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Abstract

Background. Adolescents from low socioeconomic status households experience increased
emotional distress and barriers to mental health care. Real-time moderated digital peer support (DPS)
offers an evidence-based, scalable, and low-barrier complement to formal support. Objectives. This
study focused on state-level sentiment changes among government plan-sponsored adolescents and
young adults who accessed a no-cost, 24/7, anonymous, real-time moderated DPS service. Methods.
Retrospective analysis contained 1,005 moderated live chats between March and December 2024 from
663 users aged 13-20. Sentiments were scored using a few-shot learning approach with GPT-40-mini,
evaluating sadness, stress, insecurity, loneliness, anger, anxiety, and optimism. Sentiment trajectories
were mapped as conversations progressed and assessed using Wilcoxon signed-rank tests and effect
sizes. Results. Significant improvements were observed in all sentiments throughout the
conversations (all P < 0.001), with the greatest reductions seen for anger (46.94%, r=0.87), loneliness
(31.99%, r = 0.79), and stress (31.02%, r = 0.82). Smaller but also significant reductions in anxiety
(29.81%, r = 0.79), sadness (28.64%, r = 0.81), and insecurity (24.71%, r = 0.75) were observed, with a
substantial improvement in optimism (47.69%, r = 0.70). Conclusions. Among government plan-
sponsored adolescents and young adults, use of anonymous, real-time moderated DPS was
associated with reduced negative sentiment and increased optimism expression. Given the higher
burden of mental health concerns and barriers in this population, DPS may serve as a scalable
approach to expand access to emotional support.

Keywords: low-income households; adolescent mental health; government-sponsored health plans;
socioeconomic status; digital peer support

1. Introduction

1.1. Background

It is widely accepted that there is a direct and causal inverse association between low
socioeconomic status (SES) and health for chronic and mental health conditions [1,2]. Individuals
from low-income households have greater exposure to chronic stressors such as food insecurity, lack
of stable housing, as well as environmental stressors, such as substance use and violence. Adolescents
living in these households cannot avoid exposure to familial stressors, and their effects may persist
across generations.

Overall, U.S. adolescents report increasingly more psychological and behavioral conditions such
as subclinical anxiety and depression, inattention, and hyperactivity [3,4]. Indicators of emotional
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distress, such as feeling sad, worried, bored, or frustrated, also increased. Across studies of diverse
global adolescent populations, there are consistently high levels of psycho-emotional disturbance,
especially stress, sadness, and loneliness. Loneliness is on the rise among adolescents both in the U.S.
and globally, and is correlated with greater use of the internet, mobile phones, and social media [5,6].
Emotional distress levels are disproportionately higher among lower-income adolescents [7]. This
correlates with extensive evidence demonstrating that mental health challenges increase as SES
decreases [8]. Further adding to the burden of factors that contribute to emotional distress, poverty
is also linked to an increased risk of obesity and behavioral issues, and reduced vocabulary and
reading skills [9,10].

In addition to emotional distress, a mental health crisis among low-income adolescents exists.
Youth from low SES households are estimated to have a two- to threefold higher risk of developing
a mental health condition compared to their peers from higher SES backgrounds [8,11]. The
prevalence of mental health conditions is estimated at 21% within this group and may reach as high
as 50% among youth receiving welfare [12], compared with approximately 13-20% of teens
worldwide [13-15]. More recent studies showed that rates of depression and suicidal ideation (SI) in
teens from all SES are on the rise [16].

The rising rates of emotional distress may be partly explained by social baseline theory [17]. This
theory states that humans rely on social support to perceive their environment as less threatening
[17]. When social support is available, emotions become less distressing and perceived threats are
reduced. Conversely, when social support is limited or missing, perceived threat increases [17].
Consistent with social baseline theory, direct access to social support may help reduce emotional
distress. However, adolescents face a myriad of barriers to obtaining appropriate mental health care
when needed, with these barriers disproportionately affecting those from lower SES backgrounds. It
is estimated that more than half of children aged 17 years and younger with a diagnosed mental
health condition do not receive treatment [18], due to barriers such as mental health stigma,
unsupportive family belief systems, low mental health literacy, and difficulty accessing services [19].
Access to treatment is even lower among teens from low SES households [11], reaching as high as
85% among youth receiving welfare [12].

Given these barriers to care, there is a critical need for alternative approaches to address the
mental health needs of adolescents, especially those from lower-income households. Access to care
is often conceptualized using the framework introduced in 1981 by Pechansky and Thomas, which
characterizes access to care as a multidimensional construct including five domains (known as the 5
A’s): availability, accessibility, accommodation, affordability and acceptability [20]. Given the large
volume of teens facing inadequate access to mental health care and emotional support, solutions are
needed to address every dimension of access and span varying levels of illness severity, from
subclinical emotional distress to severe mental illness.

Availability, defined as the relationship between the supply of care and the level of need, and
accessibility, traditionally defined as the geographic distance between where a patient lives and
where care is provided [21], are two access variables that may be improved through effective health
interventions at the population-level. Such solutions are especially helpful in reaching groups at
elevated risk and offer opportunities to deliver broad-based support to adolescents experiencing
emotional distress or increasing vulnerability to mental illness. These approaches can also benefit
adolescents with untreated conditions, as not all are ready or willing to engage in typical mental
health care but may be receptive to complementary support that can serve as bridges to formal care
services. In addition, resources may help to identify emotional distress early before it advances to
clinical mental illness.

Adolescence is a developmental period characterized by heightened emotional expression, often
in response to developing independence and hormonal changes. It is also associated with a
heightened focus on forming and managing social relationships. The nature of adolescents” social
connections is also shifting from primarily in-person to mostly digital interactions, or a mix of both
[22]. All of these changes result in an expected and healthy expression of negative emotions, including
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sadness, anxiety, anger, and insecurity [23]. Stress, which can be both positive or negative, is also a
normal component of adolescent development as teens learn to navigate their responsibilities and
increasingly independent lives [24]. Feelings of loneliness may arise from real or perceived deficits in
social relationships and connectedness [22]. In addition to negative emotions, optimism is an
important protective emotional state during adolescence. It is closely related to resilience, increased
coping skills, and robust emotional regulation [25]. All of these emotions, when transient and
supported by effective emotional regulation, are developmentally normal and expected in
adolescence. However, when one or more emotional states become persistent, heightened, or
insufficiently regulated, this can be an early sign for greater concern [26]. Other factors such as
trauma, bullying, or violence further increase teens’ vulnerability to downstream physical and mental
health conditions [27].

