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Abstract
Introduction:We report findings from two feasibility studies with persons with SCI that aimed to leverage social support
to increase PA: a two-week study with nine participants and a four-week study with six participants.
Method: We recruited a total of 17 participants across two phases (10 participants in Phase 1 and seven participants in
Phase 2). In dyads, participants used a smartphone-smartwatch application that we iteratively developed based on par-
ticipant feedback. The application delivered just-in-time support based on measured PA and encouraged reciprocal self-
disclosure to increase closeness within dyads.
Results: Participants found the delivery of messages during detected PA to be motivational. Some liked automatically
sharing tracked PA with others and did not have privacy concerns about doing so, and most preferred exchanging real-time
messages more than context- or activity-triggered messages. Participants also expressed that feeling connected to their
partner increased motivation to engage in PA.
Conclusion: Participants expressed that they liked being able to connect with individuals with shared life experience to
exchange encouraging messages. There are, however, challenges that need to be addressed before a large-scale deployment
of this technology, including user concerns about automatically detected activity.
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Introduction

Spinal cord injury (SCI) is a neurologic condition that limits
the autonomy and mobility of over 250,000 individuals
worldwide every year.1 Individuals with SCI are at a higher
risk than the general population for secondary conditions
such as pressure ulcers, diabetes, cardiovascular disease,
obesity, and depression.2,3 Researchers have shown that PA
in individuals with SCI improves the health-related quality
of life4 and reduces risk factors for secondary conditions
such as cardiovascular diseases.5 Thus, research-backed
guidelines for adults with SCI recommend they engage in
at least 20 minutes of moderate-to-vigorous intensity aer-
obic exercise twice per week and three sets of strength

exercises for each major functioning muscle group at a
moderate-to-vigorous intensity twice per week,6 similar to
PA guidelines for the general population.7 In a study con-
ducted with a sample of 73 individuals with SCI in Canada,
however, researchers found that less than 12% of partici-
pants were performing the recommended amount of PA.8 In
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addition to challenges faced by the general population,
individuals with SCI face further challenges to safely engage
in PA including physiological changes, limited mobility,
accessibility of spaces, and fatigue.9,10 Given the impor-
tance of PA for preventative healthcare for individuals with
SCI, researchers should focus on developing new strategies
to increase PA levels in this population.

Having adequate social support can lead to an increase in
an individual’s PA levels in both the general population and
individuals with SCI.10,11 Many individuals with SCI do
not, however, have adequate social support from people in
their daily lives.12 Thus, we propose combining peer support
in health-based interventions, just-in-time-adaptive inter-
ventions (JITAIs), and strategies in psychology to rapidly
increase closeness between strangers11,13,10,14–16 and in-
crease motivation to engage in PA. In a peer-mediated in-
tervention to increase PA levels in individuals with SCI,
significant increases were observed.17 In prior work,12,18

researchers found that the timely exchange of digitally
mediated social support may increase motivation for PA in
individuals with SCI.

JITAIs are used in mobile health applications to detect the
‘right moment’ to deliver an intervention based on sensor
data and/or user input to infer an individual’s context and
receptivity to an intervention.19 HeartSteps20 and MotiFit21

applications are JITAIs intended to increase PA by deliv-
ering contextually tailored suggestions using push notifi-
cations when the applications detect sedentary behavior. The
PHIRE22 application estimated PA levels in wheelchair
users with SCI and provided real-time feedback that in-
creased PA in 11 of 20 participants. JITAIs can be tailored to
the needs of wheelchair users to provide accurate real-time
measurement and feedback on PA.

Strategies that are intended to increase closeness and
liking between individuals include reciprocal self-
disclosure,23 shared humor,24 sharing painful or dis-
tressing memories with each other,25 sharing novel ex-
periences together,26 mutual gaze,27 and sharing gratitude
with someone who has positively impacted one’s life.28

Our research incorporates the reciprocal self-disclosure
strategy because it aligns best with the features of our
application.

To our knowledge, little literature evaluates the feasi-
bility of JITAIs that incorporate social support to increase
PA levels in individuals with SCI. To address this gap and
develop strategies to ensure individuals with SCI who use
manual wheelchairs benefit from emerging JITAI technol-
ogies, we conducted two exploratory studies where we
tested concepts for applications with a sample population of
individuals with SCI to explore the following research
questions: (1) How might a group of individuals with SCI
perceive just-in-time support to increase PA levels through
real-time feedback and message scheduling?; and (2) What
impact does a participant’s perception of closeness with their
partner have on motivation to engage in PA?

Overview of studies

We conducted two phases of evaluation to test our concepts
with a sample population of individuals with SCI. In Phase
1, we conducted a two-week study with nine participants
exploring the feasibility of a smartphone- and smartwatch-
based mobile health (mHealth) application where partici-
pants in dyads could use context-aware messaging and
encourage each other to be physically active, with a re-
searcher providing nudges to encourage communication.
We iteratively developed the system to track PA and provide
just-in-time support for individuals with SCI in Phase 1.
Based on participant feedback from Phase 1, we designed a
four-week feasibility study for Phase 2, with six participants
in dyads using a cross-platform mobile application on their
personal smartphones. In Phase 2, we explored how a de-
liberate strategy to quickly establish closeness between
individuals in a dyad might impact motivation to commu-
nicate with each other to help encourage physical activity.
Throughout the application development and content cre-
ation process for both phases, we consulted with a consumer
advocate for SCI—a research partner on our team—to re-
ceive feedback on our goals and preliminary technology.
The National Institute on Disability, Independent Living,
and Rehabilitation Research (NIDILRR) Logic Model29

recommends including a consumer/peer advocate with
lived experience in research intended to inform development
of technologies for persons with disabilities.

Phase 1: JUST-IN-TIME social support in
dyads to increase PA levels

In Phase 1, we conducted a two week-field study with
participant dyads using a mobile application (app) we de-
veloped. We iteratively made changes to the app based on
feedback from early participants to improve experiences on
the app for later participants as part of a co-design process.
We call the first intervention tested SJITAI Messaging
v1 and refer to this first study that we conducted for a two-
week period as Phase 1. We ran all code for SJITAI Mes-
saging v1 on a Moto G Play 2021 smartphone (running
Android 11) and a Fossil Gen 6 smartwatch (running An-
droid 9). The phone application contained a messaging
interface that allowed participants to exchange messages
with their partners for the study. All messaging was con-
ducted using the phone application, with real-time PA data
detected by the smartwatch being sent to the phone over
Bluetooth with less than 0.5 s latency. Participants were
instructed to carry both the smartwatch and smartphone with
them during the study in addition to their personal phone.
We developed the phone and watch applications for the
Android ecosystem to ensure that our application could
always collect sensor data in the background, which is
restricted by iPhones. To encourage participants using
iPhones as their personal smartphones to check their study
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phones for messages, we sent a text message to a participant’s
personal phone each time the participant received a new
message on the SJITAI v1 application on a loaned research
phone we provided to participants. The smartwatch tracked the
participant’s PA continuously but could only send data to the
phone when both devices had a Bluetooth connection.

