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Abstract

Background: The COVID-19 pandemicisapublic health emergency that poses challengesto the mental health of approximately
1.4 million university studentsin Canada. Preliminary evidence has shown that the COV1D-19 pandemic had adetrimental impact
on undergraduate student mental health and well-being; however, existing data are predominantly limited to cross-sectional
survey-based studies. Owing to the evolving nature of the pandemic, longer-term prospective surveillance efforts are needed to
better anticipate risk and protective factors during a pandemic.

Objective: The overarching aim of this study isto use a mobile (primarily smartphone-based) surveillance system to identify
risk and protective factors for undergraduate students’ mental health. Factors will be identified from weekly self-report data (eg,
affect and living accommodation) and device sensor data (eg, physical activity and device usage) to prospectively predict
self-reported mental health and service utilization.

Methods: Undergraduate students at Western University (London, Ontario, Canada), will be recruited via email to complete
an internet-based baseline questionnaire with the option to participate in the study on aweekly basis, using the Student Pandemic
Experience (SPE) mobile app for Android/i OS. The app collects sensor samples (eg, GPS coordinates and steps) and self-reported
weekly mental health and wellness surveys. Student participants can opt in to link their mobile data with campus-based
administrative data capturing health service utilization. Risk and protective factorsthat predict mental health outcomes are expected
to be estimated from (1) cross-sectional associations among students' characteristics (eg, demographics) and key psychosocial
factors (eg, affect, stress, and social connection), and behaviors (eg, physical activity and device usage) and (2) longitudinal
associations between psychosocial and behavioral factors and campus-based health service utilization.

Results. Data collection began November 9, 2020, and will be ongoing through to at least October 31, 2021. Retention from
the baseline survey (N=427) to app sign-up was 74% (315/427), with 175-215 (55%-68%) app participants actively responding
to weekly surveys. From November 9, 2020, to August 8, 2021, atotal of 4851 responses to the app surveys and 25,985 sensor
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samples (consisting of up to 68 individual dataitems each; eg, GPS coordinates and steps) were collected from the 315 participants
who signed up for the app.

Conclusions:  The results of this real-world longitudinal cohort study of undergraduate students mental health based on
guestionnaires and mobile sensor metrics is expected to show psychosocial and behavioral patterns associated with both positive
and negative mental health—related states during pandemic conditions at a relatively large, public, and residential Canadian
university campus. The results can be used to support decision-makers and students during the ongoing COVID-19 pandemic
and similar future events. For comparabl e settings, new interventions (digital or otherwise) might be designed using thesefindings

as an evidence base.
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(9):€30504) doi: 10.2196/30504

DERR1-10.2196/30504
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Introduction

There are approximately 1.4 million students enrolled at
Canadian universities[ 1], and more than 50% of studentsreport
feeling overwhelmed, lonely, anxious, and depressed during
typical periods of study [2]. The presence of mental health
concerns places a demand on campus mental health services,
which has only escalated as students cope with the psychol ogical
effects of the COVID-19 pandemic [3,4]. Since the start of the
pandemic, undergraduate students have faced abrupt
campus-based restrictions, displacement from on-campusliving
and learning environments, increased financial uncertainty, and
unprecedented shifts to web-based learning. Further, the
necessary physical distancing policies have diminished
opportunity for social connection, whichisimportant for coping,
particularly during a public health crisis [5]. Preliminary data
on undergraduate students have shown detrimental impacts on
mental health and psychological well-being [4,6-8]. For
example, over 100,000 postsecondary students from across
Canada participated in aweb-based Stati stics Canada—sponsored
guestionnaire about the impacts of the COVID-19 pandemic.
In Spring 2020, students reported significant concern about the
pandemic affecting their academic performance, the disruption
of their studies, loss of work, and increased concerns about their
financial stability [9,10]. Asthe pandemic progressed to 2021,
research involving undergraduatesin the United States, Canada,
and China continued to show that undergraduate students were
experiencing a multitude of difficulties related to their
well-being (eg, financial situation and food security) and
particularly their mental health (eg, depression and anxiety) as
aresult of the pandemic [2,3,7-14].

