducted in the per-protocol population, defining participants as controls if their adherence is below a pre-specified threshold and categorizing those who switch go-to-sleep tools according to the tool used for the longest duration. 

Descriptive analyses (general). Descriptive summary statistics (e.g., mean and standard deviation (or median and inter quartile range)) will be reported for continuous variables. Counts and proportions will be reported for for categorical variables stratifying by conditions. Statistical comparisons between the three groups for baseline characteristics will be performed using one-way ANOVA with Tukey’s post-hoc test or nonparametric Kruskal-Wallis test for continuous variables and Chi-square test for categorical variables. 

Primary and secondary outcome analysis. Mixed-effects models (nights nested within participants) will be used to examine whether intervention  significantly affects subjective (CASES98 (13 items); PROMIS Pediatric SD scale;99,100 and PROMIS SRI scale99,100), and objective (Fitbit-derived) sleep outcomes (Primary). In secondary analyses, sleep variables will also be modeled as moderators to test whether adolescents with poorer sleep quality, shorter duration, or greater night-to-night variability show different patterns of self-reported mental health outcomes (GAD-7101) in response to the experimental conditions. This analytic strategy will allow us to (a) identify whether social media management tools directly improve sleep, and (b) determine whether sleep amplifies or buffers the impact of social media use on adolescent mental health. In assessing the primary hypothesis, comparison of Condition 1+2 (Z = 1) vs. control (Z = 0) is modeled. We also include Z as a three-level categorical variable to evaluate if Condition 2 ( Opal app blocker) improves sleep health further compared to Condition 1 (social-media’s go-to-sleep tool; i.e., TikTok’s “Sleep Hours” and Instagram’s “Sleep Mode”). The co-primary analysis of MOXO-CPT102 score will be based on independent two-sample t-test (or one-way ANOVA) for change in scores to assess the experimenting effect of condition 1+2 vs. ctrl (or three group comparisons). All statistical tests will be two-sided at alpha = 0.05. 

E.4. OVERVIEW of Aim 3: Compare the causal effects of social media platforms’ “reduced notification tool” versus our proprietary “once daily notification tool” on adolescents’ attention and number of phone pickups. We will compare the effects of social media platforms’ “reduced notifications tool” versus our “once daily notifications tool” versus control (no modifications to notifications) on adolescents’ attention and number of phone pickups per day.

E.4.1. Participants: Adolescents ages 13-17 years recruited from anywhere in the United States. They must complete an eligibility screener stating that: 1) they use Instagram and/or TikTok; 2) their account indicates their age is 18+ years; and 3) they are not currently using “reduced notification tools” provided by social media platforms. 

E.4.2. Recruitment: We will recruit 350 adolescents through Galloway, using the same methods as in Aim 1 (Section E.2.2.2.). 

E.4.3. Study procedures: After obtaining parental consent and adolescent assent, Galloway will mail participants a wearable device (e.g., Fitbit Inspire 3) to monitor sleep duration, quality, and sleep onset and wake times. We will then invite participants to join a remote startup session with trained research staff to install and set up our secure SMR app to monitor all actions a participant takes on a smartphone. The research team will ask all adolescents to begin using the wearable sleep tracker every night for 4 weeks, and to complete the baseline measures for anxiety symptoms, attention, and sleep described in Aim 2 (Section E.3.3.; Table 1)