The SJITAI Messaging v1 application supported two
types of message exchanges: (1) real-time messages and (2)
scheduled/event-based messages (Figure 1). Real-time
messages worked like typical text messages—they were
delivered to the recipient as soon as the sender sent the
message. Scheduled/event-based messages allowed users to
schedule messages to be delivered based on the following
events detected by the recipient’s phone or smartwatch: (a)

time of day; (b) day of week; (c) PA status (moderate PA or
vigorous PA); and (d) location. We referred to these events
as ‘triggers’ in our application. We included the feature of
message scheduling based on feedback from storyboarding
concepts with participants in our prior work, with partici-
pants mentioning that they might find it motivating to re-
ceive the contextually-aware scheduled messages.12

Scheduled messages were sent to the recipient’s phone
when created by the message sender, but they remained
invisible to the message recipient until their phone or
smartwatch detected the triggering event (or events) spec-
ified by the pending message occurred.

Users could specify more than one event to trigger
message scheduling, in which case the recipient’s phone

Figure 1. Sending real-time and scheduled messages using the SJITAI Messaging app: (A) tapping on ‘Send now’ after typing a message
sent the message in real-time; (B) tapping on the ‘Deliver when Em is…’ button on screen A and adding a ‘Moderate PA’ trigger
scheduled the message to be delivered when Em’s smartwatch detected moderate PA. All names used are pseudonyms.
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would have to detect all the specified events before deliv-
ering the message. For example, scheduling the message,
“It’s Wednesday today, don’t forget that we are planning to
go to the park together and exercise” with a location trigger
(‘Home’) and a day of week trigger (‘Wednesday’) would
mean that the message would be delivered to the recipient
when the phone detected that the recipient was at the lo-
cation previously labeled as ‘Home,’ on the closest fol-
lowing Wednesday. We present additional details of how the
locations were identified in Appendix A3.

We designed the messaging interface to resemble a
typical text messaging application already familiar to
people, with one key extension. While typing a message,
users could decide to either send the message in real-time or
choose from the events mentioned above to schedule a
message. Real-time messages showed up in the conversation
tab of the chat, and scheduled messages showed up in the
scheduled tab of the chat until the message was delivered to
the recipient. Based on feedback from early participants, we
developed a message-assist feature for the last two partic-
ipants to help them write messages, including triggered
messages, by displaying suggestions of messages that they
could send (Figure 2). The research team generated 51 pre-
written messages designed to start conversations, including
event-based messages.

Methods

We recruited participants with SCI who used manual wheel-
chairs and were interested in increasing their PA levels; we
paired the participants as dyads for a two-week pilot study. We
originally planned to recruit participants with SCI along with a
friend or family member they could be paired with for per-
sonalized support. However, in our prior work we found that
participants with SCI preferred being paired with another
person with similar mobility levels who would understand the
challenges and life experiences of individuals with SCI.12 At
the beginning of the study, dyad participants were instructed to
exchange messages every day to support each other in being
more physically active. In addition to an initial meeting to set
up equipment for the study, participants also met with a re-
searcher for an intermediate assessment interview at the end of
the first week of application use and for an exit interview at the
conclusion of the two-week period. To ensure that we in-
corporated feedback and design suggestions from early par-
ticipants in our iterative development process, we showed later
participants concept screens for new features based on sug-
gestions from earlier participants. This study was approved by
the Temple University IRB.

Participant recruitment. Participants with SCI were recruited
using mailing lists of prior research participants at Temple
University who had completed previous studies with our
research group. Individuals with SCI were eligible to par-
ticipate if they: (1) were between 18 and 75 years of age, (2)

had history of traumatic or non-traumatic SCI, (3) used a
manual wheelchair as their primary means of mobility
(>80% of time), (4) were interested in increasing their PA,
and (5) could use a smartphone and a smartwatch inde-
pendently. Participants with SCI were excluded if they: (1)
had health conditions that made PA medically contra-
indicated or unsafe, (2) had a history of traumatic brain
injury, or (3) were currently pregnant. Participants were
recruited individually and paired as dyads in the order that
they contacted us. Participants did not know each other
before the start of the study. All participants provided in-
formed consent and were compensated $75 for completing
an intermediate assessment interview a week after enroll-
ment and an exit interview at the end of the two-week data
collection period. Participant selection was based on eli-
gibility of interested participants from a convenience
sample. In Phase 1, new participants were randomly paired
with each other based on the time of enrollment.

Data collection. Participants individually consented to par-
ticipate in our study and then were loaned an Android
smartphone and smartwatch. The same PA tracking algo-
rithm ran on the smartwatch to measure overall wheelchair-
based PA for both phases; the algorithm is described in
Appendix A2. Over a video call, participants were ad-
ministered a demographic survey and instructed on how to
set up the SJITAI application installed on the devices we
provided them. Because they had never met the person they
were paired with for the study, a researcher helped partic-
ipants write a short bio about themselves that could be
viewed by their partner in the study so that the partner would
have background information that could be used when
constructing meaningful messages. Dyad partners were not
introduced to each other otherwise, because partners using a
future deployed application would not have previously been
introduced. Participants were instructed to send messages to
support their partner in increasing amount of PA; they were
also instructed to respond to the messages sent from a
member of the research team (referred to as ‘the researcher’
henceforth) sent every day. The application recorded in-
teractions participants had with all components of the app.

The researcher scheduled one time-based message and
one PA-based message to be delivered each day to each
participant. The contents of these messages were meant to
encourage participants to send real-time and scheduled
messages to their partners, and to check in with participants
about how they were feeling about the study. The two
messages sent by the researcher to participants each day
were standardized for all participants and were based on the
individual, interpersonal, and community levels of influence
of the social ecological model and intended to increase
interactions about PA.30 Examples of messages sent by the
researcher included (1) “Hope you have a fantastic day!
Have you sent a message to your peer yet?”, and (2) “Great
job wheeling! How are you feeling?” (scheduled to be
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delivered when PAwas detected). Scheduled messages sent
by the researcher were intended to (1) send timely messages
to increase motivation and (2) start conversations about PA.