However, notwithstanding some published studies[15-18], the
existing knowledge on undergraduate student mental health
relies primarily on cross-sectional survey-based research. Owing
to the rapidly evolving nature of the pandemic, public health
restrictions, and the current vaccine rollout, research is needed
to examine the dynamic changesin student mental health. Earlier
recommendations for the psychological management of
COVID-19 urged widespread surveillance efforts [19], which
are critical in anticipating the forthcoming mental health needs
for students on campus [20]. Following this, studies that
successfully used mobile surveillance systems to examine

https://www.researchprotocol s.org/2021/9/e30504

student mental health during the pandemic are now emerging
[17,18].

However, to the best of our knowledge, none of these studies
have been performed at a Canadian university and linked to
campus-based administrative mental health utilization data. As
such, there is a unique opportunity and immediate need to use
a mobile surveillance system to identify the personal and
contextual risk and protective factors, which might prospectively
predict mental health among Canadian undergraduate students,
further contributing to the international results emerging in this
area. This protocol describes a study that integrates 3 separate
data sources—self-reported survey responses, mobile sensor
data, and campus-based health administrative data—to identify
indicators associated with student mental health. This method
of data acquisition based on our designed software will aid in
devising strategies to support vulnerable student groups and
potentially mitigate the adverse effects of COVID-19 and other
future pandemics.

The specific aims of this study are to estimate cross-sectional
associations among student characteristics (eg, living
accommodation, previous on-campus service utilization, and
demographics such as gender/sex), key psychosocia factors
(eg, affect, stress, coping, and social support), and behaviors
(eg, physical activity, deep, and device usage) during the
pandemic. This study will identify factors associated with
student mental health and coping responses during the pandemic.
Additionally, longitudinal  associations between key
psychosocial (eg, affect, stress, coping, and social support) and
behavioral factors (eg, physical activity, sleep, and device usage)
during the pandemic and key health service utilization outcomes
(eg, frequency of visits, diagnoses, and treatments) will be
estimated. We anticipate that the estimation of the previously
described cross-sectional and longitudinal associations will
allow for the identification of indicators of mental health and
coping responses during the COVID-19 pandemic for new
interventions, and may facilitate a prospective prediction of
mental health outcomes by using machine learning methods.

Methods

App Development

Members of this research group (CB, MAB, and DJL)
implemented anew software suite called Ecol ogical Momentary
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Assessment eXtensions 1 (EMAX1) in 2019, which consisted
of aserver and customizable mobile app for surveysand device
sensor data collection. Previous software in this area tend to
rely on uploads of large data batches. One example is
StudentL ife, which was used for research on university student
mental health since 2014 [21] and remains in successful use as
of 2021 [18]. In comparison, EMAX opts for more restrained
and transaction-based data collection to manage ethical
complexities around the collection of personal and potentially
identifiable data on a university campus [22]. In addition to
StudentLife, software comparable to EMAX has existed for
some time, such as (but not limited to) Funf (2011) [23],
Mobilyze (2011) [24], and Beiwe (2016) [25]. EMAX further
contributes to this space as an up-to-date solution which is
expected to be open-sourced/improved [22] for general
smartphone-based EMA-type research.

EMAX1 was used to facilitate the devel opment of a compact,
digitized version of an existing study called Smart Healthy
Campus (SHC). SHC investigated overviews of undergraduate
mental health by using long internet-based questionnaires.
EMAX1 was used as a cost-effective, customizable software
solution to eliminate the disadvantages of using long
guestionnaires while adding the capability to collect arange of
mobile device sensor readings and explore how they might
relate to undergraduate students' mental health profiles. The
EMAX1-based “Smart Healthy Campus’ app was published
on Android/iOS. A publication on the preliminary SHC
formative work was accepted during this protocol submission
[26].

For the current study the EMAX 1 software was repurposed and
upgraded to accommodate the pandemic context. Specifically,
the EMAX?2 upgrade was implemented to accommodate new

Figure 1. The Student Pandemic Experience (SPE) App.

