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Abstract 

US emerging adults under legal drinking age (underage emerging adults; U-EA; 

ages 18–19) are unlikely to seek or receive indicated health risk behavior interven-

tions, thus it is imperative to find brief, effective interventions to reduce U-EA health 

risk behaviors, such as drinking. Developmental neuroscience reflects that peers 

hold higher neural salience during adolescence, as evidenced by differential neural 

response with real and/or simulated peers, even when those peers are not friends, 

and particularly in the context of alcohol. Peers also activate positive (prosocial) neu-

ral and health behavior responses among adolescents. The role of positive, prosocial 

peer feedback is consequential given that the most widely-used platforms for U-EA 

behavioral interventions are group-based platforms. We propose functional magnetic 

resonance imaging (fMRI) hyperscanning (tandem dyadic scanning) to evaluate 

U-EA brain response during group motivational interviewing (GMI) for health behavior 

change. This study will enroll n = 248 U-EA (ages 18–19) with ≥1 past month binge 

drinking event (4/3 standard drinks per occasion for males/females) via community 

and university campus recruitment and deliver group MI to peer dyads (no compar-

ator; within-subjects design; ClinicalTrials.gov ID: NCT06115252). Synchronized 

fMRI (hyperscanning) will be used to examine brain response to positive, prosocial 

peer-directed health promotive language (peer-directed change talk) generated 

during and extracted from the GMI session. Primary outcomes include fMRI-based 

hyperscanning metrics (BOLD synchrony in social cognition network) and their 

association with behavioral measures (past-month alcohol use days measured via 
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Timeline Followback) at 12-months (primary outcome) and 3- and 6-months (second-

ary outcomes) post-GMI. We hypothesize that greater neural alignment in the social 

cognition network during positive, prosocial peer interactions (peer-directed change 

talk) will be associated with greater post-intervention behavior change (lower number 

of past month drinking days) at each follow-up point. This translational study is crucial 

for making meaningful gains in improving interventions for youth health behavior.

Trial registration

ClinicalTrials.gov NCT06115252

Introduction

Background and rationale

US emerging adults under legal drinking age (underage emerging adults; U-EA; ages 
18–19) are unlikely to seek or receive indicated health risk behavior interventions, 
thus it is imperative to find brief, effective interventions to reduce U-EA drinking. In 
addition to potential alcohol-related negative health, safety, and neurodevelopmental 
sequalae [1–4], only a fraction (<6%) of youth engaged in hazardous drinking receive 
intervention programming [5]. Among those who do, behavior change in this age 
group still remains modest [6,7]. As one example, meta-analyses examining motiva-
tional interviewing (MI) have shown that effect sizes for MI intervention outcomes are 
less robust for youth (d = 0.17) [8] as compared with adults (d = 0.77) [9]. While the 
use of MI is widespread, we still do not yet understand within-session mechanisms, 
particularly for youth and for the group MI modality [10].

Originally developed and validated as an individual-level intervention [9,11–13], 
MI has been widely deployed in direct practice settings as a group-based interven-
tion for over two decades. Yet, the empirical research on intervention outcomes with 
group MI, particularly among youth recipients, has lagged behind individual-level 
evaluations [14]. Importantly, a handful of teams, including our own, have evalu-
ated group MI across a wide range of health behaviors (including, but not limited to: 
alcohol and other substance use; STI/HIV risk behavior). Overall, findings largely 
support group MI as a modality that effectively generates behavior change in the 
targeted behavior [14–41]. An even smaller handful of investigators have taken this 
work a step further by evaluating mechanisms of group MI, including within-session 
factors that impact group MI outcomes with youth. Collectively, these findings sug-
gest that, among young participants, positive statements in favor of change (change 
talk) during group MI have been associated with significant improvements in post- 
intervention alcohol-related behavior [20,24,42]. We could only find one peer- 
reviewed published study looking at group MI delivered in a peer-dyad format; in this 
study, effect sizes for alcohol use reductions were 3 times larger in the peer-dyad 
group MI than for the individually-delivered format [43]. We found no studies looking 
at the impact of the peer-peer exchange on brain response.
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Large-scale longitudinal studies like IMAGEN, ABCD, and NCANDA [44–46] have generated an enormous array of 
foundational data on the nature of the developing brain [1,2,47]. Yet, most have examined the youth brain on an individual 
level, as has our own translational work to date on the neural mechanisms undergirding adolescent neural response to 
successful behavioral interventions [48–52].

However, humans are social animals, and this is particularly true for underage emerging adults (U-EA) [53–62]. A cen-
tral challenge of individual-level neuroimaging is that we can only examine one member of the peer dyad at a time [63]. 
This is a critical gap because youth show both enhanced neural attributions to peers, as well as modifications to behavior 
based on youths’ real-world and purported peer behavior [53–61], even when those peers are not friends [64–68], and 
particularly in the context of alcohol [69–74]. Many studies have focused on the negative role of peer feedback, yet current 
neurodevelopmental research increasingly indicates that peers also activate positive (prosocial) neural and behavioral 
responses in this age group [75–83]. Yet, our capacity to examine interactive, real-world peer dyads via neuroimaging is 
clunky at best [63]. Because most accessible and widely-used neuroimaging modalities with youth can only accommodate 
a single participant at a time, many studies are limited to less-ecologically valid, “proxy” social environments to estimate/
approximate youth neural response in these social contexts (e.g., cyberball; images of pretend similar-aged peers; use of 
a confederate [73,82,84,85]). Some have even argued that the generalizability of these neuroimaging findings to real-
world youth behavior is insufficient [63].

Interbrain synchrony to identify patterns of neural response in group MI

One cutting-edge solution to these conundrums is the use of hyperscanning [86]. In hyperscanning, two neuroimaging 
platforms (e.g., two MRIs) are interconnected, allowing scientists to examine not only parallel neural response between 
two participants in real time [63,86], but also participants’ interbrain synchronization (synchrony). Prior hyperscanning data 
has shown that heightened synchrony during human social interactions is linked with a range of prosocial and adaptive 
social behaviors, including closeness, cooperation, and other collaborative behaviors [87].

Synchrony has been examined across a number of dyad types (e.g., educator:student; teammate:teammate; employ-
er:applicant) [88–92]. In terms of neurodevelopment, existing hyperscanning studies (Total N = 126; N = 32 adolescent 
pairs; N = 31 adult pairs) reflect significant developmental differences between adolescents and adults in synchrony, with 
adolescent dyads showing significantly higher synchrony than adults in relevant neural networks [93]. Relevant for tele-
health and virtual intervention delivery, other hyperscanning studies (Total N = 84; N = 42 dyads) observed that even when 
collaborating online via a cooperative multiplayer game, dyads showed elevated neural synchrony [87], indicating that 
phase synchronization of oscillatory activity occurs during real-time joint coordination without physical co-presence [87]. 
Recent hyperscanning studies, even with relatively small samples (Total N = 30; N = 15 dyads) have found greater syn-
chrony within dyads for a focus on the breath task synchronization as compared to a cognitive synchronization task [94]. 
These data regions may be relevant for behavioral intervention response, due to their nature [e.g., socioemotional pro-
cessing (frontal theta); learning processes (central theta)] [90].

Objectives

Given their brevity, low cost, and ease of dissemination [6], the group modality is widely used to deliver alcohol interven-
tions with youth. Even with the background research around potential peer-peer iatrogenic outcomes during group inter-
ventions with young people [95–97], we have a limited understanding of how peers, and specifically prosocial, positive 
peer-peer interactions may enhance intervention outcomes within the group MI platform [98]. This is timely, as there has 
been a surge of publications within the developmental neuroscience literature around the salience and importance of 
peers in terms of positive neural response, behavioral risk, and prosocial choices [99].

In sum, we found no peer reviewed literature examining the degree to which peer:peer dyadic exchanges within the 
context of group intervention receipt may impact both brain and subsequent behavioral response for youth. This study will 
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specifically examine the nature of peer-peer dyadic exchanges within group MI, and the degree to which neural synchrony 
during positive, prosocial peer language (peer-generated change talk) is associated with alcohol use reductions at 12 
months post-intervention. This is critical to address the gap around how and why group MI may (or may not) work in this 
age group, to meaningfully move the needle on enhancing alcohol-related interventions and related outcomes in this high-
need and underserved age group.

Materials and methods

This study is currently recruiting, with a first enrollment date of 10 October, 2025. Estimated end of data collection (i.e., 
final timepoint by final participant) is 31 March, 2028. Results are expected to be disseminated by 31 March 2029, in line 
with the clinicaltrials.gov reporting timeline.

Ethics and dissemination

Research Ethics Approval.  This study has human participant Research Ethics Approval through University of Texas 
at Dallas. Per the IRB Reliance Agreement in place for this trial, UConn Health will rely on UTD as the IRB of record.

Protocol amendments.  All members of the UTD and UConn Health study team meet at least once per month at a 
standing virtual meeting, with the opportunity to discuss the need for protocol modifications. If the MPIs determine that a 
protocol amendment is necessary, the study team member at the applicable site submits the materials to the ethics oversight 
board. Protocol modifications are not implemented until the relevant ethics board has reviewed and approved the submission.

Consent or assent.  As detailed in Recruitment, IRB-approved study team members with current human subjects 
protections training describe study content and procedures to interested U-EA via phone. The staff members are explicit 
that participation is completely voluntary, participants can opt out of the trial at any time without repercussion, and skip 
data collection questions that they do not feel comfortable answering. Specific eligibility criteria are not shared with 
participants to further protect participant privacy. If an interested U-EA is eligible to participate, they will complete consent 
forms on REDCap at the start of their scheduled Participation Day. This system allows the participant to review the entire 
consent form in person, discuss the study in detail and have questions answered with a UTD study team member, as well 
as allows the UTD study team member to ensure the potential participant understands the consent form before choosing 
whether or not to complete the form. The trial consent form specifies that participant data may be used for future research 
and details the conditions under which various data types may be used. This written informed consent will be obtained 
prior to engaging in any trial activities; individuals who decline to participate will be thanked for their time and interest and 
will not be enrolled in the trial.

Confidentiality.  All collected data will be coded using a subject ID number that is not derived from participant 
identifying information, and only trained UTD research assistants and MPI Filbey will have access to the password-
protected master subject identification sheet linking contact information with subject ID numbers. This linking file will be 
destroyed at the conclusion of the study when participant contact information is no longer necessary for data collection 
and retention purposes. Consent materials will be stored electronically on encrypted computers in locked offices, and 
paper documents in locked cabinets in locked UTD study offices. Consent files and participant contact information are 
kept separate from participant study materials.

The people who will have access to trial data include members of the research team. All study staff complete required 
institution-specific training modules for clinical trials research with human subjects, and are trained on lab and study- 
specific protocols to protect participant confidentiality. Identifiable data will not be shared with investigators outside of the 
research team without an executed Data Use Agreement.

Ancillary and post-trial care.  This is a minimal risk trial and the study team has taken great care to reduce or, when 
possible, eliminate possible risks of harm to trial participants. As a result, this trial does not include plans for ancillary and 
post-trial care.
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Dissemination plans.  Results will be disseminated via presentations at annual scientific conferences, submissions to 
peer reviewed journals, to mental health and substance use providers, as well community programs for youth at high-risk 
substance use. This study will submit and share data with the NIAAA Data Archive, a data repository housed within the 
NIMH Data Archive, and will follow the guidelines described in NOT-AA-23–002. Data will be submitted on or before the 
NDA submission due dates and maintained for the duration required by NIAAA Data Archive Data Sharing Plan.

Trial design

A structured summary of trial design and methods is presented in Table 1. This is a translational within-subjects design 
measuring how synchrony in U-EA brain response during positive, prosocial group MI language (peer-directed change talk) 
is associated with health behavior change (reductions in alcohol use) at 12-months post-intervention. Within this study, two 
U-EAs engaged in drinking will be scheduled to attend a “Participation Day,” comprised of a baseline behavioral assessment 
(which they will complete alone), a single 1-hour session of group MI (completed together), and, to ensure maximum salience 
of the peer dyadic experience, an fMRI hyperscanning protocol on the afternoon of the same day. To determine how these fac-
tors relate to alcohol-related behavior change, youth will complete behavioral follow-up at 3-, 6-, 12-months post-intervention.