With this in mind, we aimed to introduce and evaluate an alternative intervention for low-
income teens experiencing increased emotional distress who may not yet meet clinical criteria for a
mental health condition. This study examines the role of a DPS intervention in reducing emotional
distress and increasing access to emotional health support and resources for teens with subsidized
government plans.

1.2. Peer Support

Peer support interventions are defined as solutions which bring individuals facing similar
struggles or conditions together to create an environment of mutual support [28], offering
opportunities for connection and building empathy around shared life experiences. Peer support can
take many forms, such as groups that meet in-person or virtually. Conversations can be structured
or more free flowing, and groups can be led formally by trained moderators or informally by group
members [29]. In contrast to receiving mental health treatment delivered by trained professionals,
peer support is a different and often more accessible approach that provides an opportunity for
connection, validation, and empathy around the shared lived experience. This shared experience is
key to forming meaningful connections and fostering emotional healing.

Though the extent of the impact of peer support has not been consistently established given the
wide variation in delivery modalities, evidence indicates positive benefits on individuals with formal
mental health diagnoses [30,31]. For example, a study of individuals with severe mental illness found
that peer support increased life satisfaction and perceived control over making life changes [32].
Another study demonstrated that adults with mental illness noted improved positive self-
assessments of their mental health following online peer support interventions [33]. Peer support has
also shown effectiveness among young adults, improving mental health outcomes such as reducing
loneliness and improving self-esteem [34].

The benefits of peer support also apply to younger populations. A study of a free, anonymous,
UK-based online forum providing emotional support to youth and young adults aged 11-25 years
demonstrated positive effects associated with discussing emotional and mental health concerns. The
majority of online peer interactions were emotional in nature and involved sharing similar personal
experiences, while others were informational, offering specific guidance or advice [31]. A systematic
review examining the impact of peer support on anxiety and depression among youth and young
adults noted a trend towards symptom reduction. The mean age across included studies ranged from
14 to 24 years. Although the magnitude of peer support’s impact varied across studies and fewer
reported statistically significant reductions in anxiety and depression, most documented reductions
in negative affect in general [30].

While peer support is not a substitute for clinical mental health care, evidence indicates that it
provides valuable adjunctive benefits that enhance overall support and well-being [29]. For example,
a 2018 randomized controlled trial involving adolescents with mental health conditions found that
reductions in stigma-related stress were associated with increased disclosure of diagnoses to others
[35]. Similarly, a study conducted in Australia reported improved shared decision-making among
participants aged 13-17 years who received an intervention supported by youth peer workers [36].
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Additionally, a study involving adolescents with schizophrenia indicated that digital peer support
(DPS) improved self-efficacy and decreased self-reported depressive symptoms [37].

Beyond these well-documented barriers to care, including mental health stigma and
unsupportive family environments [19], there is also consistent evidence suggesting that adolescents
are more likely to seek help from peers before turning to typical medical systems [30]. This highlights
the importance of considering whether such peer interactions produce the desired outcomes
adolescents are seeking. Given that today’s youth are heavily immersed in digital technologies and
social media, they are a well-suited population to evaluate the impact of DPS interventions, including
which modalities may be the most impactful in bridging to higher level mental health care. To assess
the feasibility of digital solutions for low-income adolescents specifically, it is necessary to examine
the current patterns of access to and use of digital devices.

1.3. Technology

Exposure to technology has become the new normal among adolescents. Members of Generation
Z (born 1995-2012) and Generation Alpha (born 2013-2025) have grown up immersed in online
environments, with approximately 95% of teens aged 13-18 years reporting access to a smartphone
[38]. In the past, differences between access to and proficiency with digital technology, known as the
digital divide, have been much wider across both urban and rural populations [39]. When
considering Penchansky and Thomas’ access framework in the age of digital care delivery,
availability and accessibility are increasingly dependent on access to digital devices as well as the
ability to effectively use technology [20]. Recent evidence suggests that this digital divide is
narrowing among adolescents, with those from lower SES households reporting smartphone access
comparable to peers from higher-income households, although they remain less likely to have a
computer or tablet at home [40].

Adolescents are faced with the complexities of navigating social interactions within digital
environments. A 2024 Pew Research Center survey revealed that 96% of U.S. teens aged 13-17 years
report daily internet use, and 46% report being online “almost constantly,” increasing twofold over
the past decade [41]. There are only minor differences in the use of technology by SES. Lower-income
adolescents are more likely to use social media to communicate with friends, while texting is more
common among higher-income peers [41]. An earlier survey of teens aged 13-17 years explored how
teens form and sustain social relationships [41] and showed that although school remains an
important setting for social connection, online interactions have become increasingly common.
Smartphone ownership is associated with an increased use of text messaging to communicate with
close friends, and digital platforms, such as social media and online gaming, are commonly used to
meet new friends and interact with existing ones. Engagement with these digital formats is associated
with increased feelings of connectedness, and teens use their digital technology as the way to
maintain relationships with their “offline” friends [42]. More recently, a 2023 analysis of 203 teens
noted that digital interactions co-occur with in-person settings such as school, with 97% of surveyed
students reporting smartphone use during the school day, most commonly for social media and
gaming apps [43].