Student Pandemic Experience

Welcome

Login and complete a surve

Sign up for study

Mental Health/Support Resources
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surveys focusing on the pandemic, background data collection
events, and additional sensor items (described in Textbox 1).
As EMAX2 was developed, a new Android/iOS app based on
it was branded as“ Student Pandemic Experience” to match the
study name, shown in Figure 1. At the same time, the protocol
for Student Pandemic Experience was developed with a
comprehensive baseline survey assessing sociodemographic
and broad indicators of mental health, and brief weekly
follow-up surveys measuring time-varying psychological
constructs (eg, affect and health behavior engagement). The
SPE study received Health Sciences Research Ethics Board
approval from Western University in October 2020 and
recruitment began in November 2020 when the iOS version of
the SPE app was released. The release of the SPE Android app
followed in December 2020. A separate paper to describe the
EMAX2 platform in technical detail will be available for
September 2021 [22].

For the SPE app, thereisamaximum of 68 individual dataitems
that may be recorded by our server when certain events occur,
such as a questionnaire response event or background data
collection event. Table 1 displays these, although each of the
68 data items are not listed on individual rows for brevity.
Individual components of key items (such as GPS coordinates)
are included as part of the 68-item total. Some items may not
be sent depending on participant permissions for the SPE app.
There are differences between Android and iOS, which only
allowed certain items to be collected on each platform. The
category “Mental Health and Support Resources panel” refers
to data collection features of a panel from our EMAX2-based
apps, which lists mental health—related services and
organizations local to Western University (London, Ontario,
Canada), with their weblinks and tel ephone numbers.

Student Pandemic Experience c"d
Question 1 of 40

u experienced any of the
following symptoms? Select all that apply.

I3 Difficulty Breathing

[ Loss of appetite

Museles aching

[ Sore throat

Diarrhea
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Tablel. A summary of the data collection features of the Ecological Momentary Assessment eXtensions 2nd edition—based Student Pandemic Experience

i0OS/Android App.

Data collected

Android i0S

Device and participant characteristics
Western university email address
Device make/model/platform
Time spent completing the survey
Time spent with the app open
Timestamps of requests

Process names of running apps and time spent executing, idling, RAM usage, and start times

Detecting the installation of a number of popular apps
Mindfulness minutes

Height/weight (if recorded)

Exercise information (if recorded)

Physical activity and sleep behavior

Step count information at various times and elevations (including floors ascended or descended) g

Apple bedtime information
System sleep time

Imprecise GPS coordinates (latitude, longitude, accuracy, heading, and speed)

Active device usage

System start time

Central processing unit/individual central processing unit coreidle, user, and kernel time

Available RAM/total RAM

SIM Information: call state at current time

Internet connection type (WiFi/data)

Device plugged in or not

Battery level

System up time

Air temperature, ambient light level, humidity, and air pressure
Amount of free storage space, internal or external

Counts of photos

O 0o o oo o Od
O o o o O o o o O o o o o

O ooooogoogoog

O O ooooooogoogo g

Mental health and support resour ces panel with weblinks and telephone numbers

Time spent with the panel open

Which resource links or phone numbers were selected (recordsiif participants tapped phone numbers or weblinks)

Social activity
Total contact counts
Family-related contact counts
Friend-related contact counts
Calendar events daily

Calendar events weekly

O
O

O o o o O
O oo o o

Study Design
SPE is alongitudina survey—based prospective cohort study,

with data collection based on the purpose-built SPE mobile app,
which relies on established smartphone persona sensing
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capabilities[27]. Itiscapable of weekly repeat measures, ideally
suited to studying time-varying phenomena [28]. The study
does share similarities with previous EMA-based smartphone
studies [16,21], athough this work will have only a weekly
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sample rate of self-report surveys, in addition to background
sensor data that are collected at multiple points daily.

Setting

The setting isWestern University from November 9, 2020, until
October 31, 2021. Funds permitting, the study may extend into
the Fall 2021 semester, but the study is not expected to continue
to 2022. Most participants stated they were living on or near
Western University’s main campus during the Fall 2020/Winter
2021 semesters; othersmay belocated out of town simply owing
toliving arrangements. Asthe baseline survey isinternet-based,
and additional participation is facilitated through the SPE app,
participants may contribute to the study from any location. At
thetime of writing, some were participating in various countries
outside Canada.

Throughout the pandemic, significant outbreak eventsoccurred
in residence buildings and in predominantly student living areas
in London (Ontario, Canada), similar to other universities[29].
Considering that predominantly student living areas can be
COVID-19 hotspots and that restrictive measures changed, we
believe this justifies the weekly repeat measures and hourly
sensor data collections for this investigation of an overview of
undergraduate mental health. Additionally, provincia/university
restrictive measures are expected to influence participant
location. For instance, Western University’s residences were
not fully open again in 2021, until February, as Western
University delayed opening its residences owing to the
provincial lockdown.