Trial setting

Trial recruitment, enrollment, and study activities will take place at one university site in Dallas, TX, USA. Study interven-
tionists provide virtually-delivered group MI from UConn Health, Farmington, CT, USA.

Eligibility criteria

Participants.  Inclusion criteria: (1) 18–19 years of age; (2) agree to be contacted for the 3, 6, and 12 month follow 
ups; (3) provide fully informed consent. Exclusion criteria: (1) left-handed; (2) evidence of brain injury/illness and/
or neurological, neurodevelopmental disorder including psychosis and related medications (e.g., antipsychotics; 
neuroleptics); (3) loss of consciousness ≥ 2 minutes; (4) other fMRI contraindications (e.g., unremovable metal on/in body, 
pregnant)

Group MI interventionists.  Study interventionists must be enrolled in or graduates of graduate-level clinical training 
programs (e.g., clinical psychology PhD), and have been recruited for study involvement by the UConn Health research 
site, under the direct supervision of MPI Feldstein Ewing.

Intervention and comparator

Rationale for choice of intervention approach: Group MI.  As this is a within-subjects design, there is a single 
intervention (group MI) with no comparator. We chose group MI as the target behavioral alcohol intervention for this 
age group for several reasons. It has been essential to our team’s line of clinical research to develop interventions for 
youth that can be easily transported to and integrated within opportunistic settings (e.g., schools/universities; healthcare; 
juvenile justice) [31,48–51,100–106]. Operating from this perspective has allowed us to roll out interventions to youth who 
are at high need, such as U-EA who are engaged in drinking, but are unlikely to seek (or receive) alcohol intervention 
within standard care/service delivery contexts [5]. Group MI has a high potential for public health reach for this age group 
[24,27,31] for several reasons, including but not limited to, its inherently cost-effective nature. While group MI is already 
used extensively in opportunistic care settings [6,14,16,17], we still know very little about the mechanisms, especially at a 
neural level, for how group MI operates, and how the role of peers may enhance youth neural and behavioral response in 
this intervention. Because the U-EA brain is still very much in development [107] and research by our team suggests that 
the neural mechanisms of psychosocial intervention response varies by neurodevelopmental stage  
[48–52,104,106,108–111], it is timely and important to specifically assess neural and behavioral response in the group MI 
context and within the U-EA developmental window.
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Table 1.  Structured summary of trial design and methods.

Primary registry and trial identifying number ClinicalTrials.gov ID: NCT06115252

Date of registration in primary registry 10/30/2023

Secondary identifying numbers N/A

Universal trials number (UTN) N/A

Primary sponsor UConn Health, UT Dallas

Secondary sponsor Sarah W. Feldstein Ewing, Francesca Filbey

Contact for public queries Sarah W. Feldstein Ewing (feldsteinewing@uchc.edu)

Contact for scientific queries Sarah W. Feldstein Ewing (feldsteinewing@uchc.edu)

Public title Partnering to Enhance Emerging Adults’ Response to Programs 
(PEER)

Scientific title Do peers enhance or detract progress in group MI? A look into 
emerging adult brain and behavior

Countries of recruitment United States

Health conditions Alcohol use

Intervention(s) Group motivational interviewing (group MI)

Key inclusion and exclusion criteria Inclusion criteria: (1) 18–19 years of age; (2) agree to be con-
tacted for the 3, 6, and 12 month follow ups; (3) provide fully 
informed consent. Exclusion criteria: (1) left-handed; (2) evidence 
of brain injury/illness and/or neurological, neurodevelopmental 
disorder including psychosis and related medications (e.g., anti-
psychotics; neuroleptics); (3) loss of consciousness ≥ 2 minutes; 
(4) other fMRI contraindications (e.g., unremovable metal on/in 
body, pregnant)

Study type Purpose: Intervention. Assignment: N/A (within-subjects)

Date of first enrollment 10/10/2025

Sample size 284

Recruitment status Recruiting

Primary outcome(s) 1) Blood oxygen level dependent (BOLD) response synchrony 
at baseline, 2) BOLD response synchrony association with 
behavior change (past month alcohol use days) at 12 months 
post-intervention

Key secondary outcome(s) 1) BOLD response synchrony association with behavior change 
(past month alcohol use days) at 3 months post-intervention, 2) 
BOLD response synchrony association with behavior change 
(past month alcohol use days) at 6 months post-intervention

Ethics review Status: Approved. Approval date: Current

Data sharing statement This study will submit and share data with the NIAAA Data 
Archive, a data repository housed within the NIMH Data Archive, 
and will follow the guidelines described in NOT-AA-23–002. Data 
will be submitted on or before the NDA submission due dates and 
maintained for the duration required by NIAAA Data Archive Data 
Sharing Plan.

https://doi.org/10.1371/journal.pone.0349575.t001

Group MI session.  In line with our previous group MI approaches to reduce alcohol and related health risk behavior 
with this age group, all participants will receive one 60-minute group MI session conducted virtually by a Clinical 
Psychology trainee (graduate student and/or postdoctoral fellow) under the supervision of MPI Feldstein Ewing and 
will proceed according to our established group MI manual for U-EA alcohol use [14]. The group MI session occurs in 
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the first half of Participation Day activities, prior to the fMRI hyperscanning session. This group MI aims to introduce a 
conversation about alcohol use and the personally experienced consequences of drinking [15,29–31,52,102,103,112,113]. 
Group MI interventionists will conduct the session in an MI-consistent manner, meaning that they will be open, strength-
based, affirming, non-judgmental, and empathic, with a goal of reducing resistance and highlighting ambivalence around 
drinking to foster and support U-EAs’ intrinsic motivation for behavior change.

Following our empirically-supported approach for MI targeting alcohol use with non-intervention-seeking youth, the group 
MI will start with an open-ended exploration of the dyad’s drinking behavior via eliciting the dyad’s stories about their alcohol 
use. Elements of the group MI intervention include, but are not limited to, an open-ended exploration of the dyad’s drinking, 
activities to enhance the dyad’s sense of self-efficacy, exploration of potential high-risk situations and triggers for drinking and 
an exploration of strategies to manage those risks and triggers, elicitation of dyadic peer-directed change talk for the fMRI 
task, and closing of the group MI session. The ultimate goal of the group MI session is to engage the dyad in a thoughtful 
conversation about their drinking and the implications that their drinking may have on their lives, with an eye to bolstering 
and supporting the dyad’s inherent drive for behavior change. The group MI interventionist will close with a summary of the 
session.

During this group MI session, the group MI interventionist will track the dyadic exchange to ensure that each dyad 
member generates sufficient unique positive peer language statements (peer-directed change talk; voice of the peer 
directed toward the youth receiving the scan) for the dyadic paradigm. After the MI session, audio of these statements will 
be extracted from the recorded group MI session and transferred to the fMRI task prior to scanning.

Discontinuation criteria.  In line with informed consent, the group MI session and subsequent study involvement 
may be discontinued at any time at the request of a trial participant. The study team may withdraw an individual from 
the trial if the individual is disruptive, uncooperative, threatening, or physically violent towards others during a study 
visit.

Strategies to improve adherence to intervention/protocols and monitoring adherence.  To ensure intervention 
integrity and fidelity of the intervention, all group MI sessions will follow our group MI manual [14], maintained by MPI 
Feldstein Ewing at UConn Health. This 60 minute group MI session was developed based on MPI Feldstein Ewing’s 
clinical work with youth engaged in alcohol and other substance use, and continues to be updated in line with recent 
publications in the MI field (15–42). In line with MPI Feldstein Ewing’s previous NIH-funded studies, she will train each 
group MI interventionist via the following five steps. Group MI interventionists will: [1] receive didactic training on the 
theories behind group MI, [2] be required to read the group MI study manual, [3] pass a knowledge test to evaluate their 
grasp of the concepts within and behind group MI (e.g., with a pass rate of at least 80% on the fidelity checklist and 
100% adherence to essential therapeutic elements), [4] watch the MPI conduct a pilot group MI and discuss the details 
of the session, and [5] conduct two pilot group MIs, which will be observed by the MPI who will assess the group MI 
interventionist’s proficiency in the manualized group MI intervention. All sessions are audio-recorded for two purposes: 
for systematic supervision, allowing the MPI to ensure fidelity and prevent therapist drift during the weekly group MI 
supervision session, and for use within the fMRI task.

Concomitant care.  We do not prohibit youth from seeking/receiving any other type of intervention during the course of 
the trial (e.g., psychotherapy).

Outcomes

Primary outcomes include: 1) blood oxygen level dependent (BOLD) response synchrony at baseline (mean BOLD time 
series will be obtained for each region of interest [ROI] during peer-directed change talk trials and temporally aligned 
across dyad participants; inter-brain synchrony will be quantified using z-transformed GLM β-weights within ROIs 
between the BOLD time series of dyad members), and 2) BOLD response synchrony association with behavior change 
(past month alcohol use days) at 12-month follow-up (Pearson correlation coefficients [r] of Primary Outcome #1 [ROI 



PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 8 / 19

z-scores representing BOLD response synchrony] with individual Timeline Followback [TLFB] past month drinking days at 
12-month follow-up). Secondary outcomes include: 1) BOLD response synchrony association with behavior change (past 
month alcohol use days) at 3-month follow-up (Pearson correlation coefficients [r] of Primary Outcome #1 [ROI z-scores 
representing BOLD response synchrony] with individual Timeline Followback [TLFB] past month drinking days at 3 month 
follow up) and 2) BOLD response synchrony association with behavior change (past month alcohol use days) at 6-month 
follow-up (Pearson correlation coefficients [r] of Primary Outcome #1 [ROI z-scores representing BOLD response syn-
chrony] with individual Timeline Followback [TLFB] past month drinking days at 6 month follow up). We are examining 
neural alignment (brain synchrony) in the social cognition network during positive, prosocial peer interactions  
(peer-directed change talk), and hypothesize that this variable will be associated with greater post-intervention behavior 
change (lower number of past month drinking days) at 3-, 6-, and 12-months.

Harms

Trial harms will be passively surveilled; the trial MPIs will work closely with the study team members direcly involved in 
data collection (e.g., research assistants, study interventionists) to monitor for reportable events. Events will be tracked 
and reported to the Institutional Review Board of record in line with reporting requirements, and retained for analysis pur-
poses as applicable.

Participant timeline

The time schedule of enrollment, intervention, assessments, and visits is presented in Fig 1. The study team will keep 
a rolling list of potentially eligible participants. After two U-EA have been deemed eligible and consented, our team will 
contact youth to ensure that there is no change in their eligibility and they will then be scheduled in dyads for “Participation 
Day” activities, which include the baseline assessment, the group MI session, and the fMRI scan, all conducted on the 
same day. The same behavioral measurement package administered at baseline will be administered via a virtual platform 
[114–116] for follow-up assessments at 3-, 6- and 12-months.

Sample size

Sample size was selected to evaluate the primary research questions at a two-tailed alpha of.05 and power of.80. 
Estimates of effect size were conducted in G*Power 3 [117,118]. To optimize power, our a priori hypothesis was 

Fig 1.  Participant timeline: Schedule of enrollment, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0349575.g001
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tested using regions of interest (ROIs) motivated by our previous findings. Although this is the first time we will be 
investigating BOLD synchrony across the social cognition network in a clinical translational study, we grounded 
our power based upon our previously observed associations between DMN regions and post-intervention behavior 
change in a similarly-aged sample (e.g., precuneus z = 32; PCC; z = 40) [48–52]. Prior estimates indicated a small-
to-medium sized association (f2 = 0.07, r = −0.22) with linear multiple regression analyses requiring a minimum of 164 
youth to achieve adequate power. For the associations between BOLD synchrony in social cognition regions during 
positive, prosocial peer-directed change talk and alcohol use reductions at 12 months, 210 subjects would be ade-
quate to detect a medium sized effect (standardized effect size d = 0.4) with 80% power. In sum, the power analy-
sis suggests the need for N = 210 youth. We project losing 15% of the proposed sample to attrition or motion, thus 
requiring N = 248 youth.