During the intermediate assessment interviews, participants
were asked if they had any issues running the application. They
were also asked about their overall impressions of the appli-
cation up to that point. In the semi-structured exit interviews,
participants were asked about their overall impressions of the
application and probed about their impressions of each ap-
plication component. During the exit interview, a researcher
also prompted participants to reflect on how often they sent and
received each type of scheduled message (time-based, PA-
based, location-based), and what type of scheduling they found
the most useful from the perspectives of both a message sender
and a message recipient. The researcher reviewed application
usage data before the interview session and was thus able to
probe participants about why they did or did not use certain
features.

Data analysis. Nine hours and 14 min of recorded audio from
17 interviews was transcribed using Zoom. The mean inter-
view length was 32.6 min (SD = 22.0 min). A member of the
research team reviewed the automatically transcribed

transcripts, ensuring accuracy and anonymity, and correcting
errors as needed. We conducted an inductive thematic analysis
of the semi-structured interview content guided by our research
question. In our analysis, we used elements of the grounded
theory method, including open coding, axial and selective
coding, and memo writing.31 Using Quirkos 2.5.3 (Quirkos
Limited), two researchers independently coded all the tran-
scripts, labeling emergent phenomena to arrive at a codebook.
The researchers met regularly with each other during the
analysis process to discuss discrepancies in code application,
review memos, and to reflect on themes.

Participant overview. Ten participants initially consented to
participate in the study. Details of participant demographics are
available in Table 1. One participant (P3) had to drop out in the
middle of the first week of the study due to health problems that
prevented the participant from performing PA. We removed
P3’s data from the analysis, leaving nine participants.

Results

Participants exchanged a total of 285 messages with each
other (mean 2.3 messages per person per day) and received

Figure 2. Screenshots of the message-assist feature to help users create and edit messages. Pre-written, editable text was available for
both real-time and scheduled messages. The “MESSAGE ASSIST” button collapses to only include the icon when a pre-written message
is displayed. Tapping the message-assist icon again populates the text field with a new pre-written message. All names used are
pseudonyms.
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279 messages from the researcher. The number of mes-
sages sent and received is reported in Table 2. For PA-
based scheduled messages, users could either choose a
moderate PA trigger or a vigorous PA trigger. Overall,
participants expressed that they liked being able to
connect with other wheelchair users through the appli-
cation to exchange PA-focused supportive messages,
knowing that their partners had a shared life experience of
managing SCI. P6 stated: “I think the value of the [ap-
plication] is talking to other people in wheelchairs. Yeah.
I think it’s nice to have an option to message with other
people in wheelchairs, especially when I have a question
maybe that’s related to equipment or something, to ask
what works for other people too. I think that that’s what is
most valuable.”

Four participants reported that their PA levels were
higher than usual because they felt a sense of account-
ability towards their partner. Exchanging messages every
day about PA goals, and sending supportive messages to
increase PA levels, combined with being able to view real-
time feedback from the application on minutes of PA
made participants more aware of how active they were.
On being asked what the most valuable part of the ap-
plication was, P4 stated: “The visual feedback that I was
active and doing something… it’s hard to be motivating
for someone else too unless I’m getting out there and
doing some activity myself and be more engaged to set the
example for other people.”

We received feedback from the first five participants that
they were sometimes unsure what they should write in a
message. To alleviate this barrier, participants P7 and
P8 mentioned that sending photos may supplement con-
structing messages, and P5 suggested: “Maybe a tutorial or
something to show the examples?” We designed concept
screens for a message-assist feature that would allow users

to edit pre-written messages and send them; the intent was
two-fold: (1) to gradually introduce users the notion of
triggered messages via examples, and to (2) reduce the
cognitive load required to create messages. We included
both pre-written real-time messages as well as scheduled
messages with event triggers (PA-based and time-based).
We showed these concept screens to P7 and P8 to get their
thoughts on incorporating a message assist feature. Both
participants indicated that they would find the feature useful,
especially when they were unsure of how to initiate a
conversation. P8 explained: “That’ll be helpful when you
can’t think of something to say. I mean, the prompts would
be great. […] I do start repeating myself a lot, so this would
be extremely helpful, especially if you’re getting a trigger
that the person is now being active.”

As shown in Table 2, the number of messages exchanged
between participants (both real-time and scheduled) was
lower than we anticipated. In the second week of the study,
engagement with sending scheduled messages increased.
P5 stated that adjusting to unfamiliar technology may ac-
count for lower engagement in the first week of the study:
“It’s on the Google phone, and it took me a long time to
figure out how to use that because I have an iPhone.”
Additional themes related to communication identified in
Phase 1 are listed in Table 3.

Observations

Based on feedback from participants in Phase 1, we ob-
served the following that helped us design the application
for Phase 2:

(1) The uncertainty of future context related to sched-
uled messages may outweigh the perceived value of
receiving scheduled messages. Additionally, mes-
sage scheduling may not be intuitive to use given the
general expectation of immediate replies to a text
message.32

(2) Being able to view a partner’s PA summary for the
day (in minutes) may make it less cognitively
burdensome to create supportive messages and
may provide additional context on what type of
support one may need to improve their PA levels.

(3) Participants were sometimes unsure what to write in
a message while initiating conversation with a
stranger, leading to fewer messages exchanged. A
framework that could help individuals rapidly get to

Table 1. Summary of participant demographics in Phase 1.

Variable Value

Sex 3 female, 6 male
Gender 3 female, 5 male, 1 non-binary
Race 8 white, 1 Asian
Age (years) 49.3 mean, 9.1 SD, 31-62 range
Year since injury 21.5 mean, 17.1 SD, 5-41 range
Completeness of injury 6 complete, 3 incomplete
Level of injury 8 paraplegic, 1 quadriplegic

Table 2. Overall message-sent/received statistics for the nine participants.

Message type Total messages Real-time Time-based trigger PA-based trigger

Messages exchanged between participants 285 275 2 8
Messages sent to researcher 108 107 0 1
Messages received from researcher 279 27 126 126
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know each other might increase messages ex-
changed and add value to the messaging.

Phase 2: Increasing closeness in dyads of
strangers interested in improving PA

We again loaned participants an Android smartphone
(Moto G play 2022) and Android smartwatch (Pixel
watch 2) with the SJITAI v2 application installed, but in
Phase 2 participants also downloaded the SJITAI Mes-
saging v2 application directly onto their personal
smartphones (Android or iPhone). Table 4 contains a
summary of features we chose to include in Phase 2 based
on feedback from Phase 1. The designs of features in the
v2 application were chosen based on a combination of
participant input from Phase 1 as well as input from our
research partner. Additionally, we developed a cross-
platform application for messaging in Phase 2 to re-
duce the burden of carrying an additional study phone
around for 4 weeks based on feedback from Phase 1. The
smartwatch was worn every day of the study during
waking hours. The smartwatch was running the PA
tracking algorithm described in Appendix A2 to measure
the total minutes of PA throughout the day. The smart-
watch could not directly communicate with a participant’s
personal iPhone, necessitating the presence of the study
Android smartphone to communicate data to the server

and the iPhone. The Android study smartphone was
plugged into its charger and left at the participant’s home
throughout the study (i.e., it did not need to be carried
around). All user interactions were designed to occur on
the personal smartphone application. The application on
the personal smartphone supported (1) exchanging of
real-time messages; (2) helping pairs of participants en-
gage in reciprocal self-disclosure by asking increasingly
intimate questions; (3) sharing PA summary through an
in-app status bar and; (4) sending push notifications
whenever a user’s partner has recorded a new bout of PA
longer than 10 min on their watch.

