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Abstract

Introduction: The transition to college is a period of elevated risk for a range of mental health
conditions. Although colleges and universities strive to provide mental health support to their
students, the high demand for these services makes it difficult to provide scalable, cost-effective
solutions.

Objective: To address these issues, the present study aims to compare the efficacy of three
different treatments using a large cohort of 600 students transitioning to college. Interventions
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were selected based on their potential for generalizability and cost-effectiveness on college
campuses.

Methods: The study is a Phase Il parallel-group, four-arm, randomized controlled trial with

1:1 allocation that will assign 600 participants to one (n = 150 per condition) of four arms: 1)
group-based therapy, 2) physical activity program, 3) nature experiences, or 4) weekly assessment
condition as a control group. Physiological data will be collected from all participants using

a wearable device to develop algorithmic mental and physical health functioning predictions.
Once recruitment is complete, modeling strategies will be used to evaluate the outcomes and
effectiveness of each intervention.

Discussion: The findings of this study will provide evidence as to the benefits of implementing
scalable and proactive interventions using technology with the goal of improving the well-being
and success of new college students.
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Introduction

The transition to college is a high-risk period with more than a third of students entering
college with a mental health diagnosis [1]. The COVID-19 pandemic, increased academic
demands, novel social pressures, and daily stressors have increased the risk for the
development of major depression and generalized anxiety during the first year of college
[2,3]. In response to these mental health demands, institutions of higher education need of
programs to counteract these stressors and prevent the onset of such conditions at scale [4].
Preventative programs that focus on strategies to promote overall well-being and manage
stress have shown promise [5,6]. Well-being is defined a sense of elevated positive affect,
adaptive interpersonal relationships, and overall positive functioning in daily activities [7,8].
Meta-analyses have suggested that preventive programs delivered early in a college career
can mitigate the likelihood of more severe adverse outcomes during the start of college [5].
However, the optimal models that can be used at scale remains unclear.

Two challenges towards developing prevention models for students transitioning to college
are their cost and scale. Traditional mental health treatments often use one-on-one treatment
models. Estimates suggest that 34% of college students seek mental health treatment [1].
This is likely an underestimate as many students who would benefit from mental health
services do not seek them out or are unable to receive them [9]. To meet demand, a small
university with 5,000 students would have approximately 1,500 students seeking services
and need 50 or more mental health providers [10]. This demand highlights the need for
scalable strategies to address the mental health needs of students transitioning to college.

The current study proposes three preventative interventions aimed at improving wellbeing
for college students. First, group-based therapy that helps students acquire cognitive and
behavioral skills to use adaptive behaviors such as cognitive restructuring, relaxation
techniques, and sleep hygiene have been shown to be effective for depression, generalized
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anxiety, and chronic stress across a range of populations [11-13]. Recent meta-analyses have
suggested that group-based therapy is highly effective at treating such conditions, including
depression and generalized anxiety, in college students [14,15]. These interventions are
cost-efficient when administered by peers or clinicians in training, when group sizes can
accommodate larger (> 5) numbers, and appropriate supervision is available (Votta &
Deldin, 2022). Despite these advantages, training is still needed to ensure group leaders can
deliver the intervention with fidelity. Appropriate supervision of group leaders is necessary,
which requires additional resources and infrastructure.

A second scalable strategy is regular physical activity. Meta-analyses and systematic reviews
have demonstrated that regular physical activity is associated with improved physical and
mental health outcomes [16,17]. The primary target of such interventions is an increased
frequency of rigorous physical activity, as such activity engages multiple biological systems
involved in well-being [18]. Many college campuses have fitness facilities and wellness
programs available to students at low or no cost [19]. Thus, physical activity programs for
students may also promote well-being and give students a means by which to manage stress.
The costs associated with such programs include the maintenance of such facilities and the
availability of trainers.

A third approach that has received less empirical attention in the literature, but may prove
effective and cost-efficient, is exposure to the natural environment. Regular exposure to
nature has been associated with increases in positive affect in college-aged samples [20,21].
There is evidence for a dose response relationship in that more time in green spaces is
associated with larger increases positive affect [22,23]. Many college campuses have access
to green spaces and nature conservation areas. Access to such areas may vary based on

the urbanicity of an institution’s location, however. Nature-based programming can be
student-run, done in a group setting, and require minimal additional costs to an institution or
student. This approach has not yet been evaluated in a rigorous manner such that it remains
unclear as to the efficacy of exposure to nature as a potential preventive intervention.