E.4.4. Randomization: We will use a randomized controlled trial to compare three conditions: (1) platform-provided “reduced notifications” tools (e.g., nighttime suppression, curfews), (2) our custom “once daily notifications” tool, and (3) control (no modifications to notifications). All participants will install our research app, which will passively track device activity and manage notification delivery from TikTok and/or Instagram to deliver notification summaries to users once a day at a time they select. We will randomize adolescents to use social media in one of three conditions: Condition 1) adolescents who will turn on social media platforms’ “reduced notifications tool” (N = 117); Condition 2) adolescents who will turn on our “once daily notifications tool”  (N = 117); Condition 3) adolescents who will not modify notification settings (control group)  (N = 116).
Phase A (Baseline Condition – Unmodified Notifications): For the first 7 days, all participants will receive notifications in their natural state, with no restrictions or modifications applied. This phase will establish baseline metrics of daily phone pickups, app opens, and notification interactions.
Phase B (Intervention Condition – Randomized Notification Modification): For the subsequent 21 days after establishing a baseline, we will compare interventions against a control group, providing sufficient time to observe behavioral adaptations to a changed notification strategy. Participants will be randomized into one of three groups using the same stratified-random block randomization strategy as Aim 2: Group 1 (Platform Tools): Participants will enable the “reduced notifications” settings available on TikTok and/or Instagram; Group 2 (Once Daily Tool): Our app will intercept all TikTok and/or Instagram notifications, bundling them into a single daily summary delivered at a user-specified time; Group 3 (Control): Notifications will remain unmodified.
Behavioral Tracking: Data collection will focus on ecological behavioral markers of attention disruption and engagement.  Our research app will record digital trace data of (1) the number and timing of phone pickups, (2) frequency and duration of TikTok and/or Instagram sessions, (3) responses to notifications (e.g., immediate open vs. deferred engagement), and (4) compliance with the assigned notification condition. We will also capture these metrics for other installed social media apps to capture possible displacement effects.
Categorization Framework: Engagement will be classified according to how notification settings are designed to influence attention and self-regulation. We will categorize the disruption load, capturing the extent to which pickups are directly triggered by notifications. We will also assess downstream effects of disruption, including sustained disengagement, defined as the duration of uninterrupted non-use (time between pickups or app opens), and habit strength, measured as the frequency and regularity of app pickups across days and conditions. This framework will allow us to test whether different notification strategies meaningfully alter patterns of attentional disruption and regulation in adolescents’ everyday use.
E.4.5. Baseline surveys and data collection: Participants will complete the full 15-minute survey (Table 1) upon enrolling in the study (i.e., during baseline period), and will complete the same survey (except demographics) at the start of the intervention period and again at the end of the post-intervention period. 
E.4.6. Outcomes: The primary outcome will be: MOXO-CPT102 scores and number of phone pickups per day (co-primary). Secondary outcomes will be Fitbit-derived sleep outcomes (Total Sleep Time (TST), sleep stage estimates (light, deep, REM); time in bed, sleep efficiency (TST ÷ TIB × 100); bedtime and wake time; midsleep timing); self-reported measures of quality of sleep (CASES98 (13 items); PROMIS Pediatric SD scale;99,100 and PROMIS SRI scale99,100), depressive symptoms (Adolescent Depression Rating Scale (ADRS)106), and anxiety (GAD-7101) (Table 1).

Retention Plan. To retain participants in the study, we intend to send adolescents brief reminders to complete all parts of the study through email and text/SMS. Compliance will be monitored in real time using Fitbit sync logs and automated reminders; participants and families will receive periodic text/email notifications if data are not syncing, and a $150 incentive will be provided for timely survey completion and device wear. 

Study discontinuation criteria. Participants may be removed if they request to withdraw informed consent or other circumstances. For all subjects withdrawn, the reason for discontinuation will be documented and analyzed. 

E.4.7 Statistical considerations. Power and sample size: Enrolling 350 participants (N = 116-117 per condition) will provide >80% power to detect a 0.37SD decrease in number of phone pickups and or a 0.37 SD reduction of MOXO-CP102 scores (co-primary outcomes) between intervention (Conditions 1 and 2) and control groups, based on alpha = 0.025 for two co-primary outcomes, and 10% dropout rate. 

Analytic Plans. Between-group comparisons will test whether notification modification reduces daily pickups and improves sustained attention. Within-person trajectories across baseline and intervention phases will allow us to measure the extent of behavioral change attributable to each notification strategy. The detailed longitudinal statistical analysis methods used will be the same as Aim 2 (Section E.3.7.). 

E.5. Overview of Aim 4: Compare the effects of social media platforms’ “infinite scroll” feature versus our proprietary “disrupted infinite scroll” on adolescent girls’ body image satisfaction and purchases of beauty products. Our researcher-developed use-management app will enable us to replace “infinite scroll” with a “pagination feature” so that when an adolescent scrolls past 10 posts, they will see an arrow that allows them to go to the next page of 10 posts. The rationale for this pagination feature is to disrupt mindless scrolling by placing a visual reminder of the amount of content being consumed.  We hypothesize that adolescent girls who are exposed to the “disrupted infinite scroll” feature will report less body image dissatisfaction and purchase fewer beauty products compared to when they are exposed to the current default (i.e., “infinite scroll” feature).