In addition to social media platforms, adolescents are increasingly engaging with Al chatbots
like ChatGPT, Google Gemini, and Anthropic’s Claude, among others. A study found that one in
eight adolescents and young adults reported using Al chatbots for mental health support and most
users returned to these platforms at least on a monthly basis [44]. Another study reported that 50%
of adolescents aged 15 to 17 years used generative Al [45]. Beyond mental health support, users also
use large language model (LLM)-based chatbots for problem-solving in both academic and non-
academic settings, such as assisting with schoolwork, explaining concepts, and personal advice [46].
Since chatbots are available 24/7 and provide rapid responses in a perceived non-judgmental
environment, they are frequented by users from all ages worldwide.

Despite their popularity, the sudden appropriation of Al chatbots into many aspects of daily life
has also raised many concerns. LLM-based models rely on user prompts and are prone to validating

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.1490.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 May 2026 d0i:10.20944/preprints202605.1490.v1

5 of 24

and reinforcing user beliefs rather than challenging them [47]. This can cause user delusions and
maladaptive thinking patterns, worsening mental health [48]. Additionally, they are not developed
with clinical safety guidelines or human oversight, which makes them unsuitable settings for
discussing sensitive mental health information and seeking advice [49]. Another well-established
shortcoming of LLM-based Al models is their difficulty in understanding human language, including
figurative language, sarcasm, and other human nuances [50,51]. As a result, in many instances, Al
chatbots have not been able to recognize suicidal ideation and have contributed to users committing
suicide [52-54].

Given that so much of teens’ attention, social interactions, and relationships now occur in digital
formats, assessing the potential benefits of DPS at the population level requires examination of
empathy development in modern adolescents, including whether they demonstrate comparable
capacity for empathy in digital social interactions as they do in in-person interactions.

1.4. Digital Empathy

Online interactions allow teens to connect and provide emotional support to each other;
however, some still struggle to find spaces where they can express themselves safely and receive
empathetic responses. Empathy tends to be stronger for one’s perceived “in-group” members
compared with those outside the group [55]. Social media plays an important role in supporting teens
through personal challenges but can also have a negative impact. In a survey, 21% of teens reported
that social media use made them “feel worse about their own life” [41]. However, more recent studies
indicate that social media has positive effects among teens, increasing their capacity to recognize and
share other’s emotions [56,57]. Other evidence suggests that adolescents” ability to express their
emotions does not vary between online and in person settings [58]. However, empathy burnout (i.e.,
compassion fatigue), or becoming less empathetic to someone else’s struggle due to a prolonged
exposure to distressing social issues, is also documented among social media and technology users
[59]. Survey results indicate that 57% of respondents attributed empathy fatigue to social media use,
though this effect varied by social media platform [59].

1.5. Peer Support and Self-Determination Theory

The effectiveness of peer support interventions can be understood in the framework of self-
determination theory, first conceptualized by Deci and Ryan in 1985 [60]. According to this theory,
three fundamental factors, namely autonomy, competence, and relatedness, facilitate individuals’
progression toward emotional change. Autonomy refers to an individual’s inclination to self-direct
and exert control over their actions, while competence reflects the desire to acquire and master new
skills before integrating them into behavior, and relatedness encompasses the need for interpersonal
connections.

In peer support settings, these needs may be supported to a greater extent. As teens process
emotional challenges, they may feel more autonomous by the absence of a mental health professional
or adult to serve as the expert guide. Competence may be reinforced through mirroring, validating,
and recognizing previously successful coping skills. Relatedness may be bolstered by participating
in a peer community that normalizes emotional struggles by connecting to peers with shared
experiences [61]. Together, these dynamics are hypothesized to positively impact mental health and
well-being [61]. By leveraging the principles of autonomy, competence, and relatedness, peer support
interventions offer a unique, potentially transformative, and more accessible approach to addressing
emotional difficulties and promoting individuals” overall psychological resilience. With the rise of
DPS, opportunities to extend the reach and impact of peer support interventions have expanded.
Numerous studies have explored the effectiveness of DPS, often in combination with evidence-based
practices, in addressing mental health needs [62-64].

1.6. Real-time Moderated Digital Peer Support
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Several established elements of DPS enhance both the process and impact of peer interventions,
with moderation consistently identified as one of the most influential factors. The introduction of live,
real-time moderation, provided either by trained professionals or peers themselves, has
demonstrated a positive effect on user outcomes, including increased engagement and perceived
effectiveness compared with non-moderated support [65]. The term “moderation” has increasingly
been applied to asynchronous, post-hoc review mechanisms; however, such appropriation risks
diluting its conceptual integrity. Moderation, properly understood, denotes synchronous, interactive
oversight, and should not be conflated with after-the-fact content adjustment. Moderated peer
interventions promote higher levels of user trust and safety [66]. At a protective level, moderation
also protects against acute risks, such as hostility, direct attacks, and the spread of misinformation
[67]. This is especially important in digital peer support addressing emotional distress, where users
may be more susceptible to harm if the conversation is not evidence-based. Moderators have also
been found to keep users engaged for longer durations, maintain civility and positivity in chats,
prevent disruptive topic changes, and foster stronger user cohesion [66].

Given the digital immersion of contemporary adolescents, further research is needed to
understand how moderated, safe online environments may counterbalance negative dynamics
within the digital spaces and foster empathy and emotional resilience in users. To address this need
in adolescents, we evaluated the effectiveness of an anonymous, chat-based DPS service that offers
real-time conversational support and features sub-clinical trained human moderators who facilitate
constructive discussions while ensuring a safe and respectful environment. In a previous study, we
evaluated the impact of DPS among older adults and found significant reductions in short-term
loneliness and increases in optimism after only a few minutes of chat engagement [68]. Building on
our prior work, the current study focuses on government plan-sponsored teens in the southwest and
Midwest US, who were given no-cost access to the same anonymous, real-time moderated DPS
service. We examine how sentiment states changed throughout the chat conversations to better
understand the dynamics of DPS among youth, focusing on non-clinical sentiment distress domains,
including sadness, stress, insecurity, loneliness, anger, and anxiety, as well as optimism.