Determining the efficacy of such approaches requires an accurate assessment of the
proposed targets for each intervention. Continuous monitoring via active data collection

- those that require user input - may prove overly burdensome [24]. Passive data

collection - data collected from wearable sensors requiring minimal user interaction — is
useful in assessing the extent that each target is engaged. Such wearables can capture
numerous indices of well-being including sleep, physical activity, and information about
the environment in which an individual spends time [25]. Furthermore, passive data can be
gathered for individuals across all intervention groups. Thus, it is possible to test the extent
that target mechanism is associated with well-being beyond a given treatment package. For
example, if time spent in nature is associated with well-being and all three groups increase
their time spent in nature by going on a walk as part of behavioral activation, running in a
forested area, or going on a hike, the outcomes of all groups may appear similar. However,
these similar outcomes can be tied directly to the mechanism of interest, time in nature, and
thus allow for a more precise conclusion to be drawn.
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The present study, the Lived Experiences Measured Using Rings Study (LEMURS), aims to
compare the efficacy of three treatments delivered to a large cohort of students transitioning
to college. Participants will receive either 1) group-based therapy, 2) a physical activity
program, 3) a nature experiences group, and 4) a weekly assessment condition (control
group). It is hypothesized that all three active interventions will show increased well-being
as well as reduced anxiety, depression, and stress relative to the control group. Based

on the available prior evidence, it is hypothesized that the therapy and physical activity
groups will report reduced anxiety, depression, and stress relative to the nature experiences
group. However, there are meaningful differences in the costs needed to mount each group.
The cost for each intervention will be tracked and compared at the conclusion Finally,
passive data collected via a ring worn wearable and mobile devices will be collected on

all participants. These data will be used to evaluate potential mechanisms of change across
all intervention groups including engagement in positive activities, physical activity, and
exposure to nature.

2.1 Trial Design

The study is a Phase 11 parallel-group, four-arm, randomized controlled trial with 1:1
allocation across treatment conditions to evaluate the efficacy and non-inferiority of three
potential interventions to improve well-being during the transition to college (Figure 1). The
trial was reviewed and approved by the University of Vermont Institutional Review Board
and registered with Clinicaltrials.gov: NCT05841979.

2.2 Participants

Participants will be N = 600 undergraduate students in their first year at a public university.
Inclusion criteria are to have a mobile device, be 18-24 years old, and a full-time student.
Recruitment will occur via advertisements for a project assessing well-being throughout
campus.

2.3 Recruitment and Randomization

Recruitment will be conducted remotely. Participants will scan a QR code from
advertisement materials to access a brief eligibility survey. The survey will determine if they
were in their first year and had a mobile device capable of running the mobile applications
required for the study. Eligible participants will be sent an online consent form, a brief
video summarizing the study along with the risks and benefits of participating, and a
comprehension quiz. Enrollment will occur continuously in the Fall semester until the target
sample size is obtained. Once participants are enrolled, they will attend a large in-person
event with study staff to be oriented to the study. Participants will be randomized in blocks
of eight by a study data analyst to allow for equal distribution across the conditions. Group
assignment will be delivered the first week of the Spring semester.

2.4 Interventions

Participants (n = 150) will be randomized to the following four conditions (Table S1). All
interventions will be delivered in-person.
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2.4.1 Group Therapy—Participants randomized to the group therapy condition will
receive a 14-week course of the Mood Lifters (ML) treatment protocol designed for
undergraduate students. ML, a novel mental wellness program, was developed as a more
accessible means to provide psychotherapy (Votta & Deldin, 2022). Meetings cover
biopsychosocial areas and skills that were drawn from multiple established therapeutic
interventions. Areas included addressing negative thoughts, problem-solving, building
relationships, and behavioral activation. Work towards individualized goals and practice
is implemented through a homework points system. Points are used as a tracking system
for achieving behavioral goals such as improved sleep and mood. This system is designed
to increase engagement by reducing the burden of tracking multiple behaviors and making
the process of tracking enjoyable. Participants will share their points accrued each week as
a means of assessing their use and engagement with the target skills used in the current
intervention. In the current study, participants will be randomly assigned to groups of 15
members. Group sessions will occur weekly for one hour and review the predetermined
weekly topic. The cost for an academic year of the Group Therapy group is estimated at
$195,000 (Table S2).