Each day, users were presented with up to three question
prompts from the application that they would answer to get
to know their partner better (Figure 3). The questions were
designed to be increasingly more intimate based on the Fast
Friends protocol by Aron et al.,23 henceforth referred to as
the closeness questions; all questions are listed in Appendix
A1. Before presenting the closeness questions, we presented
short answer questions to familiarize users with answering
questions on the application interface (e.g., ‘Would you
rather go to the ocean or the mountains?’). Once a user
answered a prompted question, the answer was saved, and
the user’s partner was reminded to answer the question if
they had not yet done so. Answers were shared after both
partners answered the question, to promote reciprocal self-
disclosure.

Table 3. Additional themes identified in Phase 1.

Theme Excerpts from exit interviews

Receiving a scheduled message during a
workout is motivating

“When I would receive a scheduled [message], when it knew I was moving, that was cool. I
liked the scheduled ones more. It made me feel like I was doing something, so I wanted to
do more.” – P1

Uncertainty of sending a scheduled message “I would [rather send a message] right now versus in the future. If I send this later, then I
don’t know what [P8] is doing at the time.” – P7

Lack of context on partner’s PA “It… it feels kind of blind not understanding what other people are doing, because I can’t
see the data of what they’re doing, or I don’t know when other people are active.” – P5

Table 4. Summary of features present in each phase of the SJITAI Messaging application.

Feature Present in Phase 1? Participant feedback from Phase 1 Present in Phase 2?

Message scheduling Yes Not useful to most participants No
Location surveys Yes Not used by participants No
Message assist Yes Reduced feeling of personalization/closeness No
Self-PA tracking + real time
PA feedback on watch

Yes Useful and increased motivation Yes

Real-time messaging Yes Motivational and preferred messaging
feature over scheduled messages

Yes

Automatically shared
partner’s PA summary

No Requested by participants Yes

Push notifications when
buddy engaged in PA

No Requested by participants Yes

Closeness questions No Method to increase closeness suggested Yes

Lakshminarayanan et al. 7



Users could view their own PA summary for the day on
their personal smartphone. The study smartwatch used the
Android study phone as a bridge to send data to the research
server and then to the user’s personal smartphone. The study
phone was required because all participants used iPhones as
their personal phones and iPhones could not reliably
communicate with the Android smartwatch directly.
However, because the research phone bridge was required, if
a user was outside the house, the smartwatch would not be
able to communicate with the study smartphone until the
user was back home, resulting in delays in PA levels dis-
played within the SJITAI Messaging v2 cross platform
application.

PA summaries were automatically shared with partners as
follows: (1) a status bar within the application that could be
viewed on demand (Figure 3(c)); and (2) a push notification
sent out when a user had engaged in more than 10 min of PA
for the day (up to three push notifications a day). In addition
to answering the closeness questions and viewing auto-
matically shared PA, users could also exchange real-time
messages at any time, like they would using a typical text
messaging application like iMessage.

Methods

We recruited participants with SCI who use manual
wheelchairs and were interested in increasing their PA
levels; we paired the participants as dyads for a four-week
feasibility study. We originally planned to recruit people
who had participated in Phase 1 of our study, and to pair
them with a new person for Phase 2. However, four par-
ticipants from Phase 1 were ineligible to participate in Phase
2 due to health complications, and two were unable to
participate due to other reasons. We recruited three indi-
viduals who had participated in Phase 1, and three new
individuals. At the beginning of the study, dyad participants
were instructed to exchange messages and answer question
prompts every day to support each other in being more
physically active. In addition to an initial meeting to set up
equipment for the study, participants met with a researcher
for an exit interview at the conclusion of the four-week
period. This study was approved by Temple University IRB.

Participant recruitment. Participants were recruited using the
same criteria as Phase 1. All participants provided informed

Figure 3. Screenshots of the cross-platform SJITAI Messaging v2 application. From left to right: (a) An example of a question prompt
presented to participants up to three times a day from the system; (b) A fictional example of answers submitted by partners in response
to a question prompt; (c) Automatic PA sharing through the status bar on top for a user. All names used are pseudonyms and messages
are fictional.
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consent and were compensated $100 for completing an
interview after enrollment, and the exit interview after the
four-week data collection. In Phase 2, participants from
prior phases were paired based on similar activity levels or
expressed preferences (e.g., two most active participants
paired together, one female participant stated preference to
be paired with female).

Data collection. Participants individually consented to par-
ticipate in our study and were then sent a smartwatch and
smartphone with our application installed. Over a video call,
participants were administered a demographic survey and
instructed on how to install and set up the SJITAIMessaging
v2 application on their personal devices. Dyad partners were
not introduced to each other, because partners using a future
deployed application would not have previously been in-
troduced. Participants were instructed to send messages to
support their partner in increasing amount of PA. We
recorded all interactions participants had within the
application.

In the semi-structured exit interviews, we asked partic-
ipants about their overall impressions of the app and probed
their impressions of each application component. We also
asked participants to indicate how close they felt to their
partner at the end of the study using the Inclusion of Other in
the Self (IOS) Scale.33

Data analysis. Three hours and 7 minutes of recorded audio
from six interviews was transcribed using Zoom. The mean
interview length was 27.1 min (SD = 10.2). The inductive
thematic analysis performed for Phase 2 was same as Phase
1 (see Section 2.1.3).31

Participant overview. Seven participants initially consented to
participate in the study. Details of participant demographics
are available in Table 5. One participant had to drop out
before starting to use the SJITAI Messaging v2 application
due to health problems that prevented the participant from
performing PA.