2. Materials and Methods

2.1. Supportiv Service Model

Supportiv is a 24/7 browser-based, moderated, synchronous live chat service that matches users
into small, anonymous groups based on their shared concerns. Users voluntarily opt into Supportiv’s
anonymous peer-to-peer support platform through an informed, self-selection process. The
interaction begins with the prompt, “What's your struggle?” where they share a free text description
of their real-time concern.

Using Al-driven Natural Language Processing (NLP), the users are matched with others facing
similar issues, forming small groups of no more than five people in a live chat which is guided in
real-time by a trained sub-clinical human moderator. We implemented a transformer-based language
classifier to identify whether an incoming message was authored by an adolescent. When a message
is classified, the system restricts peer matching to other adolescent users to enhance age-appropriate
support and promote relatable peer interactions. Users are auto-selected, not self-selected, into either
a moderator-led small group or a one-on-one chat with a moderator.

Trained human moderators facilitate discussions, ensure a psychologically safe environment by
enforcing chat rules, and leading collaborative problem-solving efforts. Another key role of the
moderators is to identify and exclude individuals who intentionally disrupt conversations with
inflammatory or irrelevant remarks, ensuring that the DPS space remains supportive and
constructive.

Moderators have all completed formal sub-clinical training and demonstrated competence in
skills such as asking facilitative questions, providing an empathetic experience, sharing relevant
resources, and, when necessary, connecting users to crisis services. They are also regularly monitored
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for their handling of crises and additional service delivery quality. Supportiv has a proprietary Al-
driven suicidality detection tool and documented referral protocols to address concerns, including
medical emergencies, physical danger (suicide risk, domestic violence, sexual assault, and elder
abuse), and panic attacks [65]. Prior to accessing services, individuals are required to review and
consent to the Terms of Use and Privacy Policy, including consent for the use of their anonymous
data, which is inherently anonymous from the outset, not anonymized post-collection, for research
and service improvement purposes. No personally identifiable information (PII), personal health
information (PHI), or HIPA A-protected health information is required. All data handling complies
with the California Consumer Privacy Act (CCPA) and the General Data Protection Regulation
(GDPR).

2.2. Study Design and Population

This observational and retrospective study analyzed government plan-sponsored teens aged 13-
20 years who had a no-cost access to the service between March 1, 2024, and December 31, 2024,
through their government-sponsored health plan and their school district. Only chat sessions
containing at least three messages were included in the analysis. Sessions shorter than three messages
were excluded due to concerns about insufficient user engagement, which would limit the ability to
assess the impact of DPS. Conversations with irrelevant messages were also excluded as they did not
reflect genuine emotional expression or authentic engagement with the group and could distort
analyses of sentiment change and peer support dynamics. After eligibility, a total of 1,005 DPS
conversations from 663 distinct users were analyzed.

This study was reviewed by the Pearl Institutional Review Board (IRB) and determined to be
exempt from human subjects’ review under 45 CFR 46.104(d)(4)(ii) (secondary research use of
existing data). The exemption determination was issued on January 31, 2025 (IRB #2025-0043).
Because the study involved retrospective analysis of de-identified data, informed consent was not
required.

2.3. Conversation Setting

Once users typed a brief description of their struggle, they were automatically matched within
one minute (mean time: 29.78 seconds, median time: 13.39 seconds) either to an existing live small-
group chat or to a one-on-one chat with a moderator, where they could later be joined by other
concurrent users auto-matched for experiencing similar struggles.

Newly joined participants received a short narrative summary of the ongoing discussion to
ensure continuity and context. Moderators played a central role in facilitating these conversations by
posing open-ended questions, guiding discussions, and fostering participant engagement.

Additionally, moderators shared relevant resources tailored to the issues discussed, including
practical advice articles and informational materials aimed at enhancing users' understanding of their
struggles. At the conclusion of the conversation, users were given the opportunity to provide
feedback (representative feedback examples are included in the results section).

2.4. Sentiment Analysis

We evaluated different state-level sentiments using OpenAl's LLM model, GPT-40-mini,
employing a few-shot learning approach [68]. Few-shot learning refers to a method in which a model
is provided with a small number of labeled examples (or "shots") within the prompt to guide its
responses. Instead of requiring extensive fine-tuning on large labeled datasets, the model learns from
these examples in real time, allowing it to generalize and perform the desired task effectively. To
enhance performance, the model was given examples of manually selected and rated messages as
references. In our prior work, we demonstrated that this approach is comparable to or superior to
state-of-the-art models [67].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.1490.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 May 2026 d0i:10.20944/preprints202605.1490.v1

8 of 24

State-level sentiments refer to emotions that occur within a specific time window that reflect the
users’ current affective tone, physiological activation, and cognitive patterns which can fluctuate,
rather than their long-term psychological or personality traits. This study examined sentiment states
that were expressed within DPS conversations. The following sentiments were evaluated: sadness,
stress, insecurity, loneliness, anger, anxiety, and optimism. For each sentiment, the model was
provided with the user’s message along with the context of the preceding conversation, which
included all messages since the previous message from the user in question. The model then assigned
a score to each sentiment on a scale from 1 to 10, where 1 represents the minimum and 10 the
maximum level of expressed sentiment. The 1-10 scale provides sufficient granularity to capture
shifts in sentiment expression, allowing differentiation of subtle variations in intensity while
maintaining interpretability. To ensure the scale effectively represented real-world sentiment
dynamics, examples were selected from real data spanning the full range of expression, from subtle
to intense. This approach enhances the robustness of the model’s scoring and its applicability to
diverse sentiment contexts. Examples for the scores 1, 5, and 10 are portrayed in Appendix A.

Importantly, some messages did not allow inference of the sentiment state because they were
unrelated to users sharing their concerns, such as users asking moderators, “Are you a human?” or
making unrelated statements to the conversation (for example, “My dad is calling me”). In cases
where there was insufficient information to evaluate sentiment, the model using the same few-shot
learning approach was instructed not to assign a score in order to avoid introducing noise or
misclassification due to uncertainty.

To assess changes in sentiment state over the course of the peer support chat, we analyzed scores
as the conversation progressed. Linear interpolation was used to map each conversation from 0 to
100% progression, ensuring that all conversations were scaled to a common reference frame
regardless of length.