ML is delivered by peer leaders who are individuals that have completed the program

as well as a training program to improve its dissemination. Peer leaders will undergo a
dedicated training program that involves completing a course of the Mood Lifters program,
a workshop on the delivery of the ML program, and an evaluation with a live confederate to
demonstrate competency. Additional information is available from the ML program (https://
moodlifters.com/). Throughout the semester, therapists will receive weekly supervision from
a licensed clinical psychologist. Adherence will be monitored using a checklist devised for
each session to ascertain the number of session components that will be covered in each

group.

2.4.2 Physical Activity—Participants randomized to the exercise arm will receive 14
weeks of a structured weekly strength and conditioning training program. The training
program consists of three training sessions per week, with one being an in-person group
session guided by a certified strength and conditioning specialist with the necessary training
expertise to deliver the intervention. Specialists will be provided with a series of exercise
routines and trained in their implementation. These routines are designed for general fitness
and thus contain basic exercises that a certified conditioning specialists will be able to
implement. The trainers will receive regular guidance from the athletic director. The other
two training sessions are self-guided via the mobile app Trainheroic.

Each of the training sessions will follow a similar format. The sessions begin with a
10-minute warm-up. The session then shifts focus to general strength training (20 minutes)
consisting of “circuit style” strength training movements (designed to develop strength
and fitness at the same time). After the strength portion of the session, training shifts to

a cardiorespiratory focus (20 minutes). Finally, the session concludes with a 10-minute
cooldown period of static stretching exercises. Group-based adherence will be assessed
using a checklist in which the interventionist determines the number of activities that

were conducted in each session. Participants will also report their engagement in group
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and individual activities via the pre-made workout routine in TrainHeroic. The cost for an
academic year of the Physical Activity group is estimated at $6,300 (Table S2).

2.4.3 Nature Experiences—Participants randomized to the Nature Experiences will
participate in 14 weeks of group and self-directed activities to connect with the natural
environment. The goal of the intervention is to spend three hours per week engaged

with the natural environment. Weekly group activities will be led by Nature Guides, who
are undergraduate and graduate students with extensive outdoor education training. The
intervention will follow a manual that was created for the study that outlines activities

to be conducted as a group each week. Prior to the start of the intervention, Nature

Guides met with the developer of the manual to review each activity and general safety
information. Locations for each activity were selected based on the number of natural
elements with the goal of maximizing quality (e.g., minimal urban elements, large number
of natural elements). Group activities will last one hour a week and include hiking in
forests, observations in greenhouses, walking in parks, birdwatching, and present-centered
mindfulness activities. Each activity will involve at least an hour in natural space. Hikes,
walks, and observation activities involve spending time in areas with mostly natural
elements with a focus on observing these elements. One session involves a mindfulness
reflection while in a natural space that involved bringing awareness to the details of the
environment. For their individual activities, participants will be given a list of self-directed
activity suggestions each week. Adherence will be evaluated with an intervention specific
checklist that will determine the type and number of activities that were conducted within
each group session and self-reported activities via the Team LEMURS application. Exposure
to nature will be monitored passively using a mobile application, NatureDose, that is
described below. The cost of the Nature Experiences group is estimated at $2,940 (Table
S2).

2.4.4 Weekly Assessment—The weekly assessment condition will not be asked to
engage in any specific activities for a given week. This condition will only complete the
weekly self-report assessments, have NatureDose on their mobile device, and sync their
Oura Ring.

2.5 Assessments

Assessment data for the current study were conducted via mobile application and Oura
rings. A study-specific mobile application named Team LEMURS (Figure 2) was created
to manage remote data collection. The application will administer self-report instruments
via Qualtrics, facilitate data synchronization via the Oura Ring App, provide overall
communication with study participants, and encourage participation in the assigned
interventions. The application will also be used to monitor adherences for all interventions.
Each week, participants will endorse their attendance at their group-specific intervention
meeting and if they engaged in individual intervention activities.

2.5.2 Self-Report Assessments—Self-report assessments will be administered
weekly via an embedded Qualtrics link within Team LEMURS. The length of the weekly
assessment battery is 46 Likert Response questions. For Week 1, Week 7, Week 14, and
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follow-up assessments at month 6 and 12, additional measures will be added for a more
comprehensive baseline, mid-treatment, and post-treatment assessment (Table 1). Unless
otherwise specified, all measures referenced the past week.

Depression, Anxiety, Stress, Scale - 21 [DASS-21 26]: The DASS-21 is designed to
measure depression, anxiety, and stress. Higher scores indicate greater depression, anxiety,
or stress. The DASS-21 has been shown to have accurately distinguish between depression,
anxiety, and stress in diverse samples of those with a range of psychopathology [27].
Internal consistency and concurrent validity were found to be excellent in validation studies
[27,28].