Results

Participants exchanged a total of 671 messages (mean
4.0 messages per person per day) and answered a total of
115 prompted questions over the four-week period. At the
beginning of the study, participants all selected a score of
1 on the IOS scale to indicate closeness to their partner,
indicating that the partner was a stranger to them. The
average number of messages sent by a participant per day in
Phase 2 was almost double the average number of messages
sent per participant per day in Phase 1. Overall, all par-
ticipants expressed that the SJITAI Messaging
v2 application helped them feel more connected to others
with SCI, with P4 saying: “[The purpose of the application
is] to be connected,” and P2 saying: “[I liked] the

companionship and … and the way it made me want to do
more [physical activity].” Participants explained that the
way the application was set up to be used in dyads made
some participants feel more accountable to their partners,
with P1 expressing: “I feel that I was more regularly ex-
ercising just to… You know, because there was someone
watching or monitoring as well so. Just that outside pressure
adds a little more pressure to yourself, which is good
sometimes to persuade you to exercise every time.”

Four participants expressed that they liked being able to
see automatically shared PA data from their partners, with
P2 saying that he enjoyed the social reinforcement he re-
ceived from his partner: “I liked seeing the… when we had
the watches on... the activity levels to see if he was working
out and I was looking for him. This talking to him about my
workout. So, it was… it was. It was fun because, you know,
we were interested in the same things.” One participant, P7,
was disappointed by the infrequency of interactions through
the application: “I’d rather have the question there waiting
for me, I say rather than you waiting. And [during this study]
I had to wait more than an hour to get [P6]’s response or a
new question.”

Overall, participants reported liking the closeness
questions prompted by the application to promote reciprocal
self-disclosure, with participants reporting a mean score of
4.5 out of 7.0 (SD 1.04, 3.0-6.0 range) on the IOS scale to
measure interpersonal closeness. P7 expressed: “It seemed
like. It seemed like I knew the person, [who] I don’t know,
better in the way... in this case, when [P6] answered the
questions.” P1 explained that the closeness questions helped
both individuals in the pair to be more vulnerable: “With any
new relationship or friendships just being vulnerable at first,
but realizing you’re in the same situation so you don’t feel as
vulnerable sharing what might be sensitive information
because the person on the other end has gone or is going to
the same thing.”

We highlight additional themes identified in Phase 2 in
Table 6.

Observations

We observed the following based on participant feedback
from Phase 2:

Table 5. Summary of participant demographics in Phase 2.

Variable Value

Sex 2 female, 4 male
Gender 2 female, 4 male
Race 5 white, 1 Black
Age (years) 42.3 mean, 13.1 SD, 34-64 range
Year since injury 16.51 mean, 8.4 SD, 5-30 range
Completeness of injury 3 complete, 3 incomplete
Level of injury 3 paraplegic, 3 quadriplegic
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(1) Incorporating closeness questions to promote re-
ciprocal self-disclosure may have helped these pairs
of strangers feel more connected, which in turn
increased motivation to engage in PA.

(2) Receiving push notifications when a partner was
active was preferred to viewing real-time PA levels
of the partner within the application.

(3) Enabling automatic sharing of PA summaries for the
day was not a privacy concern for these participants.
Four participants were motivated by a sense of
competition to engage in PA when they saw their
partner’s automatically shared PA.

Discussion

Meeting the recommended PA guidelines for individuals
with SCI can reduce the risk of developing secondary
conditions associated with SCI. Through the two feasibility
studies, we found that (1) tailoring applications to connect
individuals with SCI may help increase motivation to be
physically active; (2) scheduling a triggered message may
cause hesitation due to concerns about uncertainty of future
context; and (3) promoting reciprocal self-disclosure be-
tween pairs of strangers could increase connectedness and
lead to more conversations.

We received feedback from participants across both
phases that the SJITAI Messaging application helped
connect participants with shared life experience, which
increased motivation to converse with others on the
application. This feedback is in line with the social
cognitive theory of behavior change,34 which theorizes
that a user’s behavior is more likely to be influenced by
similar social models, and prior work on storytelling
between peers to increase motivation to engage in healthy
behaviors.35,36 Participants were unacquainted prior to
enrolling in the study, and the closeness questions pro-
moted communication and increasing feelings of con-
nection. Reciprocal self-disclosure helps participants
overcome the vulnerability of sharing personal thoughts
and experiences,37 but participants also expressed the
combined importance of connecting to other individuals
with SCI. This finding is similar to findings from other

studies where participants felt a deeper sense of con-
nection to others with similar shared life experinces.38

Some barriers to PA are also specific to individuals with
SCI. For example, health concerns for individuals with
SCI pose a barrier to PA, and several participants in this
study experienced limitations in consistently using the
application during the study period due to hospitalization
or medical conditions.

From user interviews in Phase 1, we found that (1) al-
though receiving scheduled messages positively influenced
motivation to be physically active, the number of scheduled
messages sent by participants was limited; and (2) receiving
real-time feedback on PA and being able to see a PA
summary on demand was useful, but participants also
wanted to know how active their partners were. Phase
2 allowed participants to view PA summaries, which may
help mitigate the uncertainty related to PA levels. Auto-
matically tracked PA, however, does not account for user
context. One way to address the uncertainty of future context
could be to give participants more options and finer control
of triggers they can select while scheduling a message. For
example, allowing participants to schedule a message to be
sent when a user has been idle for a given duration (‘idle’ for
10 min), or encouraging participants to combine triggers
such as time, location, and PA (‘idle’ after 5 PM at home)
may help reduce chances of a scheduled message being
delivered in an unintended situation.

Participants in Phase 2 reported liking the closeness
questions that promoted reciprocal self-disclosure and
helped pairs of participants get to know each other. At the
beginning of the study, all participants reported that their
partners were strangers, with a score of 1 on the IOS scale.
By the end of the four-week period, participants reported a
mean score of 4.5 out of 7.0 (SD 1.04, 3.0-6.0 range) on the
IOS scale. Other studies that used the IOS scale to evaluate
interpersonal closeness between strangers typically ranged
from a duration of one 45-min session23 to three hour-long
sessions,39 preventing direct comparison to our four-week
long study. Short studies have increased IOS-measured
closeness. For instance, the original Fast Friends
protocol—a 45-min in-person procedure between pairs of
strangers— resulted in a mean IOS score of 3.82.23 In

Table 6. Additional themes identified in Phase 2.

Theme Excerpts from exit interviews

Seeing partner’s PA motivated competitive
individuals to be active

“I would see his activity and I would either want to meet it or beat it so, but that’s my
personality.” – P2

Viewing real-time updates of partner PA was
not a priority

“I was focused on when I opened it, when I opened up the app, I was focused on is it an
answer or… or the general question. I never really looked up [at the PA status].” – P7

Accountability to the partner increased
motivation for PA

“I feel that I was more regularly exercising just to… You know, because there was
someone watching or monitoring as well so… just that outside pressure adds a little
more pressure to yourself, which is good sometimes to persuade you to exercise
every time” – P1
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another study where researchers ran three hour-long ses-
sions, participants reported a mean score of 3.27 on the IOS
scale.39 In addition to reporting a 4.5 IOS score, our par-
ticipants indicated that they liked the closeness questions,
and that exchanging answers to the questions helped pairs
feel like they knew each other well within a short time. The
questions encouraged pairs to be vulnerable with each other,
which was appreciated by participants. Additionally, par-
ticipants mentioned that the closeness questions in con-
junction with the automatically shared partner’s PA led to
longer conversations and increased motivation to be
physically active.