Recruitment and Consent

Through campus-wide emailing systems, all Western University
undergraduate studentswereinvited viamass email to complete
aweb-based baseline survey. To complete the baseline survey,
a participant had to view and accept the letter of information
and consent for the study. After completing the baseline survey,
participants received another email with information on the SPE
app and Snapchat and quick response codes to download. If
participants chose to continue with weekly participation through
the SPE app, they were required to view theletter of information

https://www.researchprotocol s.org/2021/9/e30504
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again during the sign-up process in the app and were also able
to consent for linkage with their records from administrative
sources on campus (health and psychological services).

Inclusion and Exclusion Criteria

Theinitial inclusion criterion was that a participant would be a
first-year undergraduate student at Western University; to
increase enrollment, in January 2021, this criterion was relaxed
to include any undergraduate students. Exclusion criteriawere
an inability to provide written informed consent or to complete
surveys or forms owing to language or cognitive difficulties;
students enrolled in graduate or professional programs,; or
students enrolled and actively participating in the SHC study,
which employed a similar version of the software and was
initiated prior to the pandemic.

Participant Compensation

Participants will be remunerated for time spent completing
surveys. Participantswho submitted theinternet-based baseline
surveys will be compensated with a Can $10 Amazon e-gift
card. Participants who complete at least 3 of 4 weekly surveys
each month will be compensated with aCan $10 Amazon e-gift
card per month. This compensation structure was intended to
optimize baseline recruitment and promote participant retention
over time.

Baseline Survey

The SPE basdline survey is composed primarily of existing
psychometrically tested instruments that demonstrate validity
evidence, and takes approximately 30 minutes to complete. It
is delivered on the internet through the Qualtrics XM platform.
Parti cipantswere asked about sociodemographic factors, current
living arrangement, physical and mental health history, social
support, and COVID-19-related risks. Participants may skip
any questions they prefer not to answer. The composition of
the baseline survey is outlined below in Textbox 1. Many
COVID-19 questions were adapted from The Healthy Minds
Network + American College Health Association COVID HMS
Survey Items Spring 2020 [30].
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Textbox 1. Baseline survey items and questionnaires.

Brogly et a

Sociodemographics

« Age

o Sex & gender

.  Ethnicity

o Sexua minority status
. Relationship status

«  Socioeconomic status

Campus/student data

«  Faculty name

«  Degree (based on faculty)

o  Program year

«  Place of residence (on campusin residence, off campusin London, or off campus outside L.ondon)
e Classesenrolledin

«  Time spent web-based vs in-person learning

Diagnosed mental illness
. Lifetimediagnosis

COVID-19 assessment and history

«  Previousdiagnosis of COVID-19

o If yes, symptom severity

« If yes, hospitalization

«  Engaging in recommended hygiene practices
o  COVID-19-related discrimination

Physical activity

« Leisure Time Physical Activity Questionnaire [31]
Per ceived social connection

«  Socia Connectedness Scale 8-items [32]
Depressive symptoms

«  Patient Health Questionnaire 9 items [33]

Anxiety symptoms
«  Generdized Anxiety Scale, 7-item [34]

Flourishing

«  Flourishing Scale, 8-item [35]

Resilience

«  Brief Resilience Scale, 6-item [36]
Self-compassion

o  Self-Compassion Scale Short Version [37]

Body appreciation
. Body Appreciation Scale-2 [38]

https://www.researchprotocol s.org/2021/9/e30504
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Self-worth

«  Contingencies of Self-Worth Scale [39]
Weight bias

«  Weight Bias Internalization Scale [40]

Self-obj ectification
.  Sef-Objectification Beliefs & Behaviours Scale [41]