Perceived Stress Scale [PSS; 29]: The PSS is a 10-item measure of stress associated

with life events. Higher scores indicate greater stress. The PSS has excellent psychometric
properties among college studies including high internal consistency, construct validity, and
a replicable factor structure [30].

Sleep Quality Index (Snyder et al., 2018): The Sleep Quality Index is a single-item
self-report measure designed to assess the overall quality of sleep during the past week.
Respondents indicate their quality of sleep on an 11-point scale ranging from “Terrible”

to “Excellent.” The Sleep Quality Index has strong criterion validity as shown to have

high correlations with mutli-item measures of sleep quality [31]. Furthermore, it accurately
distinguished those with and without known sleep difficulties.

Warwick-Edinburgh Mental Well-being Scale (WEMWABS; Tennant et al., 2007): The
WEMWSABS is a 14-item scale of mental well-being designed to measure subjective well-
being and psychological functioning. Higher scores indicate greater well-being. Studies with
the WEMWABS have shown that it has excellent internal consistency, high construct validity,
and strong test-retest reliability [32]

Medical Outcomes Social Support Survey (MOSSS; Sherbourne & Stewart,

1991): The MOSSS is a 19-item questionnaire that measures the level of the perceived
social support across four dimensions: emotional/informational, tangible, positive social
interaction, and affection. Higher scores indicate greater social support. The timeframe

for the MOSSS was the past month. The MOSSS has shown to be one of the most well-
established measures of perceived social support having shown construct validity in a range
of populations [33,34]

Time Outside Survey: The Time Outside Survey was developed for this specific study.

It was modified and developed based on research studies examining activities conducted
outdoors in nature [23,35-39]. Questions asked for self-reported information on the number
of days spent outside, the average hours/minutes spent outside during these days, and the
time of day these activities occurred.

Brief Screener for Tobacco, Alcohol, and other Drugs (BSTAD; Kelly et al., 2014): The
Brief Screening for Alcohol, Tobacco, and other Drugs questionnaire is a self-report
measure designed to assess substance use amongst adolescents and young adults. The
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questionnaire asks about the use of a specific substance in the past month and the number
days in which the substance was used. The BSTAD was developed by the National
Institutes of Health to serve as a brief screener for substances among young adults (https://
nida.nih.gov/bstad/).

2.5.3 Passive Data—~Participants will be given an Oura ring for the study, a wearable
device that contains three primary sensors: an infrared photoplethysmography sensor used
to measure heart rate and respiration, a negative temperature coefficient sensor used to
measure body temperature, and an accelerometer for measuring movement. [41,42]. These
sensors are combined with algorithms and information obtained via a mobile device to
derive measures of physical activity and sleep quality. Daily physical activity scores range
from 0-100 and indicate the amount of physical activity and associated rest/inactivity for a
given day [43]. Higher scores indicate an optimal balance between physically active periods
and restful and recovery-based periods. Sleep scores also range from 0-100 with higher
scores indicating better quality of sleep [41,44].

To gain more information on the types of outdoor environments in which participants spent
time, all participants will use NatureDose [45]. NatureDose is a mobile application that
assesses time spent in nature. This data is obtained from land and vegetation databases

and air pollution indexes to quantify the quality of natural elements to derive a per-minute
NatureScore that ranges from 0 (poor) to 100 (high). NatureScores are aggregated per week
to indicate the quality and the duration of the nature to which they were exposed [45].

2.6 Data Analysis

The primary analyses for the current study will determine the superiority of intervention
conditions to the weekly assessment group using an ITT sample. Differences between

the active treatment conditions will be determined within a multilevel model framework

to account for the longitudinal nature of the data. The level 2 model will include

covariates such as housing location, medication status, and engagement in ongoing therapy.
If a covariate is associated with outcomes, it will be evaluated as potential moderator

of treatment response by including interaction terms between the covariate, treatment
condition, and slope. The level 1 model will contain an intercept corresponding to the
baseline assessment and coefficients for a slope using the 14 weeks of assessment.
Hypotheses for group differences will be evaluated with a series of planned contrasts at level
2. For the WEMBS, a comparison between the active treatment conditions and the weekly
assessment condition will be conducted. For the DASS 21 subscales, and PSS the contrasts
will determine if (1) there is a difference between the active treatment conditions and weekly
assessment condition and (2) if the group therapy and physical activity conditions had
greater reductions than the nature experiences condition. Analyses using follow-up data will
incorporate information obtained from the follow-up assessments into the linear model.