Recruitment

In line with previous U-EA intervention research [48,49,52,119,120], we will recruit a sample with sufficient drinking to 
assess mechanisms underlying behavior change within this group MI intervention. Our recruitment approach will be 
purposefully broad to maximize participation and generalizability to U-EA engaged in alcohol use throughout the wider 
community. We will utilize a combination of community-based (e.g., flyering at coffee shops, community centers, apart-
ment complexes), campus-based (e.g., classroom sign-ups, school listservs), and social media-based (e.g., Snapchat 
ads) recruitment approaches that have been highly effective with this age group for our team [48,49,52,121] in the broader 
Dallas metro area. Our team has found that this recruitment approach maximizes access, reach, and engagement of 
U-EAs engaged in drinking, who are unlikely to otherwise seek and/or receive alcohol intervention [122]. Consistent 
with our prior U-EA substance use studies [48,49,52,121,123], U-EA who observe local ads complete a prescreener via 
REDCap. If U-EA pass the initial eligibility questions within the REDCap prescreener, they are scheduled for a telephone 
screen with an RA at UTD; fully eligible U-EA are then scheduled for Participation Day. Consenting takes place at the start 
of Participation Day.

Randomization and blinding

As this study utilized a within-subjects design, randomization was not conducted and all participants received the same 
intervention. Similarly, given the focus on a single intervention, blinding to condition is not applicable to this trial.

Data collection methods

In line with our prior studies [48–52], at the start of the Participation Day, youth will be breathalyzed using a BACtrack S80 
Professional Breathalyzer to ensure BAC = 0 and screened to assure the absence of fMRI contraindications (no metal 
in body; not pregnant as verified by urine testing for all female participants). Consistent with the MPI’s prior translational 
work [48–52], all participants will be required to abstain from alcohol and other substances for 24 hours prior to the scan. 
Only approved youth will continue with Participation Day activities.

Behavioral assessment.  Each member of the U-EA dyad will complete individual behavioral assessments using 
REDCap via lab laptops in separate rooms prior to their participation in the group MI. Our youth health behavior of interest 
is past month alcohol use days. We will utilize the TimeLine Follow-Back (TLFB; 124), a gold-standard calendar-based 
interview measure which provides quantity and frequency of past month alcohol use days in this age group. We will use 
the same behavioral measures administered at baseline at 3-, 6-, and 12-months post-intervention to evaluate U-EAs’ 
alcohol intervention response. We will use REDCap’s virtual platform for follow-up assessment [114–116]; at each follow-
up, youth will be emailed unique links to complete validated self-report measures via a secure online data collection 
system [124], and will complete a brief online or telephone interview with project staff.



PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 10 / 19

fMRI hyperscanning session

The fMRI hyperscanning session will be the last activity of Participation Day. Between the group MI and scan session, 
study staff will extract the dyadic peer-directed change talk statements generated during the group MI session and inte-
grate them into the dyad’s fMRI task. The fMRI data will be collected using two identical 3 Tesla Siemens Prisma scan-
ners at the BrainHealth Imaging Center at the University of Texas at Dallas. Images will acquired using a T2*-weighted 
echo-planar imaging (EPI) sequence with the following parameters: TR/TE = 800/37ms, flip angle = 52°, FOV = 208x100mm 
(ROxPE), matrix = 104x100(ROxPE), slice thickness = 2.0 mm, 72 slices; 2.0 mm isotropic voxels, multiband factor = 8, 
echo spacing = 0.58ms, BW = 2290 Hz/Px. 3. High-resolution structural images will be obtained using a T1-weighted 
sequence for anatomical localization and normalization.

For the fMRI hyperscanning task (Fig 2), both participants in a dyad will be scanned simultaneously in separate iden-
tical scanners separated by a shared control room, to engage in the interactive, tandem task during the fMRI scan. Task 
events and behavioral responses will be time-locked to scanner acquisition using a shared experimental control script and 
synchronized trigger pulses (TTL) from each scanner. Behavioral timestamps will be recorded relative to scanner time to 
allow precise alignment of neural and behavioral data streams across participants.

In the PEER hyperscanning task, U-EAs will take turns selecting and presenting peer-directed prosocial statements 
(peer-directed change talk), generated during their group MI session. Consistent with our previous studies, we will present 
each dyad with a version of the task that has been specifically articulated to the clinical exchanges directly extracted from 
their group MI session. The PEER hyperscanning task begins with an Instructions screen, with accompanying pre- 
recorded audio of their group MI interventionist, to orient the dyad to the task. Each trial begins with a Role Cue screen 
that will designate which participant will make the statement selection, and which will wait while the other makes the 
selection. A participant will select a statement to present to their peer from their group MI session. Change talk statements 
will be presented 8 times per participant. This will be followed by a Statement Selection phase where audiovisual stimuli 
(in the interventionist’s voice) will be presented asking the designated participant to select a statement from a list of four 
statements using the button box, while the other participant waits. Next, during the Statement Presentation phase, the 
participant’s selection will be shown visually on both displays accompanied by audio recording of the participant saying 
the statement (recorded during the health session). Each trial will end with a Rating phase where both participants will 
be asked to rate how likely they are to change their drinking behavior via 1–4 rating scale (corresponding to a four-button 
button box) read in the group MI interventionist’s voice. There may be a jitter between trials during which a fixation cross 
will be presented.

MI session coding fidelity/reliability.  MPI Feldstein Ewing has been coding client language in MI since 2004 and 
culling client language for fMRI tasks since 2007. As with MPI Feldstein Ewing’s prior NIH-funded studies [48–52], in 
order to learn how to identify statements for the task, study staff will be required to read the study manual and conduct 5 
practice coding sessions by identifying and extracting prosocial change talk statements in mock interventions conducted 
by the study team – including in terms of having statements that are sufficiently meaningful (of a sufficient intensity) of 
the correct valence. This protocol has been highly effective in training study staff to successfully identify and extract 
statements directly from the recorded MI session and transfer these statements to the fMRI task scan [48–52].

Retention

Youth engaged in alcohol use are a difficult population to track. Yet, with intensive tracking procedures, and predomi-
nantly all online follow-up assessment measures (such as proposed here), our success in retaining a similar age group 
of substance-using U-EA (~90% of youth at the most distal follow-up) suggests that we successfully can retain a majority 
of participants by implementing those strategies here. As examples, our study team is trained in techniques to build and 
maintain rapport, given resources to accommodate U-EA contact method preferences (e.g., study-dedicated phones with 
texting capability), and provided with MPI support to troubleshoot participant contacting and scheduling difficulties, as MPI 



PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 11 / 19

Fig 2.  Hyperscanning task. Visual presentation during a peer-directed change talk trial, with each column showing the simultaneous presentation of 
identical or different displays based on trial stage and participant role.

https://doi.org/10.1371/journal.pone.0349575.g002
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Feldstein Ewing is an expert in the recruitment and retention of underrepresented youth, and has published extensively 
on how to retain substance-using and other high risk youth in longitudinal research [125–127]. In addition, the trial design 
allows for fully remote follow-up data collection (using a combination of REDCap and telephone), eliminating the bur-
den of in-person visits beyond the baseline Participation Day. In the infrequent instance an enrolled participant declines 
further participation, study team members are trained to honor the participant’s autonomy while respectfully collecting 
data regarding discontinuation reason(s), to ensure a thorough CONSORT post-trial and adequate data for analyses, as 
applicable.

Data management

Behavioral assessments will be captured electronically via secure online platform, REDCap. All data will be managed on 
a UTD secure server only accessible by approved study personnel. All data management and manipulation will be con-
ducted via widely utilized software packages including, but not limited to, AFNI, R, and Matlab. It will be possible to share 
de-identified data in several formats depending on individual consent specifications.

Data quality and control.  Standard Operating Procedures (SOPs) for the study protocol will be developed and 
maintained at UTD. All RAs will be trained to ensure rigorous data collection. Data assurances will be performed by 
the RAs for missing data or implausible responses. The REDCap Data Quality module will be utilized to identify data 
discrepancies and other data issues. Additionally, data validation and spot checking will be conducted by a supervisor to 
check for data completeness and internal consistency of responses. The REDCap database will maintain an audit trail 
with time-date stamps of data entry and all changes that are made to the data.

Data security.  Every effort will be made to ensure data security. Any paper materials will be double-locked – i.e., 
stored in locked file cabinets in locked offices that belong to the study team. Electronic data, such as REDCap and MRI, 
will be kept secure with encryption and password protection. Data will be de-identified and labeled with a random number 
identification code that does not contain personal identifying information.

Data storage.  Electronic data will be stored using UTD-approved platforms (Box, REDCap). Consent forms and/
or data collected on paper will be stored and double-locked in a secure archive for long term storage. All paper source 
records will be retained for a minimum of 10 years from the point of publication of data on the primary outcome. Electronic 
data will be stored for a minimum of 10 years following study completion, with regular checks to make sure that the data 
are still viable.

Statistical methods

Data processing.  Functional and anatomical MRIs will be processed and analyzed using the Analysis of Functional 
NeuroImages (AFNI) software package (https://afni.nimh.nih.gov/afni/ version AFNI_22.0.03). The T1-weighted anatomical 
images will be semi-manually segmented, producing a skull-stripped image. A secondary segmentation and warping will 
then be applied using @SSwarper to the skull-stripped image to refine the segmentation and warp the image to conform 
to the Montreal Neurological Institute stereotactic space (MNI152 2009). We will generate the functional processing 
pipeline using AFNI’s afni_proc.py script that discards the first 6 EPI volumes, implements slice timing and field map 
distortion corrections, registers fMRI volumes to the minimum outlier, aligns and warps volumes to the template space 
provided by the anatomical transformation, spatially smooths using a Gaussian filter (5 mm full-width-at-half-maximum), 
and mean scales voxels time series to 100. Frame-to-frame displacement will be calculated for each volume.

For first-level univariate models, model fitting will be computed with the 3dDeconvolve and SPMG2 basis functions, as 
well as 3dREMLfit estimation of auto-correlation. Stimulus timing files from the fMRI task will be entered into models as 
well as nuisance regressors estimating frame-to-frame translational and rotational motion and signal intensity outliers.

ROIs will be defined using the probabilistic Harvard-Oxford cortical and subcortical structural atlases (distributed with 
FSL; https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases). ROIs will be constructed as 5 mm radius spheres.

https://afni.nimh.nih.gov/afni/
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases
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Primary outcome analysis.  We will leverage the dynamic nature of the PEER hyperscanning task to examine neural 
responses in the U-EAs social cognition network (medial prefrontal cortex [mPFC], superior temporal sulcus [STS], 
temporoparietal junction [TPJ]) as participants engage with a novel peer from their group MI session. We will examine 
the degree to which synchrony of BOLD response that occurs while hearing and seeing prosocial peer-directed health 
promotive language (peer-directed change talk) directly generated during and extracted from the group MI session is 
associated with youth behavior change (past month drinking days) at 12 months post-intervention. It is expected that the 
BOLD synchrony during peer-directed change language will be associated with behavior change at 12 months. Primary 
outcomes include behavioral measures (TLFB) to assess past month drinking days at 12 months post-intervention. 
Secondary outcomes are the same behavioral measures collected at 3 and 6 months. A linear mixed-effects model will be 
used to examine how fMRI-based hyperscanning metrics—specifically, synchrony of BOLD responses within the social 
cognition network—predict changes in behavior over time [128,129]. In this model, BOLD synchrony will be included 
as a time-invariant predictor, measurement occasion (3, 6, and 12 months) as a categorical time-varying predictor, and 
behavioral outcomes as repeated measures, allowing simultaneous evaluation of the relationship between the BOLD 
synchrony during the intervention and subsequent behavioral changes at three time points.

Inter-brain synchrony will be quantified to capture moment-to-moment coordinated neural responses between each 
dyad during the hyperscanning fMRI task. Mean BOLD time series will be obtained for each ROI and temporally aligned 
across participants. Inter-brain synchrony will be quantified using Pearson correlation coefficients (r) between the BOLD 
time series of dyad members within ROIs encompassing the U-EA social cognition network (mPFC, STS, TPJ). To capture 
moment-to-moment neural alignment, correlations will be computed using a sliding-window approach, with window size 
and step size selected to balance temporal resolution and signal stability. Correlation values will be Fisher Z-transformed 
prior to group-level analyses to ensure normality.