Limitations

Given the limited number of participants who participated in
our pilot studies, caution must be exercised when gener-
alizing these findings to the larger community. Out of our
17 initial participants (combined across both studies), two of
our participants had to drop out of the study due to health-
related problems. Not all participants had appropriate
phones for the study, because it was not viable to recruit only
persons with SCI who did. Therefore, participants we re-
cruited were provided with Android phones and smart-
watches; they were asked to carry/wear these devices along
with their own personal phones. These secondary devices
were sometimes forgotten by our participants, resulting in
lost data on days that these devices were not carried. Due to
the short study period of two weeks in Phase 1, the novelty
of the intervention may have remained high. We also did not
measure if the increase in feelings of closeness would re-
main beyond the four-week application usage period in
Phase 2, or how the level of closeness changed during the
study.

We did not collect a baseline PA measure for participants
in either phase of the study, because the goal of our study
was to iterate towards a technology that might increase
motivation to engage in PA. Achieving a true baseline
measurement of PA that would minimize observer and
novelty bias using the smartwatch technology would have
required a long lead-in phase, and we did not want to in-
troduce more burden for participants when our primary goal
was to explore new interaction possibilities using partici-
patory design. Additionally, the PA tracking algorithm on
the smartwatch approximated the overall level of
wheelchair-based activity for the day. Although we tuned
the thresholds used by the algorithm to each individual
(given the varied levels of mobility), our algorithm some-
times will fail to detect short bouts of activity and some
resistance training exercises with limited hand movement.
Although we did not receive any complaints about the
accuracy of the PA algorithm in interviews, the failure to
record such bouts as meaningful PA could lead to a loss of
trust in the application.

Conclusion

We conducted two feasibility studies focused on how we
might leverage social support to empower individuals with
SCI to increase their PA levels. Although participants in
Phase 1 reported liking receiving context-aware messages
when they were in the middle of a workout, participants did
not schedule many such messages, largely due to the un-
certainty of future context of the recipient and how that might
impact the nature/tone of the sender’s message. Additionally,
participant pairs were unsure of what to say in a message, also
likely reducing communication. Based on feedback from
Phase 1, we removed the message scheduling feature in Phase
2 and focused instead on real-time messaging and attempting
to rapidly increase feelings of closeness within dyads. The
average number of messages exchanged per day per par-
ticipant increased from Phase 1 to Phase 2. Based on our
observations from these two feasibility studies, we discuss
tailoring applications to individuals with SCI to increase
engagement, address the uncertainty associated with sched-
uling event-based messages, and use of reciprocal self-
disclosure to increase closeness within pairs to support
each other with increasing PA levels.

ORCID iDs
Rithika Lakshminarayanan  https://orcid.org/0000-0003-3720-
9206
Shivayogi V. Hiremath  https://orcid.org/0000-0002-9708-1411

Ethical considerations
We obtained permission from Temple University and Northeastern
University IRBs prior to conducting this research.

Consent to participate
Participants had to provide their written informed consent before
participating in this research.

Funding
The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by the National Institute on Disability, In-
dependent Living, and Rehabilitation Research. This research is
funded by a research grant (90IFDV0018) from the National In-
stitute on Disability, Independent Living, and Rehabilitation
Research (NIDILRR), Administration of Community Living
(ACL), US Department of Health and Human Services.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data Availability Statement
Synthesized information from the data is included in the manuscript
and has been provided in the results section of the manuscript.

Lakshminarayanan et al. 11

https://orcid.org/0000-0003-3720-9206
https://orcid.org/0000-0003-3720-9206
https://orcid.org/0000-0003-3720-9206
https://orcid.org/0000-0002-9708-1411
https://orcid.org/0000-0002-9708-1411


Supplemental Material
Supplemental material for this article is available online.

References
1. Spinal cord injury. https://www.who.int/en/news-room/fact-

sheets/detail/spinal-cord-injury (2024, accessed June 17 2025).

2. Krause JS and Saunders LL. Health, secondary conditions,
and life expectancy after spinal cord injury. Arch Phys Med
Rehabil 2011; 92: 1770–1775.

3. New PW. Secondary conditions in a community sample of
people with spinal cord damage. J Spinal Cord Med 2016; 39:
665–670.

4. Nightingale TE, Rouse PC, Walhin J-P, et al. Home-based
exercise enhances health-related quality of life in persons with
spinal cord injury: A randomized controlled trial. Arch Phys
Med Rehabil 2018; 99: 1998–2006.e1.

5. Nooijen CFJ, Stam HJ, Bergen MP, et al. A behavioural
intervention increases physical activity in people with sub-
acute spinal cord injury: A randomised trial. J Physiother
2016; 62: 35–41.

6. Martin Ginis KA, Van Der Scheer JW, Latimer-Cheung AE,
et al. Evidence-based scientific exercise guidelines for adults
with spinal cord injury: An update and a new guideline. Spinal
Cord 2018; 56: 308–321.

7. Piercy KL, Troiano RP, Ballard RM, et al. The physical ac-
tivity guidelines for Americans. JAMA 2018; 320:
2020–2028.

8. Rocchi M, Routhier F, Latimer-Cheung A, et al. Are adults
with spinal cord injury meeting the spinal cord injury-specific
physical activity guidelines? A look at a sample from a Ca-
nadian province. Spinal Cord 2017; 55: 454–459.

9. Williams T, Smith BA and Papathomas A. The barriers,
benefits and facilitators of leisure time physical activity
among people with spinal cord injury: A meta-synthesis of
qualitative findings. Health Psychol Rev 2014; 8: 404–425.

10. Kehn M and Kroll T. Staying physically active after spinal
cord injury: A qualitative exploration of barriers and facili-
tators to exercise participation. BMC Public Health 2009; 9:
1–11.

11. Gellert P, Ziegelmann JP, Warner LM, et al. Physical activity
intervention in older adults: Does a participating partner make
a difference? Eur J Ageing 2011; 8: 211–219.

12. Lakshminarayanan R, Canori A, Ponnada A, et al. Exploring
opportunities to improve physical activity in individuals with
spinal cord injury using context-aware messaging. Proc ACM
Hum Comput Interact 2022; 6: 1–27.