Analysis included conversations with initial negative affect to examine the effect of digital peer
support. To identify these conversations, we took the maximum value of the sentiment scores from
the first three messages and selected conversations with a score of 5 or higher, which indicates that a
particular sentiment is present. This approach accounted for the possibility that initial messages may
contain polite greetings or neutral introductions before transitioning to the core issue, which more
accurately reflects the state of concern. By using the maximum value within this window, we aimed
to capture the strongest negative sentiment expressed early in the conversation while mitigating the
influence of neutral or non-representative opening statements. This ensured that we were tracking
meaningful shifts over the course of a conversation, rather than including cases in which the
sentiment of interest was minimal or absent. By focusing on conversations in which a given sentiment
was salient, we aimed to better capture relevant changes.

Since this thresholding method was applied separately for each sentiment, different subsets of
conversations were analyzed. We observed that the first 10% and last 10% of the conversations often
included introductory and concluding messages that consisted of greetings, introductions,
expressions of gratitude, or other formalities that do not necessarily reflect the core concern of the
interactions. To mitigate this bias, we excluded the first and last 10% of each conversation and focused
on the remaining central portion.

Within this core segment, we fitted a linear model to the sentiment scores and used the slope of
the fitted line as an indicator of change. A negative slope indicates a reduction in distress over the
course of the conversation, whereas a flatter or positive slope suggests stability or worsening of the
initial sentiment state. This method allowed us to quantify the overall effect of digital peer support
on sentiment trajectories while minimizing the influence of structural artifacts in conversation flow.

We used a non-parametric Wilcoxon signed-rank test, assuming a non-normal distribution, to
evaluate whether the effects were significantly different and computed effect size using rank-biserial
correlation. Additionally, we conducted a separate comparison of sentiment states at the beginning
and end of the conversation by calculating the mean sentiment score of the first three and last three
messages. Our data suggest that adolescents often do not clearly articulate their concerns in their
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initial description of “struggle” and may provide non-informative inputs such as “I need to talk”, or
simple greetings (e.g., “Hello”), which do not allow for an accurate assessment of their initial
sentiment state. However, considering the first three messages generally provides sufficient context
to capture sentiment context. Based on this observation, we conducted a comparative analysis
between the sentiment scores of the first and last three messages in each conversation.

To assess the significance of these changes, we again employed the Wilcoxon signed-rank test
and calculated rank-biserial correlation as a measure of effect size.

2.5. Topic Modeling

We employed a topic modeling framework using LLM-based categorization to assign topics and
subtopics to text data efficiently. A predefined list of topics was manually selected after reviewing
conversation content. Texts were processed using GPT-4o-mini using a structured prompt to
categorize them into selected topics and subtopics. Classification accuracy was manually verified.
This approach was selected because it balanced user control, efficiency, and consistency.

2.6. Session Timing and Device Type

We recorded users’ joining times and converted them to local time to account for time zone
differences. Additionally, we collected data on the type of device used to access the service, allowing
for a more comprehensive analysis of digital engagement and interaction patterns.

2.7. Statistical and Visualization Software

Statistical analyses and data visualization were conducted in Python using pandas 2.2.0, numpy
1.26.4, SciPy 1.13.1, and matplotlib 3.9.3.

3. Results

Due to irrelevant messages, 1.3% of conversations were excluded. A total of 1,005 conversations
from 663 users that met the inclusion criteria were included in the final analysis from March 2024 to
December 2024.

3.1. User Demographics

Approximately 19.6% of users (n=130) reported their age, with a median age of 16 years (mean
=15.98). Out of the users that disclosed their gender (27.9%, n=185), most users were female (68.6%,
n=127), 25.4% were male (n=47) and 5.9% were non-binary (n=11). Users came from different ethnic
backgrounds (27.0%, n=179), with 40.8% of users identifying as White (n=73), 23.5% as Hispanic or
Latino (n=42), 18.4% as Black or African American (n=33), 7.8% as Asian (n=14), 6.1% as American
Indian or Alaska Native (n=11), 1.7% as Middle Eastern or North African (n=3) and 1.7% as Native
Hawaiian or other Pacific Islander (n=3).

3.2. DPS Session Characteristics

Among these conversations, session duration varied, with a mean duration of 29.15 minutes (SD
=30.71) and a median duration of 18.19 minutes, indicating a positively skewed distribution (Figure
1). The majority of interactions (n=781 conversations, 77.7%) occurred in one-on-one sessions with a
peer support moderator, while the remainder took place in moderated small group discussions with
peers and moderators.
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Figure 1. Average duration of the user session chat (n=1005 participants) lasted on average 29.15 minutes (SD =

30.71) and a median duration of 18.19 minutes.

Most conversations contained fewer than 1,000 words in total (median number of words = 698,
median number of messages = 12) (Figure 2). The majority of conversations were conducted on
mobile devices, accounting for 80.89% of interactions. Desktop computers were used in 18.47% of
cases, while tablets were the least common device type, representing only 0.65% of interactions.
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Figure 2. Distribution of messages and words across all users in live chat conversations.

Temporal analysis of service usage revealed distinct patterns in adolescents' engagement with
DPS. As illustrated in Figure 3, usage peaked between 1:00 and 3:00 PM, and a sustained surge in
conversations occurred in the evening between 7:00 PM until midnight.
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Figure 3. Distribution of live chat conversations by their start times. This histogram shows the timing of
conversation initiations throughout the day with two notable peaks: an early afternoon surge around 1:00-2:00

PM and a major evening increase starting at 7:00 PM and peaking between 9:00 PM and midnight.

3.3. Discussion Topic

The most frequently discussed topic was social connection (39.84%), followed by mental health
conditions (27.26%), loneliness (9.86%), stress (9.15%), and identity (3.92%). Other topics, including
productivity or work, financial concerns, physical health, and burnout, were discussed less
frequently, each comprising less than 3% of the conversations. Within the broader category of social
connection, the most prominent subtopics were relationships (80.56%), followed by family (11.36%),
breakups (3.03%), and communication (2.78%). Representative struggle descriptions for the top five
topics are provided in Appendix B.