SPE App and Weekly Surveys

The SPE app facilitates the distribution of the weekly surveys
should participants choose to continue with the study past the
baseline survey. An app survey takes approximately 5 minutes
to compl ete each week. Push notificationsare sent to participants
weekly to remind them to complete a brief report of their
psychosocial states and behaviors over the past week. Similar
to the baseline survey, they are primarily based on existing
validated instruments with some new items for COVID-19.
COVID-19-related questions include 2 questions for reporting
on COVID-19 symptoms. A notification is set up on the app,
so that, if participants report in their questionnaire responses
experiencing at least 1 important COVID-19 symptom (such
asdifficulty breathing, fatigue, cough, loss of appetite, muscles
aching, sore throat, diarrhea, nausea, loss of sense of smell, or
fever), they are prompted to visit the Ontario government’s
COVID-19 self-assessment website [42] and be provided with
recommendations. Textbox 2 outlines the biweekly assessment
items.

https://www.researchprotocol s.org/2021/9/e30504

The SPE app supports other featuresin addition to administering
the questionnaire. Background data collection occurs every 1,
2, or 3 hours depending on the participant setting. When the
app is closed, background data collection stops. The app aso
includesa“Mental Health Resources’ panel that offers various
support servicesrelevant to Western University’s undergraduate
students. If a participant uses this panel, actions including
clicking on weblinks or telephone numbers to the services are
recorded. The app is designed to collect data from device
sensors, such as GPS coordinates, physical steps, and other
device and use characteristics (as shown in Table 1). When a
participant starts a questionnaire, completes a questionnaire,
uses the mental health resource panel, or when the app triggers
a background data collection event, based on the participant
setting, dataare collected through the app. All dataare sent over
HTTPS and are further encrypted when stored by the app server;
GPS coordinates are first encrypted on the device with RSA
before being sent over HTTPS.
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Mental health symptoms
«  Depression Anxiety and Stress Scale [43]

Self-compassion

o 6-item weekly self-compassion items [44]

COVID-19 monitoring

«  Symptom monitoring (adapted from Health Canada)
«  Pandemic worry

«  Impact of pandemic on academics

«  Impact of pandemic on mental well-being

« Impact of pandemic on first-year experience

Substance use
. Bingedrinking in past 2 weeks
o Useof recreational substancesin past 2 weeks

Affect
« Positive and Negative Affective Schedule [45]

Body emotions

«  4-item body self-conscious emotions [46]

COVID-19 monitoring

o Symptom monitoring (adapted from Health Canada)
« Impact of pandemic on first-year experience

«  Pandemic worry

«  Impact of pandemic on academics

« Impact of pandemic on mental well-being

Dietary restraint
« Redtrict food intake to influence shape/weight in past 2 weeks [47]

Physical activity
«  Moderate-to-vigorous physical activity in past 2 weeks
«  Strength training in past 2 weeks

o  Primary reason for exercising

Data Preparation and Analysis

SPSS, R, and Python will be used for datacleaning and analysis
of items described in Tables 1 and 2, as required. Additional
tools may also be used. The data infrastructure we develop for
subsequent publicationsis expected to support a wide range of
analyses, ranging from confirmatory (eg, studying the
association between COVID-19 perceptions and mental health
utilization) to exploratory (eg, identifying clusters of students
with similar psychological profiles). Theidentification of student
clusters based on the psychologica profile (derived from
guestionnaire responses and mobile sensor data) is expected to
reveal various mental health—related states, which may range

https://www.researchprotocol s.org/2021/9/e30504

from positive to negative, and predict campus-based mental
health utilization. Taken together, this information might then
be used to identify students at higher risk and inform
decision-making or build evidence-based interventions (digital
or otherwise) that may target at-risk individuals, and broadly
promote indices of positive mental health and reduce indices
of negative mental health.

Initial analyses will use the cross-sectional data to assess
univariate and multivariabl e associations between psychosocial
and behavioral factors and outcomes, including health and
psychological service utilization. Following this, thelongitudina
data will be used to assess these associations and their change
over time by applying repeated measurestechniques. Statistical
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comparisons might include (but will not be limited to) t tests,
analysisof variance, the Mann—Whitney U test, Kruskal-Wallis
test, Pearson/Spearman correlation analyses, and linear and
multiple regression analyses. This will be followed by
exploratory analyses using machine learning methodsto identify
latent structure in the data and to devel op predictive modelsfor
mental health outcomes. Additionally, alog of key eventsrelated
to the COVID-19 pandemic will be compiled during data

Brogly et a

collection. The log may include items such as on-campus
outbreaks and vaccine developments. Potential associations
between these events and study data will be explored during
analysis. Asthisisan exploratory study examining aconstantly
evolving health and socia phenomenon, additional research
questions and analyses are expected to arise as the study
progresses.