13. Rote AE, Klos LA, Brondino MJ, et al. The efficacy of a
walking intervention using social media to increase physical
activity: A randomized trial. J Phys Activ Health 2015; 12:
S18–S25.

14. Sweet SN, Martin Ginis KA and Tomasone JR. Investigating
intermediary variables in the physical activity and quality of
life relationship in persons with spinal cord injury. Health
Psychol 2013; 32: 877–885.

15. Solomon P. Peer support/peer provided services underlying
processes, benefits, and critical ingredients. Psychiatr Rehabil
J 2004; 27: 392–401.

16. Linnan L, Fisher EB and Hood S. The power and potential of
peer support in workplace interventions. Am J Health Promot
2013; 28: TAHP2–TAHP10.

17. Latimer-Cheung AE, Arbour-Nicitopoulos KP, Brawley LR,
et al. Developing physical activity interventions for adults
with spinal cord injury. Part 2: motivational counseling and
peer-mediated interventions for people intending to be active.
Rehabil Psychol 2013; 58: 307–315.

18. Canori A, Lakshminarayanan R, Nunn M, et al. Potential of
social engagement for overcoming barriers to physical activity
in individuals with spinal cord injury. J Rehabil Assist Technol
Eng 2023; 10: 20556683231185755.

19. Nahum-Shani I, Smith S, Tewari A, et al. Just-in-time
adaptive interventions (JITAIs): an organizing framework for
ongoing health behavior support (Technical Report No. 14-
126). The Methodology Center, Penn State, 2014.

20. Klasnja P, Smith S, Seewald NJ, et al. Efficacy of contextually
tailored suggestions for physical activity: A micro-random-
ized optimization trial of HeartSteps. Ann Behav Med 2018;
53: 573–582.

21. Ismail T and Al Thani D. Design and evaluation of a just-in-
time adaptive intervention (JITAI) to reduce sedentary be-
havior at work: Experimental study. JMIR Form Res 2022; 6:
e34309.

22. Hiremath SV, Amiri AM, Thapa-Chhetry B, et al. Mobile
health-based physical activity intervention for individuals
with spinal cord injury in the community: a pilot study. PLoS
One 2019; 14: e0223762.

23. Aron A, Melinat E, Aron EN, et al. The experimental gen-
eration of interpersonal closeness: a procedure and some
preliminary findings. Pers Soc Psychol Bull 1997; 23:
363–377.

24. Fraley B and Aron A. The effect of a shared humorous ex-
perience on closeness in initial encounters. Pers Relatsh 2004;
11: 61–78.

25. Bastian B, Jetten J and Ferris LJ. Pain as social glue:
Shared pain increases cooperation. Psychol Sci 2014; 25:
2079–2085.

26. Clark MS and Monin JK. Giving and receiving communal
responsiveness as love. The New Psycholo Love 2006; 2:
200–221.

27. Kellerman J, Lewis J and Laird JD. Looking and loving: The
effects of mutual gaze on feelings of romantic love. J Res Pers
1989; 23: 145–161.

28. Seligman ME, Steen TA, Park N, et al. Positive psychology
progress: Empirical validation of interventions. Am Psychol
2005; 60: 410–421.

29. NIDLRR Logic Model: Planning and Research Outcomes.
National institute of disability rehabilitation and research,
office of special education and rehabilitative services. U.S.
Department of Education, 2005.

12 Journal of Rehabilitation and Assistive Technologies Engineering

https://www.who.int/en/news-room/fact-sheets/detail/spinal-cord-injury
https://www.who.int/en/news-room/fact-sheets/detail/spinal-cord-injury


30. Bronfenbrenner U. The Ecology of Human Development:
Experiments by Nature and Design. Harvard University Press,
1979.

31. Strauss A and Corbin J. Basics of Qualitative Research:
Grounded Theory Proceedures and Techniques. Sage publi-
cations, 1990.

32. Cho H, Oh J, Kim J, et al. I share, you care: Private status
sharing and sender-controlled notifications in mobile instant
messaging. Proc ACM Hum Comput Interact 2020; 4: 1–25.

33. Aron A, Aron EN and Smollan D. Inclusion of other in the
Self Scale and the structure of interpersonal closeness. J Pers
Soc Psychol 1992; 63: 596–612.

34. Bandura A. Social Foundations of Thought and Action: A
Social Cognitive Theory. Englewood Cliffs, NJ: Prentice-Hall,
1986.

35. Grimes A, Bednar M, Bolter JD, et al. EatWell: Sharing
nutrition-related memories in a low-income community. In:
Proceedings of the 2008 ACM Conference on Computer
Supported Cooperative Work. ACM Press, 2008, pp. 87–96.

36. Saksono H, Castaneda-Sceppa C, Hoffman J, et al. Storywell:
designing for family fitness app motivation by using social
rewards and reflection. In: Proceedings of the 2020 CHI
Conference on Human Factors in Computing Systems, 2020,
pp. 1–13.

37. Ehrlich HJ and Graeven DB. Reciprocal self-disclosure in a
dyad. J Exp Soc Psychol 1971; 7: 389–400.

38. Carrington P, Chang K, Mentis H, et al. “But, I don’t take
steps”: Examining the inaccessibility of fitness trackers for
wheelchair athletes. In: Proceedings of the 17th International
ACM SIGACCESS Conference on Computers & Accessibility.
ACM, 2015, pp. 193–201.

39. Page-Gould E, Mendoza-Denton R and Tropp LR. With a
little help from my cross-group friend: Reducing anxiety in
intergroup contexts through cross-group friendship. J Pers
Soc Psychol 2008; 95: 1080–1094.

40. Birant D and Kut A. ST-DBSCAN: An algorithm for clus-
tering spatial–temporal data. Data Knowl Eng 2007; 60:
208–221.

APPENDIX

A1. List of Questions used in SJITAI Messaging v2

The full list of questions presented to participants in Phase 2,
adapted from the 1997 experiment by Aron et al. 42:

1. Would you rather be chronically under-dressed or
overdressed?

2. What is your favorite holiday of the year?
3. Would you rather go to the ocean or the mountains?
4. Would you rather have a rewind button or a pause

button on your life?
5. Would you rather work more hours per day, but

fewer days or work fewer hours per day, but more
days?