3.4. Sentiment Outcomes

Regarding the progression of sentiment states throughout the conversations, we observed a
consistent improvement across all analyzed dimensions, as shown in Figure 4. Specifically, all
negative sentiments demonstrated significant decreases (all P< 0.001), with the greatest reductions
observed for anger (46.94%; effect size: 0.87), loneliness (31.99%; effect size: 0.79), and stress (31.02%;
effect size: 0.82). There were also reductions in anxiety 29.81% (effect size: 0.79), sadness (28.64%;
effect size: 0.81), and insecurity (24.17%,; effect size: 0.75) over the course of the conversations. There
was a corresponding significant increase in overall optimism, with a 47.69% improvement (P < 0.001;
effect size: 0.70).
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Figure 4. Sentiment trends throughout conversation progression. Sentiment scores were observed as
conversations progressed. Shaded areas represent the standard error of mean. A-F. The green region (scores 1-
4) represents low levels of sentiment, yellow (4-7) represents moderate levels, and red (7-10) indicates high
momentary sentiment. G. For overall optimism, the red region represents negative values (scores 6-10), yellow

area represents neutral values (3-6), and green area represents positive range (0-3).

Comparing sentiment states at the beginning and end of conversations, we observed significant
improvement across all sentiments (all P<0.001), as shown in Figure 5. Because thresholding criteria
were applied to include only conversations with elevated negative sentiment scores, the number of
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conversations analyzed varied. The most pronounced reductions in negative sentiment were
observed for loneliness, with mean scores declining from 6.97 to 4.61 (A-2.36) (r = 0.84) across 263
conversations, anger, with mean scores declining from 5.82 to 3.48 (A-2.34) over 78 conversations (r =
0.88) and stress, with mean scores declining from 6.72 to 4.50 (A-2.22) over 278 conversations (r =
0.81). Similarly, sadness levels decreased from 6.66 to 4.51 (A-2.15) across 297 conversations (r = 0.81),
indicating a meaningful reduction. Anxiety also significantly decreased, with 171 conversations
showing a reduction from 6.31 to 4.30 (A-2.01) (r = 0.78). Insecurity showed a notable decline, with
mean scores decreasing from 6.86 in the first three messages to 4.95 (A-1.91) in the last three messages
across 184 conversations (r = 0.69). In contrast, a significant improvement in optimism was observed
over the course of conversations with an increase from 1.96 to 2.94 (A+0.98) over 648 analyzed
conversations (r = 0.71). Together, these targeted comparisons between the beginning and end of
conversations further support the patterns of state-level sentiment improvement observed across all
sentiment types. The largest improvements in loneliness, anger, stress and sadness suggest that
digital peer support may increase peer empathy, validation and perceived connectedness, which are
all mechanisms that may in turn reduce user distress.

o First vs Last 3 Message Scores,, okok
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Figure 5. Comparison of initial and final sentiment states across conversations. For each sentiment, the first three
scores (gray) and last three scores (green) were averaged per conversation and compared. Filled box plots
display the distribution of scores, with the central orange line indicating the median, box edges denoting the
interquartile range (IQR), and whiskers extending to 1.5 times the IQR. P<.001 is denoted with ***,

Lastly, we analyzed user feedback and identified several common themes in user experiences.
One prominent theme was feeling heard and understood, with many users’ expressing appreciation
for being listened to without judgment (Appendix C). Another key theme was changes in sentiment
state, as users often reported that the chats helped them process their emotions and feel lighter,
highlighting the comfort provided by DPS conversations. We also observed that some users enjoyed
helping others, finding meaning in both supporting peers and reflecting on their own experiences.
Additionally, users commended moderators’” kindness, patience, and understanding. These themes
demonstrate the positive impact of the interactions, providing state-level sentiment relief and a
strong sense of community.

4. Discussion

4.1. Principal Findings

Among this cohort of government-plan-sponsored teens, use of an anonymous, synchronous,
real-time moderated DPS service was associated with significant improvements across all seven
studied sentiments (sadness, stress, insecurity, loneliness, anger, anxiety, and optimism). The largest
reduction was observed for anger, with 46.94% decrease, followed by reductions of 31.99% and
31.02% for loneliness and stress, respectively. Similarly, anxiety, sadness, and insecurity decreased
by 29.81%, 28.64%, and 24.17%, respectively. Consistent with these reductions in negative affect, there
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was a corresponding improvement in optimism by the end of the conversations (+47.69%). These
reductions in distressing sentiments continued as the conversations progressed and were replicated
when comparing sentiment states at the beginning and end of conversations. Together, these findings
show a consistent pattern of reduced negative sentiment expression with peer interaction, reinforcing
the potential value of conversation-based engagement for changes in state-level sentiment.

These findings are promising and indicate that real-time moderated DPS may be associated with
improvements in multiple domains related to adolescent state-level sentiment expression.
Mechanisms that influence these common sentiments are especially valuable, as they may be early
indicators of more serious mental health conditions, allowing for earlier intervention, recognition of
rising risk, and prevention of serious life-threatening consequences such as suicidal ideation. For
instance, anger has been shown to reduce general well-being in adolescents aged 12-14 years [69].
Chronic loneliness can negatively impact adolescents’” emotional regulation during social interactions
and also decrease willingness to engage socially [70]. Adolescents experiencing chronic stress may
also be at risk for adverse neurological changes involving the amygdala, hippocampus, and
prefrontal cortex, along with physiological disruptions [71]. Similarly, sadness in adolescents has
been linked to impairments across multiple life domains, such as family relationships, peer
connections, and educational outcomes [72].