Table 2. Data collection summary from November 9, 2020, to August 8, 2021.

Data Value, n
Participants 315
Survey responses 4851
Sensor samples 25,985

Results

Participation and Data Collection Summary

After 2 months of first year—only recruitment from November
9 to December 31, 2020, atotal of 87 first year students were
actively participating. To obtain alarger participant group, we
amended the study in January 2021 to allow for recruitment of
all undergraduate students; atotal of 427 completed the baseline
survey. In total, 315/427 (74%) students signed up to use the
SPE app and 266/315 (84%) completed at least 1 weekly app
survey. Recruitment efforts ended in February 2021. From
mid-February to April 2021, weekly app usage was in a steady
range of 175-215 participants. Regular participation declined
over the summer term from May to August 2021, and by August
2021 there were approximately 95 participants still responding
to surveys. Data collection, at the time of this writing, was
conducted from November 9 to August 8, 2021, and data
collection was planned to conclude October 31, 2021. Data

https://www.researchprotocol s.org/2021/9/e30504

collection efforts are summarized below in Table 2. Each
participant completed at least 1 survey. Each “sensor sample”
consists of all theitemsin Table 1, although certain values for
items may be null owing to participant telephone permissions
(they may deny GPS access, for instance) or data simply being
unavailable depending on the situation or smartphone model.

The analysis of the survey responses (representative of mental
health—related states) and sensor sample data (representative of
associated lifestyle/behavior) is not provided in this protocol
paper and will be the main component of a subsequent
publication.

Demographics

Below, Table 3 outlines key aspects of participant demographics,
and Table 4 showskey participant experienceswith COVID-19.
These results were taken from the SPE internet-based baseline
survey. Owing to their length, some data that were collected
were omitted from these tables. The full versions of the tables
are provided in Multimedia Appendix 1.
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Table 3. Participant demographics at baseline. Additionally, as questions can be skipped, sometimes the cells for each item may not add to 100%.

Data Completed baseline survey  Completed baseline survey
and at least 1 app survey only (n=161), %
(N=266), %
What isyour gender identity?
Man 22.9 24.9
Woman 75.9 74.5
Trans man <52 <5
Trans woman <5 <5
Gender queer/gender nonconforming <5 <5
Enrollment status
Full-time 75.2 80.75
Part-time <5 <5
Missing 20 19.3
Enrollment year
First year 22.2 23.6
Second year 18.8 11.8
Third year 17.7 19.3
Fourth year 14.6 236
=Fifth year <5 <5
Devicetype
Android 14.7 224
i0S 85.3 77.6
How would you characterize your relationship status?
Single 56.8 55.9
In arelationship 421 41
Married, domestic partnership, engaged <5 <5
Missing <5 <5
Housing situation
On or off campus non-university housing in London, Ontario 515 48.4
On-campus housing 244 27.3
Qutside of London, Ontario 211 211
Other <5 <5
Proportion of classesenrolled in primarily web-based learning?
All classes 81.9 73.7
Some classes 28.1 26.3
Diagnosis for mental health condition
None 59.4 58.4
Do not know <5 <5
Anxiety 9 6
Bipolar disorder <5 <5
Depression 20 20.5
Eating disorder <5 <5
Neurodevelopmental disorder (eg, attention-deficit/hyperactivity disorder) <5 <5
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Data Completed baseline survey  Completed baseline survey
and at least 1 app survey only (n=161), %
(n=266), %
Obsessive-compulsive or related disorder (eg, body dysmorphia) <5 <5
Substance use disorder <5 <5
Trauma and stressor related disorders (eg, posttraumatic stress disorder) <5 <5

8For privacy reasons, “<5%" isused in some cells.

Table 4. Experience with COVID-19 at baseline. Additionally, as questions can be skipped, sometimes the cells for each item may not add to 100%.

Data Completed baseline survey  Completed baseline survey
and at least 1 app survey only (n=161), %
(n=266), %

Have you had COVID-19?