6. Would you rather be fluent in all languages or be a
master of every musical instrument?

7. Would you rather be given a lifetime supply of
delicious food or books?

8. Would you rather be able to breathe underwater or
fly through the air?

9. Would you rather be known as a one-hit wonder for
a novel or a song?

10. Would you rather own your own boat or your own
plane?

11. Given the choice of anyone in the world, whom
would you want as a dinner guest?

12. Before making a telephone call, do you ever re-
hearse what you are going to say? Why?

13. Would you like to be famous? In what way?
14. When did you last sing to yourself? To someone else?
15. What was the first thing you bought with your own

money?
16. What would constitute a ‘perfect’ day for you?
17. Name three things you and your buddy seem to

have in common.
18. For what in life do you feel most grateful?
19. If you could go anywhere in the world tomorrow,

where would you go?
20. What is the greatest accomplishment of your life?
21. What is your most treasured memory?
22. What is an embarrassing memory of yourself?
23. What do you value most in a friendship?
24. What are youmost excited about right now andwhy?
25. If you could change anything about the way you

were raised, what would it be?
26. If a crystal ball could tell you the truth about

yourself, your life, the future, or anything else, what
would you want to know?

27. Is there something you have dreamed of doing for a
long time? Why haven’t you done it yet?

28. If you could go back in time to meet yourself when
you were 10 years old and could give them one
piece of advice, what would it be?

29. What was your biggest childhood dream?
30. What’s something you’ve read or listened to lately

that inspired you?
31. If you could pick up a new skill in an instant, what

would it be?
32. Who’s someone you really admire? Why?
33. What’s the best advice you’ve ever gotten?
34. What does friendship mean to you?
35. Tell your buddy something that you like about them

so far.
36. If you were going to become a close friend with

your buddy, share something that would be im-
portant for them to know.

37. How close and warm is your family? Do you feel
your childhood was happier than most other
people’s?
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38. Complete this sentence: ‘I wish I had someone with
whom I could share…’

39. What roles do love and affection play in your life?
40. When did you last cry in front of another person?

By yourself?
41. Your house, containing everything you own,

catches fire. After saving your loved ones and your
pets, you have time to safely make a final dash to
save any one item. What would it be? Why?

42. What, if anything, is too serious to be joked about?
43. Share a personal problem and ask your buddy’s

advice on how he or she might handle it. Also, ask
your buddy to reflect back to you how you seem to
feel about the problem you have chosen.

44. Take a few minutes to write down your life story in
as much detail as possible for your buddy.

A2. PA tracking

Participants were able to see a summary of the total number
of minutes of moderate and vigorous PA they performed on
a given day on both the smartwatch display and the
smartphone display (Figure 1). Our application measured
overall PA level for a user based on three different types of
user activity levels: inactive, moderate PA, and vigorous PA.
During our study, the PA tracking algorithm was designed to
run on the smartwatch in real-time with a modest impact on
the smartwatch battery life. Although algorithms have been
developed that use body and wheelchair sensors to classify
wheelchair-based PA (e.g., the PHIRE application22), we
required a simpler algorithm that could run in real time for
the waking day on a smartwatch.

Because we aimed to measure the overall PA level rather
than classify individual activities, we developed and de-
ployed a simplified PA tracking algorithm to measure
overall motion. First, we set default thresholds for moderate
(Tmod) and vigorous PA (Tvig) by having three members of
the research team (including a member with SCI) perform a
set of five activities while using a manual wheelchair, in-
cluding wheeling a fixed distance, and arm exercises. Then,
as needed, thresholds were adjusted for specific participants,
based on their unique level of function after they performed
what they considered moderate and vigorous PA for
5 minutes each. The PA algorithm was not validated for
detecting categories of motion because every person with
SCI has unique physical constraints and formally validating
the performance on each individual would have added a
burden to participants in the pilot study; instead, the output
of the algorithm was only used to provide real-time feedback
to participants such that they could assess their relative
overall PA. The PA detection algorithm we developed was
deployed on the smartwatch and used the watch’s
accelerometer.

The smartwatch collected raw three-axis accelerometer
data at 50 Hz (i.e., the ‘raw signal’). The raw signal was

smoothed using a moving average filter with a window size
of 0.5 s, resulting in the ‘filtered signal.’ For each axis
(i.e., x, y, and z), the application computed area under the
filtered signal at time ‘t’ (i.e., for x: AUCxt = | rawxt –

filteredxt | to approximate removing the DC component of
the signal, compensating for the effect of gravity on the
axis). We calculated a summary AUC(x+y+z)t for all three
axes as AUC(x+y+z)t = AUCxt + AUCyt + AUCzt. Finally, to
optimize the watch’s battery life, AUC10s was computed
once every 10 s as AUC10s ¼

P500 samples ð10 sÞ
t¼0 AUCðxþyþzÞt

(i.e., approximately 500 values) to obtain an orientation-
independent motion summary.

We used a three-minute sliding window of the AUC10s

values denoted by AUCW (i.e., 18 AUC10s values) with a
50% overlap to determine the user’s PA status. We chose
to use an overlapping window because non-overlapping
windows missed PA that occurred across two windows.
This introduced a latency of 3 min between when PA
occurred and when our system detected it, but this gave us
the best trade-off between watch battery life and accuracy
of the PA algorithm without missing large bouts of PA
over all other configurations of overlapping window
values. We had three possible PA statuses for a user:
inactive, moderate PA, and vigorous PA. PA status for a
three-minute window W, denoted by PAW, was deter-
mined as:

PAW ¼
8<
:

inactive,
moderate PA,
vigorous PA,

75% of AUCW < Tmod

75% of AUCW ≥ Tmod

75% of AUCW ≥ Tvig

We repeated these steps for each subsequent three-minute
window (with 50% overlap) and updated active minutes for
the day at the end of each three-minute window in which
user PA was detected. Minutes of PA per window, W, were
calculated based on the number of AUCW values that were
above Tmod.

A3. Location-based surveys

Messages could be triggered based on physical location
of recipients, but the locations were never shown to
message senders. To preserve privacy, the application
prompted participants to semantically label locations
that the phone detected them visiting frequently, and then
the application showed these labels to other users instead
of showing them actual map coordinates or specific
physical locations. Labels participants could use to
identify frequently visited locations included ‘Home,’
‘Gym,’ ‘Work,’ and ‘School.’ Every time a participant
entered a location, our application stored the GPS co-
ordinates and ran a Density-Based Spatial Clustering of
Applications with Noise (DBSCAN) location clustering
algorithm40 at the end of the day to combine coordinates
close to each other and define boundaries for a location
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cluster. Once location clusters had been identified,
whenever a participant’s phone detected that the par-
ticipant had entered a previously detected location
cluster—by checking whether the coordinates of a lo-
cation were inside boundaries for an existing location
cluster— our application asked the participant to label

the current location using a multiple-choice survey. For
each location cluster, participants were prompted with
the multiple-choice survey to label their location until
our application was confident of a given location clus-
ter’s label (four prompts answered with the same label
for a given location).
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