These synchrony metrics (i.e., ROI z-scores) will be used to test our hypothesis that greater neural alignment in the 
social cognition network during prosocial peer-directed change language will be associated with greater behavior change. 
Permutation testing and multiple comparison correction will be applied when assessing statistical significance.

Missing data.  Linear mixed-effects models using restricted maximum likelihood estimation (REML) will handle missing 
behavioral data over time, under the realistic assumption that data are missing at random—that is, missingness at a given 
time point depends on observed covariates and on outcomes measured at earlier time points [130].

Data monitoring

Data monitoring committee.  This trial does not require a Data and Safety Monitoring Board, as it does not 
incorporate components that may warrant additional monitoring and review beyond MPI, IRB, and funder oversight (e.g., 
multiple clinical sites, blinding, high-risk interventions, vulnerable populations), and it is not a Phase III clinical trial. Interim 
analyses and stopping guidelines are not part of the trial protocol due to the trial design and low risk status.

Trial monitoring.  MPIs will self-monitor study site recruitment, enrollment, and consenting procedures; trial 
intervention delivery and fidelity; event tracking and reporting; and data collection and management procedures to ensure 
trial conduct is in line with the trial protocol and Research Ethics Approval.

Name and contact information for the trial sponsor

The study is sponsored by UConn Health and the University of Texas at Dallas and led by MPIs Feldstein Ewing (feld-
steinewing@uchc.edu) and Filbey (francesca.filbey@utdallas.edu).

Role of trial sponsor and funder

MPIs Feldstein Ewing and Filbey are responsible for initiation, management, and oversight of the trial. There are no other 
individuals and/or groups overseeing the study.
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Protocol and statistical analysis plan

In line with trial registry requirements, the trial protocol and statistical analysis plan will be available alongside results 
reporting on ClinicalTrials.gov within one year of study completion (i.e., final data collection of primary outcome).

Plans to communicate trial results (dissemination policy)

Trial results will be submitted to the trial registry at ClinicalTrials.gov in line with registry reporting requirements. The study 
team will disseminate results at scientific conferences and in peer reviewed publications. MPI Feldstein Ewing conducts 
clinical trainings for professionals working with substance using individuals; thus, research outcomes from this project will 
be directly distributed to direct care providers as part of these trainings.

Supporting information
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S2 Table. Minimal risk protocol template (IRB approved protocol). 
(DOCX)

Author contributions

Conceptualization: Sarah Feldstein Ewing, Francesca M Filbey.

Data curation: Benedict Hyun.

Formal analysis: Manshu Yang.

Funding acquisition: Sarah Feldstein Ewing, Francesca M Filbey.

Methodology: Sarah Feldstein Ewing, Manshu Yang, Francesca M Filbey.

Project administration: Karen A Hudson, Linnea Stahl.

Resources: Sarah Feldstein Ewing, Francesca M Filbey.

Software: Benedict Hyun.

Supervision: Sarah Feldstein Ewing, Francesca M Filbey.

Writing – original draft: Sarah Feldstein Ewing, Francesca M Filbey.

Writing – review & editing: Sarah Feldstein Ewing, Genevieve F Dash, Karen A Hudson, Benedict Hyun, Manshu Yang, 
Linnea Stahl, Kristine Romer Thomsen, Francesca M Filbey.

References
	1.	 Zhao Q, Sullivan EV, Honnorat N, Adeli E, Podhajsky S, De Bellis MD, et al. Association of Heavy Drinking With Deviant Fiber Tract Development in 

Frontal Brain Systems in Adolescents. JAMA Psychiatry. 2021;78(4):407–15. https://doi.org/10.1001/jamapsychiatry.2020.4064 PMID: 33377940

	2.	 Lisdahl KM, Tapert S, Sher KJ, Gonzalez R, Nixon SJ, Feldstein Ewing SW, et al. Substance use patterns in 9-10 year olds: Baseline findings 
from the adolescent brain cognitive development (ABCD) study. Drug Alcohol Depend. 2021;227:108946. https://doi.org/10.1016/j.drugalc-
dep.2021.108946 PMID: 34392051

	3.	 Yuen WS, Bruno R, Chan GCK, McCambridge J, Slade T, Clare PJ, et al. The experience of physiological and psychosocial alcohol-related 
harms across adolescence and its association with alcohol use disorder in early adulthood: A prospective cohort study. Alcohol Clin Exp Res. 
2021;45(12):2518–27. https://doi.org/10.1111/acer.14726 PMID: 34921682

	4.	 Yuen WS, Chan G, Bruno R, Clare P, Mattick R, Aiken A. Adolescent Alcohol Use Trajectories: Risk Factors and Adult Outcomes. Pediatrics. 
2020;146.

	5.	 SAMHSA. Results from the 2013 National Survey on Drug Use and Health: Summary of National Findings. Rockville, MD: Substance Abuse and 
Mental Health Services Administration. 2014.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0349575.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0349575.s002
https://doi.org/10.1001/jamapsychiatry.2020.4064
http://www.ncbi.nlm.nih.gov/pubmed/33377940
https://doi.org/10.1016/j.drugalcdep.2021.108946
https://doi.org/10.1016/j.drugalcdep.2021.108946
http://www.ncbi.nlm.nih.gov/pubmed/34392051
https://doi.org/10.1111/acer.14726
http://www.ncbi.nlm.nih.gov/pubmed/34921682


PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 15 / 19

	 6.	 Grant S, Pedersen ER, Osilla KC, Kulesza M, D’Amico EJ. Reviewing and interpreting the effects of brief alcohol interventions: comment on 
a Cochrane review about motivational interviewing for young adults. Addiction. 2016;111(9):1521–7. https://doi.org/10.1111/add.13136 PMID: 
26508301

	 7.	 Foxcroft DR, Coombes L, Wood S, Allen D, Almeida Santimano NML, Moreira MT. Motivational interviewing for the prevention of alcohol misuse in 
young adults. Cochrane Database Syst Rev. 2016;7(7):CD007025. https://doi.org/10.1002/14651858.CD007025.pub4 PMID: 27426026

	 8.	 Jensen CD, Cushing CC, Aylward BS, Craig JT, Sorell DM, Steele RG. Effectiveness of motivational interviewing interventions for adolescent 
substance use behavior change: a meta-analytic review. J Consult Clin Psychol. 2011;79(4):433–40. https://doi.org/10.1037/a0023992 PMID: 
21728400

	 9.	 Hettema J, Steele J, Miller WR. Motivational Interviewing. Annual Review of Clinical Psychology. 2005;1(1):91–111.

	10.	 Reid AE, Carey KB. Interventions to reduce college student drinking: State of the evidence for mechanisms of behavior change. Clin Psychol Rev. 
2015;40:213–24. https://doi.org/10.1016/j.cpr.2015.06.006 PMID: 26164065

	11.	 Miller WR, Rollnick S. Motivational Interviewing: Helping People Change. 3rd ed. New York: Guilford Press. 2013.

	12.	 Miller WR, Wilbourne PL. Mesa Grande: a methodological analysis of clinical trials of treatments for alcohol use disorders. Addiction. 
2002;97(3):265–77. https://doi.org/10.1046/j.1360-0443.2002.00019.x PMID: 11964100

	13.	 Miller W, Rollnick S. Motivational interviewing: helping people change and grow. 4 ed. 2023.

	14.	 Feldstein Ewing SW, Walters S, Baer JS. Approaching group MI with adolescents and young adults: Strengthening the developmental fit. In: Wag-
ner CCI, K S, editors. Motivational Interviewing in Groups. New York: Guilford Press. 2013. p. 387–406.

	15.	 LaChance HA, Feldstein Ewing SW, Bryan AD, Hutchison KE. What makes group MET work? A randomized controlled trial of college student 
drinkers in mandated alcohol diversion. Psychology of Addictive Behaviors. 2009;23(4):589–612.

	16.	 D’Amico EJ, Feldstein Ewing SW, Engle B, Osilla KC, Hunter S, Bryan AD. Group Alcohol and Drug Treatment. In: Naar-King S, Suarez M, editors. 
Motivational Interviewing with Adolescents and Young Adults. New York: The Guilford Press. 2011. p. 151–7.

	17.	 D’Amico EJ, Feldstein Ewing SW. Prevention in school, primary care, and community-based settings. In: Zucker RA, Brown SA, editors. Oxford 
University Press. 2016.

	18.	 Santa Ana EJ, LaRowe SD, Gebregziabher M, Morgan-Lopez AA, Lamb K, Beavis KA, et al. Randomized controlled trial of group motivational 
interviewing for veterans with substance use disorders. Drug Alcohol Depend. 2021;223:108716. https://doi.org/10.1016/j.drugalcdep.2021.108716 
PMID: 33873028

	19.	 Movahedi M, Khamseh F, Ebadi A, Hajiamini Z, Navidian A. Comparison of group motivational interviewing and multimedia education on elderly 
lifestyle. J Educ Health Promot. 2018;7:133. https://doi.org/10.4103/jehp.jehp_59_18 PMID: 30505861

	20.	 D’Amico EJ, Houck JM, Tucker JS, Ewing BA, Pedersen ER. Group motivational interviewing for homeless young adults: Associations of change 
talk with substance use and sexual risk behavior. Psychol Addict Behav. 2017;31(6):688–98. https://doi.org/10.1037/adb0000288 PMID: 28627914

	21.	 Santa Ana EJ, LaRowe SD, Armeson K, Lamb KE, Hartwell K. Impact of group motivational interviewing on enhancing treatment engagement for 
homeless Veterans with nicotine dependence and other substance use disorders: A pilot investigation. Am J Addict. 2016;25(7):533–41. https://doi.
org/10.1111/ajad.12426 PMID: 27589072

	22.	 Wagner AJ, Garbers R, Lang A, Borgert AJ, Fisher M. Increasing Follow-up Outcomes of At-Risk Alcohol Patients Using Motivational Interviewing. 
J Trauma Nurs. 2016;23(3):165–8. https://doi.org/10.1097/JTN.0000000000000200 PMID: 27163224

	23.	 Hanson JD, Ingersoll K, Pourier S. Development and implementation of CHOICES group to reduce drinking, improve contraception, and prevent 
alcohol-exposed pregnancies in American Indian women. J Subst Abuse Treat. 2015;59:45–51.

	24.	 D’Amico EJ, Houck JM, Hunter SB, Miles JNV, Osilla KC, Ewing BA. Group motivational interviewing for adolescents: change talk and alcohol and 
marijuana outcomes. J Consult Clin Psychol. 2015;83(1):68–80. https://doi.org/10.1037/a0038155 PMID: 25365779

	25.	 D’Amico EJ, Hunter SB, Miles JNV, Ewing BA, Osilla KC. A randomized controlled trial of a group motivational interviewing intervention for adoles-
cents with a first time alcohol or drug offense. J Subst Abuse Treat. 2013;45(5):400–8. https://doi.org/10.1016/j.jsat.2013.06.005 PMID: 23891459

	26.	 LaBrie JW, Lamb TF, Pedersen ER, Quinlan T. A Group Motivational Interviewing Intervention Reduces Drinking and Alcohol-Related Conse-
quences in Adjudicated College Students. csd. 2006;47(3):267–80. https://doi.org/10.1353/csd.2006.0031

	27.	 DiClemente RJ, Rosenbaum JE, Rose ES, Sales JM, Brown JL, Renfro TL, et al. Horizons and Group Motivational Enhancement Therapy: HIV 
Prevention for Alcohol-Using Young Black Women, a Randomized Experiment. Am J Prev Med. 2021;60(5):629–38. https://doi.org/10.1016/j.ame-
pre.2020.11.014 PMID: 33678517

	28.	 Bryan AD, Schmiege SJ, Broaddus MR. HIV risk reduction among detained adolescents: a randomized, controlled trial. Pediatrics. 
2009;124(6):e1180-8. https://doi.org/10.1542/peds.2009-0679 PMID: 19901006

	29.	 Schmiege SJ, Magnan RE, Yeater EA, Feldstein Ewing SW, Bryan AD. Randomized Trial to Reduce Risky Sexual Behavior Among Justice- 
Involved Adolescents. Am J Prev Med. 2021;60(1):47–56. https://doi.org/10.1016/j.amepre.2020.07.009 PMID: 33341180

	30.	 Gibson LP, Gust CJ, Gillman A s, Bryan AD, Feldstein Ewing SW. Mechanisms of action for empirically supported interventions to reduce adoles-
cent sexual risk behavior: A randomized controlled trial. J Adolesc Health. 2020;67:53–60.