Yes (confirmed by atest) <52 <5
Probably (eg, a health care provider told methat | likely had COVID-19, butitwas <5 <5
not confirmed by atest)

Maybe (eg, | have had symptoms consistent with COVID-19, but it wasnot confirmed 7.9 75
through atest)

No (no symptoms or other reason to think | have had it) 89.5 90

How severe were any of the symptoms of COVI D-197°

Severe (eg, difficulty breathing or speaking, low blood pressure, and ahigh fever of <5 <5
103°F [39.4°C] or higher)

Moderate (eg, some shortness of breath, cough, afever of 100.4°F[38°C] or higher, 8.3 6.2
or mild [eg, cold-like symptoms])

No symptoms (asymptomatic) <5 <5

How likely do you think you will get COVID-197°

Very likely <5 <5
Likely <5 6.2
Somewhat likely 47 42.9
Not at al likely 36.8 41%

To what extent have you been following recommendations for hygiene practices (frequent hand-washing; avoiding touching your eyes, nose,
and mouth; and disinfecting surfaces)?

Not at all following recommendations <5% <5%
Not closely following recommendations <5% 6.2%
Somewhat closely following recommendations 46.2% 46.6%
Very closely following recommendations 49.2% 47.2

To what extent have you been following recommendationsfor social/physical distancing (maintaining a 6-foot distance between your self and
othersin public, avoiding large gatherings, and avoiding nonessential trips outside of home)?

Not at all following recommendations <5 <5
Not closely following recommendations <5 6.8
Somewhat closely following recommendations 46.2 50.9
Very closely following recommendations 49.2 41

For privacy reasons, <5% is used in some cells.
POnly asked to students who reported having had COVID-19.
®May include students that previously disclosed infection.
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Discussion

Expected Outcome

This novel and integrated surveillance paradigm will support
action to address student mental health during an unprecedented
public health crisis. The outcomes of this surveillance study
will provide postsecondary institutions with critical data to
support evidence-informed planning and decision-making after
a pandemic, as well as ongoing resourcing of student mental
health supports. Further, the SPE app will be used as a model
for the development of other institution-specific tools that
combine student-level data, campus-wide administrative data,
and longitudinal self-reported data. By examining associations
between (1) student characteristics and key psychosocia and
behavioral factors and (2) how these factors predict health
service utilization, this study will be essential to building
capacity at ingtitutionsfor the early estimation of student mental
health concerns, as well as informing the creation of agile and
responsive institutional policies during a public health crisis.

Impact

To the best of our knowledge, there are no comparable studies
conducted on student mental health at any Canadian institution
during a pandemic such as COVID-19. A study from aUS lvy
League university on student mental health during the pandemic
has been conducted with similar data collection techniques by
using a platform that pre-dates our EMAX software [17,18].
Although aspects of the university experience in Canada might
be comparable to those at institutions from other studies on
student mental health, it still is a nuanced experience that may
not be fully represented by other studies in the area. Further,
this study will be the first to integrate administrative
campus-based mental health utilization data with longitudinal
self-report and sensor data on mental health. Therefore, this
research isexpected to be of particular interest to post-secondary
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ingtitution stakeholders and policy makers in Canada. In
particular, this study has the potential to inform other
postsecondary ingtitutions that are considered a residential
campus, and thus comparableto Western University. Our results
are also expected to provide a foundation on which new
evidence-based interventionsin lifestyle (digital or otherwise)
might be designed to improve student mental health at Canadian
ingtitutions, given our combination of mental health—related
assessment via questionnaires with its associated sensor data
collected from cellphones.

Limitations

There are some limitations to the study. For instance, the data
collected during the end of 2020 were limited to first-year
students only, and were expanded to all undergraduate students
at the beginning of 2021. Additionally, despite our EMAX-based
SPE app being ableto collect up to 68 values from participants,
in practice we will receive less than that number since many
items were optional with cellphone permissions. Another
potential limitation is that participants might not have always
had their cellphones with them during lockdowns, which might
impact our results.

Conclusions

Given the absence of longitudinal data on student lifestyle and
indicators of mental health during a pandemic in Canada, this
study is expected to produce a unique assessment of
undergraduates with our mobile surveillance system, which has
captured aspects of day-to-day life combined with a significant
number of weekly responses. Analysis of these datais expected
to yield various mental health-related states associated with
academic and pandemic-related events. Our results are expected
to be of use for the design of interventions to improve student
mental health during apandemic and to institution stakeholders
who may benefit from the results for policy and
decision-making.
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