Although empathy was not directly measured, the observed improvements in optimism
sentiment scores and reductions in negative sentiment scores following digital peer interactions
suggest a potential relationship with existing literature indicating that social media usage may be
associated with increased empathy [56]. It is possible that direct digital peer support also cultivates
an empathy-enhancing environment in which positive social interactions help decrease the emotional
and psychological pressures teens face. This may be particularly valuable, as higher empathy has
been consistently linked to increased prosocial behavior and wellbeing [73]. In parallel, usage of
digital applications is continuously growing and has become the dominant mode of socializing for
many adolescents [40,41]. Over recent decades, social media and messaging applications have
become central components of adolescents” social lives. Thus, these digital forms of communication
represent an integral part of contemporary teenage social systems rather than simply alternative
channels of interaction.

Additional insights can be drawn from the topics discussed during conversations among peers.
The five primary topics accounting for the majority of conversations were social connection, mental
health conditions, loneliness, stress, and identity, reflecting a strong emphasis on emotional and
psychological well-being. Interpersonal relationships emerged as a central concern for adolescents
seeking support, with discussions primarily revolving around romantic and social connections,
followed by family dynamics and challenges related to communication. This highlights the
significance of multiple relationships within adolescents’ social systems and their role in
development and mental health, aligning with prior literature demonstrating how important
interpersonal relationships are for protecting and affecting adolescent emotional well-being [74]. The
consistency of these topics across conversations may also suggest that adolescents face difficulty in
expressing interpersonal concerns in offline settings and may therefore find comfort in online spaces
where anonymity and reduced risk of conflict facilitate open and comfortable expression.

Our findings mirror national data on device ownership and use among low-income adolescents
[40]. The majority of conversations were conducted via mobile devices, while tablets were the least
commonly used. The predominance of mobile devices suggests that adolescents primarily engage in
conversations in flexible, on-the-go contexts, which may influence how they express emotions and
articulate concerns. Usage peaked in the early afternoon and evening, suggesting that some users
may reach out during school breaks or lunch periods, with the highest levels of engagement occurring
in the late evening and late-night hours. This sustained increase in late hours aligns with periods
when adolescents may experience heightened emotional distress or have greater privacy to seek
support. These findings highlight the importance of ensuring service availability during peak usage
times, particularly in the evening, when demand is highest.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.1490.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 May 2026 d0i:10.20944/preprints202605.1490.v1

15 of 24

4.2. Potential Applications

4.2.1. Cyberbullying

Given its accessibility, ease of use, and anonymity, real-time moderated DPS, like Supportiv,
may offer a potential solution for additional adolescent mental health concerns. For instance, the rise
of cyberbullying has become an increasing concern, with prevalence estimates ranging from 20-40%
of adolescents, with youth aged 12-14 years at highest risk [75]. The rise of cyberbullying is thought
to be partly due to digital social media environments that allow participants to evade the supervision
generally present in face-to-face, school-based interactions. Adolescents that experience
cyberbullying may face many negative consequences, including adverse psychological effects and
increased risk of mental health conditions. Depression, social anxiety, low self-esteem and help-
seeking behavior, loneliness, sleep disturbances, and suicidal ideation have all been reported at
higher rates among victims of severe cyberbullying [75].

Expanded access to real-time moderated DPS could provide adolescents with a safe, anonymous
setting to process these experiences without fear of further victimization. This intervention may
especially benefit school and community-based organizations seeking to address the downstream
consequences of cyberbullying.

4.2.2. Self-Esteem

Given the established relationship between low self-esteem and emotional distress, the
statistically significant decreases in negative sentiment scores suggest that DPS may also have
applicability in addressing decreases in self-esteem commonly reported among cyberbullying victims
[75,76]. The potential benefits extend beyond this population, as improvements in self-esteem have
also been associated with positive outcomes across multiple domains, such as relationships,
education, occupations, physical fitness, and reduced antisocial behavior [77]. Additionally, evidence
suggests that higher self-esteem is associated with decreased excessive social media use among
adolescents [78], potentially due to improved self-regulation and control of addictive tendencies. This
may be an area for future research among adolescents, as it may indicate that DPS contributes to
healthier social media behaviors and broader mental health benefits.

4.2.3. Safety of Digital Environments

Social media platforms facing increasing criticism and pressure to protect adolescent well-being
could consider integrating objective, third party services such as anonymous, real-time moderated
DPS, especially since evidence indicates increased social media use is linked to decreased self-esteem
[79]. While social media platforms can provide a space for healthy social engagement, they lack
continuous, human moderation capable of preventing harmful interactions in real time. Although
certain algorithmic content moderation systems can identify and censor certain words and phrases,
many harmful comments rely on user reporting and are reviewed at a later time. In contrast,
moderated digital peer support provides active oversight and immediate intervention. Furthermore,
anonymity can increase willingness to engage with sensitive information, supporting the value of
such services in digital environments.

4.3. Study Limitations

Since Supportiv is designed to provide digitized peer support as opposed to offering clinical
diagnosis or treatment, the service intentionally has anonymous users to mitigate any drawbacks or
hesitancies related to sharing personal or sensitive information. From a research perspective, this
anonymity prevents tracking individual users over time, limiting the ability to assess emotional and
psychological states prior to and after utilizing the service, as well as trends across repeated peer
interactions among returning users. Moreover, the lack of demographic information restricts our
ability to examine potential variations in DPS effectiveness by factors such as race, gender or gender
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identity. It is also unknown whether government-plan-sponsored who used Supportiv differ from
those enrolled in the same plans but did not engage in DPS services.

This study was also limited by its retrospective observational design. Because there was no
control group, the sentiment changes that were observed cannot be interpreted as causal effects of
DPS, and the improvements in sentiment may have been influenced by other factors. Additionally,
sentiment expression in chat conversations is not equivalent to validated clinical symptom measures.
Therefore, these findings should be interpreted as changes in state-level sentiment expression within
DPS conversations, rather than changes in clinical symptom severity.

The identification of adolescent users relied on a combination of an Al-driven NLP transformer-
based language classifier that determined if a user was an adolescent, and self-reported demographic
data. When available, self-reported age was used to assign users to the adolescent group, however,
when self-reported age was unavailable, classification relied only on the AI model. Since any
automated classifier is not foolproof, there was a risk of misclassification. This allowed more users to
be analyzed, but age detection methods may be improved in future anonymous digital environments.