	31.	 Bryan AD, Magnan RE, Gillman AS, Yeater EA, Feldstein Ewing SW, Kong AS, et al. Effect of Including Alcohol and Cannabis Content in a Sexual 
Risk-Reduction Intervention on the Incidence of Sexually Transmitted Infections in Adolescents: A Cluster Randomized Clinical Trial. JAMA Pediatr. 
2018;172(4):e175621. https://doi.org/10.1001/jamapediatrics.2017.5621 PMID: 29435591

https://doi.org/10.1111/add.13136
http://www.ncbi.nlm.nih.gov/pubmed/26508301
https://doi.org/10.1002/14651858.CD007025.pub4
http://www.ncbi.nlm.nih.gov/pubmed/27426026
https://doi.org/10.1037/a0023992
http://www.ncbi.nlm.nih.gov/pubmed/21728400
https://doi.org/10.1016/j.cpr.2015.06.006
http://www.ncbi.nlm.nih.gov/pubmed/26164065
https://doi.org/10.1046/j.1360-0443.2002.00019.x
http://www.ncbi.nlm.nih.gov/pubmed/11964100
https://doi.org/10.1016/j.drugalcdep.2021.108716
http://www.ncbi.nlm.nih.gov/pubmed/33873028
https://doi.org/10.4103/jehp.jehp_59_18
http://www.ncbi.nlm.nih.gov/pubmed/30505861
https://doi.org/10.1037/adb0000288
http://www.ncbi.nlm.nih.gov/pubmed/28627914
https://doi.org/10.1111/ajad.12426
https://doi.org/10.1111/ajad.12426
http://www.ncbi.nlm.nih.gov/pubmed/27589072
https://doi.org/10.1097/JTN.0000000000000200
http://www.ncbi.nlm.nih.gov/pubmed/27163224
https://doi.org/10.1037/a0038155
http://www.ncbi.nlm.nih.gov/pubmed/25365779
https://doi.org/10.1016/j.jsat.2013.06.005
http://www.ncbi.nlm.nih.gov/pubmed/23891459
https://doi.org/10.1353/csd.2006.0031
https://doi.org/10.1016/j.amepre.2020.11.014
https://doi.org/10.1016/j.amepre.2020.11.014
http://www.ncbi.nlm.nih.gov/pubmed/33678517
https://doi.org/10.1542/peds.2009-0679
http://www.ncbi.nlm.nih.gov/pubmed/19901006
https://doi.org/10.1016/j.amepre.2020.07.009
http://www.ncbi.nlm.nih.gov/pubmed/33341180
https://doi.org/10.1001/jamapediatrics.2017.5621
http://www.ncbi.nlm.nih.gov/pubmed/29435591


PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 16 / 19

	32.	 Schmiege SJ, Broaddus MR, Levin M, Bryan AD. Randomized trial of group interventions to reduce HIV/STD risk and change theoretical mediators 
among detained adolescents. J Consult Clin Psychol. 2009;77(1):38–50. https://doi.org/10.1037/a0014513 PMID: 19170452

	33.	 Larimer ME, Kilmer JR, Cronce JM, Hultgren BA, Gilson MS, Lee CM. Thirty years of BASICS: dissemination and implementation progress and 
challenges. Psychol Addictive Behaviors. 2021.

	34.	 Bernstein MH, Baird GL, Yusufov M, Mastroleo NR, Carey KB, Graney DD, et al. A Novel Approach for Streamlining Delivery of Brief Moti-
vational Interventions to Mandated College Students: Using Group and Individual Sessions Matched to Level of Risk. Subst Use Misuse. 
2017;52(14):1883–91. https://doi.org/10.1080/10826084.2017.1318148 PMID: 28812420

	35.	 LaBRIE JW, Cail J, Pedersen ER, Migliuri S. Reducing Alcohol Risk in Adjudicated Male College Students: Further Validation of a Group Moti-
vational Enhancement Intervention. J Child Adolesc Subst Abuse. 2010;20(1):82–98. https://doi.org/10.1080/1067828X.2011.534369 PMID: 
25525319

	36.	 LaBrie JW, Huchting KK, Lac A, Tawalbeh S, Thompson AD, Larimer ME. Preventing risky drinking in first-year college women: further validation of 
a female-specific motivational-enhancement group intervention. J Stud Alcohol Drugs Suppl. 2009;(16):77–85. https://doi.org/10.15288/jsads.2009.
s16.77 PMID: 19538915

	37.	 LaBrie JW, Huchting K, Tawalbeh S, Pedersen ER, Thompson AD, Shelesky K, et al. A randomized motivational enhancement prevention group 
reduces drinking and alcohol consequences in first-year college women. Psychol Addict Behav. 2008;22(1):149–55. https://doi.org/10.1037/0893-
164X.22.1.149 PMID: 18298242

	38.	 LaBrie JW, Pedersen ER, Lamb TF, Quinlan T. A campus-based motivational enhancement group intervention reduces problematic drinking in 
freshmen male college students. Addict Behav. 2007;32(5):889–901. https://doi.org/10.1016/j.addbeh.2006.06.030 PMID: 16876963

	39.	 Tucker JS, D’Amico EJ, Pedersen ER, Rodriguez A, Garvey R. Study protocol for a group-based motivational interviewing brief intervention to 
reduce substance use and sexual risk behavior among young adults experiencing homelessness. Addict Sci Clin Pract. 2020;15(1):26. https://doi.
org/10.1186/s13722-020-00201-x PMID: 32723349

	40.	 Pedersen ER, Ewing BA, D’Amico EJ, Miles JNV, Haas AC, Tucker JS. Predictors of Retention in an Alcohol and Risky Sex Prevention Program for 
Homeless Young Adults. Prev Sci. 2018;19(4):459–67. https://doi.org/10.1007/s11121-018-0866-9 PMID: 29352399

	41.	 Tucker JS, D’Amico EJ, Ewing BA, Miles JNV, Pedersen ER. A group-based motivational interviewing brief intervention to reduce substance use 
and sexual risk behavior among homeless young adults. J Subst Abuse Treat. 2017;76:20–7. https://doi.org/10.1016/j.jsat.2017.02.008 PMID: 
28340904

	42.	 Osilla KC, Ortiz JA, Miles JNV, Pedersen ER, Houck JM, D’Amico EJ. How group factors affect adolescent change talk and substance use 
outcomes: implications for motivational interviewing training. J Couns Psychol. 2015;62(1):79–86. https://doi.org/10.1037/cou0000049 PMID: 
25602608

	43.	 Tevyaw TO, Borsari B, Colby SM, Monti PM. Peer enhancement of a brief motivational intervention with mandated college students. Psychol Addict 
Behav. 2007;21(1):114–9. https://doi.org/10.1037/0893-164X.21.1.114 PMID: 17385961

	44.	 Mascarell Maričić L, Walter H, Rosenthal A, Ripke S, Quinlan EB, Banaschewski T, et al. The IMAGEN study: a decade of imaging genetics in 
adolescents. Mol Psychiatry. 2020;25(11):2648–71. https://doi.org/10.1038/s41380-020-0822-5 PMID: 32601453

	45.	 Chaarani B, Hahn S, Allgaier N, Adise S, Owens MM, Juliano AC, et al. Baseline brain function in the preadolescents of the ABCD Study. Nat Neu-
rosci. 2021;24(8):1176–86. https://doi.org/10.1038/s41593-021-00867-9 PMID: 34099922

	46.	 Lorkiewicz SA, Baker FC, Müller-Oehring EM, Haas A, Wickham R, Sassoon SA, et al. A Longitudinal Examination of Alcohol-Related Blackouts 
as a Predictor of Changes in Learning, Memory, and Executive Function in Adolescents. Front Psychiatry. 2022;13:866051. https://doi.org/10.3389/
fpsyt.2022.866051 PMID: 35599753

	47.	 Ivanov I, Parvaz MA, Velthorst E, …., Consortium I. Substance use initiation, particularly alcohol, in drug-naive adolescents: Possible preictors and 
consequences from a large cohort naturalistic study. J Am Acad Child Adolesc Psychiatry. 2021;60:623–36.

	48.	 Feldstein Ewing SW, Houck JM, Yezhuvath U, Shokri-Kojori E, Truitt D, Filbey FM. The impact of therapists’ words on the adolescent brain: In the 
context of addiction treatment. Behav Brain Res. 2016;297:359–69. https://doi.org/10.1016/j.bbr.2015.09.041 PMID: 26455873

	49.	 Feldstein Ewing SW, Yezhuvath U, Houck JM, Filbey FM. Brain-based origins of change language: a beginning. Addict Behav. 2014;39(12):1904–
10. https://doi.org/10.1016/j.addbeh.2014.07.035 PMID: 25150658

	50.	 Feldstein Ewing SW, McEachern AD, Yezhuvath U, Bryan AD, Hutchison KE, Filbey FM. Integrating brain and behavior: evaluating adolescents’ 
response to a cannabis intervention. Psychol Addict Behav. 2013;27(2):510–25. https://doi.org/10.1037/a0029767 PMID: 22925010

	51.	 Feldstein Ewing SW, Filbey FM, Sabbineni A, Chandler LD, Hutchison KE. How psychosocial alcohol interventions work: a preliminary look at what 
FMRI can tell us. Alcohol Clin Exp Res. 2011;35(4):643–51. https://doi.org/10.1111/j.1530-0277.2010.01382.x PMID: 21223301

	52.	 Mackiewicz Seghete KL, Filbey FM, Hudson KA, Hyun B, Feldstein Ewing SW. Time for a paradigm shift: The adolescent brain in addiction treat-
ment. Neuroimage Clin. 2022.

	53.	 Sherman L, Steinberg L, Chein J. Connecting brain responsivity and real-world risk taking: Strengths and limitations of current methodological 
approaches. Dev Cogn Neurosci. 2018;33:27–41. https://doi.org/10.1016/j.dcn.2017.05.007 PMID: 28774477

	54.	 Smith AR, Chein J, Steinberg L. Peers increase adolescent risk taking even when the probabilities of negative outcomes are known. Dev Psychol. 
2014;50(5):1564–8. https://doi.org/10.1037/a0035696 PMID: 24447118

	55.	 Albert D, Chein J, Steinberg L. Peer Influences on Adolescent Decision Making. Curr Dir Psychol Sci. 2013;22(2):114–20. https://doi.
org/10.1177/0963721412471347 PMID: 25544805

https://doi.org/10.1037/a0014513
http://www.ncbi.nlm.nih.gov/pubmed/19170452
https://doi.org/10.1080/10826084.2017.1318148
http://www.ncbi.nlm.nih.gov/pubmed/28812420
https://doi.org/10.1080/1067828X.2011.534369
http://www.ncbi.nlm.nih.gov/pubmed/25525319
https://doi.org/10.15288/jsads.2009.s16.77
https://doi.org/10.15288/jsads.2009.s16.77
http://www.ncbi.nlm.nih.gov/pubmed/19538915
https://doi.org/10.1037/0893-164X.22.1.149
https://doi.org/10.1037/0893-164X.22.1.149
http://www.ncbi.nlm.nih.gov/pubmed/18298242
https://doi.org/10.1016/j.addbeh.2006.06.030
http://www.ncbi.nlm.nih.gov/pubmed/16876963
https://doi.org/10.1186/s13722-020-00201-x
https://doi.org/10.1186/s13722-020-00201-x
http://www.ncbi.nlm.nih.gov/pubmed/32723349
https://doi.org/10.1007/s11121-018-0866-9
http://www.ncbi.nlm.nih.gov/pubmed/29352399
https://doi.org/10.1016/j.jsat.2017.02.008
http://www.ncbi.nlm.nih.gov/pubmed/28340904
https://doi.org/10.1037/cou0000049
http://www.ncbi.nlm.nih.gov/pubmed/25602608
https://doi.org/10.1037/0893-164X.21.1.114
http://www.ncbi.nlm.nih.gov/pubmed/17385961
https://doi.org/10.1038/s41380-020-0822-5
http://www.ncbi.nlm.nih.gov/pubmed/32601453
https://doi.org/10.1038/s41593-021-00867-9
http://www.ncbi.nlm.nih.gov/pubmed/34099922
https://doi.org/10.3389/fpsyt.2022.866051
https://doi.org/10.3389/fpsyt.2022.866051
http://www.ncbi.nlm.nih.gov/pubmed/35599753
https://doi.org/10.1016/j.bbr.2015.09.041
http://www.ncbi.nlm.nih.gov/pubmed/26455873
https://doi.org/10.1016/j.addbeh.2014.07.035
http://www.ncbi.nlm.nih.gov/pubmed/25150658
https://doi.org/10.1037/a0029767
http://www.ncbi.nlm.nih.gov/pubmed/22925010
https://doi.org/10.1111/j.1530-0277.2010.01382.x
http://www.ncbi.nlm.nih.gov/pubmed/21223301
https://doi.org/10.1016/j.dcn.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28774477
https://doi.org/10.1037/a0035696
http://www.ncbi.nlm.nih.gov/pubmed/24447118
https://doi.org/10.1177/0963721412471347
https://doi.org/10.1177/0963721412471347
http://www.ncbi.nlm.nih.gov/pubmed/25544805


PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 17 / 19

	56.	 Chein J, Albert D, O’Brien L, Uckert K, Steinberg L. Peers increase adolescent risk taking by enhancing activity in the brain’s reward circuitry. Dev 
Sci. 2011;14(2):F1-10. https://doi.org/10.1111/j.1467-7687.2010.01035.x PMID: 21499511

	57.	 Schriber RA, Guyer AE. Adolescent neurobiological susceptibility to social context. Dev Cogn Neurosci. 2016;19:1–18. https://doi.org/10.1016/j.
dcn.2015.12.009 PMID: 26773514

	58.	 Koele IJ, van Hoorn J, de Bruijn ERA, Güroğlu B. Neural processing of observed performance-based errors and rewards in the context of friends 
and unfamiliar peers across adolescence. Neuropsychologia. 2023;188:108619. https://doi.org/10.1016/j.neuropsychologia.2023.108619 PMID: 
37315891

	59.	 Kwon S-J, Flannery JE, Turpyn CC, Prinstein MJ, Lindquist KA, Telzer EH. Behavioral and Neural Trajectories of Risk Taking for Peer and Parent 
in Adolescence. J Cogn Neurosci. 2023;35(5):802–15. https://doi.org/10.1162/jocn_a_01974 PMID: 36809410

	60.	 Davis MM, Modi HH, Skymba HV, Finnegan MK, Haigler K, Telzer EH, et al. Thumbs up or thumbs down: neural processing of social feedback 
and links to social motivation in adolescent girls. Soc Cogn Affect Neurosci. 2023;18(1):nsac055. https://doi.org/10.1093/scan/nsac055 PMID: 
36318468

	61.	 Baltruschat S, Megías-Robles A, Cándido A, Maldonado A, Catena A. Social and Non-social Brain Areas in Risk Behaviour: The Role of Social 
Context. Neuroscience. 2021;465:177–86. https://doi.org/10.1016/j.neuroscience.2021.04.029 PMID: 33961961

	62.	 Hinze V, Montero-Marin J, Blakemore SJ. Student- and school-level factors associated with mental health and well-being in early adolescence. 
Journal of the American Academy of Child & Adolescent Psychiatry. 2024;63:266–82.

	63.	 Misaki M, Kerr KL, Ratliff EL, Cosgrove KT, Simmons WK, Morris AS, et al. Beyond synchrony: the capacity of fMRI hyperscanning for the study of 
human social interaction. Soc Cogn Affect Neurosci. 2021;16(1–2):84–92. https://doi.org/10.1093/scan/nsaa143 PMID: 33104783

	64.	 Weigard A, Chein J, Albert D, Smith A, Steinberg L. Effects of anonymous peer observation on adolescents’ preference for immediate rewards. Dev 
Sci. 2014;17(1):71–8. https://doi.org/10.1111/desc.12099 PMID: 24341973

	65.	 Stepanous J, Munford L, Qualter P, Banaschewski T, Nees F, Elliott R, et al. Social environment and brain structure in adolescent mental health: 
A cross-sectional structural equation modelling study using IMAGEN data. PLoS One. 2023;18(1):e0280062. https://doi.org/10.1371/journal.
pone.0280062 PMID: 36603003

	66.	 Silk JS, Sequeira SL, James KM, Kilic Z, Grad-Freilich ME, Choukas-Bradley S, et al. The Role of Neural Sensitivity to Social Evaluation in Under-
standing “for Whom” Social Media Use May Impact Emotional Health During Adolescence. Affect Sci. 2024;5(4):366–76. https://doi.org/10.1007/
s42761-024-00252-2 PMID: 39649454

	67.	 Silk JS, Sequeira SS, Jones NP, Lee KH, Dahl RE, Forbes EE, et al. Subgenual Anterior Cingulate Cortex Reactivity to Rejection Vs. Acceptance 
Predicts Depressive Symptoms among Adolescents with an Anxiety History. J Clin Child Adolesc Psychol. 2023;52(5):659–74. https://doi.org/10.10
80/15374416.2021.2019048 PMID: 35072560

	68.	 Sherman LE, Payton AA, Hernandez LM, Greenfield PM, Dapretto M. The Power of the Like in Adolescence: Effects of Peer Influence on Neural 
and Behavioral Responses to Social Media. Psychol Sci. 2016;27(7):1027–35. https://doi.org/10.1177/0956797616645673 PMID: 27247125

	69.	 Sherman LE, Rosenbaum GM, Smith AR, Botdorf MA, Fettich K, Patrianakos JL, et al. The interactive effects of peers and alcohol on functional 
brain connectivity in young adults. Neuroimage. 2019;197:264–72. https://doi.org/10.1016/j.neuroimage.2019.04.003 PMID: 30978496

	70.	 Logue S, Chein J, Gould T, Holliday E, Steinberg L. Adolescent mice, unlike adults, consume more alcohol in the presence of peers than alone. 
Dev Sci. 2014;17(1):79–85. https://doi.org/10.1111/desc.12101 PMID: 24341974

	71.	 Telzer EH, Rogers CR, Van Hoorn J. Neural Correlates of Social Influence on Risk Taking and Substance Use in Adolescents. Curr Addict Rep. 
2017;4(3):333–41. https://doi.org/10.1007/s40429-017-0164-9 PMID: 29242768

	72.	 Beard SJ, Yoon L, Venticinque JS, Shepherd NE, Guyer AE. The brain in social context: A systematic review of substance use and social process-
ing from adolescence to young adulthood. Dev Cogn Neurosci. 2022;57:101147. https://doi.org/10.1016/j.dcn.2022.101147 PMID: 36030675

	73.	 Wyngaarden JB, Johnston CR, Sazhin D, Dennison JB, Zaff O, Fareri D, et al. Corticostriatal responses to social reward are linked to trait reward 
sensitivity and subclinical substance use in young adults. Soc Cogn Affect Neurosci. 2024;19(1):nsae033. https://doi.org/10.1093/scan/nsae033 
PMID: 38779870

	74.	 Kim-Spoon J, Deater-Deckard K, Brieant A, Lauharatanahirun N, Lee J, King-Casas B. Brains of a feather flocking together? Peer and 
individual neurobehavioral risks for substance use across adolescence. Dev Psychopathol. 2019;31(5):1661–74. https://doi.org/10.1017/
S0954579419001056 PMID: 31387665

	75.	 Wei M, Wang L-F, Kivlighan DM. Group counseling change process: An adaptive spiral among positive emotions, positive relations, and emotional 
cultivation/regulation. J Couns Psychol. 2021;68(6):730–45. https://doi.org/10.1037/cou0000550 PMID: 34197154

	76.	 Duell N, Steinberg L. Positive Risk Taking in Adolescence. Child Dev Perspect. 2019;13(1):48–52. https://doi.org/10.1111/cdep.12310 PMID: 
30774707

	77.	 Tashjian SM, Weissman DG, Guyer AE, Galván A. Neural response to prosocial scenes relates to subsequent giving behavior in adolescents: A 
pilot study. Cogn Affect Behav Neurosci. 2018;18(2):342–52. https://doi.org/10.3758/s13415-018-0573-9 PMID: 29464552

	78.	 Armstrong-Carter E, Bibby ES, Burroughs M, Flannery JE, Nelson BD. Adolescents Are More Likely to Help Others on Days They Take Risks and 
Crave Social Connections. J Res Adolesc. 2021.

	79.	 Do KT, Guassi Moreira JF, Telzer EH. But is helping you worth the risk? Defining Prosocial Risk Taking in adolescence. Dev Cogn Neurosci. 
2017;25:260–71. https://doi.org/10.1016/j.dcn.2016.11.008 PMID: 28063823

https://doi.org/10.1111/j.1467-7687.2010.01035.x
http://www.ncbi.nlm.nih.gov/pubmed/21499511
https://doi.org/10.1016/j.dcn.2015.12.009
https://doi.org/10.1016/j.dcn.2015.12.009
http://www.ncbi.nlm.nih.gov/pubmed/26773514
https://doi.org/10.1016/j.neuropsychologia.2023.108619
http://www.ncbi.nlm.nih.gov/pubmed/37315891
https://doi.org/10.1162/jocn_a_01974
http://www.ncbi.nlm.nih.gov/pubmed/36809410
https://doi.org/10.1093/scan/nsac055
http://www.ncbi.nlm.nih.gov/pubmed/36318468
https://doi.org/10.1016/j.neuroscience.2021.04.029
http://www.ncbi.nlm.nih.gov/pubmed/33961961
https://doi.org/10.1093/scan/nsaa143
http://www.ncbi.nlm.nih.gov/pubmed/33104783
https://doi.org/10.1111/desc.12099
http://www.ncbi.nlm.nih.gov/pubmed/24341973
https://doi.org/10.1371/journal.pone.0280062
https://doi.org/10.1371/journal.pone.0280062
http://www.ncbi.nlm.nih.gov/pubmed/36603003
https://doi.org/10.1007/s42761-024-00252-2
https://doi.org/10.1007/s42761-024-00252-2
http://www.ncbi.nlm.nih.gov/pubmed/39649454
https://doi.org/10.1080/15374416.2021.2019048
https://doi.org/10.1080/15374416.2021.2019048
http://www.ncbi.nlm.nih.gov/pubmed/35072560
https://doi.org/10.1177/0956797616645673
http://www.ncbi.nlm.nih.gov/pubmed/27247125
https://doi.org/10.1016/j.neuroimage.2019.04.003
http://www.ncbi.nlm.nih.gov/pubmed/30978496
https://doi.org/10.1111/desc.12101
http://www.ncbi.nlm.nih.gov/pubmed/24341974
https://doi.org/10.1007/s40429-017-0164-9
http://www.ncbi.nlm.nih.gov/pubmed/29242768
https://doi.org/10.1016/j.dcn.2022.101147
http://www.ncbi.nlm.nih.gov/pubmed/36030675
https://doi.org/10.1093/scan/nsae033
http://www.ncbi.nlm.nih.gov/pubmed/38779870
https://doi.org/10.1017/S0954579419001056
https://doi.org/10.1017/S0954579419001056
http://www.ncbi.nlm.nih.gov/pubmed/31387665
https://doi.org/10.1037/cou0000550
http://www.ncbi.nlm.nih.gov/pubmed/34197154
https://doi.org/10.1111/cdep.12310
http://www.ncbi.nlm.nih.gov/pubmed/30774707
https://doi.org/10.3758/s13415-018-0573-9
http://www.ncbi.nlm.nih.gov/pubmed/29464552
https://doi.org/10.1016/j.dcn.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/28063823


PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 18 / 19

	 80.	 Crone EA, Achterberg M. Prosocial development in adolescence. Curr Opin Psychol. 2022;44:220–5. https://doi.org/10.1016/j.
copsyc.2021.09.020 PMID: 34749238

	 81.	 Andrews JL, Ahmed SP, Blakemore S-J. Navigating the Social Environment in Adolescence: The Role of Social Brain Development. Biol Psychia-
try. 2021;89(2):109–18. https://doi.org/10.1016/j.biopsych.2020.09.012 PMID: 33190844

	 82.	 Dauvermann MR, Moreno-Lopéz L, Vai B, González-García N, Orellana S, Jones PB, et al. Early adolescent perceived friendship quality aids 
affective and neural responses to social inclusion and exclusion in young adults with and without adverse childhood experiences. Soc Cogn Affect 
Neurosci. 2024;19(1):nsae044. https://doi.org/10.1093/scan/nsae044 PMID: 38902943

	 83.	 Sweijen SW, van de Groep S, Te Brinke LW, Fuligni AJ, Crone EA. Neural mechanisms underlying trust to friends, community members, and 
unknown peers in adolescence. J Cog Neurosci. 2023;35:1936–59.