E.5.1. Participants: Adolescent girls ages 13-17 years recruited from anywhere in the United States. They must complete an eligibility screener stating that: 1) they use Instagram and/or TikTok; 2) their account indicates their age is 18+ years; and 3) do not meet criteria for anorexia or bulimia as measured by the SCOFF108 screening tool (Table 1).

E.5.2. Recruitment: We will recruit 350 adolescents through Galloway, using the same methods as in Aim 1 (Section E.2.2.2.).  

E.5.3. Summary of study procedures: After obtaining parental consent and adolescent assent, we will invite participants to join a remote startup session with trained research staff to install and set up our secure SMR app to monitor all actions a participant takes on a smartphone. To start the study, a caregiver will complete the consent form and the adolescent will complete an assent form. The adolescent will then be randomized to begin the two-week study period by using one week of “infinite scroll” followed by one week of “pagination feature” (we will counterbalance the order so that 50% begin with pagination first). At the end of their “infinite scroll” week, adolescents will complete a survey where they purchase beauty products. They will complete the same survey after their “pagination feature” week. Finally, we will close the study period by asking adolescents to download their data from TikTok and/or Instagram for the two-week study period and the two weeks prior to the study period.

E.5.4. Survey questions: Adolescents will complete the survey questions from Table 1 at the end of the two-week study period. In addition to the survey questions in Table 1, we will ask the adolescents to complete a validated measure of body image satisfaction (the BESAA107).

E.5.5. Study design and Randomization: We will use a within-subjects design to increase statistical power and compare the effects of infinite scroll versus pagination for each participant. We will first randomize adolescents to counterbalance the order in which they are exposed to our intervention: 50% of the sample will continue to use TikTok and/or Instagram with infinite scrolling for 1 week. During the second week, they will shift to using the apps with a pagination feature that has replaced infinite scroll (N=175).The other 50% of the sample will experience the opposite order: they will see pagination for Week 1 and return to using infinite scroll during Week 2 (N=175).

E.5.6. Outcomes: The primary outcome will be the number of beauty products adolescents purchase in the surveys that will be delivered at the end of their “infinite scroll” study period vs. their “pagination” study period, as a function of the number of negative body image posts adolescents saw on their feed during the study period. We will gather those data by asking adolescents to download their data from TikTok and/or Instagram so we can quantify the amount of negative body image posts they were exposed to during their week of using “infinite scroll” compared to their week of “pagination.” Co-primary outcome will be the MOXO-CPT102 scores. Secondary outcomes will include: 1) the number of negative body image posts adolescents’ engaged with via likes, comments, and shares; and 2) scores on the BESAA107 body image satisfaction scale during their “infinite scroll” week compared to “pagination” week.

E.5.7. Statistical considerations. Power and sample size: The targeted enrollment (N = 350) ensures >80% statistical power to detect a mean decrease of 0.23SD (the relative magnitude of the intervention effect compared to infinite scroll) in the number of beauty products and/or MOXO-CPT102 scores, assuming 10% dropout rate, and α=0.05.  

Analytic plans. This study employs a 2x2 crossover, longitudinal, prospective design with the advantage that all participants will receive intervention. Descriptive analysis techniques (measures of central tendency and variability, frequencies and proportions) will be used to summarize baseline demographic characteristics, the number of beauty products, and number of negative image posts for all study participants across each intervention period. For the primary outcomes (number of beauty products and MOXO-CPT102 scores), we will use a linear mixed-effects model to evaluate the intervention effects on changes in these outcomes respectively. The model will include fixed effects for intervention condition (pagination vs. infinite scroll) at the corresponding study period, time interval, and a random effect for participants to account for within-subject correlations. The same modeling framework will be employed for the analysis of secondary outcomes. Other statistical considerations (such as ITT and per-protocol analysis) will follow the procedures detailed in Aim 2 (Section E.3.7.).