Follow-up analyses will examine potential mechanisms as obtained by wearables of
treatment outcome for each intervention [46]. The mechanisms of interest are exposure
to nature as measured by the NatureScore, physical activity as measured by the Oura
ring physical activity score, and Mood Lifters points. The NatureScore and Oura data is
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obtained for all participants across all conditions. First, comparisons will be made between
each treatment condition on each mechanism using a MLM. The intervention that was
hypothesized to target a given mechanism will serve as the reference group for each
analysis. These results will determine if a given intervention was associated with a change
in each mechanism. Second, follow-up analyses will examine the association between each
mechanism and treatment outcome within each intervention group. This second step will
be performed for the group therapy condition with Mood Lifters points as these are not
available for the other interventions.

As a final step, follow-up exploratory analyses will be conducted to identify potential
moderators of treatment response for each condition that include /ethnicity, gender identity,
and first-generation status. Finally, the costs associated with mounting each intervention

will be compared. A sample size of 150 per condition (N = 600 total) provides sufficient
power to detect group differences as small as 0.1 standard units with 0.80 power. With an
expected attrition rate of 20%, it is still expected that the study will have sufficient power to
detect differences among the conditions. There were no planned interim analyses or stopping
guidelines.

3. Discussion

The described protocol outlines a four-arm randomized controlled trial to evaluate strategies
to promote well-being during the transition to college. The transition to college is a
developmental period full of dynamic changes and emotional turbulence [9]. Identifying
feasible strategies to help students successfully manage that transition is a high priority for
institutions of higher education. The interventions under evaluation in the current study have
the potential to address this need in a cost-effective and scalable manner. The results will
also ascertain which intervention has the greatest effect on different domains of well-being
ranging from self-reported mental health to engagement in wellness behaviors.

The current study has several strengths. First, the study will use weekly self-report
assessments of the primary outcome variables. This approach will allow for a greater
understanding of the dynamics that students undergo during this transition to college.
Second, the use of wearables permits the collection of large quantities of physiological

data that require minimal user input. We are thus able to measure treatment targets for most
of the interventions in all participants. This will allow us to determine the magnitude of the
association between a given target and outcomes. Third, the remote sensors that are used
are relatively low profile, provide high-quality measurements, and have a substantial battery
life that can be used without regular charging throughout the day. Fourth, the sample will
be recruited from the entire body of first-year college students as opposed to those who

are specifically seeking treatment. Therefore, the results of the study, including outcome
data and completion rates, are likely to be generalizable. Finally, the interventions that are
used are all low-cost and utilize resources widely available to many institutions of higher
education. Thus, the findings of the current study are likely to be disseminated should they
support the hypotheses.
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There are several limitations in the current trial as well. The well-being and mental health
assessments are self-report, which is prone to bias. Self-report measures were selected due to
the challenges of using interview or behavioral coding methods with large samples. The use
of the wearable data also offsets these biases by providing objective data. Another limitation
is the generalizability of data collected via Oura rings, which may be cost prohibitive at

the time of this study. Furthermore, the nature experiences and group therapy arms are
multi-component interventions that involve multiple activities. It may be unclear if a specific
activity was effective relative to the whole treatment package. The current study was limited
to full-time students who are of the typical age for the transition to college. These results
may not fully generalize to part-time students or nontraditional students. The intervention
will be deployed in the Spring semester of the participants’ first academic year as opposed to
their first semester on campus. This was done for feasibility in that it will not be possible to
implement the interventions and conduct recruitment prior to students arrival on campus.

The current study will be among the largest clinical trials to determine how to improve

the transition to college. Recent events have made this period uniquely challenging, and
there is a need for institutions of higher education to support newly enrolled students [3].
Devising strategies that are sustainable is key to providing the necessary support. The results
of the present study will provide evidence for different strategies that are generalizable and
scalable.
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Highlights
. The transition to college has become increasingly difficult for a wide range of
students.
. Institutions of higher education struggle to meet the demands for mental
health treatment.
. Interventions that are cost-effective and can be delivered at scale are needed.
. Objective measures of well-being, such as those obtained by wearables, may

inform the delivery of such interventions.

. Three interventions will be evaluated including a peer-led group therapy, a
physical activity group, and a nature exposure group.
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Diagram outlining the study flow.
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welcome to the

™ Birdwatching @Sunset

Figure 2.
Images of the Team LEMURS Mobile Application to administer surveys and collect Oura

Ring data.
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