	 84.	 Do KT, Prinstein MJ, Lindquist KA, Telzer EH. Neural Tracking of Perceived Parent, but Not Peer, Norms Is Associated with Longitudinal Changes 
in Adolescent Attitudes about Externalizing Behaviors. J Cogn Neurosci. 2024;36(6):1221–37. https://doi.org/10.1162/jocn_a_02152 PMID: 
38579244

	 85.	 Sip KE, Smith DV, Porcelli AJ, Kar K, Delgado MR. Social closeness and feedback modulate susceptibility to the framing effect. Soc Neurosci. 
2015;10(1):35–45. https://doi.org/10.1080/17470919.2014.944316 PMID: 25074501

	 86.	 Zamm A, Loehr JD, Vesper C, Konvalinka I, Kappel SL, Heggli OA, et al. A practical guide to EEG hyperscanning in joint action research: from 
motivation to implementation. Soc Cogn Affect Neurosci. 2024;19(1):nsae026. https://doi.org/10.1093/scan/nsae026 PMID: 38584414

	 87.	 Wikström V, Saarikivi K, Falcon M, Makkonen T, Martikainen S, Putkinen V, et al. Inter-brain synchronization occurs without physical co- 
presence during cooperative online gaming. Neuropsychologia. 2022;174:108316. https://doi.org/10.1016/j.neuropsychologia.2022.108316 PMID: 
35810882

	 88.	 Réveillé C, Vergotte G, Perrey S, Bosselut G. Using interbrain synchrony to study teamwork: A systematic review and meta-analysis. Neurosci 
Biobehav Rev. 2024;159:105593. https://doi.org/10.1016/j.neubiorev.2024.105593 PMID: 38373643

	 89.	 Tan SHJ, Wong JN, Teo W-P. Is neuroimaging ready for the classroom? A systematic review of hyperscanning studies in learning. Neuroimage. 
2023;281:120367. https://doi.org/10.1016/j.neuroimage.2023.120367 PMID: 37689175

	 90.	 Balconi M, Cassioli F. “We will be in touch”. A neuroscientific assessment of remote vs. face-to-face job interviews via EEG hyperscanning. Soc 
Neurosci. 2022;17(3):209–24. https://doi.org/10.1080/17470919.2022.2064910 PMID: 35395918

	 91.	 Kayhan E, Matthes D, Marriott Haresign I, Bánki A, Michel C, Langeloh M, et al. DEEP: A dual EEG pipeline for developmental hyperscanning 
studies. Dev Cogn Neurosci. 2022;54:101104. https://doi.org/10.1016/j.dcn.2022.101104 PMID: 35367895

	 92.	 Reindl V, Konrad K, Poon KK, Leong V. Classroom-based learning dynamics: the role of interbrain synchrony. Trends Cogn Sci. 
2024;28(12):1063–5. https://doi.org/10.1016/j.tics.2024.10.003 PMID: 39496533

	 93.	 Yang M, Li X, Sang B, Deng X. Age differences in interbrain synchronization during peer cooperation: an EEG hyperscanning study. Cereb Cor-
tex. 2023;33(20):10614–23. https://doi.org/10.1093/cercor/bhad308 PMID: 37615349

	 94.	 Balconi M, Angioletti L. Dyadic inter-brain EEG coherence induced by interoceptive hyperscanning. Sci Rep. 2023;13(1):4344. https://doi.
org/10.1038/s41598-023-31494-y PMID: 36927763

	 95.	 Dishion TJ, McCord J, Poulin F. When interventions harm. Peer groups and problem behavior. Am Psychol. 1999;54(9):755–64. https://doi.
org/10.1037//0003-066x.54.9.755 PMID: 10510665

	 96.	 Gifford-Smith M, Dodge KA, Dishion TJ, McCord J. Peer influence in children and adolescents: crossing the bridge from developmental to inter-
vention science. J Abnorm Child Psychol. 2005;33(3):255–65. https://doi.org/10.1007/s10802-005-3563-7 PMID: 15957555

	 97.	 Dishion TJ, Tipsord JM. Peer contagion in child and adolescent social and emotional development. Annu Rev Psychol. 2011;62:189–214. https://
doi.org/10.1146/annurev.psych.093008.100412 PMID: 19575606

	 98.	 Kivlighan DM Jr, Kivlighan DM 3rd. Group climate research: where do we go from here?. Int J Group Psychother. 2013;63(3):419–31. https://doi.
org/10.1521/ijgp.2013.63.3.419 PMID: 23734922

	 99.	 Cousijn J, Luijten M, Feldstein Ewing SW. Adolescent resilience to addiction: a social plasticity hypothesis. The Lancet Child and Adolescent 
Health. 2018;2:69–78.

	100.	 Starks TJ, Feldstein Ewing SW, Lovejoy T, Gurung S, Cain D, Fan CA, et al. Adolescent male couples-based HIV testing intervention (We Test): 
protocol for a type 1, hybrid implementation-effectiveness trial. JMIR Research Protocols. 2019;8:e11186.

	101.	 Feldstein Ewing SW, Bryan AD, Alicante T, Korthuis PT, Hudson KA, Lovejoy TI. Three Integrated Elements of Empowerment: HIV Prevention 
With Sub-Saharan African Adolescent Females Involved in Transactional Sex. Clinical Practice in Pediatric Psychology. 2018;6(4):355–63. https://
doi.org/10.1037/cpp0000251

	102.	 Bryan AD, Magnan RE, Claus EW, Hutchison KE, Ewing SWF, Schmiege SJ. Randomized Controlled Trial of an Alcohol-related Sexual Risk 
Reduction Intervention with Adolescents: The Role of Neurocognitive Activation During Risky Decision-Making. AIDS Behav. 2021;25(Suppl 
3):265–75. https://doi.org/10.1007/s10461-021-03190-3 PMID: 33712986

	103.	 Feldstein Ewing S, Bryan AD, Dash GF, Lovejoy TI, Borsari B, Schmiege SJ. Randomized controlled trial of motivational interviewing for alcohol 
and cannabis use within a predominantly Hispanic adolescent sample. Exp Clin Psychopharmacol. 2022;30(3):287–99. https://doi.org/10.1037/
pha0000445 PMID: 33749294

https://doi.org/10.1016/j.copsyc.2021.09.020
https://doi.org/10.1016/j.copsyc.2021.09.020
http://www.ncbi.nlm.nih.gov/pubmed/34749238
https://doi.org/10.1016/j.biopsych.2020.09.012
http://www.ncbi.nlm.nih.gov/pubmed/33190844
https://doi.org/10.1093/scan/nsae044
http://www.ncbi.nlm.nih.gov/pubmed/38902943
https://doi.org/10.1162/jocn_a_02152
http://www.ncbi.nlm.nih.gov/pubmed/38579244
https://doi.org/10.1080/17470919.2014.944316
http://www.ncbi.nlm.nih.gov/pubmed/25074501
https://doi.org/10.1093/scan/nsae026
http://www.ncbi.nlm.nih.gov/pubmed/38584414
https://doi.org/10.1016/j.neuropsychologia.2022.108316
http://www.ncbi.nlm.nih.gov/pubmed/35810882
https://doi.org/10.1016/j.neubiorev.2024.105593
http://www.ncbi.nlm.nih.gov/pubmed/38373643
https://doi.org/10.1016/j.neuroimage.2023.120367
http://www.ncbi.nlm.nih.gov/pubmed/37689175
https://doi.org/10.1080/17470919.2022.2064910
http://www.ncbi.nlm.nih.gov/pubmed/35395918
https://doi.org/10.1016/j.dcn.2022.101104
http://www.ncbi.nlm.nih.gov/pubmed/35367895
https://doi.org/10.1016/j.tics.2024.10.003
http://www.ncbi.nlm.nih.gov/pubmed/39496533
https://doi.org/10.1093/cercor/bhad308
http://www.ncbi.nlm.nih.gov/pubmed/37615349
https://doi.org/10.1038/s41598-023-31494-y
https://doi.org/10.1038/s41598-023-31494-y
http://www.ncbi.nlm.nih.gov/pubmed/36927763
https://doi.org/10.1037//0003-066x.54.9.755
https://doi.org/10.1037//0003-066x.54.9.755
http://www.ncbi.nlm.nih.gov/pubmed/10510665
https://doi.org/10.1007/s10802-005-3563-7
http://www.ncbi.nlm.nih.gov/pubmed/15957555
https://doi.org/10.1146/annurev.psych.093008.100412
https://doi.org/10.1146/annurev.psych.093008.100412
http://www.ncbi.nlm.nih.gov/pubmed/19575606
https://doi.org/10.1521/ijgp.2013.63.3.419
https://doi.org/10.1521/ijgp.2013.63.3.419
http://www.ncbi.nlm.nih.gov/pubmed/23734922
https://doi.org/10.1037/cpp0000251
https://doi.org/10.1037/cpp0000251
https://doi.org/10.1007/s10461-021-03190-3
http://www.ncbi.nlm.nih.gov/pubmed/33712986
https://doi.org/10.1037/pha0000445
https://doi.org/10.1037/pha0000445
http://www.ncbi.nlm.nih.gov/pubmed/33749294


PLOS One | https://doi.org/10.1371/journal.pone.0349575  June 11, 2026 19 / 19

	104.	 Feldstein Ewing SW, Tapert SF, Molina BSG. Uniting adolescent neuroimaging and treatment research: Recommendations in pursuit of improved 
integration. Neurosci Biobehav Rev. 2016;62:109–14. https://doi.org/10.1016/j.neubiorev.2015.12.011 PMID: 26748378

	105.	 Luciana M, Feldstein Ewing SW. Substance use and the adolescent brain: developmental impacts, interventions, and longitudinal outcomes. 
Developmental Cognitive Neuroscience. 2015;16:1–4.

	106.	 Feldstein Ewing SW, Filbey FM, Hendershot CS, McEachern AD, Hutchison KE. Proposed model of the neurobiological mechanisms underlying 
psychosocial alcohol interventions: the example of motivational interviewing. J Stud Alcohol Drugs. 2011;72(6):903–16. https://doi.org/10.15288/
jsad.2011.72.903 PMID: 22051204

	107.	 Giedd JN. The amazing teen brain. Sci Am. 2015;312(6):32–7. https://doi.org/10.1038/scientificamerican0615-32 PMID: 26336683

	108.	 Feldstein Ewing SW, Chung T. Precuneus: A key on the road to translation. Alcoholism: Clinical and Experimental Research. 2019;43:1063–5.

	109.	 Silvers JA, Squeglia LM, Romer Thomsen K, Hudson KA, Feldstein Ewing SW. Hunting for What Works: Adolescents in Addiction Treatment. 
Alcoholism: Clinical and Experimental Research. 2019;43(578–592).

	110.	 Chung T, Tittegemeyer M, Feldstein Ewing SW. Using neuroimaging to problem mechanisms of behavior change. NeuroImage. 2017;151(1):1–3.