The majority of conversations studied involved one-on-one interactions between teens and
digital peer support moderators. Although these interactions do not involve a larger peer group,
moderators, while trained in facilitating digital peer support conversations, are not mental health
professionals and are therefore considered peers in the context of digital peer support interventions.
Further research is needed to determine whether emotional distress responds similarly in larger
group conversations involving multiple peers.

Additionally, the external validity of these results cannot be fully known as the study sample
consisted of government-plan-sponsored adolescents from Southwestern and Midwestern United
States. Therefore, we cannot directly assess whether similar changes in sentiment would be observed
among all adolescents not enrolled in government sponsored plans or those from other locations.
However, given widespread use of digital technologies among adolescents and the high incidence of
mental health concerns across all socioeconomic strata and geographies, we hypothesize that similar
results may occur in broader populations. This represents an important area for future studies.

5. Conclusions

In conclusion, real-time moderated, anonymous DPS appears promising for reducing several
negative sentiment states’ expressions among adolescents, such as anxiety, anger, insecurity,
loneliness, sadness, and stress. DPS offers an accessible and safe digital environment for teens to
engage in supportive, personal discussions and meaningfully alleviate emotional distress. Our
findings support the potential for DPS to be explored as a population-level intervention to expand
the availability and accessibility of emotional support services.

Given the higher incidence of mental health conditions and access barriers faced by adolescents
from low-income households, this type of sponsored, no-cost-to-end-user DPS service may be
particularly valuable in addressing emotional distress that contributes to the larger youth mental
health crisis among this especially vulnerable population.
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Appendix A

Examples provided to interpret emotion intensities in a few-shot manner.

A.  Insecurity

Score 1 (low levels of insecurity):

“I love the person I became I am happier and more importantly mindful of what I do”
Score 5 (medium levels of insecurity):

” Yes, I don't think too highly of myself. I think that I'm a little on the chubby side. I need to work out a little bit.
Which I have been getting into.”

Score 10 (highest levels of insecurity):

“Sometimes i feel like a husk. other times i feel gross and not worthy of perception. i hate my body."
Stress

Score 1 (low levels of stress):

“Life is actually going pretty good lately, just wanting to talk to someone so someone can care about how good my

life is going.”

Score 5 (medium levels of stress):
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” My boyfriend and I have been together for like 5 years, but there's been so many new things and changes and

situations that keeps coming up”
Score 10 (highest levels of stress):

“The whole experience of this stress anxiety and depression have been riding on my back for so long and it’s been

awful like being forced to wear literal tons of weights on your back"
Sadness

Score 1 (low levels of sadness):

“i’'m feeling okay today, just want to chat a bit”

Score 5 (medium levels of sadness):

” It’s just sad to me that he won't even give me a chance”

Score 10 (highest levels of sadness):

“I feel alone and depressed and very dark and invisible. My life has been terrible for years and I never knew what it

was like to receive care."

Anger

Score 1 (low levels of anger):

“Well, you're really calmed me down, I feel much better now”
Score 5 (medium levels of anger):

” Yeah it annoyed me because I would never do this to them... and when I express those emotions, I get called the

mean and fake friend”

Score 10 (highest levels of anger):

“I feel anger a lot of anger like at myself my family all the people that could have helped me but chose not to"
Anxiety

Score 1 (low levels of anxiety):

“The other alternatives I have explored is drawing, music, and talking to my mom that I only trust to talk to and

even I hug her too!”
Score 5 (medium levels of anxiety):

”it’s kind of a lot and i might be overreacting it but it’s just the stress of keeping up grades and getting frustrated
with myself”

Score 10 (highest levels of anxiety):

“So intense that i can hear my heart racing and my fingers sweating and i get the chills in my spine”
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Loneliness
Score 1 (low levels of loneliness):

“My best friend is the person I usually go to when I'm ranting and she rants back. We go to each other all the time

for advice or for a pick me up”
Score 5 (medium levels of loneliness):

” I was alone a lot at in-person things like school or clubs, but I had online friends. I can deal with my own issues

alone most of the time but sometimes I do crave interaction or social support.”
Score 10 (highest levels of loneliness):

“My mom abandoned me when I was around five, I lived what my grandmother she never let us leave the house
other than going to school so I didn't have much of a social life and I didn't really know how to talk to other kids my

age, so I got bullied a lot"

Optimism

Score 1 (low levels of optimism):

“Some people are just doomed no matter what they do”

Score 5 (medium levels of optimism):

“Honestly, some days I wonder why I bother, but that’s when I am frustrated. I try to imagine the restart”
Score 10 (highest levels of optimism):

“It does fill me back up it shows me that there us good in ppl the warmth and the smile does it for me that shows

me humanity is worth every last bit of effort”

Appendix B

Examples of user’s struggles for the most common topics.

A. Social connection

“The guy I'm talking to is giving me mixed signals and I don’t know what to do”
Mental health conditions

“I have problems with anxiety, I may have ADHD and I don't know if I am depressed, but I also
may have problems with my feelings and emotions.”
Loneliness

“I'm really lonely because I have no friends and I can't actually do anything about it to fix how I
feel”
Stress

“Life makes me feel stressful with inadequate solutions to find peace”
Identity

“I'm sad because I can’t do hockey as a girl it really makes me depressed”

Appendix C
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Examples of user reviews highlighting common themes.

A. Feeling heard and understood

“I feel less anxious now that I've talked about my thoughts and feelings. I felt heard and they gave
me good advice. I was able to say anything without any judgment or hesitation.”
Emotional relief

“I do feel a bit better, like some weight was lifted off my chest & shoulders :)”
Enjoyment of helping others

“I love helping people with their thoughts, it was lovely! <3”
Praise and gratitude towards moderators

“[moderator] was a very good moderator, understood my feeling and provided helpful resources,
is very kind and understanding about what you have to say, no matter the topic.”
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