	111.	 Feldstein Ewing SW, Chung T. Neuroimaging mechanisms of change in psychotherapy for addictive behaviors: emerging translational 
approaches that bridge biology and behavior. Psychol Addict Behav. 2013;27(2):329–35. https://doi.org/10.1037/a0031491 PMID: 23815447

	112.	 Feldstein Ewing SW, Bryan AD, Alicante T, Korthuis PT, Hudson KA, Lovejoy TI. Three Integrated Elements of Empowerment: HIV Prevention 
With Sub-Saharan African Adolescent Females Involved in Transactional Sex. Clinical Practice in Pediatric Psychology. 2018;6(4):355–63. https://
doi.org/10.1037/cpp0000251

	113.	 Feldstein Ewing SW, LaChance HA, Bryan A, Hutchison KE. Do genetic and individual risk factors moderate the efficacy of motivational 
enhancement therapy? Drinking outcomes with an emerging adult sample. Addict Biol. 2009;14(3):356–65. https://doi.org/10.1111/j.1369-
1600.2009.00149.x PMID: 19298319

	114.	 Wilson AC, Morasco BJ, Holley AL, Feldstein Ewing SW. Patterns of opioid use in adolescents receiving prescriptions: The role of psychological 
and pain factors. Am Psychol. 2020;75:748–60.

	115.	 Dash GF, Feldstein Ewing SW, Murphy C, Hudson KA, Wilson AC. Contextual risk among adolescents receiving opioid prescriptions for acute 
pain in pediatric ambulatory care settings. Addict Behav. 2020;104:106314. https://doi.org/10.1016/j.addbeh.2020.106314 PMID: 31962289

	116.	 Dash GF, Wilson AC, Morasco BJ, Feldstein Ewing SW. A Model of the Intersection of Pain and Opioid Misuse in Children and Adolescents. Clini-
cal Psychological Science. 2018;6(5):629–46. https://doi.org/10.1177/2167702618773323

	117.	 Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behav Res Methods. 2007;39(2):175–91. https://doi.org/10.3758/bf03193146 PMID: 17695343

	118.	 Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using G*Power 3.1: tests for correlation and regression analyses. Behav 
Res Methods. 2009;41(4):1149–60. https://doi.org/10.3758/BRM.41.4.1149 PMID: 19897823

	119.	 Murphy JG, Campbell KW, Joyner KJ, Dennhardt AA, Martens MP, Borsari B. Trajectories of reward availability moderate the impact of brief 
alcohol interventions on alcohol severity in heavy-drinking young adults. Alcohol Clin Exp Res. 2021;45(10):2147–59. https://doi.org/10.1111/
acer.14681 PMID: 34342015

	120.	 Carey KB, Balestrieri SG, Miller MB, Merrill JE, DiBello AM, Benz MB. Efficacy of the College Drinkers Check-Up for Student Drinkers Living Off 
Campus. J Stud Alcohol Drugs. 2017;78(4):571–9. https://doi.org/10.15288/jsad.2017.78.571 PMID: 28728639

	121.	 Starks TJ, Dellucci TV, Lovejoy TI, Robles G, Jimenez R, Cain D, et al. Adolescent Sexual Minority Males, Relationship Functioning, and Con-
domless Sex. J Adolesc Health. 2021;68(2):419–21. https://doi.org/10.1016/j.jadohealth.2020.05.052 PMID: 32646828

	122.	 Lipari RN, Park-Lee E, Van Horn S. America’s need for and receipt of substance use treatment. In: Center for Behavioral Health Statistics and 
Quality SA, editor. SAMSHA National Survey on Drug Use and Health. Rockville, MD. 2016.

	123.	 Sobell LC, Sobell MB. Time-line follow-back: A technique for assessing self-reported alcohol consumption. In: Litten RZ, Allen JP, editors. Measur-
ing alcohol consumption. Totowa, N.J.: Humana Press. 1992. p. 73–98.

	124.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al. The REDCap consortium: Building an international community of software 
platform partners. J Biomed Inform. 2019;95:103208. https://doi.org/10.1016/j.jbi.2019.103208 PMID: 31078660

	125.	 Feldstein Ewing SW, Chang L, Cottler LB, Tapert SF, Dowling GJ, Brown SA. Approaching Retention within the ABCD Study. Dev Cogn Neurosci. 
2018;32:130–7. https://doi.org/10.1016/j.dcn.2017.11.004 PMID: 29150307

	126.	 Feldstein Ewing SW, Dash GF, Thompson WK, Reuter C, Diaz VG, Anokhin A. Measuring Retention within the Adolescent Brain Cognitive Devel-
opment (ABCD) Study. Dev Cogn Neurosci. 2022.

	127.	 Nooner KB, Chung T, Feldstein Ewing SW, Brumback T, Arwood Z, Tapert SF, et al. Retaining Adolescent and Young Adult Participants in 
Research During a Pandemic: Best Practices From Two Large-Scale Developmental Neuroimaging Studies (NCANDA and ABCD). Front Behav 
Neurosci. 2021;14:597902. https://doi.org/10.3389/fnbeh.2020.597902 PMID: 33536880

	128.	 Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics. 1982;38(4):963–74. https://doi.org/10.2307/2529876 PMID: 
7168798

	129.	 Verbeke G. Linear mixed models for longitudinal data. Linear mixed models in practice: A SAS-oriented approach. Springer. 2000. p. 63–153.

	130.	 Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal analysis. John Wiley & Sons. 2012.

https://doi.org/10.1016/j.neubiorev.2015.12.011
http://www.ncbi.nlm.nih.gov/pubmed/26748378
https://doi.org/10.15288/jsad.2011.72.903
https://doi.org/10.15288/jsad.2011.72.903
http://www.ncbi.nlm.nih.gov/pubmed/22051204
https://doi.org/10.1038/scientificamerican0615-32
http://www.ncbi.nlm.nih.gov/pubmed/26336683
https://doi.org/10.1037/a0031491
http://www.ncbi.nlm.nih.gov/pubmed/23815447
https://doi.org/10.1037/cpp0000251
https://doi.org/10.1037/cpp0000251
https://doi.org/10.1111/j.1369-1600.2009.00149.x
https://doi.org/10.1111/j.1369-1600.2009.00149.x
http://www.ncbi.nlm.nih.gov/pubmed/19298319
https://doi.org/10.1016/j.addbeh.2020.106314
http://www.ncbi.nlm.nih.gov/pubmed/31962289
https://doi.org/10.1177/2167702618773323
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
https://doi.org/10.1111/acer.14681
https://doi.org/10.1111/acer.14681
http://www.ncbi.nlm.nih.gov/pubmed/34342015
https://doi.org/10.15288/jsad.2017.78.571
http://www.ncbi.nlm.nih.gov/pubmed/28728639
https://doi.org/10.1016/j.jadohealth.2020.05.052
http://www.ncbi.nlm.nih.gov/pubmed/32646828
https://doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
https://doi.org/10.1016/j.dcn.2017.11.004
http://www.ncbi.nlm.nih.gov/pubmed/29150307
https://doi.org/10.3389/fnbeh.2020.597902
http://www.ncbi.nlm.nih.gov/pubmed/33536880
https://doi.org/10.2307/2529876
http://www.ncbi.nlm.nih.gov/pubmed/7168798

	The Protocol for: Do peers enhance behavior change in group motivational interviewing? A translational clinical trial investigating brain synchrony in underage emerging adults during an fMRI hyperscanning task and association with alcohol use reductions
	Introduction
	Background and rationale
	Interbrain synchrony to identify patterns of neural response in group MI
	Objectives

	Materials and methods
	Ethics and dissemination
	Research Ethics Approval. This study has human participant Research Ethics Approval through University of Texas at Dallas. Per the IRB Reliance Agreement in place for this trial, UConn Health will rely on UTD as the IRB of record.
	Protocol amendments. All members of the UTD and UConn Health study team meet at least once per month at a standing virtual meeting, with the opportunity to discuss the need for protocol modifications. If the MPIs determine that a protocol amendment is nec
	Consent or assent. As detailed in Recruitment, IRB-approved study team members with current human subjects protections training describe study content and procedures to interested U-EA via phone. The staff members are explicit that participation is comple
	Confidentiality. All collected data will be coded using a subject ID number that is not derived from participant identifying information, and only trained UTD research assistants and MPI Filbey will have access to the password-protected master subject ide
	Ancillary and post-trial care. This is a minimal risk trial and the study team has taken great care to reduce or, when possible, eliminate possible risks of harm to trial participants. As a result, this trial does not include plans for ancillary and post-
	Dissemination plans. Results will be disseminated via presentations at annual scientific conferences, submissions to peer reviewed journals, to mental health and substance use providers, as well community programs for youth at high-risk substance use. Thi

	Trial design
	Trial setting
	Eligibility criteria
	Participants. Inclusion criteria: (1) 18–19 years of age; (2) agree to be contacted for the 3, 6, and 12 month follow ups; (3) provide fully informed consent. Exclusion criteria: (1) left-handed; (2) evidence of brain injury/illness and/or neurological, n
	Group MI interventionists. Study interventionists must be enrolled in or graduates of graduate-level clinical training programs (e.g., clinical psychology PhD), and have been recruited for study involvement by the UConn Health research site, under the dir

	Intervention and comparator
	Rationale for choice of intervention approach: Group MI. As this is a within-subjects design, there is a single intervention (group MI) with no comparator. We chose group MI as the target behavioral alcohol intervention for this age group for several reas
	Group MI session. In line with our previous group MI approaches to reduce alcohol and related health risk behavior with this age group, all participants will receive one 60-minute group MI session conducted virtually by a Clinical Psychology trainee (grad
	Discontinuation criteria. In line with informed consent, the group MI session and subsequent study involvement may be discontinued at any time at the request of a trial participant. The study team may withdraw an individual from the trial if the individua
	Strategies to improve adherence to intervention/protocols and monitoring adherence. To ensure intervention integrity and fidelity of the intervention, all group MI sessions will follow our group MI manual [14], maintained by MPI Feldstein Ewing at UConn H
	Concomitant care. We do not prohibit youth from seeking/receiving any other type of intervention during the course of the trial (e.g., psychotherapy).

	Outcomes
	Harms
	Participant timeline
	Sample size
	Recruitment
	Randomization and blinding
	Data collection methods
	Behavioral assessment. Each member of the U-EA dyad will complete individual behavioral assessments using REDCap via lab laptops in separate rooms prior to their participation in the group MI. Our youth health behavior of interest is past month alcohol us

	fMRI hyperscanning session
	MI session coding fidelity/reliability. MPI Feldstein Ewing has been coding client language in MI since 2004 and culling client language for fMRI tasks since 2007. As with MPI Feldstein Ewing’s prior NIH-funded studies [48–52], in order to learn how to id

	Retention
	Data management
	Data quality and control. Standard Operating Procedures (SOPs) for the study protocol will be developed and maintained at UTD. All RAs will be trained to ensure rigorous data collection. Data assurances will be performed by the RAs for missing data or imp
	Data security. Every effort will be made to ensure data security. Any paper materials will be double-locked – i.e., stored in locked file cabinets in locked offices that belong to the study team. Electronic data, such as REDCap and MRI, will be kept secur
	Data storage. Electronic data will be stored using UTD-approved platforms (Box, REDCap). Consent forms and/or data collected on paper will be stored and double-locked in a secure archive for long term storage. All paper source records will be retained for

	Statistical methods
	Data processing. Functional and anatomical MRIs will be processed and analyzed using the Analysis of Functional NeuroImages (AFNI) software package (https://afni.nimh.nih.gov/afni/ version AFNI_22.0.03). The T1-weighted anatomical images will be semi-manu
	Primary outcome analysis. We will leverage the dynamic nature of the PEER hyperscanning task to examine neural responses in the U-EAs social cognition network (medial prefrontal cortex [mPFC], superior temporal sulcus [STS], temporoparietal junction [TPJ]
	Missing data. Linear mixed-effects models using restricted maximum likelihood estimation (REML) will handle missing behavioral data over time, under the realistic assumption that data are missing at random—that is, missingness at a given time point depend

	Data monitoring
	Data monitoring committee. This trial does not require a Data and Safety Monitoring Board, as it does not incorporate components that may warrant additional monitoring and review beyond MPI, IRB, and funder oversight (e.g., multiple clinical sites, blindi
	Trial monitoring. MPIs will self-monitor study site recruitment, enrollment, and consenting procedures; trial intervention delivery and fidelity; event tracking and reporting; and data collection and management procedures to ensure trial conduct is in lin

	Name and contact information for the trial sponsor
	Role of trial sponsor and funder
	Protocol and statistical analysis plan
	Plans to communicate trial results (dissemination policy)

	Supporting information
	References


